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Prefatory Note 

THIS monograph represents the outcome of codperative re- 

search, and acknowledgments are due to numerous persons: 

to Professor E. L. Thorndike thru whose courtesy the tests were 

printed at Indiana University; to the numerous teachers, princi- 

pals, and superintendents who gave the tests in their several 

classes and schools, and did the initial work in scoring results; 

to the President and Trustees of Indiana University who bore the 

expense of rechecking, tabulation, and publication, to Miss 

Cecile White, fellow in philosophy, and Mrs. Gertrude Bell, in- 

structor in Education, who managed the work of rescoring and did 

much of the actual work; to Mr. J. J. Liebenburg and Mr. Gleason 

Pease who made the drawings for the cuts; and to Miss Ivy Cham- 

hess, assistant editor of University publications, who edited the 

manuscript for publication. To all of these the writer expresses 

his siacere thanks, not alone for the actual service rendered, but 

much more for the very definite sense of professional comradeship 

which has grown out of these codperative labors. 



Introduction 

In May, 1915, 20 Indiana cities gave the Thorndike! reading 

tests to the children of grades 3 to 8. In November, 1915, 22 

cities gave to the same grades a series of tests designed to sup- 

plement the original Thorndike tests and to make them more 

serviceable instruments for measuring reading ability. The 

results from these several testings were graded in part by the teach- 

ing corps of the cities giving the tests, and were then collected at 

Indiana University. Here all the records were checked. In the 

cases of some schools, the results were found to be dependable 

as reported. In other cases, the work was all done over from the 

grading of the individual papers of the children to the computa- 

tion of class, grade, and school scores. 

Following is the list of cities coéperating, together with the 

name of the superintendent: 

PAV ENXceATO GUSTY eek eS ey ei etwas UR To an Supt. A. L. Trester 

AN SGIGTESOII?, 58S Sages Bec etn ae etn ae Supt. W. A. Denny 

Oo mmnMn Olea etre Mate ees: fe ok oe a Ae Supt. H. L. Smith 

1B) OHBTEOIN, . 5 gicaeleg Gi Sek ate MAT rT ne So Neh i ao Supt. P. A. Allen 

(CCl uaaall ovis, (Ca Taos eee ae en re ne Supt. J. C. Saunders 

Crowmmeleonmib of ei i os ee oe Nar cers had tele Supt. W.S. Painter 

HD eG UNM Pre as sek where sds Es ar Oe eis we en Supt. C. E. Spaulding 

Hirer SMM OMINCA COM n ds dent -coe Gok ed so aig « Plame ai Mca ake dee Supt. E. N. Canine 

JBIRIOOCL sé nic COP aN a Nee te sh Mee oP Oe ne ee Bee ee Supt. J. L. Clauser 

LP TB TGESTONEG 5g Whe 2 i aN ae ie cate AOR aE aS ALE Pa a Supt. O. M. Pittenger 

HEibrcci ral ae ee Ne a cee col is aly cay Sh ere Supt. Paul Van Riper 

@ermlenillayailloremerigt Weenie tt sian Mara ie an Etats ee Supt. P. C. Emmons 

A ORGCM IE es ie tas eee ee ets sue ee. SUpt. Arthur Deamer 

IVI OUCH ESE ace (ee Supt A. h.. bighley 

Michigan Cis soe OY A Se cee ie AT By a aR ay Supt. L. W. Keeler 

Walsh, \WGERIANGLINS 5 Seek Seo" ci mee ANDER ahr Ul or I te OREN ae Supt. E. J. Llewellyn 

ifololeswalllemryy co ea ee a ae hea Fs a eke ol Supt. E. C. Stopher 

LEIS GOO UWL EY AA Aaa i i ce aga an pe OID Ter ie Supt. O. E. McDowell 

FESTSUAC  HOTM RM ae es ae rel inci eed Aire ees ae eR a asia! clhshes Bue Supt. J. W. Stott 

VOC ILC SUCH MRT ere tis NN, = kh wan eae sac tr ucutadage's Supt. A. C. Whitmer 

NY GUD BISIIDE aS, Looker iesabt 2 WIAs) Maw a ateeete NEE ROT aaa URL Ac re ei cre Rang eT iE Supt. O. C. Pratt 

\INT GATES 5 sea Les Cae oo a Pea a Pee a ae Supt. H.S. Kaufman 

In the following pages the cities reported are indicated by 

numbers, but the arrangement of numbers is not according to 

alphabetical order. 

1. Thorndike, E. L. ‘‘Measurement of Ability in Reading.’’ Teachers College 

Record, XV, No. 4. 

2. Did not give May tests. 

(5) 
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Survey of Reading Conditions in 
Eighteen Indiana Cities 

THE TESTS 

BELOW are given the tests as they were presented to the chil- 

dren, except style of type. The instructions to the persons giving 

the tests were printed and made sufficiently clear, it was thought, 

to insure uniform conditions in the testing. Of this there is only 

relative assurance, for one does not issue instructions to teachers 

long until he discovers there is no such thing as a ‘“‘fool-proof”’ 

set of directions. Such variations in results as are due to in- 

dividual variations of method in giving the tests, however, are 

probably not great. The giving of the preliminary test doubt- 

less served to correct errors for teachers as well as for the children, 

so that the real test was more correctly given. 

With the variations in the method of computing results, the 

chances for error were much greater, but it was possible by 

checking and regrading to secure uniformity here also. In some 

cases, the children’s papers were not returned with the class scores. 

Since it was impossible to check these scores, they were thrown out 

and not considered in the composite scores. In only a few cases 

was there apparent any disposition to play with the tests. In 

some classes the children had evidently thought the tests a joke — 

and had given foolish answers. In a few cases, the teachers had 

evidently slighted the work and made up class scores which had 

no relation to the actual scores of the children reported. All 

such was either corrected or rejected. The results reported, 
therefore, in the following pages may be considered trustworthy 

measures of the reading abilities of the children tested. 

Visual Vocabulary 

I PRELIMINARY TEST 

Look at each word and write the letter F under every word that means a 

flower. 

Then look at each word again and write the letter A under every word that 

means an animal. 

(6) 
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Then look at each word again and write the letter N under every word that 
means a boy’s name. 

Then look at each word again and write the letter T under every word like 

now or then that means something to do with time. 

Then look at each word again and write the word GOOD under every word 

that means something good to be or do. 

Then look at each word again and write the word BAD under every word 

that means something bad to be or do. 

eat, dick, rose, now, lion, lazy, honest, fred, to-day, 

buttercup, thief, good, then, tiger, dog, clean, daisy, before, 

tom, steal, yesterday, horse, william, wolf, john. 

ies CALE eX 

Look at each word and write the letter F under every word that means a 

flower. 

Then look at each word again and write the letter A under every word that 

means an animal. 

Then look at each word again and write the letter N under every word that 

» means a boy’s name. 

Then look at each word again and write the letter G under every word that 

means a game. 

Then look at each word again and write the letter B under every word that 

means a book. 

Then look at each word again and write the letter T under every word like 

now or then that means something to do with time. 

Then look at each word again and write the word GOOD under every word 

that means something good to be or do. 

Then look at each word again and write the word BAD under every word 

that means something bad to be or do. 

Camel, samuel, kind, lily, cruel 

cowardly, dominoes, kangaroo, pansy, tennis 

during, generous, later, modest, rhinoceros 

elaude, courteous, isalah, merciful, reasonable 

chrysanthemum, considerate, lynx, prevaricate, reuben 

ezra, lichabod, ledger,  parchesi, preceding 

10. erocus, dahlia, jonquil, opossum, poltroon 

10.5 begonia, equitable, pretentious, renegade, reprobate 

11. armadillo, iguana, philanthropic 

EoD OM Ne 

Understanding of Sentences 

PRELIMINARY TEST 

Read this and then write the answers to the questions. 

Tom gave a gray catto Mary. She gave hima black dog. 

What was the girl’s name? 

What color was the dog? 

3. What color was the cat? 

no 



8 Indiana University Studies 

Read this and then write the answers to the questions. 

Your nose is on your face. Your fingers are on your hands. Your teeth 

arein your mouth. 

1. Where are your fingers? 

2. Where is your nose? 

3. Where are your teeth? 

Read this and then write the answers to the questions. 

Dick took a bat. Fred took a ball. Will took six cents. 

1. What did Will take? 

2. What did Ered take? 

3. What did Dick take? 

SCALE ALPHA 

SET a 

Read this and then write the answers. Read it again as often as you 

need to. 

John had two brothers who were both tall. Their names were Will and Fred. 

John’s sister, who was short, was named Mary. John liked Fred better than 

either of the others. All of these children except Will had red hair. He had 

brown hair. 

1. Was John’s sister tall or short? 

2. Howmany brothers had John? 

3. What was his sister’s name? 

SET b 

Read this and then write the answers. Read it again as often as you 

need to. 

Long after the sun had set, Tom was still waiting for Jim and Dick to come. 

“Tf they do not come before nine o’clock,” he said to himself, “I will go on to 

Boston alone.’ At half-past eight they came bringing two other boys with them. 

Tom was very glad to see them and gave each of them one of the apples he had 

kept. They ate these and he ate one, too. Then all went on down the road. 

1. When did Jim and Dick come? 

2. What did they do after eating the apples? 

What else came besides Jim and Dick? 

How long did Tom say he would wait for-them? 

What happened after the boys ate the apples? ls Ce 

SET c 

Read this and then write the answers. Read it again as often as you 

need to. 

It may seem at first thought that every boy and girl who goes to school ought 

to do all the work that the teacher wishes done. But sometimes other duties pre- 

vent even the best boy or girl from doing so. If a boy’s or girl’s father died and he 
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had to work afternoons and evenings to earn money to help his mother, such 

might be the case. A good girl might let her lessons go undone in order to help 

her mother by taking care of the baby. 

1. What are some conditions that might make even the best boy leave 

school work unfinished? 

2. What might a boy do in the evenings to help his family? 

3. Howcoulda girl be of use to her mother? 

4. Look at these words: idle, tribe, inch, it, ice, ivy, tide, true, tip, top, tt, 

tat, toe. 

Cross out every one of them that has an 7 and has not any ¢ (T) in it. 

Set d 

Read this and then write the answers. Read it again as often as you 

need to. 

It may seem at first thought that every boy and girl who goes to school ought 

to do all the work that the teacher wishes done. But sometimes other duties pre- 

vent even the best boy or girl from doing so. If a boy’s or girl's father died and 

he had to work afternoons and evenings to earn money to help his mother such 

might be the case. A good girl might let her lessons go undone in order to help 

her mother by taking care of the baby. 

1. What is it that might seem at first thought to be true, but really is false? 

2. What might be the effect of his father’s death upon the way a boy spent 

his time? 

3. Who is mentioned in the paragraph as the person who desires to have all 

lessons completely done? 

4. In these two lines draw a line under every 5 that comes just after a 2, 

unless the 2 comes just aftera 9. If that is the case, draw a line under 

the next figure after the 5: 

MEOMUEE Oe a el fF 422550 6° 5 4. 9 2°95. 3.8 6 1. 2 
Gr ooes. a) O02 Oo 84 ~— 9 2.5 6. 1: 2°55. 7. 4:8 

5 6 

METHOD OF COMPUTING SCORES 

Visual Vocabulary 

Several points in the method of scoring should be cleared up 

before proceeding to the results. First as regards Scale A. 

Table 1 gives the scores for a class of 41 pupils. 
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TABLE 1.—VisuaL VocaBuLARY: 7B Cuass 

Number of Errors per Line. 

LINE 4 5 6 | Of 8 9 10 10.5 ial 

Estimated 
Pupin Ability 

ay Re oe oe eal | oe we 2, 1 O 1 s 1 4 1 10 
De Ee acelin ap oc Be, ees | eee 1 1 2 2; 1 3 1 10 
oe ee SS SNOT” | a peg eae | PR ee 1 4 4 3 4 5) 1 6 
Lee gee eee] mim AL es HEI ary | eh ON ies tlie aed 4 2 2 4 3 7 
FLY a bea ek aac 1 BA Retest toes [pera (iar so 3 4 2 5 1 Uf 

Oey te Stel tel cy seat | ee ie eee ae 1 hese pate 2, 1 1 2 il 10 
Lge BP ice cal 5 oa eas | bed a | Pi a 1 3 1 2 5 1 9 
See eres Shs eee 1 1 6) 2 3 4 3 4 2 6 
Oe SE Ge. era S| | erica 2, O 3 3 3 3 4 1 6 

1K OE Serer ane tan eerie (ea eat btn as ost cen CS a oe 1 1 2 5 We 9 

DBD Ei gi pech Srey stn may eee be es eae A | eRe | eee ee | eee ee 4 3 1 4 2, 10 
1 Pa ape ear annem ames mee tieet ie ety Lin gl ae 2 1 1 il 1 O 11 
1s Pp aed ae narra race | Seam cil cyte | 2 ay 0 2 2 2 5 1 a 
NEA ae eS re Rigs gener | erent 1 RS Bi ae 1 2, 2 1 4 1 hi 
EP Se TA a be ieee come anes | el Hes 2 2 1 3 2 10 

LRG aes ee aes me tretes toreey ke cami aa [ex ierme oe Hien iet nal SR Sa a 1 O iL 3 1 10 
DLS a ict SO ers ce ecaiea | ees reggae | ATE, | ear eae emrree e | ee 1 1 1 1 10.5 
ISS Feet es cere 2 cates | HR oy | enc adis if! 1 “il 1 il il il 10 
RO Ne ale gece ar 2 | | apeegean fem (bree, Ui | re na eae 1 3 2 1 5 1 10 
oD (SNE ephas eeb ak ay Saal ee eal | ae (ee ee cen eae 2 O 2 3 3 9 

PA) ee eee re recedes cer clatst | tke ee| Koneaecc eel a ees 1 4 2, 4 5 2 oY 
DAPI CMe rie anges | eg corer orale, Ni eo aural (eta Wee terest Daye 3 3 3 3 1 7. 
7S Se Renae ea ag ey an LEO pair teal | nate Gael | acca code ay ao 1 1 if 33 1 10 
DAR Rc Re Be Le send P| ian A Le 1 Ua eae eas 1 3 1 4 il 10 
DO Beet a as oo a etl pa ete tall incre ae 2 1 4 3 5 5 1 7 

2 OPS ceca Seating, 0 eth eee [eau | eer i O 2 2, 3 2 8 
AT Reels SETA mae! FOREN piel lent ears he Nate: 1 2 1 1 5 1 10 
Dre Mec es 2 eae REM) cet alt aaa | ie 1 2 1 1 3 il 10 
AS ta ee Smee gE | Metre Were C Ne eet el (et al | an 3 1 4 2 10 
XO) heat Me bere Mi chs te (ey cbs th a [Piha Mead ca 1 3 1 1 4 1 10 

Sa ba paternal Pages a ON e Paras leer 1 1 1 4 1 10 
aT et oa MD iL Ss SS | ae 2 4 4 2 5 2 6 
O55 ae Ai Aastra baat canal (MAEM 2 hac uch i 55 5 2, 5 5 1 6 
DAR ee Nal co taue Rie chal atone ol |e 3 | ee 1 1 4 iL 5 1 10 
23 Ne nS Marre em Iepe ag eer WiMetnermt [)oa cu nF idk ole 1 3 3 4 2 8 

SOREL leacery chee ta Reena ae Qe Benes: il 2 1 2 5 1 9 
AMO eee ee See | Deaths OR eee 1 2 2 i 2, 1 10 
SaaS IA IRE cr SRS | Eon 3 2 2 2 3 2 4 iL 4 
oT SESS ee CRI COR Ree Na etl Hekate hl [eee Ga O 2 2 33 5 Y a 
A (Remi Sto cp ne Pee pes cost] eet. 2 Lect | es eee mats | (Nee Sapeapaee O 1 O 2 1 1 10.5 
22 OT Le aka Oe een tral i ead ene Pel 1 1 3 5 2 4 2, 7 

AMOVBNISS 6 on oetese 3 9 124 35 88 85 hale ILS597/ 55 

Per ct. of error.| 1.4 Aen, 5.8 (16.6 |41.9 |40.4 |386.6 174.7 |44. 4 

Class Score 7.32. 

Here are shown the number of errors for each child for each 

line, and at the right a figure giving the line which may be con- 

sidered as the estimated ability of the child in question. Thus, 

Pupil 1 made 2 errors in line 5, 1 in line 6, 0 in line 7, ete., and his 

estimated ability is ine 10. At the bottom of the table the errors 

for the several lines are totaled and the percentage of error for 

each line is shown. 
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Each child or group is graded on the basis of 80 per cent ac- 

curacy. This allows for each child 1 error per line up to line 11. 

For the class as a whole, there is allowed a 20 per cent error. 

No line gives exactly this per cent, line 7 coming nearest with 

16.6 per cent of error. This means that the class could have done 

a line somewhat more difficult than line 7 within the limits of the 

allowable error. Just how much more difficult can be figured 

from a table of intermediate values given by Thorndike.’ Re- 

ferring to this table, we are told in case of 16.6 per cent error to 

add .32 to the value of the line. This gives for the class a score 

of 7.32. That is, this class of 41 pupils could have done with 

20 per cent of error a line the difficulty of which was indicated 

byet-o2. 

Understanding of Sentences 

The method of scoring the individual papers in Scale Alpha 

was much more complicated. Many of the questions admitted 

of more than one answer, and there was much difference of opinion 

as to what answers should be accepted as adequate. No definite 

instructions were given the scorers on this point, and when the 

results reached the University, it was found that while the returns 

from some cities were graded by dependable methods, the re- 

turns from other cities were not. In reworking the results, 

Thorndike’s key*for Scale Alpha was used and all the returns were 

evaluated on this basis. 
Table 2 shows the record for a 4B class of 25 pupils in Scale 

Alpha. Reading across the top, Pupil 1 made no errorsin Set A, 

1 error in Set B, 2 errors in Set C, and 3 errorsin Set D. Totaling 

the results, the record for the class is 3 errors or 4 per cent for 

Set A, 36 errors or 28.8 per cent for Set B, 47 errors or 47 per cent 

for Set C, and 91 errors or 91 per cent for Set D. Thus it is seen 

that the class comes nearest 20 per cent of error in Set B, but that 

this set is somewhat too difficult. Referring again to Thorndike’s 

table and subtracting from the value of Set B, we get 4.58 as the 

' difficulty which this class could have done with just 20 per cent of 

error. The score for this class is, therefore, 4.58. 

3. Thorndike, E. L. ‘‘Measurement of Ability in Reading.’’ Teachers College 

Record, XV, No. 4, pp. 16-19. 

4. Thorndike, E. L. ‘“‘Measurement of Ability in Reading.’’ Teachers College 

Record, XV, No. 4, pp. 49 ff. 
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TABLE 2.—UNDERSTANDING OF SENTENCES: 4B Cuass 

Number of Errors per ‘‘Set’’. 

Set Set Set Set 
PUPIL A or 4 B or 6 Cor 8 D or 10 

i [PRO II uae en UN ReMi is RROD Ate ARM Cad Mina Dyer pil. Sou bed tg os NS 1 2 3 
PAA ae Ra Ren MEM oe Pn ret AA MLD A WEL one are I en Reh ee || AN re oC 2 3 4 
oS ea eae ideo nt ent TEE HERE SON Bt ane SRNR Very Are nenee ae IR RIAD aback a A od oo 3 3 
A re aati. PSAR so calant eh cer AHe ba ete RO Len sate a ee | 3 4 4. 
EST GoMMN GT Go0e SLUR au ea Weare gle RiaMt GPs Any UN ens So. ESD Me ey Arad | on ae ee 1 1 &3 

i ee ce RE ah ear OU See ST a Rag UPA T Sati | Ra ae 1 2 4 
TN ae EI se STAN OREN EN Mad aE CE RRg ATO Vive rama ies alate a 1 1 4 
oe ee eee ee UN eerie ae ty er eee a Menor: Ie MT alg t's 00 0 010 3 
.° | aet aa area range CCR Akiak Sey Gals Maayan) meet | higntrl) Yah co Sli il ok g 1 4 

1 i @ Rs Pee isn me ROL ral hl Gusti c naa nua Can mena COLMAN SMe AR cc lh aL ies NU a hd 1 1 4 

DS Pe Gy eg a Reo Sen ID Cle SLL ae tie Ea 20 8 Ue ne et tet | UR a etc 1 4 
1 Ee eae Le Nae Re RE mS Ef doe CMU DOES ESN NS be a er 2 1 3 
ASR OS tee. a Cag eo. an ter Ret Tin f et eer ey Se 2 4 4 4 
MAR ones I ak Aly, OST eae Te Ue Ges tiny ae DCI aerate ge am aoa orm i | BAT CE 1 1 4 
1 Ra eR ae eters INN ED ote TGR Coed OE SUL Airways RAD Mee ill iemm on Wes Ws 1 iL 4 

BUR ee RFE Es ses soy eng, Ree peat geting co EAM CR RE iam NS | NL i 1 3 
Zee Nae ASS ie ee eRe UL Sc, mar aeke © he a gee ea | aOR as ee CO | a 2 3 
| be SR aa mi te eR A gee oo Cle I a ial ool ceey Str Aa Nhe ge Rac) ail ieehce ia ra kg 4 4 4 
1 1S TIA ance ie EMC RL a RS WEN Te EAA enna Sb ne EW Ther nur eu tlegt 5 4 4 
DA sie sede RRO e PANN nb Ne nh weamtue nay hela met ee A ae) 1 2 3 

DA A ep ene ER att URLS | ues eee ee Te AUP AAAI Tana TS aia Ahh oe Mb iy ce uate DARBEDY Al RES eta ci 4 
DAP ARTE te ane ae oP San AN MEMS aT RUE: Ries Cra MMe Tn eae ARC IR Te ee ean eg 2 3 
Ds PRPS a ere er Shan Py Cohen Og hae ert eee Tee oe mate meet R ed VU mie Mn GTB Sg 1 4 
Bile Sa Se ORR EE: ORE RIC AMRR ne SEMA neh eye An eee Od acne 1 4 4 4 
OAS red en: ED REAR Ran CEN S@ronn NCEE Wan RES re aA bed Me gell aust elt ie 1 1 4 

1] BY 0 hf: H op peaay eam mere Ute oon too MR liners AL Et fe aL Ye: 3 36 AZT 91 

PeriCONntiOl Crron es cnet oe < o creee t  eae 4 28.8 47 91 

Class Score 4.58. 

RESULTS 

City Scores 

The scores of all the grades reported by 18 cities for both the 

tests are shown in Tables 3 and 4. At the bottom of the table is 

given the median scores for all the children. All the scores on this 

table are translated into graphic form in Figures I and IV. In 

these figures the grades are arranged in order from left to right. 
The figures on the left ordinate indicate the successive steps of 

difficulty. The median score of all the children is represented 

by the heavy horizontal line showing an upward step at each 

successive grade. At the extreme right is represented the score 

made by 50 college students, sophomores, juniors, seniors, and 

graduates. 

Figures I and III also show the scores of 2 cities, one of which 

is inferior to the median, grade for grade, and another which is 
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uniformly superior to the median. City 14 in Figures I and III 

begins lower in the third grade and makes upward steps from grade 

to grade along the scale; but at every point remains below the medi- 

an. City 13 and city 4 similarly are superior in the third grade, 

and by analogous upward steps maintain that superiority thruout 

the other grades. That these steps are not the same in degree 

as the steps of the median is probably due to the small number of 

children or the character of their selection in a single class or 

to the presence of a superior or inferior teacher or method 

in a particular class or grade. On the other hand, the con- 

ditions that place cities 138 and 4 above and city 14 below 

are probably general conditions affecting the school situation 

as a whole. In Figures II and IV, all the scores of Tables 3 

and 4 are translated into graphic form. The median for each 

grade is shown by a heavy horizontal line, and each of the 

cities is represented by a short broken line above or below this 

median as its score demands. 

TABLE 3.—VisvuAL VocABULARY 

Scores of grades 3 to 8 in eighteen cities. Also median score. 

GRADE 3 + 5 6 i 8 

City 

Tico enc Pel ae 3.86 5.34 6.64 7.38 7.24 7.66 
PG i tes es 2 chore aif sice Sk ee es 4.66 5.66 6.83 8.03 7.64 
EE ae yc Se ees S| tae EE A 5.38 OF al 7.29 7.56 OF 
bo 9 i pA ee ee ae 5.07 5.83 Hos: 5.90 Mea2ZA. 8.81 
Ria aia 5 Cn eee ae eee 3.58 4.74 6.20 TOL G26 (39 

GR ye aie oe OU adi] See et yee IS eee s wetecce 6.38 6.32 GsGk 
Zo ok Se ee eee AES | 5.90 Gn5oS eat 7.86 
Se oro a = cok shee as er age 3.31 5.20 5.58 6.70 TPA es 
Cie é the elas Seer oe ee 4. 5.64 6.64 Use Gao 7.90 

Pie c 22.3 ees een (eee 5.49 5.66 6.68 6.31 7.84 

TiTh 5-2, CSI Re eas eae ek ee 4.97 5.27 5.68 6.73 7.26 8.66 
Pe en = te tee Lie Swe SaOW 4.95 6.58 6.54 Uaers. |e We oes 
Bite, ooo eee 4.54 5.38 6.18 7.08 7.58 8.18 
TAS CU EES a eee On ee eee S52 7 4.71 5.42 6.63 dé 2 il 7.48 
a Parte Sek 2 es See 4.34 5.24 6.05 6.45 GAO> |. 2.79 

Gisele ie ieee eee ape eer 3.40 eS 5.49 6.26 6.86 7.98 
4S ace ee ee eeeaaee 3.44 . 86 6. 24 6.81 Uo 8.07 
(ROM ao Reaches pet trata lhc ac ke oh le ee teal eae 5.26 7.38 6.24 GAGE 

pIMediane 2.x. 4.00 5.26 6.00 6.66 7.29 Ue Oul 

Number of children......} 1,650 2,095 2,028 1,860 if <@e5s |), iesuls: 



14 Indiana University Studies 

TABLE 4.—UNDERSTANDING OF SENTENCES 

Score of grades 3 to 8 in eighteen cities. Also the median score. 
= — 

GRADE 3 4 5 6 7 8 

City— 

tf tne Ste once eee ce iat jae ventana 5.48 8.00 8.33 8.70 9.00 10.00 
PO ie ORO RC BIO CRC Se MTR UC GU eIO A | UR OO I Cora Fe 5.40 6.76 7.36 8.98 9.06 
Bee MW as tay us Us <oehe We fe Wotareell| Rela otogrea eave a20 8.56 8.71 8.96 8.47 
Ae Meta lad ssditet 5 Rate ae AOE EE 6.18 6.00 8.20 8.90 9.22 9.48 
LSJ Tes Caan ENE CORO ERENE| etraES 4.91 5.70 6.86 8.91 8.18 9.00 

(Oya: ance CRC ae cme AEM RC a cube stlcsc tats inter Goin tte tse G GeSGireal yey 8.56 8.96 9.00 
Ue OSS. Lt a ary rane an eee 5.46 6.36 (ouG 8.90 9.22 9.40 
See sah ae eis Muskie ee ee 4.22 Dee lal 7.48 8.36 8.56 8.70 
Oia beteintare ane Lace eae 5.00 G18 8.36 9.00 8.50 8.80 

MN Fears eT SNS Re Sn tee | ee ae 5.48 8.56 8.36 8.82 9.48 

Noe re oaciyh Gots, fn rel deme eee voce aimee HN 6.36 CAS 8.98 9.10 9.48 9.48 
1 Dee the Risers chat et CEM ret encase picid 6.00 6. 64 1.32 7.82 8.56 8.36 
Re eR ere is co BRN ois Mot ents angactegaytes 5.48 8.18 8.98 9.51 9.91 10.00 
A aes aaa. cis ist aaearn se cae ROE 4.40 5.62 7.32 8.00 8.00 9.00 
MP ae Suse, oetioere fetes Shou eeu eee 4.89 6.78 7.56 7.98 7.65 8.56 

Gee dec hee Sean Teme a tbe hora an ae 5.38 6.56 (GaG, 9.08 9.14 9.18 
ENTE es eit eS RIAs Parcs SSeS eaves 5.54 5.63 7.65 8.36 8.43 8.18 
ES ev eR to Lotte aS ears, jemcan ben eneemenel lt ie eee kiana | Meare Mee a (ANG 8.37 8.62 9.69 

IMUGYCRIE WING 3 5 Gio oo 606 ib bio © 5.48 6.56 7.56 8.46 8.72 9.00 

Number of children......| 1,650 2,095 2,028 1,860 1,625 1,313 

Thira Fourth Fifth Sixth Seventh Eighth College 

4 

Cuan I—VisuaL VocaBuLARY. Median score of all children in 
zrades 3 to 8. Also median scores for each grade in cities 14 and 13. 
Figures on ordinate indicate steps (lines) on scale. 
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Third Fourth Fifth Sixth Seventh Eighth College 
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FIGURE Il—Visvau Vocanurary. 
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Median scores of all children in grades 3 to 8. Also median scores for each of 18 cities. Figures on ordinate indicate 
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FIGURE ITI—Unpersranpine oF SENTENCES. Median score of all 
children in grades 3 to 8. Also median scores for each grade in cities 4 and 
14. Figures on ordinate indicate steps (sets) on seale. 

The Tests as Scales 

The foregoing tables and figures offer very striking evidence 

of the scale nature of these reading tests. Figure 5 shows the 

median curves for the two tests together. In general, these curves 

are alike. They begin at a low mark on the left for the third 
grade and step up at each successive grade. A gradual increase 

of reading ability from grade to grade is exactly what we should 

expect for schools in general. That this increased ability is shown 

by linear extension along these scales is evidence that the scales 

are what they pretend to be, namely, scales of difficulty increas- 

ing toward the upward end. The intergrade steps for the entire 

group of cities is shown in the following table: 

TABLE 5.—SHOWING THE INCREASE OF READING ABILITY 

FROM GRADE TO GRADE IN Two READING TESTS 

Grade Intervals 3-4 4—5 5-6 6-7 7-8 Average 

Visual vocabulary Pn tears 1.26 .74 . 66 .63 .65 79 

Understanding of sentences} 1.10 1.00 .90 . 26 28 sal 
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Third Foorth Fijth Sixth Seventh _ Eighth Callege 
Ty 

10 

No. of 

Children 1630 

FIGURE V—Meptians or Botu Tests. Lower line represents visual 
vocabulary scores. Upper line shows understanding of sentences. 

For both tests the steps decrease in amount toward the upper 

grades. The step from grade 7 to grade 8 is about half that from 

grade 3 to grade 4 in visual vocabulary and about one-fourth in 

understanding of sentences. The average step for the visual 

vocabulary test is .79, and for the understanding of sentences 

Gs) oa 

What is true of the medians for the cities as a whole is, in a 

general way, true for each city taken separately. In the entire 

set of tests, there are 83 grade intervals in the visual vocabulary 

test, and 83 in the understanding of sentences. In the former, 

there are just 8 cases in which a grade shows a score higher than 

that of a higher grade, and in the latter there are 11 cases. These 

variations from the rule are doubtless due to the conditions in the 

several cities where the higher grades do not continue to improve 

in reading ability as they should. 

Absence of Proper Grade Progression 

While the increase from grade to grade is the common fact, 
the small amount of this increase in many cases is very striking. 
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Not only in those cases already mentioned where the median 

score of one grade exceeds the median of a higher grade, but also 

in other cases where there is an approximate equality does the 

irregularity of grading appear. Thus the fifth grade of city 18 

has exactly the median fourth grade rating in visual vocabulary. 

The sixth grade of city 4 1s not so good as the median fifth grade, 

while the sixth grades of city 18 and city 1 are better than the 

median seventh grade. The seventh grades of city 6 and city 

10 are not so good as median sixth grades, while the seventh of 

city 2 is better than the median eighth. Thus in city 9 the sev- 

enth grade is essentially of the same ability in visual vocabulary 

as the sixth; in city 11 and city 12, the sixth is the same as the 

fifth; in city 4, grades 4, 5, and 6 are approximately the same; 

in city 10, the sixth is even better than the seventh; and in city 

2, the seventh is better than the eighth. 

Similar facts appear in Table 4, graphically in Figure IV, 

showing results for the understanding of sentences. Here the 

eighth grade (city 2) appears slightly superior to the seventh, 

and the seventh slightly superior to the sixth, but the superi- 

ority of score is so slight as to be negligible. On the basis 

of the results of the two tests, it is clear that there is no essential 

grade difference in reading ability between the two groups of 

children constituting the seventh and eight grades of city 2. It 

would be interesting to know what does constitute the child’s 

right to be promoted from the seventh to the eighth grade of that 

city. Similarly what do cities 9 and 10 mean by passing pupils 

from grade 6 to grade 7, or city 14 by passing sixth grade children 

on to the seventh grade, or city 12 by promoting seventh graders 

to the eighth grade? 

Several possible reasons are advanced for the failure of pupils 

to continue their improvement in reading ability in the upper 

grades. First and probably the most mischievous as well as the 

most erroneous is that the pupils already read well enough. This 

view, tho not often openly championed, is tacitly assumed with 

a unanimity and complacency that is at least dispiriting. Teachers 

and supervisors are rightly concerned to teach the pupils in the 

early grades to read, but after a fair proficiency in vocabulary 

and sentence interpretation is acquired, the attention of teachers 

and pupils is turned to other things, to arithmetic, to literature, 

to history, and the wide range of other studies clamoring for a 

hearing. The teaching of silent reading as an art of understand- 

ing and interpreting printed pages is made subsidiary and inciden- 

2—5533 
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tal to work in other subjects, and in the upper grades receives 

almost no direct attention. Such incidental work as is given is 

of course valuable. The teacher in the arithmetic class finds 

that she must teach the pupil to read the problem in order that 

he may solve it; the teacher of history finds the children do not 

understand what they read and she must give a little help in read- 

ing. Such incidental help is, however, usually regarded by the 

teacher as outside the business in hand and a thing to be avoided 

or gotten over with the least possible time and thought. What- 

ever 1mprovement in general reading ability the children acquire 

they get, as it were, surreptitiously, because the average teacher 

in the upper grades insists on assuming that the children can read. 

If by some chance she discovers that a child fails in geography 

because he can not read she is more than likely to regard it as 

an evidence of inefficient teaching in the lower grades rather than 

a legitimate problem for her to solve. In this respect she is much 

like the high school teacher of science who regards a student’s 

training in English to be the exclusive business of the English 

department, and, like him, she makes the very serious error of 

believing that effective thinking can go on in other fields without 

adequate language training. 

An adequate investigation would doubtless show that many 

of the failures in other school subjects are due to the inability of 

pupils to read, and that children learn to solve problems, to 

understand the history and geography texts, and to do effective 

work in these fields just in proportion as they acquire a mastery 

of the language in which these texts are written. When we con- 

sider further that the texts in school subjects which children must 

use in the seventh and eighth grades contain prose very much 

more difficult than anything the children meet in the reading 

work of the earlier grades, it becomes evident that the easy 

reliance which teachers put upon the reading ability of pupils 

is misplaced. Training in reading should be given on the basis 

of the advanced prose which children must interpret, and just 

because the pupils—so long as they remain in school—are pas- 

sing on to more and more difficult texts, this training must be 

continued thruout the elementary grades and probably also thru 

the high school and into the college. In time many children 

learn to teach themselves, but the school authorities can never 

be certain that this will occur, and are always under the obligation 

to see that the essential improvement is taking place. ‘This view 



Haggerty: The Ability to Read 19 

we already have in regard to expression, in regard to the pupil’s 

use of language in speaking and writing. It is no less imperative 

in reading and understanding. 

A second reason given for failure to improve in the upper grades 

is that pupils reach their limit.of improvement. There is probably 

no ground for this argument. There is a wide range of possi- 

bilities for increase of vocabulary, and children rightly environed 

and rightly taught go on acquiring new words almost indefinitely. 

Further, it seems possible to teach pupils of any age or grade of 

advancement to improve very greatly in the ability to read rapidly 

and understandingly when once attention is given to the question. 

It is easy to show that college students can be brought to a very 

much greater efficiency by a very small amount of practice. 

The plateau, if the period of decreased rate of improvement in 

reading ability in school children may be so characterized, is 

probably a purely adventitious one, the evidence of our inefficient 

methods of training rather than a necessary consequence either of 
the nature of the learning process or of the subject to be learned. 

A third reason advanced by teachers is that there is no time 

to teach reading in the upper grades. This sets forth an adminis- 

trative problem for which teachers are not directly responsible, 

but one demanding serious attention from those who are. Can 

it be possible that there is any single ability more important than 

the power to interpret what one sees in print? Certainly spelling 

and handwriting are far from being so important, and yet both 

get places on the seventh and eighth grade programs. And what 

facts or skills does a child get in arithmetic, or what knowledge 

does he gain in geography or history that will compensate for 

lack of training in the most fundamental of all the tools of knowl- 

edge, the ability to read on the level of his possible range of 

thinking? 
None of these reasons is the real one. The pupils of the upper 

grades fail to improve in reading ability because the adminis- 

trative officers of the school do not realize the importance of such 

training, and therefore do not give it adequate time on the pro 

gram, and because the teachers have not yet developed the methods 

for teaching the art of silent reading effectively in the upper grades. 

Let any superintendent say that we shall continue in the upper 

grades to regard reading as of the same fundamental importance 

as we do for the younger pupils and give it adequate time recog- 

nition on the school program, and let his teachers set themselves 

the task of developing in their pupils the power of rapid and 
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accurate silent reading and range of vocabulary, and these upper 

grades intervals will lengthen out to correspond with those lower 

down. It is encouraging to note that just this fortunate situation 

already exists in a few cities. The seventh-eighth grade visual 

vocabulary interval in city 4 is 1.57 steps; in city 6 it is 1.39; in 

city 10.it is 1.53; in city 11, 1:40; and city 16,1312 winlesimetine 

understanding of sentences the same interval is 1 or more units 

in cities 1, 14, and 18, and the sixth-seventh grade interval is 

1.62 in city 2 in the understanding of sentences and 1.20 in visual 

vocabulary. Such achievements are possible in any school of 

normal children. 

In thus pointing out what seems to me a defect in the school 

regime in regard to reading I do not mean to criticize the schools 

unjustly, least of all to suggest that they are negligent in their 

attitude toward their work. It would be difficult to find a more 

devoted and loyal body of men and women than those in charge 

of the schools. If they have erred in this matter it is from the 

same cause that makes all of us subject to error every minute, 

namely the lack of scientific information upon which to found 

better modes of procedure. The introduction of standard tests 

and scales into the analysis of the reading situation offers the most 

promising instrument of reform. No longer need we be “unhamp- 

ered by facts” as to what the situation actually is. No longer need 

we ignorantly put together into a class for identical instruction 

pupils differing in ability as much as the median of the fourth 

and median of the eighth grade. No longer need we call a class 

a seventh grade one semester and an eighth grade the next with- 

out essential improvement in their reading power. Whatever 

limitations of method we may still suffer we may now know in 

measured terms what abilities the children actually have. This 

scientific knowledge should be the basis of definite improvement 

in methods. 

Overlapping 

The unsatisfactory character of the grading of children is 

evident not only in the irregularity of the grade intervals but also 

in the vast amount of overlapping of ability from grade to grade. 

To determine just how much of this existed among the children 

reported in this test a large number of visual vocabulary papers 

(9,291 from grades 3 to 8) were grouped on the basis of the score 

made. The results are thrown together in Table 6 and are rep- 
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10.3 

Grade 3 Grades Grode7 

Grode4 Grade 6 Grade 8 

FIGURE VI—Visvuat VocaBuLary. Showing overlapping of all grades 
in 14 cities. Ordinate =scale values; abscissa = per cent of pupils making each 
score. 

resented in Figure VI. These results from the children of fourteen 

cities show a distribution for every half grade over five and one- 

half steps, and for most half grades, 7A, 7B, and 6B to 3B, over the 

entire length of the scale. The overlapping for three grades of 

one school is shown in Figure VII. 

Grade 4 Grade 8 

ORD OAOON © DOS OoNnDeRGUD A ®@DOCT 

Per Cent of Children Making a Particular Score 

_ FIGURE VII—Visvat Vocasutary. Showing overlapping of grades 
in one school. Ordinates =line value; abscissas = per cent of pupils making 
each score. 



22 Indiana University Studies 

In computing the intergrade intervals the average was found 

to be .79 (see Table 5) of the distance from line to line. In the 

lower grades it is more; in the upper grades, less. Accepting 

‘this as a standard, it would seem that the distance between the 

median and the best or between the median and poorest pupils 

of any class should not be more than .79. .A pupil varying more 

than this should pass to the next higher or the next lower grade. 

Further, the distance between the best and the poorest pupils 

of any class should not exceed 1.58 or approximately 14 times the 

distance from line to line. Now what do we find? For the 8A’s 

there are 20 pupils of line 6 ability, and 113 of line 10.5 ability, 

a distance between the best and poorest of four and one-half 

steps, or a little less than three times the allowable difference. 

That is, the 20 should be 3 grades lower than the 113. Worse 

still is the case of the other grades. In 8B there are 10 who are 

6.9 grade intervals below the best 89; and for the succeeding half 

grades the distance between the best and poorest pupils is as 

follows: 

7A: Poorest 3—7.5 grade-intervals below best 85 

7B: Poorest 10—7.5 grade-intervals below best 57 

6A: Poorest 79—6.3 grade-intervals below best 85 

6B: Poorest 18—7.5 grade-intervals below best 26 

5A: Poorest 12—8.9 grade-intervals below best 16 

5B: Poorest 31—8.9 grade-intervals below best 15 

4A: Poorest’ 47—8.9 grade-intervals below best 15 

4B: Poorest 79—8.9 grade-intervals below best 5 

3A: Poorest 131—8.9 grade-intervals below best 8 

3B: Poorest 259—8.9 grade-intervals below best 1 

The meaning of these figures is that in every grade there are 

pupils grouped together who in actual ability are from 3.1 to 4.4 

grades apart.’ If we were to classify the children represented in 

Table 6 on the basis of their ability as measured by the visual 

vocabulary scale, we should cut the table horizontally instead of 

longitudinally. We should make line 4, which is just third grade 

ability, the standard for the lowest grade. Into this group we 

should put all in the second horizontal row. Here would come 

pupils from every grade except 8A, 8B, and 6A. The next group 

would include all of line 5 ability, and would include pupils from 

every grade except 8A. Continuing in this fashion, five additional 

grades would be formed. Each grade would draw from every 

5. The case is even worse than this, for, if, instead of measuring by the average 

intergrade interval, we take the seventh-eighth interval, the 20 are 3.4 times the allow- 

able distance below the best of their grade. 
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half grade represented on the table. The children of any grade 

would be essentially of the same ability, and the steps of difficulty 

from grade to grade would be equal. Where we should place the 

pupils of the first horizontal row could only be determined by 

further testing. All that is clear is that they do not belong in 

any of the classes already suggested. 

TABLE 6.—VisuaL VocABULARY 

Showing by half-grades the number of children in 14 cities scoring 

each line.® 

Line 8A 8B A 7B 6A 6B 5A 5B 4A 4B 3A 3B NJ 

SLO Wares tee ee ii a. it Dib [het sneuen silken 12 31 47 79 | 131 | 259 

Aer relia tis, : Sieh 2 CW ieecroie 28 28 68 | 101 | 169 | 165 | 206 

Deere ehcas ied auele 32 10 21 35 79 73 | 1384 ; 199 | 249 | 285 | 242 | 217 

Oars 20 33 45 97 | 108 | 144 ; 200 | 238 | 259 | 213 | 146 70 

COS alceenene 76 | 125 | 184 | 260 | 282 | 245 | 312.) 240 | 173 98 75 33 

tol en ain 4) V¥4—) AVS | 114 | 139 | 108 94 93 74 30 16 10 

OPE ee 3a 244 | 215 | 193 | 185 | 185 96 44 35 1g 10 18 3 

HOO hes 2 113 89 85 57 85 26 16 15 15 5 8 1 

5930 | 586 | 646 | 758 | 878 | 710 | 840 | 919 | 935 | 889 | 801 | 799 

TABLE 7.—VisvuaL VocABULARY 

Showing percentage of children in half-grades scoring each line 

in 14 cities. 

Line 8A 8B ax 7B 6A 6B 5A 5B 4A 4B 3A 3B 

IBelowar 4s. 2 Se |ik ee. 00274) SOOAR ra se ollictees O14 .03 05 .O9 LOM 32 

AB Meee Ne ee ap [oe So. a 1003s | OOO |e ee. .03 .03 O07 SION. UO) Al . 26 

Om (cial eet Pete || wy .03 05 .O9 iO OM a2 2, Deed 2 hal etd Oral nese nd} 

Orcas s 04 06 AOE I a Ihe} LZ | e220 PFN PAS |) PhS 1 AE |e WSS ol CON) 

0k anc saswouce .14 -21 .28 | .34 | .32 .35 37 AAD.) g LO) pala 1:09 |) 04 

Senses .15 5 UY) .18 5 LS) ANG |) lly | ae .10 .08 | .03 OY 1) (Oil 

Qik: .46 37 .30 24) | 2 .13 .05 04 .02 OL .02 |.004 

MORO se = All 5 ALS) .13 .08 OR ee OAe |e O22, .O1 (0) .O1 |.001 

Against any such radical administrative readjustment as 1s 

here suggested, it may be argued that the grounds for readjust- 

6. In computing these figures lines 10 and 11 were eliminated and the children who 

might have been credited with these lines were distributed on the basis of their highest 

score on the other lines. The reason for this was the misscaling of the words of these 

twolines. See pp. 36 ff. 
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ment are not adequate. The grouping of children from 14 schools 

brings together children that have not been taught together, and 

hence the distribution and overlapping seem greater than it really 

is in any single city or school. The reply to this argument so far 

as single cities are concerned is found in Table 8 and Figures 

VI to IX, where the grades compared are from the same school. 

The situation here is not essentially different from that shown 

in Table 6. The number of children is smaller, but the distribu- 

tion is essentially the same, and the case holds no matter what city 

or what grade we choose. Everywhere children of the most di- 

verse abilities are thrown together and called a grade. 

It may be objected that the vocabulary test is inadequate as a 

-measure of homogeneity of pupils in reading ability. Let us turn 
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FIGURE VIII—UNpDERSTANDING OF SENTENCES. Showing overlapping 
of all grades of one city (12). Ordinates =set values; abscissas = per cent 
making each score. 
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_ FIGURE IX—UnNpDERSTANDING OF SENTENCES. Showing overlapping 
in grades 4, 6, and 8 in one city. 
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Vigeab YOCABTLERT VEDEASTAED DG OF S2ETAECRS 

8 8 CSS 67: 

FIGURE x Scones OF Sone Cne IN VISUAL VOCABULARY AND 
UNDERSTANDING OF SENTENCES. Showing how the individuals are better 
differentiated by the vocabulary seale. 

to the records of the understanding of sentence scores. Table 

2 (p. 12) gives a class of 25 in which 12 children made Set C or 

8;6,Set B or 6;6,Set A or 4; and 1 who fell below the lowest mark. 

When we recall that the grade-interval between grades 4 and 5 is 

1 or one-half the distance between Set A and Set B, and that the 

difference between the best dozen members of this class and the 

poorest half dozen is four times this inter-grade interval, the 

ease remains about what it was under the visual vocabulary 

test. Nor is it improved by a study of Figure VIII where the 

distribution of all the grades of one city is shown in parallel figures. 
In Figure IX there are shown the results for the grades of 

one city. 
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TABLE 8.—VIsuAaL VOCABULARY 

Showing by half-grades the number and per cent of seventh grade 

children of two cities scoring each line. 

LINE 

Belows4 eee 

MOtalSeer se 

City 14 City 9 

7A 7B 7A 7B 

No. |Per cent No. | Percent! No. | Percent] No. | Per cent 

Soe epee al Oo Sentosa Cae ia, Als ee ae 1 hier I Sk beac all Petpet eae tina 

iL 1 1 d [Eee (eer rear ee eNI e S Beak 

3 3 4 4 Pe D> al cceereber ee cea | pcre oe 

9 8 21 23 2 3 7 8 

30 28 34 36 31 36 30 36 

18 IL? 4 5 10 12 18 22 

34 Bw 18 19 26 30 22 26 

ED, ial Hal ie 13 15 1 8 

107 93 85 84 

TABLE 9.—UNDERSTANDING OF SENTENCES 

Showing by half-grades the number and per cent of seventh grade 

children of two cities scoring each set. 

City 14 Cry 9. 

7A 7B 7A 7B 

No. |Per cent! No. | Percent| No. | Percent| No. | Per cent 

BelowiSet Avs arcc |e ios resleee cee oie 1 Do) a se SIE emer 

SebeAGOn4rn se i 1 7 8 iL 1 1 il 

Sét Bi oriGes.. a. 8 7 14 115) 3 4 2 3 

SChhO@,OM Sees 60 56 48 52 38 44 43 55 

SeteDior lO a.. 37 35 Oo. 24 44 51 32 41 

“WROtalSwerse 106 92 86 78 

All of the grades have children of ability 6 and 8, while each 

of the grades 3 to 5 contains children of the ability of Set A or 4, 

and each of grades 3 to 8 contains children of ability of Set D or 10. 

For the whole series of grades the average intergrade interval for 

the understanding of sentences is .7 of one step or .35 of the dis- 
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tance from one set to the next. In the upper two intervals it is but 

about one-fourth of this average. Using this average as a measure, 

it is seen that about 9 per cent of the eighth grade is 3 grade- 

intervals below the best in the grade; for the seventh grade, 20 

per cent are 3 grade-intervals below the best, ete. Thus, whether 

we group classes and grades from a number of cities or consider 

the classes and grades within a single city, and whether we con- 

sider the range of vocabulary or the understanding of printed 

sentences, the conclusion forces itself that there is a degree of mis- 

grading of children on the basis of reading ability that is startling 

and that must be subversive of good teaching in the whole range 

of subjects where efficiency depends upon the ability to read. 

Effective Speed 

“Slow and sure” is ceasing to-exert its witchery as a precept 

in mental control in the light of experimental results. We now 

know perfectly well that rapid work may be more accurate than 

slow work, that many of the most accurate workers are the most 

rapid, that many of the slow ones are the most inaccurate, that 

some are made more inaccurate by being slowed down, and that 

some are made more accurate by being speeded up. It is probable 

that the proper adjustment of speed and accuracy is a highly 

individual matter. On the physiological side, the most efficient 

speed for any activity involving skills or well established habits 

would be that speed at which interfering or distracting stimuli 

were most consistently inhibited. In other words, it is the speed 

at which the attention is least dispersed. That we are in need of 

extended studies in order to determine the most efficient speed 

for persons of any age and in various forms of activity 1s evident 

whenever one tries to say at what speed any piece of work should 

be done by any individual. It is not amiss, therefore, to deduce 

whatever evidence we can from the results of these tests regard- 

ing the relation of correct results to the speed at which the work 

was done. The folder containing the tests had on the first cover 

page a form of this sort: 

AsimMeyolsbeodmMMMAeIbESba een oes sas ete cles Hesse a Spoken : 

Mind evolmislaine vest tt tees See etre Stee wl som. aes eo 

Mine FO OMMORGeStaesa oee eerie sees cee eee as 

Instructions were given to the experimenter for taking the time. 

As the papers were handed in by the pupils, he was to record the 
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time in this fashion: 10—80—20, meaning 10 o’clock, 30 minutes, 

20 seconds. This was subtracted from the time of beginning, 

thus giving the time of doing the test. 

In compiling these results for visual vocabulary, the pupils 

from 14 cities in grades 4, 6, and & were considered. These were 

first thrown into groups determined by the particular score of the 

paper in question. Thus, all papers which were scored for line 

4 were placed in one group; those for line 5 in the next group, and 

so on. For reasons noted on page 23 lines 10 and 11 were not 

considered, but the persons credited with that score were re- 

distributed. 

TABLE 10.—VisuaL VocaBULARY 

Time for doing the test shown by grades, scores, and quartiles. 

No. First Second Third Fourth Av- 
LINE Grade |Pupils |Quartile | Quartile | Quartile | Quartile} erage 

4 126 9:15 13:22 16:34 28:23 16:28 
Below Line4........ 6 In ere ce Se i o aebe © AaB So Se SE a ee eee 

Be Ses e Ses le ee eee oo cd | ee | ee | 

4 270 :24 =59 14-46 29:00 16:02 
DMM ery ses oe nee 6 18 6:47 47 22S 1e7/ Sz bi 11:24 

Bo W es Soe eo | Seen ape ss aide OAR ae = 28 |e eee a | eee eons 

4 534 8:15 12:00 16:03 28:07 16:06 
d DAbaKee iG Sie ee eee ee 6 52 6:15 9:03 13:05 30 sal 14:38 

8 10 5:06 Medd 9:23 13:58 9:00 

4 472 8:05 ELS 19:08 31:06 iL 7 Ps 
TIVe'Gaethan on ee Seer 6 252 6:27 9:51 14:54 PAS) HH 14:18 

8 53 4:59 7:26 8:56 12:29 8:27 

4 ARTEL 7:40 falO03 17:01 30:27 16 32 
HWELIVCe (Gar ey ce 6 527 6:09 9:15 14:09 29:35 14:47 

8 201 4:48 Gale 9:13 13:20 8:41 

4 104 8:58 12-074 Ss 32:02 16:35 
TEIITO RS ee hice cere tere 6 247 6:01 9:06 14:01 26:48 13:59 

8 191 Sats 7:41 9:02 12:29 8:37 

4 DOT 9:05 13:16 L512 24-26 16:15 
AGM CtOys eee acs oe 6 281 5:48 9:04 113322463 24:29 13:14 

8 459 4:49 Gals 9:34 14:18 8:57 

4 Z2OS\= 18-03 T2533 13:38 22:28 14:55 
ahiys) TOL Specs asksod < 6 ilalal 5:58 9:09 13:34 24:09 113333 

8 202 4:30 1:30 9:28 14:14 8:49 

How the time distribution falls out may be seen from Table 

10, where the number of pupils scoring each line, their average 

time, and the average time for each quartile may be seen. There 

are students from each grade scoring for each line except that there 

are no eighths of line 4 ability or below and no sixes below line 4. 

In general, it is seen that there is no regular increase 1n the average 

time for those who scored the higher marks. Lines 7, 8, 9, and 
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10.5 all show less time than line 6 for the eighths. In the sixth 

grade the greatest time is for those of line 8 ability, while those 

whose score is 10.5 use less time than do those who score lines 

5, 7, or 9. Line 6 scored the longest time for the fourth grade, 

while lines 9, 7, 5, and 4 scored shorter times than that made by the 

126 fourth graders who had less than line 4 ability. The shortest 

average time was made by the 20 who scored line 10.5, the highest 

possible score. 

There is a general decrease in average time for the pupils of 

each higher grade scoring any line. The fourth grade requires 

longest, the eighth grade least, and the sixth grade is always inter- 

mediate. The time by quartiles follows this same general rule. 

In examining the quartile scores the greatest difference ap- 

pears. The fastest group of all is composed of fifty eighth-grade 

pupils who do the entire test correctly, scoring line 10.5 in 4 minutes 

and 30 seconds. The slowest eighth grade group, 115 in number, 

scored line 9 in 14 minutes and 18 seconds. The speediest group 

of sixth grade pupils numbering 70 scored line 9 in 5 minutes and 

48 seconds, and the slowest 38 scored line 5 in 30 minutes, 11 sec- 

onds. For the fourth grade the extremes are 7 minutes 40 seconds 

for 67 pupils scoring line 7, and 32 minutes, 2 seconds for 26 chil- 

dren scoring line 8. The next slowest fourth grade group, 118 

in number, scored line 6 in 31 minutes and 6 seconds. In general 

the fastest quartile in any grade requires from one-fifth to one- 

half the time of the slowest quartile. Only in the fourth does 

the slowest make a higher score than the fastest. The very 

poorest group of eighth grade pupils, 2 in number, are excelled 

in both speed and score by more than 400 fourth grade children, 

by more than 800 sixth grade children, and by almost 1,000 

eighth grade children. At the opposite extreme are 50 eighth 

grade pupils who excel in both quality and speed all other children 

in these grades, namely 914 in the eighth, 1,588 in the sixth, and 

1,824 in the fourth. 

The simplest and most direct conclusion from these figures 

is that inaccuracy is not a necessary correlative of rapid work. 

Neither is slow work a guarantee of correctness. It is possible 

that some of those in the first quartile might have done better if 

they had taken more time. There is some evidence that time 

pays, in that the fourth grade group which took the longest time 

made a better record than the group which made the shortest 

time. Against that fact, however, is the fact that 125 fourth 
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TABLE 11.—VisuaLt VocaBuLaRy (AGE oF PUPILS) 

AGE 
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grade children took less time and scored equal or better than this 
slow group. 

A question impossible to answer from these figures is, what 

would have been the effect on the quality of work of any group if 

their rate of work had been changed? Would the slow ones have 

done better if they had been speeded up, or would they have been 

less accurate? Would the rapid workers have done better if they 

had taken more time or would they have done about the same? 

From the teaching point of view these questions are highly import- 

ant, for it is in changing the requirements of speed that the teacher 

can most easily influence the child’s routine work. 

What is the reason some persons require a longer time than 

others for a given task? One explanation is that it is a matter of 

temperament. Individuals are geared to go at a definite rate, some 

slow and some fast. A more potent reason is probably the dis- 

traction of attention, the crowding in of extraneous impulses 

that interrupt the main impulses and render them ineffective. 

Age and Efficiency 

That mere increase in age does not serve to develop a vocab- 

ulary is evident from the age-score study of the fourth, sixth, and 

eighth grade children. The entire distribution for these grades 

is shown in Table 11. Fourth grade children range in age from 

+ years to 16 years; the limits for eighth grade children are 11 

and 18—a range of 9 years in the first group, and of 7 years in the 

latter. Sixth grade children are intermediate. Table 11 gives 

the scores for each half grade of the normal, accelerated, and re- 

tarded children. From this it is seen that the youngest children 

are in every case, except 4B, slightly superior to the oldest group 

of the same grade. Scarcely ever do they fall below those of 

normal age. On the other hand, the children who are retarded 

are inferior to both the normal and accelerated groups. Thus 

much evidence that rapid promotion does not militate against 

efficiency in visual vocabulary. 
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TABLE 12.—Mepi1an Scores oF ALL PuPiILS ACCELERATED, 

NoRMAL AND RETARDED FOR GRADES 4, 6, AND 8 

GRADE ACCELERATED NORMAL RETARDED 

Sa cis Sib ee ce ee ee 9.4 9.6 9.3 

SUES eer ee, een Secs as, ch 9.4 9.2 8.9 

GIA re ier hick cwee aces 8.5 8.4 7.6 

OBR eee cs ees 8. 8. U sf 

AU NG EEN Mec EE ates casters a 6.5 6.4 6.1 

41183. 5.35 Sigh A cue ERALe ea 5 4 5.8 5.6 

Sex Differences 

In order to study the question of sex differences the results 

for the visual vocabulary test were worked up in the following 

manner: The returns for each city were divided into two groups, 

boys and girls, and the average error for each sex was computed for 

each line and for the test as a whole. The figures are given in 

Table 13. City 1 reported 219 boys and 265 girls who made 

respectively for lines 4 to 11 average errors as follows: .41—.28, 

79—.61, 1.21—.97, 1.95—1.31, 2.64—2.38, 3.05—3.06, 2.95—2.39, 
4.10—3.90, 2.17—2.16. For the test as a whole, the average 

error was 17.87—15.61. It should be remembered that the high- 

est average possible was 5 for each of lines 4 to 10, 2 for lne 11, 

and 438 for the entire test. In the case of every line except 9, the 

boys made a higher average error than did the girls. Consider- 

1 2 3 4 § 7 8 q JONmeeT i 12 13 ie 16 item oO eaveraae 

FIGURE XI—Visuat Vocaspunary. Sex differences. Height of column 
proportional to number of errors. Figures on ordinate indicate number of 
errors. ‘Total number of possible errors was 43. Open column equals girls; 
closed column equals boys. Numbers below equal cities. 

3—5533 

< tb 8 

Average number of words wrong 

w 

0. 
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ing the entire test of 48 words, the girls were superior in 14 of the 

18 cities and in the test as a whole. Figure X pictures these 

results. The margin of superiority for the girls is not great, but 

it is constant and therefore significant. It tends to confirm a 

rather widespread common-sense notion that girls have superior 

language abilities. 

TABLE 13.—Srx DIFFERENCES 

Visual vocabulary. Average error per line. 

Average 
City Sex | No. 4 5 6 7 8 9 LOVE LORS a paalelt by Sex 

Rater tenance B 219 Al Ot P21 12955) 2564 | Sa0s ee 2a 9 bala Ole ie aesle7 17.81 
1 re et peters hes G 265 .28 .61 97 |-1.31 | 2.38 | 3:06.| 2.39 | 3.90) | 2,16 15.61 

QP een eee teen les B 135 .49 HSL 20) LSA 3340 orm onoom MleOg) 17.79 
Ps POLE ce aan Male G.. 176 .26 40 80)| 1625} 2.58 | 8:18 | 2.74 |-3.76 1) 1.84 15.59 

Bee es se ae B 438 40 342) |) 102) |) 1586 | 25889 on 22ee2e80 RAs oe! 10.83 
Orit neee anaes ae G 456 35 .28 d3 | 1.00 | 2.03 | 2.65 | 2.25 | 3.28 | 2.42 13.18 

1 es Sa Se Pee ota B 240 .28 739>| 1.19") 2-02: |) 25 80)-) 297, | 22078 410 e les 6 17.74 
Freese CORO OR oe Reh. G 266 aPAll 405 E01 1589) 2573) 932260) 28430 4s. Oneal INCSPAl 

Se seareany sera te B 197 .49 sie | 129 1 196) 225 a 229 so 2s Silas Selle mele sii 16.36 
Seas Geta IOS G 200 10) a6 1220") 1.87) 2.54 || 3233880 22D ie \monoomeo ale 16.87 

exc ae ae ee B 227 .30 60: | 1.36 | 2.18 | 2.69 | 3.19) 3-08.) 4704 22210 18.11 
Fgura aa aire G 9 .24 DO 24) WSS 245002 62 Dele eo Oi/ael oa 16.32 

Sit Hatnhte ae gee B 495 61 99: | 1.54 || 2744 | 2.91 | 3.47 |) 3220) 542027 280 19.89 
be Biches eat acs G 566 47 S91) 1-889) 1294" |) 22455 3503) 122228e nosoom |leo 16.58 

De oie AR eae eee B 591 30 SS he |) Leta 2290 e823 Zeon omic MOOS 17.02 
ONsS inate eto G 551 18 .48 86 | 1.48 | 2.86 | 3.34 | 2.29 | 3.68 | 2.30 15.93 

al Oech tents a Ateraes aia B 383 23 .38 95°} 1.49 | 2.52 | 2.924] 2.62°) 3.168) 7159 15.32 
dO ere aterad Gee G 410 16 04 7o | 1-687) 2.53 | 32.17 |) 2047) | Sain ale 95 15.47 

11D eeepc a tes oe B.. 200 20 68>], 1-49) Qe O 2578123230282 03i4|on9 Din elea29 5.07 
nL bocca eis cert see Gee 187 ell 41 -90 | 1.46 | 2.46 | 3.78 | 2.37 | 3.69 | 2.20 10.79 

ID ene ear peee nene B 242 39 63. |) 123 | 2261 | 2.755) 38.238 a3: 38h eA els 0 19.56 
Dipti een G 200 34 76) || 1-24 | 1589] 92.825) 13:283) | edsO7e| 4a ON ples 18.97 

iL Serer ee eerste eed B 377 Al 68 | 1e27- | Ne | 2.67! $3052 47 22908 | RSE 95 ele 2802 MC DY 
Opava iy ae ens G 340 .26 53 | 1.13 U1.| 2.538) 3.35 | 2.30 73299) | 2219 16.86 

PAR eres otek oe rae B 587 4A 1-06), 1584 || 2.694) 3.17. | 370) |, 309s AeA ee 21.94 
Arey eer ol oon G 645 .46 .69 | 1.36 | 1.91 | 3.04 | 3.45 | 3.08) | 4.37 |) 2223 18.51 

[Senate cet mae B 194 44 S840 1422025 2-925 2hO 8 ore Ole onion peless 18.11 
IES Stace An hee Sen eas G 212 21 .09 92°) 15600) 2252))) 2278)-) 2-41 | 3240 pleaio 14.83 

Geet eas sche B 257 78 1207 | 1276" | 222541922995) 23)20) | 229385 eoesaan legs 19.78 
Mapes oe a ane G 214 40 85 | 1.44 | 1.84 | 3.04 | 3.01 } 2.63 | 3.84 | 2.27 18.10 

DRYAS oe hee eae B 314 665) 1.12 1 1:79) | 2.362) 3-23 19352) | 3220" e406) 20 20.62 
Ny (ane oiaiie rh heer ar G 298 44 9 |) 158 2/00 8)2299) 344 |e 227s e329 om ee2ell6 18.61 

Skene ese B 126 .30 44 83) lo ial2e4 (|, 25.85) |e 25S Ono n oom Relesiy 15.77 
See yt ater G 135 12 Qik 61 | 1.05 31 | 3809) | 2255) | P4e23" ee 2rallo 14.98 
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Revision and Extension of Reading Scales 

CORRELATION OF TWO SCALES 

It has been frequently objected that the vocabulary test, 

the mere abilty to recognize words. is not a measure of reading 

ability. The objection is twofold. The vocabulary measure tests 

too much; it tests too little. In support of the latter contention 

it is pointed out that reading involves not only the recognition of 

words but of the relations of words in a sentence. That there is 

truth in this objection no one doubts. Al! who have tried to 

translate a foreign language lke Latin or German know per- 

fectly well that it is not enough to recognize the English equiva- 

lent of the foreign words, and many a person will know all the 

words of English sentences without understanding the sentence. 

“He found law dear and left it cheap”’ does not contain a word that 

is not more or less familiar to a twelve-year-old child, yet few 

twelve-year-olds will have any adequate understanding of the 

passage. The grammatical relation of the words and the range 

of personal experience are determinative factors lying outside the 

limits of mere word knowledge. 

With equal justice, it must be admitted that the vocabulary 

test sometimes demands more than would be required from a sen- 

tence containing a word. About 900 out of 1,000 children did 

not know the word “philanthropic,” yet it would have offered little 

difficulty in a setting like this: 

“Mr. Rockefeller has given large sums of money to schools 

and colleges. He has also given money to medical research. 

Mr. Carnegie has given money to found libraries in cities and towns 

and Mrs. Harriman has given money to charitable institutions. 

These are but a few of the persons in our country who have given 

money from their private fortunes for the benefit of their fellow- 

men. Such philanthropic endeavor is one of the LIDS which 

characterize our men of wealth.” 

In such a context “philanthropic’’, tho seen for the first time, 

would hardly offer difficulty. Clearly a child might succed with 

this passage, tho he had failed on the vocabulary test as such. 

Despite, however, the evidently variable functions measured 

by the vocabulary and understanding of sentence tests, there 

is some relation between a person’s knowledge of words and his 

(35) 
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ability to read connected discourse. Just what that relation is 

is best shown by the coefficients of correlation for ability in the 

two tests. These are shown for the several grades in Table 14. 

TABLE 14.—CokrFFICIENT OF CORRELATION FOR THE VOCAB- 

ULARY AND UNDERSTANDING OF SEN- 

TENCE TESTS 

GRADE 8 7 6 5 4 3 

Coefficient of correlation....:.....:.... 5 OP? 14 5 LSS 34 .56 .65 

According to these figures, the score in one test is a fair measure 

of ability in the other for the grades 3 and 4, but less so for each of 

the succeeding upper grades. In grades 6, 7, and 8 the relation is 

negligible, and the figure of .34 for grade 5 is hardly great enough 

to justify the estimate of reading ability on the basis of one test 

alone. A coefficient of .65(P. E. .1) in grade 3 (perfect correla- 

tion would be 1.00) warrants us in regarding the score in one test 

as a valid measure of ability in both. The ease with which the 

vocabulary test can be given would make it a very important 

test if it also tested the more complicated reading functions, 

and the evidence of this very considerable amount of indirect 

measurements is significant. It may be possible to construct 

a scale for the measurement of vocabulary that will measure 

many of the more complicated abilities adequately. If we could 

construct a vocabulary scale that would correlate to a very high 

degree, say to .85 to .95 with an Understanding of Sentences scale, 

it would be sufficient to apply the vocabulary scale and get at 

one stroke all that we now get thru the two scales. The conse- 

quent reduction in the labor of measurement would be very great. 

The construction of two scales with this high degree of cor- 

relation is not a simple task. Neither is it certain that we should 

not want additional scales for more technical measures, but there 

_ is good reason to believe that we could save enormously on the time 

now consumed in the more complicated scales. 

In order to test out the validity of the scale, the scores of more 

than 1,000 children were computed for each word in the scale. 

The results are shown in Table 15. Clearly these words do not 

have the same values for these Indiana children as they did for 

the children originally tested by Thorndike.’ Thus, among 238 

7. Thorndike, E. L. ‘‘Measurement of Ability in Reading.’’ Teachers College 

Record, XV, No. 4, p. 25. 
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third grade children, there were 54 who did not put the correct 

mark under “samuel’’, whereas there were only 8 who did not 

know “‘lily’’, supposedly of the same value. Similarly there were 

102 who failed on ‘‘cowardly”’ in line 5, and but 7 who did not 

know “‘‘pansy”’ in the same line. ‘‘Pansy’’ in fact appears much 

easier than 4 words in line 4, ranking almost exactly with “‘lily’’, 

not only for grade 3 but for all grades considered. 

Similar misfits appear in almost every line of the scale. Thus, 

in line 10, the percentages for all the grades vary from 26 to 58 

per cent for the words ‘‘crocus’’, ‘‘dahlia’’, ‘“‘opossum’’, and 

“jonquil”’, whereas ‘‘poltroon’”? produces 96 per cent of error. 

This whole line seems to be somewhat misplaced, notwithstand- 

ing the high percentage of error on the last word. The 3 names 

of flowers and | name of an animal were apparently more familiar 

to the children here tested than to the original group. In fact, 

most of the line belongs with line 8 or below so far as these chil- 

dren are concerned. 

In spite, however, of these variations in word values, the 

scale was not seriously at fault so far as measuring the elementary 

grades was concerned. The 1,145 children gave an increasing 

percentage of error up to and including line 9, and then for lines 

10.5 and 11. Since the median score for the eighth grade was 

approximately line 8, it is evident that roughly within the limits 

of knowledge of elementary pupils the scale is fairly adequate. 

TABLE 15.—VisuaL VocaBULARY 

Per cent of error of 1,145 pupils on each word of scale. 

Carne lies). 57 claude. iy?) CROCUS Meee 25.9 

samuel 7.68 courteous..... 33.8 dahlias sae Sileae2 

kind 8.47 isaiah........ 50.3 jonquile... 3... Saal 

ILA ‘5.6 ce eee 1 merciful...... 35.9 opossum...... 43.3 

Cruclemireste ssf 6.72 reasonable.... 30.9 poltroon...... 93.7 

5.01 32.6 50.2 

cowardly....... 13.10 chrysanthe- 

inMOUANs bo olo6 do Dill begonia....... 46.1 

dominoes....... 12.06 considerate ... 51.9 equitable..... 80.6 

Kan earOOe 2 10.91 Nayar xe ess ee sece 58.7 pretentious ... W302 

DANSE acs. soe 00.9 prevaricate... 86.7 renegade...... 93.5 

COMMIS a3 oe. 113,72 reuben. 7... - 53.0...| reprobate...... 84.1 

10.03 55.6 Mo. 

Ghuningey es 18.07 OZTOAba se. eisices oe 57.6 armadillo..... 62.8 

SENeLOUS...../..- Wats 2 ichabod....... 65.3 WEA RWOR). 5 5 Gc o 65.2 

VAG OT Eee se oth ck 14.9 ledger see 55.6 philanthropic... 88.6 

22 

MOUCStHe. eo... 33.8 parchesi...... SSO brea [eters rene pee apace ares sh edetaui i omeiasirs 

rhinoceros ...... 20.9 preceding..... ORL tree ates hee ne are ose mealies crpreproas 

20.27 67.4 
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Factors in Knowledge of Words 

Just why any particular word should produce a particular 

per cent of error is an important question. Evidently if a child 

has never seen a word he cannot fairly be expected to know it. 

True, if it contains a known phonogram or other familiar element 

he may work out its sound or meaning or both, but, in general, 

the words one knows visually are the words he has seen. If, 

therefore, one fails to recognize or classify a word because it 1s a 

new word that word becomes a measure of his range of reading 

experience, and hence a measure of the person himself. If the 

majority of persons of his age, race, and opportunities do know 

the word in question while he does not, his ignorance places him 

somewhere in the lower 50 per cent of his social level. How 

significant such a measure will be depends on how important the 

word is for actual life, but it is evident that such ignorance of many 

words in general use cannot be anything but serious. 

The fortune or accident of having previously seen the word 

is only one of the determinative facts in word knowledge. Of 

two words previously seen, one may be remembered and the other 

not. Thus one may have seen koth ‘‘camel” and ‘‘armadillo” 

but remember only the former because he has seen it much oftener. 

Practically everyone who can read at all knows “‘camel’”’. Many of 

those who do not know ‘“‘armadillo’”’ have seen it, but not suff- 

ciently often to fix it in mind. Just how often any word must 

be seen in order to be made a permanent part of any person’s 

visual vocabulary no one seems to know, even approximately. 

Many words the child meets far oftener than necessary for learn- 

ing. “The” is. such a word, also “and”, boyasr.: cima peeuc: 

Such words are vastly ‘‘overlearned”’. Other words are learned 

just sufficiently for recognition, and are soon forgotten. Still 

others are but partially learned and produce but a vague feeling 

of familiarity on recurrence. It is entirely possible to determine 

the number of repetitions needed by children of any age for the 

solid acquisition of any word. We ¢éan hardly profess to make 

much headway in the science of teaching reading until this is done. 

Practically we should need to provide for a substantial amount 

of “overlearning’”’, but just the amount of such ‘‘overlearning” 

needed is a definitely measureable fact and should be determined. 

All words will not behave alike as regards needed repetitions. 

Of two words presented equally often, one will be forgotten and 

the other remembered. Many factors such as recency, position, 
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size of type and page, context, temporary attitude of mind, general 

language experience, etc. doubtless function here. But there is 

such a thing as difficulty inherent in the word itself, a kind of 

difficulty which varies from word to word, and which amid all 

the contextual and subjective changes remains the same. Such 

inherent difficulty may concern the size and form of the word, 

purely material features, or it may concern the nature of the 

idea represented. Evidently all of these variable features operate 

to weight the scale values of words in one or another direction, 

and the scale will tend to be adequate in the degree to which they 

maintain for children being tested the same balance as existed 

among the children from which the first returns were secured. 

Where this balance is thrown too greatly out of joint the scale will 

20 to smash. 

It would seem possible to construct a scale in which many 

of the variable features would be adequately accounted for. 

This could not be done without lengthened and intricate experi- 

mentations, and such investigation will doubtless follow the 

awakened interest in the possibility of measuring educational 

products. In the meantime, it seems worth while to use scales 

formed on the plan of this seale. 

Extension of Vocabulary Scale 

In order to extend this scale and to provide duplicate scales 

for further testing, ratings have been secured on a large number 

of words for children in grades 3 to 8. The method of securing 

these ratings was to test classes of children with printed words 

after the fashion shown in the following test: 

AE Sexe: 

Below is a group of words. Look at each word. Think what it means. 

If it means something to wear write the letter w under it. If it means some- 

thing about government or courts write the letter g under it. If it means 

something you see in a factory write the letter f under it. If it means some- 

thing about travel write the letter ¢ under it. 

Remember: w, for things to wear; 

g, forgovernment or courts; 

f, for things in factory; 

Gr OrAGraviel. 

lathe, congress, hat, coat, legislate, court, shoes, machine, 

senator, voyage, justice, hose, socks, iron, brass, judge, stocking, 

copper, lawyer, overcoat, trial, sandals, engine, moccasin, bar, 
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journey, truck, executive, motor, gloves, argument, berth, mittens; 

boots, summons, pants, dynamo, national, shirt, dress, opinion, 

gown, witness, kimona, veil, drill, press, brooch, hammer, 

belt, decision, pulley, barrette, tourist, judgment, tie, shaft, plea, 

collar, code, skirt, piston, valve, legal, apron, anvil, sweater, 

representative, pilgrimage, law, sledge, jersey, planer, prosecute, 

waist, thermostat, vest, brief, defendant, petticoat, muffler, 

thermometer, mayor, gauge, guilty, scarf, derrick, trip, prosecutor, 

Md eOOAy a vOktse echanneller, closure, plume, recommit, cap, 

bonnet, advisement, ulster, alibi, counsel, cuff, majority, frock, 

luggage, euy, insignia, crane, uniform, minority, evidence, 

livery, allege, pardon, raiment, carburetor, apparel, penitentiary, 

badge, boiler, prison, indictment, convict, baggage, supreme, 

costume, __ battery, tour, federal, helmet, vat, circuit, habit. 

state, excursion, cowl, mill, theft, appeal, hood, imjunction, 

shawl. jie, oe earbe  abtaton s hardwahesmataxe 

Tests of this type covering about 1,000 words and 27 classes 

were given to grades 3 to 8 in 14 schools. The tabulated returns 

cover the reactions of between 1,500 and 2,500 children to each 

word, or a total of 1,600,000 classifications. Under the caption “‘In- 

diana-Thorndike Vocabulary Seale’, 774 of these words are here 

arranged in groups, each group representing a distinct measure 

of difficulty. The zero point is arbitrarily assumed to be 5 steps 

below the easiest step on this scale. The units of difficulty are 

in terms of P. E. distances on the base of a normal probability 

surface. The method of scaling is that used by Thorndike in 

constructing the original scale. The entire group of words yields 

a scale of 16 steps, each step being about .3 P. E. 

Altho in listing the words for this scale, the average error 

for all the children of all the grades has been taken as a basis, 

it is an open question whether words can be selected from so wide 

a range successfully. It might be better to consider a more limited 

range of grades. We might make a third grade scale based on the 

returns from the third grade, a fourth grade scale on returns 

from the fourth grade, etc. Certainly for the first and sec- 

ond grade tests, the reactions of first and second grade children 

are of much greater importance than the returns from any higher 

grades. However, the advantages of having a single scale to ap- 

ply to a wide range of classes is great, and it seems worth while 

to try to make one on that basis. 
It is then assumed that when words show the same average per 

cent of error they are of equal value. But in selecting from the 

entire scale the words for Scale R and Scale R2, two further cau- 

tions have been kept in mind. First, words should show a de- 
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creasing per cent of error from the lower grades up. In Table 16, 

which shows words of approximately the same value at three dif- 

ferent points on the scale, ‘‘cashmere”’ is such a word. 

TABLE 16.—Worps oF APPROXIMATELY EQUAL VALUE AT 

THREE POINTS ON THE SCALE OF DIFFICULTY 

Easy words giving 7 to 8 per cent of error. 

AY. 8 7 6 5 4 3 

COUPE P ES MNS, Shore. G50 sees os 8 See CL Oe ho Bes cee .9 1.4 Gor | SLOP le SSilees 

LEER OD TOTES Eby ie ee LEAS |S ieee eon rs eae 5 41 @3 |) 1173292 BIGe 

NIAC MEME estou. a Ss cae se his ce | ile! Deed, AP San pe lege Ae es Oe 

TOMY. 5 6 6:8 6 SS eee fail Ib al 1S) Ul eal Opi e2ORs 

MICU 3k 6 CR ee ere Ua 4.2 ee, 3350 6. 9.7 | 24.9 

TUSHUIRO Sh os oe re Weil 1.4 Dt 33. il AAO) WN TLILE GS 4p 345) ¢ 

CHAD 6 2S bo Ae 7.0 BIN 2 (0) Sl 2.95 383 |} Bk058° 

lamp.. 6.8 eS 1.0 9.2 33.1 TA | OXOe83 

Words of medium difficulty giving 50 to 52 per cent of error. 

Av. 8 G 6 5 4 3 

CE STITNBEE. 205 ae ae eee 52.2 | 22.2 | 35.7 | 46.4 | 61. 76.8 | 89.8 

GG. 6 oaks eee eee SOFAS ae e352. 45.2 | 60.7 | 74.3 | 86.6 

Z TELE. 2 6.6 oh Ghetto ERO eee 50.3 | 23.5 | 29.2 | 44. 44.5 |) 79.7 | 92. 

VID cece ae cern fe eS See ee 8 50.4 |} 20.9 | 30.4 | 43. 56.8 | 76.5 | 94.3 

vise 50.3 | 20.1 | 30.3 | 38.5 | 56.6 | UB |) BP 
| 

Words of greater difficulty giving 84 to 86 per cent of error. 

Av. 8 au 6 5 4 3 

DERIGONCUNM As. 5 sh Sco eek oes 85.4 | 60. COD | SBov (ooOe 94.6 | 95.9 

OEIC). -o SNS Aes ae ee ee ee 84. 49.4 | 85. 82. O3EA S| 9386" | 9074 

COLMOLAM Gigs case ello ceo Shee oss eee 85.9 65. S2rull Sie om SO a) 95.4) |_96e 

| OHICLECSTEN a) se ate ce ne S3nSs BOO | 2SOE4 |F Sse 80) 55) 92).5 11-9525 

TOLER STAY os ORR ey SC etree ne Serer 84.4 | 25. Al: 61.9 | 78.5 | 88.6 | 93.4 

GLOWS UCI eee, eels ey 8 ees ous 85. 66.8 | 86. 82.4 | 87. 89.7 | 93.4 

ASEAN Cte gee ees cus ge cee SHG | CL |) 2.0: 1) B74 |) SHS |) SY. 94.2 

Beginning with a per cent of error of 89.8 for the third grade, 

it decreases gradually up to 22.2 per cent in the eighth. Secondly, 

for 2 words to have the same value the decreasing error from grade 
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to grade should be approximately the same for both. The cases 

of “‘lynx’’ and “‘vise”’ illustrate this very well. Only in the fourth 

and sixth grades is there a difference in error of as much as 3 per 

cent. A scale made of words of this type will doubtless be 

accurate to a very high degree for children whose previous train- 

ing has been similar to that of those from whom these records 

were obtained. | 

As a matter of fact, it is not always easy or even possible to 

get words which behave so nearly alike as do “lynx” and ‘‘vise’’. 

Thus ‘‘tender”’, which has the same average per cent as “‘lynx’’, 

does not approximate so nearly the “lynx” value as does ‘‘vise”’ 

in grades 3, 4, 5, 7, and 8. ‘‘Peritoneum” is evidently more 

difficult than ‘‘chancel’’ for grades 3, 4, and 5, but less difficult 

for grades 6, 7, and 8. Some of the words seem highly 

erratic in behavior. Thus “corporal” was missed by 73 per cent 

of the eighth grade, but by only 56 per cent of the seventh; 

“code”? was unknown to 76 per cent of the seventh and 70 per 

eent of the sixth; ‘‘sextet’’ reaped 71 per cent error from the 

sixth and only 66 per cent from the fifth; “artery” was known 

to 42 per cent of the fourth but to only 30 per cent of the fifth; 

and altho 66 per cent of the third knew “shin” to be a part of the 

body, only 59 per cent of the fourth grade were aware of that 

fact. 

In general, however, these apparent inversions of difficulty 

are not the rule; in fact, they seem astonishingly rare when one 

considers the myriad factors which operate to produce linguistic 

ability. A more common limitation on the use of words for 

measuring purposes is the fact that they play out, as it were, at 

one or the other end of the scale. Thus, “hammer” has 36 per 

cent of error in the third grade, but produces none at all above 

the sixth. At the opposite extreme is “‘octile’’ with 80 per cent 

error for grade eight, but producing 98 per cent error in the 

third, far too much for practical use in measuring a class. 

Indiana-Thorndike Visual Vocabulary Scale 

Soars (6) brown (c) chair (hk) cow (4) dog (4) dress Go) 

green (c) hat (we) robin (bz) shoes (we) walk (ft) 

10. bear (4) bed (h) bone (b) bonnet (we) bookease (h) 

court (9g) dance (ft) ear (b) eye (b) fight (w) fox (4) hop (ft) 

lark (bi)  overeoat (we) ship (s) step (ft)  stoeking (we) swallow (bz) 

table (h) yellow (c) 
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ijn) brother, (7))2 clock (rh). “donkey (@)- gray (c) gun) (@) 

money (mo) ocean (s) pail (h) pink (c) pray (ch) pull (ah) 

reach (ah) shirt (we) skip (ft) sparrow (b7) stand (ft) stove (h) 

20. boots (we) brain (b) breast (b) ealf (4) earpet (h) 

cupboard (h) door (ho) dresser (h) eagle (bi) ~— early (f) ~— engine (rf) 

fare (rf) father (7) float (s) — gloves(we) goat(4) hammer (to) 

iron(7f) judge(g) lamp(h) lawyer(g) leap (ft) many(n) mittens(we) 

monkey (4) mother(r) muff (we) pieture(h) purple(c) rocker(h) 

rug(h) sister (7) skate(ft) skirt (we) soeks(we) stool(h) traeck(rf) 

vest (we) waist (we) wave(s) window (ho) wink(e)’ write(ah) 

25. apron(we) aunt(7) beside(p) brass(7f) buy(mo) cabinet(h) 

eamel(4) eaptain(w)  ear(rf) eellar(ho) chimney (ho) euff (we) 

desk(h) elbow(b) elephant(4) engineer(7f) flag(w)  foam(s)  gaze(e) 

gold(c) hall(ho) hatehet(to) hawk(bz) good(we) hug(ah) journey(tr) 

judgment(q) kitehen (ho) laugh(m) -law(g)  limp(ft)  machine(vf) 

muffler (we) nine(n) over(p) owl (bz) pants(we) passenger (7/f) 

pay (mo) petticoat (we) pigeon(bz) poreh(ho) priest (ch) punech(ah) 

rub(ah) sandals(we) satin(cl) saw (to) shawl(we) shin(b) side- 

board(h) silk (cl) stumble(ft) throw (ah) thrush(b7z) ticket (7f) 

tongue(b) unele(r) under(p) upon(p)  violet(c) wade(f)  wall(ho) 

watch(e)  west(d) 

30. above(p) afternoon(t) before(p) behind(p) below (p) 

_ between(p) blanket(h) blink(e) boar(4) bobolink (67) buffalo(4) 

ealico(cl) camp(w) ecannon(w) coast(s)  conductor(7f)  congress(g) 

copper (7f) erimson(c) eroak(m)  deck(s)  file(to) flagman(7f)  flea(2) 

fort(w)  forty(n) gather(ah) glance(e) gown(we)  grasshopper(?) 

eroan(m) grumble(m) half (n) harbor(s) hymn(ch) justice(g) 

kidney(b)  knife(to) Jlice(i) math) mattress(h) mayor(g) moan(m) 

mule(4) oriole(bz) prance (ft) range(h) raven(bi) roar(m) 

searlet(c) serewdriver (to) sell (mo) sink(h) slip (ft) snatch(ah) 

stare(e) tan(c) twinkle(e) velvet(cl) victrola(h) wasp(2) 

witness(g) = wren(bz) 

35. after(p) attic(ho) basement(ho) broadeloth(cl) bureau(h) 

canary (b7) canoe(s) ecaptive(w) ceiling (ho) chest(h) ehirp(m) 

cod (fi) coueh(h) cousin (7) ericket(7) euckoo(bi) davenport(h) 

dozen(n)  evening(t) flannel(cl)  forenoon(t)  garret(ho) —general(w) 

gingham (cl) erasp(ah) erunt(m) guard(w) hose(we) kangaroo(4) 

legislate(q) mast(s) merchant(mo) mill(rf) million(n) mock(m) 

more(n) morning (tf) mosquito(7) moth(7) mourn(m) murmur(m) 

nibble(m)  niece(r) pullman(rf) — quail(bz) rhinoceros(4) seart (we) 

stab(ah) stamp (ft) sweater (we) tax(q) trample(ft) trial(q) 

troops(w) Tuesday (¢) velveteen(cl) within(p) without(p) 

worship(ch) 

40. across(p) altar (ch) anvil(7f) April(t) argument(q) 

baptism (ch) boiler(7f) bosom(b) eatholie(ch) chickadee(bz) 

chiffonier(h) echisel(to) coach(rf) commander(w) conquer(w) counsel(g) 

count(n) couple(n) eurtain(h). dagger(w) December(t)  defeat(w) 

defend (w) February (¢) fleet (s) freight(7f) gargle(m) giraffe(4) 

glare(e) erin(m) erip(ah) cuilty (q) eulf(s) gurgle(m) here(d) 
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hornet(?) hum(m) hurrah(m) January (t) lathe(7f) minute(t) 

moceasin(we) Monday(t) motor(7f) national(g) nephew(r) noon(t) 

November (t) October(t) on(p) outward(d) owe(mo) panther(4) 

plane (to) plume(we) plush(cl) press(7f) prison(g) pronounce(m) 

psalm (ch) pulley (7f) relative(7) ruby(c) salmon (fi) seize(ah) 
senator (q) September (tf) serge (cl) several (7) soon(t) spine(b) 

toward(d) transportation(rf) trip(tr) trout(fi) veil(we) waltz(ft) Wed- 

nesday (f) while(t) whimper(7) year (t) 

45. <August(t) baggage(tr) beneath(d) brace (to) eargo(s) 

ehandelier(h) ehannel(s) chant(m) corduroy (cl) defendant(q) 

double(n) drill(7f) first(d) forward(d) frock(we) halloa(m) 

hearth(ho) herring(fi) hoot(m) imnside(d) insuranee(mo) interest(mo) 

jackall(4) last(d) launeh(s) Jlavender(c)  left(d) lilae(c) loeust(z) 

mallet(to) meantime (t) minnow (ji) numerous(7n) olive(c) 

opinion(g)  orphan(r)  outside(d)  patter(ft)  pereale(cl) pluck(ah) 

poplin (cl) prosecute(g) prosecutor (q) purchase(mo) recite(m) 

representative(g) right(d) score(n) shaft(rf) sledge(rf) stag (4) 

state(qg) supreme(q) there(d) through(p) tread (ft) trudge(ft) 

uniform (we) waddle(ft) whole(n) worsted (cl) 

50. advisement(g) artery (b) awl(to) back(d) balcony (ho) 
badge(we) barrette(we) billow(s) bishop (ch)  brooch(we)  earp(fi) 

center(d) chamois(4) chestnut(c) colonel(w) convict(g) costume(we) 

erowd(n) eruise(s) decision(q) during (t) dynamo(rf) each(n) 

eaves(ho) edge(d) evidence(q) executive(g)  fortress(w) gape(m) 

garnet(c) gasp(m) enat(z) eroup(n) guarantee(mo) oull(bz) 

gulp (m) hardware(7f)  hazel(c)  hurl(ah} immediate(t) income(mo) 

invest(mo) jabber(m) june(t) katydid(z) kimona(we) _ lasting(¢) 

launch(s)  legal(g) linoleum(h) mackerel(fi) military(w) monk(ch) 

month(t) multiple(z) numeral(n) overhead (d) ownership(mo) 

pair(n) pardon(g) pedal(ft) pedestal(h) penitentiary(g) perch(fi) 

plazza(ho) pickerel (fi) pike({i) planer (rf) plea(g) plod(ft) 
plural(n) poreupine(4) ~=rudder(s) — russet(c) sardine(fi) scour(ah) 

sereech(m) shade(h)  shark(fi)  singular(n) some(n)  . starboard(s) 

thermometer(rf) | transcontinental(7f)  truck(7f)  valve(rf) where(p) 

whipcord (cl) 

55. ammunition(w) - appeal (gq) augur (to) auk(bz) azure(c) 

berth(7f) betwixt(p) brief (g) cashmere (cl) casement(ho) cayv- 

alry (w) chambray (cl) circuit (g) continue(t) derrick(rf) diner(7f) 

drapery (h) embark(s) emerald(c) entrenchment(w) entry (ho) 

even(n) federal(g) firm(mo) from(d)  future(t) helms(s) helmet 

(we) hull(s) hurricane(s) indictment(q) installment(mo) “instant 

(t) interior(p) invader (w) jeer (m) jersey (we) keel(s) kinship 

(7) lease(mo) leeward (s) ligament(b) luggage(7f) lynx(4) 

mariner(s)  marriage(r) middle(d) mortgage(q) multitudinous(7) 

nun(ch) opposite(d) overhanging (d) peer(e) pereolator(h) piston 

(rf) plum(c) rampart(w) recent (t) recommit(g) roundhouse(7f) 

scuffle (ft) seldom (ft) snipe(bz) summons(q) tapir(4)  tawny(c) 

tender (rf) theft(g) thigh (b) - tour(tr) tourist (tr) tweed (cl) 

vise(to) vulture (bz) 
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60. adoption(r) allege(g) bevel (to) buff (c) boa(we)  bound- 

ing(d) brigade(w) campaign(w) eanteen(w) carburetor (rf) 

earibou(4) carmine(c) eatechism (ch) celibate(ch) century (t) 

cleaver (to) constantly (¢) convent(ch) erane(7f) elther(7) en- 

circling (d) every (7) excursion (tr) exterior (d) fawn(4) finance 

(mo) forgery (mo) formerly (t) forthwith(t) fortification (w) 

frontal (d) gable(ho) garrison(w) gauge(rf) gazelle(4) gimlet 

(to) glower(e) eradual(t) henceforth(t)  horizontal(d) indorse(mo) 

infantry (w) juggle(ah) leutenant(w) margin (d) majority (7) mi- 

nority (n) navigable(s) never (t) observe(e) odd({n) partridge (bz) 

patent(mo) pilgrimage(ch) previous(t) quartette(n) repeatedly (¢) 

sentinel (w) sextette() shad (fi) smite(ah) terminal (rf) throttle 

(rf)  turntable(rf)  turquoise(c)  vat(rf) 

65. apparel(we) bullock(4) bulwark(w) channeller (gq) chap- 
lain(ch)  cheviot(cl) clamor(m) cockroach(?) corporal(w)  corridor(ho) 

eranium(b) descendant(r) diagonal(d) divoree(r) dormer(ho) eternal(t) 

flamingo(b2) frequent(t) gabardine(we) garb(we) erouse(bz) 

halibut(ji) implore(m) insignia (we) intervening (d) jetty (s) 

kersey (cl) lagoon(s) monasticism (ch) neighboring (d) parallel(d) 

perceive(e) perpendicular(d)  plurality(n)  prostestantism(ch) quad- 

ruple(n) quaver(m) raiment(we)  rarely(t) ratchet(to) rebate(mo) 

recruit(w) roan(c) sepia(c) shamble(ft) sturgeon (fi) surmount- 

ing(d) thereabouts(d) thermostat(7f) tiller(s) — vertical(d) 

70. aleove(ho) alibi(q) arraign(g) eartilage(b) cerebellum (b) 

code(g) contemporary (t) ereed (ch) decade(t) drugget(cl) dupl- 

eate(n) ecru(c) ell (ho) ensuing (¢) flounder (fi) incessant(t) in- 

junction(g) insolvent(mo) interim (é) livery (we) Manoeuver(w) 

nautical(s) peceary(4)  scourge(ah) serawl(ah) smelt(fi) strategy 

(w) termites(7) transverse(d) treble(n) turbot(fi) wainscot(ho) 

weevil(7) 

75. adze(to) belligerent (w) citadel (w) closure(q) contiguous 

(d) cornea(b) curlew (b7) episcopacy (ch) friar(ch) gibbon(4) 

haddocek(fi) halberd (w) indemnity (mo) integer(7) legatee(mo) 

loon(bz) lymph(b) magenta(c) mauve(c) midge(7) negotiable 

(mo) offspring (7) peculation(mo) perennial (t) pirouette(fé) 

plover (bz) pontifical (ch) prate(m) quintette(n) regurgitate (m) 

sloth(4) ulster (we) vermillion(c) 

80. conterminous(d) ephemeral (t) evanescent (¢) litigation(g) 

octile(n) patella(b) peritoneum (b) sexagesimal (7) 

Rules for Making Test Scales 

In choosing words from the large scale for use in testing, the 

following rules should be followed: 

1. Consider words of equal value when they are found in the 

same group. 

2. Make up lines from words of the same value, using either 

five or ten words to the line. There should be enough lines to 
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cover well the upper and lower ranges of ability in the class to 

be tested. The probable ranges of ability for the several grades 

are about as follows: 

Third grade—lines 5 to 15. 

Fourth grade—lnes 15 to 40. 

Fifth grade—lines 20 to 50. 

Sixth grade—lines 30 to 50. 

Seventh grade—lines 35 to 50. 

Eighth grade—lines 40 to 60. 

3. Make out directions for the test similar to those found on 

page 57ff. The letter placed after each word in the scale indicates 

the classification demanded on the original tests and the one which 

the present scale value requires. The meaning of these symbols 

is as follows: 

ah, for things done with arms and hands, like pull, take, reach; 

b, for parts of the body; 

bi, for birds; 

Ge for words about color, like red, blue, green; 

ch, for words about church and religion; 

cl, for clothes materials; 

d, for words about direction and location, like front, east, here; 

e, for things done with eyes, like see, look, read; 

fi, for fishes; 

ft, for things done with feet and legs, like run, jump, kick; 

q; for government or courts; 

h, for things found in a house; 

ho, for parts of a house; 

1, for insects, like fly, or ant or bee; 

m, for things done with mouth and throat, like ery, talk, drink; 

mo, for words about business and money; 

n, for words about number, like more, five, many; 

D; for place or position; 

r, for words about relatives and the family; 

rf, forrailroad or factory; 

S for words about the sea and ships; 

i for words about time, like then, often, early; 

10, * eLOL OOS: 

AP for travel; 

Ww, for words about war and annie 

we, for things to wear; 

4, ~. for four-legged animals, like cat or dog. 

Some of the words are capable of more than one classification. 

On the original tests there was no possibility of confusion because 

on the page containing the words only one classification was called 

for. This same condition must be maintained in further testing 

if the results are not to be equivocal. 
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4. Be careful that not too many classifications are required. 

Choose words from a limited number of classes, even tho you 

must use more words from the same class. 

Seale R and Scale R2 are made up with due regard to the 

foregoing rules, and the two scales are of approximately the same 

difficulty. By giving one at the beginning of a semester, a year, 

a practice period, etc., and the other at the end of the time, im- 

provement may be measured. 

Sample Scales 

SCALE Rs 

on arms, dog, walk, brown, dress 

10 bone, “ear, bear; yellow, stocking 

iiyeestove, reach, - clock, | sparrow, ‘ant 

20. gloves, stool, rug, write,’ early 

25. thrush, over, hood, wade, engineer 

30. below, scarlet, buffalo, justice, engine 

35. within, gingham, sweater, dozen, evening 

40. panther, catholic, conquer, freight, November 

45. left, corduroy, waddle, prosecutor, inside 

50. starboard, pair, legal, brooch, bishop 

oo. keel, tapir, opposite, tawny, instant 

60. encircling, formerly, majority, sentinel, convent 

65. cheviot, eternal, protestantism, intervening, perpendicular 

70. alibi, turbot, strategy, cartilage, incessant 

75. cornea, lieutenant, pontifical, pirouette, magenta 

80. patella, ephemeral, octile, evanescent, sexagesimal. 

SCALE R2 

5. robin, cow, chair, green, shoes 

10. bed, eye, table, ship, overcoat 

15. pink, shirt, ocean, donkey, brother 

Zr amu rocker) track, ) many, - goat 

25. buy, hawk, under, throw, passenger 

30. above, erimson, oriole, witness, conductor 

35. without, flannel, million, morning, rhinoceros 

40. baptism, coach, January, anvil, on 

45. right, pereale, representative, outside, baggage 

50. executive, cruise, plural, decision, barrette 

55. vise, ligament, helm, auk, betwixt 

60. terminal, henceforth, garrison, gazelle, minority 

65. kersey, rarely, monasticism, raiment, bulwark 

70. arraign, manoeuver, interim, duplicate, cerebellum 

75. belligerent, episcopacy, regurgitate, mauve,  legatee 

80. peritoneum, conterminous. 

8. It will generally be sufficient to use alternate lines and calculate intermediate 

values by means of Table 18. 
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On the basis of the percentages obtained, the words of Scale 

A may be rearranged in order of difficulty. In Seale A2 such a 

rearrangment is made with the addition of other words to make 

the lines of 5 words each. The steps on the scale are of approx- 

imately one-half the distance of the steps on the original Thorn- 

dike scale. Two additional classes should be added to the direc- 

tions, one for words meaning “‘place’’ and one for words meaning 

“number”. The italicized words are the ones occurring in the 

original scale. 

SCALE A2 

4. camel, lily, pansy 

6. samuel, kind, cruel, monkey, goat 

7. cowardly, dominoes, kangaroo, tennis, (claude), generous 

8. during, later, wren, bobolink, below 

9. rhinoceros, moth, dozen, forenoon, more 

10. reasonable, chrysanthemum, crocus, across, minute 

11. modest, courteows, merciful, dahlia, whole 

12. opossum, begonia, each, center, porcupine 

13. isaiah, considerate, reuben, leeward,  tapir 

14. lynx, ezra, ledger, jonquil, gazelle 

15. ichabod, iguana, armadillo, eternal, intervening 

16. preceding, equitable, pretentious, weevil, interim 

18. prevaricate, reprobate, octile, ephemeral, evanescent 

19. parchesi, philanthropic 

20. poltroon, renegade 

Whether such a rearrangement and supplementation will 

prove more satisfactory than the original Scale A must be left to 

further experimental work. There are apparently three things 

in its favor: (1) the percentages upon which it is based represent 

the reactions of more than double the number of children; (2) 

there are almost double the number of words within the same 

limits of difficulty; (8) the intervals from line to line are much 

smaller than those of the former scale. 

UNDERSTANDING OF SENTENCES 

Irregularity of Steps in Scale Alpha 

In the original description’? of Scale Alpha, Thorndike pointed 

out that the values of the several ‘‘sets’’ were not exactly repre- 

sented by the numbers 4, 6, 8, and 10; that these designations 

9. Thorndike, E. L. ‘‘Measurement of Ability in Reading.’’ Teachers College 

Record, XV, 263. 



4 

Haggerty: The Ability to Read 49 

“are not much better than convenient guesses’’; and indicated a 

program for the revision of the scale. Our results from 10,551 

children confirm his contention that the several sets arranged 

in Seale Alpha do form a scale of difficulty ‘‘adequate to show 

differences in reading ability’’, but suggest values very different 

from those given. Table 17 gives the per cent of error for each 

grade in each set of the scale. Basing scale values on the total 

per cent of error and using the same units as in the visual vocab- 

ulary revision, we get values as follows: A=4, B=10, C=12, 

D—loe, The ratios here are 1, 25, 3, and 4 as against 

Thorndike’s ratios of 1, 13, 2, and 25 and emphasize even more 

strongly his statement that “intermediate sets are much needed”’. 

TABLE 17.—UNDERSTANDING OF SENTENCES 

Per cent of errors in each set. 

GRADE Ser A Ser B SET C Ser D 

3 7 31 45 85 

4 5 22 34 78 

5 2 11 21 59 

6 2 8 15 51 

df 2 8 13 42 

8 1 6 yi 34 

PROG a ees = ks 3 14 23 58 

Test for Revision of Scale Alpha 

With a view to supplying such intermediate values tests like 

those shown in Test 8 were given to about 12,000 children. Each 

set was answered by about 4,000 children. 

TEST §S 

Read this and then write answers to questions 1, 2, 3, 4, 5, 6, 7, and 8. 

All questions must be answered from the paragraph. Read the paragraph 

as often as you need to. 

Studies serve for delight, for ornament, and for ability. Their chief use for 

delight is in privateness, and retiring; for ornament, is in discourse; and for 

ability, is in the judgment and disposition of business; for, expert men can 

execute, and perhaps judge of particulars, one by one; but the general counsels, 

and the plots and marshaling of affairs, come best from those that are learned. 

To spend too much time in studies, is sloth; to use them too much for orna- 

ment, is affectation; to make judgment wholly by their rules, is the humor of a 

scholar; they perfect nature, and are perfected by experience—for natural abilities 

4—5533 
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are like natural plants, that need pruning by study; and studies themselves do 

give forth directions too much at large, except they be bounded in by experience. 

How many uses may “‘studies”’ serve? 

In how many ways may “‘studies’’ be misused? 

In what things are learned men said to be the best? 

What is said to be the effect of experience on studies? 

How are “‘natural abilities” like “‘natural plants’’? 

In what way do studies serve for ornament? 

What is said to be the humor of the scholar? 

How may studies lend to sloth? Oe Ce CBN tee 

The tabulated returns from these tests give the per cent of 

error obtained by from 1,500 to 2,500 children,” to each of 67 

questions based on 9 selected paragraphs and 16 questions of the 

type of “element 4” of Set D in Seale Alpha. 

New Understanding of Sentence Scales 

On the basis of these results, two scales, Beta 1 and Beta 2, 

are constructed. The interval between the successive sets on the 

scale is approximately .6 P. E., except in the case of the first 

where the interval is 1.2 P. E. Zero ability is assumed to be 10 

units below the lowest set on scale Beta 1. The second set in 

this scale is 30 units above zero, and each succeeding step is 10 

units farther away from no ability at all. Scale Beta 2 is not 

as complete as Scale Beta 1, but is given here inasmuch as it is 

fairly satisfactory in the middle regions of the scale. 

SCALE BETA 1 

Set I or 10 

Read this and then write answers to questions 1, 2, and 3. Read it 

again as often as you need to. 
John had two brothers who were both tall. Their names were Will and 

Fred. John’s sister, who was short, was named Mary. John liked Fred better 

than either of the others. All of these children except Will had red hair. He 

had brown hair. 

1. Was John’s sister tall or short? 

2. How many brothers had John? 

3. What was his sister’s name? 

Set III or 30 

Read this and then write the answers to questions 1 and 2. All ques- 

tions must be answered from the paragraph. Read the paragraph as often 

as you need to. 

10. In calculating percentages it is found that the values change very little after 

1,500 answers have been tabulated. Very differently selected pupils might alter it more. 
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First, let us ask, where does book-making begin? With the printer? 

No, for before the printer can even think about printing, he must have his “‘copy’’. 

This “‘copy,” as the printer calls it, is furnished by the publisher; and the pub- 

lisher gets it from the author, who calls it his ““manuscript”’. The author has 

spent many days, perhaps months, or even years, upon it, writing it out with 

hisown hand. With pen and ink he has put his thoughts upon the paper. 

1. Who is mentioned as the maker of a ‘“‘manuseript’’? 

2. Who isit that must have the ‘“‘copy’’? 

Read this and then write the answers to questions 3, 4, and 5. Read it 

again as often as you need to. 

Long after the sun had set, Tom was still waiting for Jim and Dick to come. 

“Tf they do not come before nine o'clock,” he said to himself, “‘I will go on to 

Boston alone.”’ At half-past eight they came bringing two other boys with them. 

Tom was very glad to see them and gave each of them one of the apples he had 

kept. They ate these and he ate one, too. Then all went on down the road. 

3. What did they do after eating the apples? 

4. Who else came besides Jim and Dick? 
~ 

5. How long did Tom say he would wait for them? 

Set IV or 40 

Read this and then write the answers to questions 1, 2, and 3. All ques- 
tions must be answered from the paragraph. Read the paragraph as often 

as you need to. — 

Hlay-fever is a very painful, though not a dangerous disease. It is like a very 

severe cold in the head, except that it lasts much longer. The nose runs; the 

eyes are sore; the person sneezes; he feels unable to think of work. Sometimes 

he has great difficulty in breathing. Hay-fever is not caused by hay, but by the 

pollen from certain weeds and flowers. Only a small number of people get this 

disease, perhaps one person in fifty. Most of those who do get it, can avoid it 

by going to live in certain places during the summer and fall. Almost every 

one can find some place where he does not suffer from hay-fever. 

1. What is the cause of hay-fever? 

2. How large a percentage of people get hay-fever? 

3. What means could they take to keep from getting it? 

Read this and then write the answers to questions 4 and 5. All ques- 

tions must be answered from the paragraph. Read the paragraph as often 

as you need to. 

You need a coal range in winter for kitchen warmth and for continuous hot 

water supply, but in summer when you want a cool kitchen and less hot water, 

a gas range is better. The xyz ovens are safe. In the end-ovens there is an 

extra set of burners for broiling. 

4. What two varieties of stoves does the paragraph mention? 

3. For what purpose is the extra set of burners? 

Set V or 50 

Read this and then write the answers to questions 1, 2, and 3. All ques- 

tions must be answered from the paragraph. Read the paragraph as often as 

you need to. 
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We often think of a rich man as one who has much money, as if money and 

wealth meant the same thing. However, money is only one sort of wealth and some 

money is not exactly wealth. A twenty dollar bill, for example, is only some- 

one’s promise to pay so much gold. Wealth means land, houses, food, clothes, 

jewels, tools, gold, silver, coal, tron—anything that a man can have that satisfies 

some want. Money means something which a person can exchange for any 

one of many sorts of wealth. The main value of any piece of wealth, such as a 

barrel of flour, a house, or a cow ts the direct use you can make of it. The value 

it has by reason of what you can change it for is of less importance. The main 

value of any piece of money, such as a silver dollar, a ten dollar bill, or a nickel, 

is NOT any direct use you can make of it. Its main value is that you can ex- 

change it for something that is of direct use. For this reason, it is called a 

“medium of exchange’’. 

1. What two things are contrasted in this paragraph? 

2. How could a man be rich and still not own a single penny of money? 

3. Name something that is money, but is not exactly wealth. 

Read this and then write the answers to questions 4and 5. All questions 

must be answered from the paragraph. MRead it again as often as you 

need to. 

It may seem at first thought that every boy and girl who goes to school ought 

to do all the work that the teacher wishes done. But sometimes other duties pre- 

vent even the best boy or girl from doing so. If a boy’s or girl’s father died and 

he had to work afternoons and evenings to earn money to help his mother, such 

might be the case. A good girl might let her lessons go undone in order to help 

her mother by taking care of the baby. 

4. What are some conditions that might make even the best boy leave 

school work unfinished? 

5. What might be the effect of his father’s death upon the way a boy 

spent his time? 

Set VI or 60 

Read this and then wirte answers to questions 1, 2,3, 4, and 5. All ques- 

tions must be answered from the paragraph. Read the paragarph as often 

as you need to. 

Every one of the million readers of anecdotes, or memoirs, or lives of Napoleon, 

delights in the page, because he studies in it his own history. Napoleon is thor- 

oughly modern, and, at the highest point of his fortunes, has the very spirit of 

the newspapers. He is no saint,—to use his own words, ‘“‘no capuchin’, and he 

is no hero, in the high sense. The man in the street finds in him the qualities 

and powers of other men in the street. He finds him, like himself, by birth a 

citizen, who, by very intelligible merits arrived at such a commanding position, 

that he could indulge all those tastes which the common man possesses, but is 

obliged to conceal and deny, good society, good books, fast traveling, dress, dinners, 

servants without number, personal weight, the execution of his ideas, the stand- 

ing in the attitude of a benefactor to all persons above him, the refined enjoyments 

of pictures, statues, music, palaces and conventional honors,—precisely what is 

agreeble to the heart of every man in the nineteenth century. 
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What other person possesses the same tastes as Napoleon? 

Who is said to have arrived in a commanding position? 
What must the common man do with tastes such as Napoleon indulged? 

Whao is said to have “‘intelligible merits’’? 

What does the “‘man in the street”’ find in Napoleon? Ory oy No 

Set VII or 70 

Read this and then write the answers to questions 1, 2, and 3. All ques- 

tions must be answered from the paragraph. Read the paragraph as often 

as you need to. 

Studies serve for delight, for ornament, and for ability. Their chief use 

for delight is in privateness, and retiring; for ornament, is in discourse; and for 

ability, is in the judgment and disposition of business; for, expert men can 

execute, and perhaps judge of particulars, one by one; but the general counsels, 

and the plots and marshaling of affairs, come best from those that are learned. 

To spend too much time in studies, is sloth; to use them too much for orna- 

ment, 1s affectation; to make judgment wholly by their rules, is the humor of a 

scholar; they perfect nature, and are perfected by experience—for natural abilities 

are like natural plants, that need pruning by study; and studies themselves do 

give forth directions too much at large, except they be bounded in by experience. 

1. In how many ways may “‘studies’’ be misused? 

2. In what things are learned men said to be the best? 

3. In what way do studies serve for ornament? 

Read this and then write the answers to questions 4 and 5. All ques- 

tions must be answered from the paragraph. Read the paragraph as often 
as you need to. 

However certain it may seem to be that men work only because they must, 

and would avoid labor except for the food, clothing, and luxuries that are its 

rewards, the facts may well be the contrary. It can hardly be the case that men 

dislike work because they wish to be utterly idle. For mere rest, mere inactivity, 

is not commonly enjoyed. To have nothing to do is not what men seek. Were 

that so, we should envy the prisoner shut up in his cell. If men had to choose 

between a life spent at eight hours of work daily in a factory and a life of eight 

hours of sitting on a throne without moving hand or foot, many of them would, 

after trying both, choose the former. Activity of body or mind, at which a man 

can succeed, is, in and of itself, rather enjoyed than disliked. 

4. In what respect is a prisoner in his cell like a man with a million 

dollars? 

5. What is stated in the paragraph to be really liked and not objected to? 

SCALE BETA 2 

Set I or 10 

Read this and then write the answers. Read it again as often as you 

need to. 

Robert and Helen are playing the game of Little Red Riding Hood. Robert 
has on Papa’s fur coat. He plays he is the wolf. Grace has on a white cap. 



54 Indiana University Studies 

She plays she is the dear old Grandma. She is in bed, and plays she is fast 

asleep. 

1. What did Grace have on? 

2. Who besides Grace were playing? 

3. What does Robert play? 

Set III or 30 

Read this and then write answers to questions 1 and 2. All questions 

must be answered from the paragraph. Read the paragraph as often as you 

need to. 

Hay-fever is a very painful, though not a dangerous disease. Itislikeavery 

severe cold in the head, except that it lasts much longer. The nose runs; the 

eyes are sore; the person sneezes; he feels unable to think of work. Sometimes 

he has great difficulty in breathing. Hay-fever is not caused by hay, but by 

the pollen from certain weeds and flowers. Only a small number of people get 

this disease, perhaps one person in fifty. Most of those who do get it, can avoid 

it by going to live in certain places during the summer and fall. Almost every 

one can find some place where he does not suffer from hay-fever. 

1. What form of illness is described in this paragraph? 

2. What is the effect of hay-fever on the eyes and nose? 

Read this and then write answers to questions 3 and 4. All questions 

must be answered from the paragraph. Read the paragraph as often as 

you need to. 

Every one of the million readers of anecdotes, or memoirs, or lives of Napoleon, 

delights in the page, because he studies in it his own history. Napoleon is thor- 

oughly modern, and, at the highest point of his fortunes, has the very spirit of 

the newspapers. He is no saint,—to use his own words, ‘“‘no capuchin’, and he 

is no hero, in the high sense. The man in the street finds in him the qualities 

and powers of other men in the street. He finds him, like himself, by birth a 

citizen, who, by very intelligible merits, arrived at such a commanding position, 

that he could indulge all those tastes which the common man possesses, but is 

obliged to conceal and deny; good society, good books, fast traveling, dress, dinners, 

servants without number, personal weight, the execution of his ideas, the standing 

in the attitude of a benefactor to all persons about him, the refined enjoyments of 

pictures, statwes, music, palaces and conventional honors,—precisely what 

is agreeable to the heart of every man in the nineteenth century. 

3. When has Napoleon the spirit of the newspapers? 

4. What things is Napoleon said not to be? 

Read this and then write the answer to question 5. The question must 

be answered from the paragraph. Read the paragraph as often as you need 

to. ; 

Studies serve for delight, for ornament, and for ability. Their chief use 

for delight is in privateness, and retiring for ornament, is in discourse; and for — 

ability is in the judgment and disposition of business; for, expert men can execute 

and perhaps judge of particulars, one by one; but the general counsels, and the 

plots and marshaling of affairs, come best from those that are learned. 

To spend too much time in studies, ts sloth; to use them too much for orna- 

ment, is affectation; to make judgment wholly by their rules, is the humor of a 
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scholar; they perfect nature, and are perfected by experience—for natural abilities 

are like natural plants, that need pruning by study; and studies themselves do 

give forth directions too much at large, except they be bounded in by experience. 

5. How many uses may “‘studies’’ serve? 

Set IV or 40 

Read this and then write the answers to questions 1, 2, and 3. All ques- 

tions must be answered from the paragraph. Read the paragraph as often 

as you need to. 

In Franklin, attendance wpon school is required of every child between the 

ages of seven and fourteen on every day when school is in session, unless the 

child is so ill as to be unable to go to school, or some person in his house is all 

with a contagious disease, or the roads are impassable. 

1. Name one condition that would justify a ten-year-old girl in remain- 

ing out of school in Franklin. 

2. Between what years is attendance upon school compulsory in 

Franklin? 

3. At what age may a boy leave school to go to work in Franklin? 

Read this and then write the answers to questions 4 and 5. All ques- 

tions must be answered from the paragraph. Read the paragraph as often 

as you need to. 

Nearly fifteen thousand of the city’s workers joined in the parade on Septem- 

ber seventh, and passed before two hundred thousand cheering spectators. There 

were workers of both sexes in the parade, though the men far outnumbered the 

women. 

4. How many persons marched in the parade? 

5. How many people saw the parade? 

SET V or 50 

Read this and then write the answers to questions 1, 2, and 3. All ques- 

tions must be answered from the paragraph. Read the paragraph as often 

as you need to. 

First, let us ask, where does book-making begin? With the printer? No, 

for before the printer can even think about printing, he must have his “‘copy’’. 

This “‘copy”’, as the printer calls it, is furnished by the publisher; and the pub- 

lisher gets it from the author, who calls it his ‘‘manuscript’. The author has 

spent many days, perhaps months, or cven years, upon it, writing it out with 

his own hand. With pen and ink he has put his thoughts wpon the paper. 

4. What is the general topic of this paragraph? 

5. Where according to this paragraph does book-making begin? 

Set VI or 60 

Read this and then write answers to questions 1, 2, and 3. All questions 

must be answered from the paragraph. Read the paragraph as often as 

you need to. 

If college athletics were endowed, and those precautions taken in reference 
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to the expenditure of money which control in other departments the actual cost 

of athletics would be greatly reduced. Some believe that this saving would amount 

to 50 per cent of the total sum expended. No one doubts that the saving 

would be considerable. This statement does not imply that at present there 

is any gross mismanagement. It means simply that with the elimination of 

certain rivalries, the strict control of expenses, the more definite knowledge of 

resources, a real improvement could be effected in the financial administration of 

the work. When it ts recalled that the amount now expended in the case of 

single institutions ranges from $25,000 a year to more than $100,000, it can 

easily be understood that, at all events, thereis a field for the practice of economy. 

1. What does the paragraph say might be one effect of endowing college 

athletics? 

2. How much saving might be made? 

3. What three things are mentioned as possible helps in improving the 

management of athletics? 

Read this and then write the answers to questions 4 and 5. All ques- 
tions must be answered from the paragraph. Read the paragraph as often 

as you need to. 

We often think of a rich man as one who has much money, as if money anda 

wealth meant the same thing. However, money is only one sort of wealth and 

some money is not exactly wealth. A twenty-dollar bill, for example, is only 

someone's promise to pay so much gold. Wealth means land, houses, food, 

clothes, jewels, tools, gold, silver, coal, iron,—anything that a man can have 

that satisfies some want. Money means something which a person can ex- 

change for any one of many sorts of wealth. The main value of any piece of 

wealth, such as a barrel of flour, a house, or a cow is the direct use you can make 

of it. The value it has by reason of what you can change it for is of less import- 

ance. The main value of any piece of money, such as a silver dollar, a ten-dollar 

bill, or a nickel, is NOT any direct use you can make of it. Its main value is 

that you can exchange it for something that is of direct use. For this reason, 

it is called a ‘‘medium of exchange’. 

4. In what does the main value of wealth lie? 

5. In what does the main value of money lie? 

For the successful administration of these tests, the directions 

on the next page should be followed." 

11. These tests and directions are now for sale by the Northwestern School Supply 

Company of Minneapolis and may be ordered thru the Bureau of Cooperative Research 

of the University of Minnesota. These are included in this bulletin as originally printed, 

except for a few changes by the author. 
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VISUAL VOCABULARY 

DiIrREcTION FOR GivinG TEST 

I. Preliminary Test 

1. See that each child has at least one, preferably two, well sharpened 

lead pencils. 

2. Distribute to each child a copy of the test with instructions that the 

page should not be turned until directions are given. 

3. Have each child write in the proper place his name, sex, age in years 

and months, city, grade, school, teacher, and the date of the test. Inspect 

papers to see that this is correctly done. 

4. Doing the test: Direct the children to open the folder to Preliminary 

Test. Say to them: “At the bottom of this page are some words. The 
reading at the top tells you to do something to these words. Read the lines 

at the top and do what it says to do. Read the instructions two or three 

times if necessary. When you have finished, bring your papers to me so 

that I can see whether you have done the work correctly or not.”’ 

5. Have each child as he completes his work bring forward his finished 
page. Look it over at once to see if he has followed directions. Check the 

use of each direction. Where directions have not been followed, eall the 

child’s attention to that part before giving the Scale R Test. 

Il. Scale R 

1. The preliminary test should have prepared each child to perform 

the Seale R Test correctly. Direct them to turn to Seale R. 

2. Say to the children: ‘‘On these pages are some words. The read- 
ing tells you to do something to these words. Read the lines and do what it 

says to do. Read the instructions two or three times if necessary. When 

you have finished, bring your papers to me at the desk. At the signal “‘get 
ready’ take up your pencil and look at me. At the signal ‘“‘start,’’ begin 

work. 

3. Have each child as he completes his work bring his paper forward. 

Keep the time for each pupil. To keep time satisfactorily requires two 
persons, one to call the time as the papers are handed in, the other to record 

the time on the papers. The record can best be made by noting on each 

sheet in hours, minutes and seconds, as 10-15-30, the time of beginning the 

test and the time each individual finishes. By subtracting, the exact time 

occupied in the test can be determined. 

DIRECTIONS FOR SCORING 

Computing Individual Scores 

1. Arrange the papers from a single class alphabetically in a pile. 
2. Take from the pile the first paper and read through the child’s 

markings until you come to a line in which an error or omission occurs. 

Place to the left of this line a figure indicating the number of errors and 

omissions in that line. Read through the remaining lines and indicate in 
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a similar manner the number of errors and omissions. The highest num- 

bered line which the child does with one (or no) omissions or errors is taken 

as his score. Draw a line under the figure on the page indicating this score. 

Check this score on the first cover page in the blank indicated. Then pro- 

ceed in a similar manner with each of the other papers of the class. 

Class Scores 

1. Use class record sheet number 1. 

2. Enter in the wide space at the left the name of the pupil and at the 

appropriate places the figures indicating the number of errors and omis- 
sions in each line. 

3. Add the numbers in each column and place the sum at the bottom 

of the score sheet. Find the percentage of error by dividing the sum thus 

obtained by 5 times the number of pupils in the class. The score of the 

class may be taken as the line in which the percentage of error is 20. 

4. If no single line gives exactly 20 per cent of error, the actual class 

score will be intermediate between the two lines which gives nearest 20 

per cent of error. By means of Table I, this intermediate value may be 

calculated.” 

For example, if a fourth grade class has only 16 per cent of error in line 

25, then its rating should be somewhat more than 25. By referring to the 

Table, it is found that 16 per cent of error indicates an additional value of 2.3 

to the value of the line. This 2.3 should be added to the 25 giving 27.3 as 

the ability of the class in question. 

Or if a sixth grade class is found to make only 5 per cent of error in line 35 

but 28 per cent of error in line 45, then the score for this grade falls above 

35 and below 45. Calculating from the percentage nearest 20, namely 28, 

and by referring to the Table, we find that 3.9 should be subtracted from the 

set in question. Subtracting 3.9 from 45 gives 41.1 as correct score for the 

class in question. A more correct rating can often be obtained from the two 
scores nearest 20 per cent. 

12. The figures of Table 18 are for steps of 10. Where the steps are 5, the values 

should be divided by 2. Where the steps are 20, the values should be multiplied by 2. 
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UNDERSTANDING OF SENTENCES 

DIRECTIONS FOR GIviING TEsTS 

I. Preliminary Test 

1. See that each child has one, preferably two, well sharpened lead pencils. 

2. Distribute to each child a sheet containing the test. 

3. Have each child write at the proper place his name, sex, age in years 

and months, city, school, grade, teacher, and date of test. Make certain 

that this is properly done before proceeding with the test. 

4. Doing the test: Have the child note the Preliminary Test. Say 

to the children: ‘On this page are some sentences. Below the sentences 

are some questions. You are to read through the sentences and then write 

correct answers to the questions. You need not write complete sentences, 

but your answers must be definite. Read the instructions and sentences as 

often as necessary. When you have finished bring your paper to me so that 
IT can see whether you have done the work correctly.”’ 

5. Have each child as he completes his work bring his paper forward. 

Look it over at once to see if he has followed instructions. Do not give 

Seale Beta until each child understands how to do the preliminary test 

correctly. 

Il. Scale Beta 

1. The preliminary test should have prepared each child to perform 

Seale Beta test correctly. Direct the children to turn to Scale Beta. 
2. Say to the children: ‘‘On these pages are some selections to be read 

and below each selection are some questions to be answered. Read the 

selection and write the answers to the questions. Your answers need not 

make complete sentences but they must be clear and definite. Read the 

selections and questions as often as necessary but work continuously until 

you have finished. When you have finished bring your papers to me at the 

desk. At the signal ‘get ready’ take up your pencil and look at me. At the 

signal ‘start,’ begin work.”’ 

3. Have each child as he completes his work bring his paper forward. 

Keep the time for each pupil. It takes two people to keep the time most 

satisfactorily, one to call the time as the papers are handed in, the other 

to record the time on the papers. The record can best be made by noting 

on each sheet in hours, minutes and seconds, as 10-15-30 the time of be- 

ginning the test and the time each individual finishes. By subtracting, the 

exact time occupied in the test can be determined. 

1 

DIRECTIONS FOR SCORING TESTS 

Individual Score 

Read through each paper and note omission or wrong response, placing 

at the left an X for each error. Accept as correct for each question in each 

set the answers indicated at right in the following key. 
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Key for Scale Beta 1 

Set L, Hiement f Short. 225- Twow 3.) Many- 

Set ITI, Element 1. The author; An author: 25 “lhewprmuera. 3. 

Went down the road or equivalent (call went on, or went on to Boston wrong). 

4. Two other boys, or two boys. 5. Nine o’cloek. 

Set IV, Element 1. Pollen from plants and weeds, Pollen from plants, 

Pollen for weeds, Pollen. 2. Two per cent, 2 per cent, 2. One out of 

fifty, One in fifty, or equivalent. Call A small per cent, or A small number, 

or A few wrong. 3. By living in certain places, By going to live in certain 

places, By finding a place where there is no pollen from weeds. 4. Coal 

range and gasrange. 5. For broiling, Broiling, To broil with, ete. 

Set V, Element 1. Money and wealth. 2. He might have land; He 

could own property; He could own houses; He could have jewels, or gold and 

silver; Might have mines, ete. 3. Paper money, A ten-dollar bill. Call 

wrong any answer that confuses paper money with coin, such as “‘a silver 

dollar’ ‘‘a ten-dollar gold piece” ‘‘a nickel’, ‘‘a penny’. 4. Call correct 

any answer that names a duty the boy must perform as “‘work to make a 

living for himself or his family’’; ‘‘To work”’ is not asufficient answer; ‘to help 

his mother’’ is not, but ‘“‘to work in order to help his mother’’ or ‘‘to work 

because his father dies’? is. Wrong responses are suchas: Playing ball, ete., 

Going with bad boys, To work, To earn money, Have to work out to get 

money, Because to help their mother. 5. Right responses are such as: 

He would have to work all the time, He would work instead of going to 

school, He might have to work to support the family, He would have to go 

out to work, He would have to work, He would have to work afternoons 

evenings, It might be good effect, Work, A boy would work, He had to work 

afternoons and evenings, To work afternoons and evenings, Working or 

making his living. 

Set VI, Element 1. Cost would be reduced, Cost of athletics would be 

reduced, To reduce the cost or equivalent. 2. 50 per cent, Fifty per cent. 
3. Elimination of rivalries, Strict control of expenses, More definite knowl- 

edge of resources. (To be credited only if three are given.) 4. ‘In direct 

use you can make of it’’, or equivalent. 5. That you can exchange it for 

something you want or equivalent. 

Set VII, Element 1. Three or enumeration of the three. 2. General 

plots, counsels and marshalling of affairs, (if two of these are given, we 

gave full credit, if but one, we counted it 0.) 3. In discourse (Most fre- 

quent errors here due to confusion between serve and use and ignorance of 

meaning of affectation.) 4. We shall envy him; Envy the prisoner; Would 

want to change places with him, Would want to be a prisoner. 5. Activity 

of body or mind at which a man ean succeed. 

Key for Scale Beta 2 

Set III, Element 1. Hay-fever. 2. The nose runs, the eyes are sore. 

3. At the highest point of his fortunes. 4. No saint, No hero, No capuchin, 

to be credited if two are given. 5. Three or the enumeration of the three. 

Set IV, Element 1. If she were ill, If some one in her house had a con- 

tagious disease, If the roads were impassable. 2. Seven & fourteen; 7 

and14. 3. Fourteen. 4. Nearly fifteen thousand, About fifteen thousand, 
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Fifteen thousand, There were 15,000, or the equivalent. All else wrong. 

5. Two hundred thousand, 200,000. Call very many, a great many, etc., 

wrong. 

Set V, Element 1. Be liberal; any answer noting that a gas range is 

cooler than a coal range, is to be ealled right unless the incompleteness is 

surely due to misreading rather than poor expression, e.g. Makes it 

cooler, To make it cooler, A gas range is cooler, When you use a gas stove, the 

kitchen is cooler, The gas is cooler. But if there is evidence that the pupil 

did not understand the ‘what effect’ or ‘instead of,’ ete., call it wrong. 

Thus Not to make the house too warm, Because it does not give so much 

heat. Because it makes it cooler, Gas range does not give much heat, are all 

to be scored wrong. 2. A coal range. 38. In the end oven, In the end 

ovens. 4. Book-making; the making of books. 5. With the author’s 

‘‘manusceript’’, With the manuscript; With the writer; With the author. 

Composite Scores 

A. Computing class scores. 

1. Use class reccrd sheet 2. 

2. Copy from individual score sheet upon the record sheet the name of 

each pupil and the number of errors made by him in each element of each 

set. ‘ 

3. Total the figures for each set in the broad column immediately at the 

right of the set in question. 

4. Total these results at the bottom of the page in the line marked 

“Total number wrong’’. Divide the several totals by the product of the 

number of individuals times the number of questions in the set. Thus in 

Set I. let the total number of errors be twelve and the total number of in- 

dividuals in the class 20. Since the chances of error in Set I are three, you 

multiply 3 by 20 which gives 60. This sixty you divide into 12 which gives 

.20 or 20 per cent, the per cent of error made by the entire class in Set I. Set 

I is then the score for the elass if, as is likely, the following set gives a higher 

percentage of error. In any ease, the class score is the number of the set 

which gives 20 per cent of error. 

5. If no single set gives exactly 20 per cent of error, the actual class 

score will be intermediate between the two sets which gives nearest 20 per 

cent of error. By means of Table 18, this intermediate value may be 

calculated. 

B. For two or more classes of the same grade. 

1. Make table similar to one used in compiling class scores. 

2. Enter in a manner similar to entering the records of individual 

pupils the total number of errors and omissions for each class. These figures 

are taken directly from the totals on the class score sheet. 

_ 3. Add the figures in each column and divide by the total number of 

children times the number of questions in the set in question. The score is 

again indicated by that set in which the per cent of error is 20. 

C. For two or more grades. 

The method here is the same as under A, except that the compilation 

includes different grades. Thus one may compute the score for all the 

classes of the three, four or five grades, in a building. The result is a score 

for the building. 
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Preface 

The reasons for the preparation of this study are many. 

Probably the most important reason is the fact that the limestone 

quarry industry of Southern Indiana has reached a point in its 

development where it can advance only by a change in methods 

and by the introduction of new and up-to-date processes and of 

better machinery. Further reductions in the price of stone 

can come only from reduced cost of production, and the object 

of this paper is to offer suggestions that will assist in such a 

lowering of production cost. The stone industry of Indiana can 

be developed to a far greater extent than it is today, and the time 

is at hand for such development. Operators are already con- 

sidering the installation of electrical equipment and the methods 

in use are constantly changing. An effort has been made to find 

out what has proved a success in other places, and by suggestions 

to help the local operator to avoid the unnecessary expense of 

experimenting with unsuccessful methods. 

The work of which this study is the result was taken up at the 

suggestion of Professors Edgar R. Cumings and Joshua W. 

Beede, of the Department of Geology of Indiana University, 

and their constant interest and help have contributed very 

materially to the successful completion of the work. 

The material has necessarily been largely a compilation of 

facts and suggestions collected from a great number of works, 

including many articles from the files of the following magazines: 

Engineering Magazine, Engineering News, Engineering and Mining 

Journal, Hngineering Record, Stone Magazine. To this list should 

be added a number of papers and articles which have appeared 

in various other periodicals bearing less directly on this problem. 

It would be practically impossible to give credit separately to 

‘each firm or individual that has assisted in this work with in- 

formation or material. 

Many papers on quarrying, along various lines of interest, 

have been written, but to the best of the writer’s knowledge no 

work has as yet attempted to deal with the engineering phases 

as well as with the geology of the subject, and no work whatever 

has been written on the engineering features of this district. 

A bibliography classified by general topics is appended to 

this report. 
(5) 
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The writer wishes to take this opportunity to express his 

obhgations to the following persons and firms: to Professors 

Cumings and Beede, of the Department of Geology, and to 

Professor Brown, of the Department of Chemistry, of Indiana 

University, for suggestions and advice thruout the development 

of the study; to Mr. W. J. Huddle, of the engineering firm of 

Sloan Huddle and Company, of Indianapolis, who kindly offered 

much advice on the engineering features of the paper; to Mr. 

Eugene Perry of the Perry Stone Company, to Mr. Fred Mathews 

and Mr. E. J. Barrett of the Crescent Stone Company, and to 

Mr. J. H. Nolan of the Nolan and Sons Stone Company, for 

special data furnished by them; to all the operators and employees 

of the stone belt for assistance whenever asked. For special 

information furnished: Babcock and Wilcox Boiler Company, 

Skinner Engine Company, Harrisburg Foundry and Machine 

Company, Sturtevant Mill Company, E. I. DuPont de Nemours 

Powder Company, Abendroth and Root Boiler Company, Hooven | 

Owens Rentschler Engine Company, Ball Engine Company, 

Power and Mining Machinery Company, Earl C. Bacon Company, 

Green Fuel Economizer Company, Terry Steam Turbine Com- 

pany, General Electric Company, Smith Gas Power Company, 

Irvin C. De Haven Company, Standard Gas Power Company, 

Crocker-Wheeler Company, Dean Brothers Pump Company, 

Ingersoll-Rand Company, Kingsford Boiler Company, Harrison 

Safety Boiler Works, New England Gas Producer Company, 

American Engine and Electric Company, Lidgerwood Manufactur- 

ing Company, Deming Pump Company, Gould Pump Company. 

In addition to the above mentioned firms, all of which sub- 

mitted special data, there were numerous other companies that 

quoted prices on their products. 

During the progress of the investigation the writer found 

the representatives of all the manufacturing firms who handle 

machinery applicable to the quarry industry eager to assist with 

information wherever possible, and the owners of quarries and 

mills ready to furnish any information asked. An effort has been 

made to give only approximate figures where the data too closely 

touched an operator’s business affairs. 

The study is a concise outline of the stone industry in Indiana 

as a whole; and everything has been avoided that might be con- 

strued as merely advertising the business. 
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STATISTICS OF THE STONE INDUSTRY IN THE UNITED STATES 

The following statistics on the stone industry in the United 

States were taken from the report of the United States Geological 

Survey, Department of Mineral Resources, for the year 1912. 

The total value of the stone produced in the United States for 

the years since 1899 is as follows: 

YEAR LIMESTONE TOTAL 

TON) 5 5 eS Se ae $13 , 556 , 523 $36,970.77 

QO. 55 3h ae 18 , 202 , 843 47 , 284,183 

EOP eS ee es 20,895 ,385 54,798 , 682 

“LGU goad 5 te Oa eget Pepper la MOS) 57,433,141 

WOO ee ed. 22 178 ,964 58 760),./ 1a 

QU. 2 o:6 be 3s ne ZOROUZom ZG 63 , 798 , 748 

ISVOOs ss 3 oa Aone ee Dili teo Zien WALD, 66,378 , 794 

OP ee ee Sloe Oo 71,105,805 

OO SP Se on ha se oe cP 27 , E82 ,002 65,712 ,499 

OS). ec A oe a a eee eee ee 32,070,401 71,345,199 

NOE ke a ae kn 34 , 603 , 678 76,520 , 584 

QI. 606 oo ee SORA OZ 76,966 ,698 

OU... ole Li Be 36 , 729 , 800 78 , 284,572 

The value of the total stone products increased $1,317,874 

between 1911 and 1912, which represents a gain of 1.53 per cent. 

While this increase was being made in all stone products, lime- 

stone value was increasing $2,832,188, which represents an in- 

crease of 8.36 per cent. In fact, limestone and marble products 

were the only ones to increase in value for the year, marble 

showing an increase of 3.19 per cent. 

The States which lead in the total value of their stone products 

for the years 1911 and 1912, were ranked as follows: In 1911— 

Pennsylvania, New York, Vermont, Ohio, California, Indiana; 

in 1912—Pennsylvania, Vermont, New York, Ohio, Indiana, 

California. 
(7) 
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Limestone products represent 46.92 per cent of the total 

value of stone products for the year, granite, its nearest com- 

petitor, representing 25.85 per cent of the total value. In 1911, 

Indiana, ranking sixth, turned out $4,413,655, which represented 

5.72 per cent of all the stone products of the United States. 

In 1912, the value of all stone products in Indiana was $5,091,924, 

or 6.5 per cent of all stone products of the United States. Thus 

Indiana was raised to fifth place, which rank was formerly held 

by California. This increase represents a gain of 15.37 per cent 

for the State. There were 1381 plants in operation in 1912. 

Limestone for building purposes, including rough and dressed 

stone, increased $330,096 from 1911 to 1912. In 1911 Indiana 

produced 64 per cent of all the limestone used for building pur- 

poses in the United States; in 1912, 69 per cent. 

The table below gives the quantity and value of the Odlitic 

limestone produced in Lawrence and Monroe counties each year 

since 1900. From 1907 to 1912, inclusive, both quantity and 

value are given under three heads: Lawrence county, Monroe 

county, and the total for both counties. 

LAWRENCE COUNTY MonrROoOE COUNTY TOTAL 

YEAR 

Quantity Value Quantity Value Quantity Value 

OOM ell ce smmaher te asi AMP GOOG) Ile 5.56 a 5 S565 $421 7599 Sib =e eae $1,787,474 

MOO Diese Feats pee eeae eo IL SOA LS Al ave. ois aioe Se 439 9025/2 scene 1,637,399 

GOB Fears a ae eee eee LOSS PA ieee 4817-662. ee 1,576,139 

OO 45 Ws. cea CR epee ee O54 S028 as eerie 589072512 eee 1,643 ,974 

OO DF alee eee ISSN OOWG. le ss So's 5 55's $43 399 sae ee 2,393 ,475 

TOO GFE AIS || seats cree eue eA OORAS I | eae ee 1,162,062 |9,282,004 | 2,622,805 

LOM eels ee eee VSANS E280 |r oie 908,612 |7,849,027 | 2,321,892 

1 09] 00 fieeaer eters td Paneer aie ener sR Eu OTE iptables | 256,960 1102525 

TOOQS se ray *5,199,996| 1,498,822 13,147,097 880,218 |8,347,093 | 2,379,040 

19OSee a 93,085 42,150 8,260 1,719 101,705 43 ,869 

ISXO eos 6,441,483] 1,678,195 |2,970,388 801,436 |9,411,871 2,479,631 

UGO9N So: 145), G2 GI OSit 106,600 56,925 PL59) PA 128 , 562 

OH OR 5,778,660! 1,841,233 |3,960,148 1,265,287 19, 7382808" 1) 3106.520 

IMTOO. . Sex 131,590 75,906 70,655 44 ,224 202 , 245 120,130 

OH Cie eeeae 6,612,988) 2,171,148 |2,915,444 859,580 |9,528,442 | 3,030,728 

OMS Fae 53 , 242 27,842 50,914 45,112 104,156 72,954 

OM ega 7,066,496| 2,622,648 |3,375, 808 824,594 |10,442,304 | 3,447,242 

POND We oree fAL al 37 , 894 UG p37 60,629 147 ,656 | 98 ,523 

second, short tons. 

*From this point on the first number in quantity columns indicates cubic feet; the 



CHAPTER II 

QUARRY AND MILL OPERATION 

Quarry Operations. The problem of selecting a quarry 
location is one attended by many chances of failure, and men 

who have spent their lives in the stone business are likely to make 

mistakes. The number of abandoned quarries in the district 

indicates the mistakes made by stone men in the past. The 

good building stone is not spread evenly over the stone belt as 

has been supposed by many of the operators. The stone has 

been laid down in large irregular lenses, and while a property 

in operation may give a large quantity of very good stone, a 

site only a short distance away may prove a complete failure. 

One feature that may assist somewhat in the selection of the site 

is the position of the quarry in the outcrop. The beds of rock 

which carry the building stone slope gently to the west and south- 

west so that in the eastern part of the stone belt the Odlitic beds 

outerop at the top of the hills and ridges. As these beds are 

followed west or southwest they appear lower and lower down on 

the hillsides and soon are covered by a layer of Mitchell limestone, 

which is the next overlying member of the Mississippian rocks. 

Still farther west the stone is found in the bottoms of the valleys 

before it finally disappears under the overlying formations. 

The rock in a quarry opening which is made where the stone is 

near the tops of the hills and ridges will be found to be very much 

seamed and weathered, and the amount of waste stone that must 

be rejected under such conditions often makes the quarry an 

unprofitable venture. An example of this type of quarry is the 

opening made just southeast of Bloomington, where there is 

no protecting covering of overlying rocks, and where the stone 

is so seamed and weathered that the quarry has already been 

abandoned. Where the quarry is opened near the bottom of the 

valley the chance of obtaining a good grade and quantity of 

stone is far better. 
The selection of a quarry site is determined by the amount of 

stripping and by the quantity and quality of the stone encountered 

in core drilling. The only method at present in use in the stone 

pelt for determining these facts concerning a quarry location is 

vertical core drilling. This is accomplished by means of the 

chilled shot core drill. This drill consists of a line of hollow rods 

rotated by power thru a shaft and gearing, and fed forward either 

(9) 
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by a hydraulic cylinder and piston or by a screw feed. A bit 

is placed at the lower end of the rod and cuts an annular hole 

in the rock as the drill is rotated. The point or end of the bit 

is fed with chilled shot and is kept cool by water foreed thru 

the rods, the stream of water removing the waste cuttings from 

the bit. The central piece left as the drill cuts down is called 

the ‘‘core”’. This solid core is the essential feature of this method 

of drilling. It is the section of rock which is formed by the hollow 

bit and rod as the drill advances. At intervals, usually after 

drilling 10 feet, the rods are withdrawn by means of a hoisting 

mechanism bringing with them the rock core, which is caught 

and held by a self-locking ‘‘core lifter’. The core is then re- 

moved, the rods again lowered, and the process repeated until 

the desired layer of stone has been penetrated. A careful study 

of this “core”? will show the prospector the depth of the bed, its 

thickness, and the character of the stone in the quarry. This 

helps to determine whether or not the bed will justify opening. 

Since the motion of the diamond or chilled shot drill is a 

rotary one, it follows that where electricity is available the 

motor is the logical form of prime mover to use in working the 

drill. However, steam can be used to turn the drill thru a system 

of gears, and at present this method is in use thruout this district. 

The facts shown by the drill core should not be taken as sufficient 

evidence on which to open a quarry, for altho the thickness of 

the stripping of overlying rocks and disintegrated material can 

be ascertained with a fair degree of accuracy, yet if the drill 

were set up over a pinnacle in the rock, a false impression of its 

thickness would be obtained, and if the drill were driven into a 

seam, the quarry might be abandoned altho much good 

stone might really be available. Of course, a number of drillings 

may be made, and only by chance would the same conditions be 

found at each point of drilling, but it is a fact that several quarries 

have been opened as a result of a single boring, and many quarry 

sites have been abandoned on the same sort of evidence. Diagonal 

drilling with the diamond drill is in use in iron mining operations 

and is proving a success. This fact should be a strong recom- 

mendation for its use in quarry prospecting. Diamond drills 

ean be driven at as high an angle as 72 degrees from the vertical, 

and if such an angle were adopted in quarry prospecting the 

distance between the seams as well as their width and depth 

could be determined with a very fair degree of accuracy. If 

the drill entered at this angle and at right angles to the direction 
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or azimuth of the seams, several seams would usually be crossed 

by a single drilling. It would be well for the company interested 

in a piece of land, with the idea of opening a quarry, to look more 

fully into the possibilities of this form of drilling. Much valuable 

data on cost of drilling furnished by Mr. Gunsolus of the DuPont 

Powder Company will be found in connection with the part of 

this study devoted to the cement industry. 

After the location has been determined upon, there comes the 

work of stripping and of levelling the floor. The disintegrated 

material is removed in most cases by a stream of water, the 

process being known as hydraulic stripping. The water is usually 

driven by a large reciprocating pump, the most common in use 

being manufactured by the Laidlaw Dunn Gordon Company or 

the Worthington Company. The water is distributed to the 

quarry in a 6-inch line, and this is reduced at the nozzle to a 

l-inch or a 14-inch stream. The nozzle is held in position on 

a jack, and the operator controls the stream by means of levers 

on the jack. The water is allowed to flow into a catch basin 

where the material carried by the stream is deposited and the 

water can be used over and over again. These reused waters 

are usually heavily charged with fine material in suspension and 

since they are never given time enough to settle, the material 

must pass thru the pump many times. Under these conditions 

the life of a reciprocating pump is very short, since the wear on 

the cylinders is very rapid. In this respect the work could be 

accomplished better by centrifugal pumps where the clearance 

could be so adjusted as to handle water with any amount of dirt 

in it, without excessive wear on the pump. Centrifugal pumps 

are now constructed that will give any desired head, and since 

their motion is well adapted to electric drive, they should soon 

displace reciprocating pumps in quarry-stripping operations. 

The securing of an adequate water supply for hydraulic stripping 

is a serious problem in many of the quarries, and a catch basin 

is used so that as little as possible of the water is lost. Most of 

the work of stripping is done in the spring when the water supply 

is relatively large. 

After the floor has been stripped of waste material the work 

of leveling follows. This is often accomplished by: means of drill- 

ing and wedging or drilling and blasting. In the former process 

the holes are drilled by means of steam or compressed air drills 

to a depth of about 8 inches, about a foot apart in the direction 

in which it is desired to split the rock. In these holes steel 
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wedges are driven between steel plates called ‘feathers’. If 

each wedge is driven in turn the rock will be split very evenly. 

This method is also used to split up large blocks in the quarry, 

preparatory to removal with the derricks. Drilling and blasting 

can be carried on only where there is a covering of Mitchell 

limestone to be stripped off and a soft layer above the building 

stone to protect it from the jar which would tend to shatter it. 

In one of the larger quarries where the stripping is very thick, 

churn drills are used to make the holes for the blasts and steam 

shovels are used to remove the waste stone. 

The most common type of drill is the simple steam drill in 

which the drill bit is fastened to the piston of the drill, and the 

whole machine is held in pesition by means of a tripod. Many 

modifications of this form of drill are in use, and all forms have 

their advocates. It has been the general idea for a great many 

vears that electric drilling could not be made a success, but in 

the last few years many successful electric drills have been put 

on the market. The Engineering Magazine (December, 1911) 

Says: 

Where holes are to be drilled for blasting or plugging, reciprocating drills 

are used exclusively. Generally these drills consist of a piston to which the 

drill is fastened directly and rigidly, a valve for distributing the steam to 

the ends of the piston, the valve mechanism, and a means of rotating the 

drill to insure a round hole. Most of these types will operate on either 

compressed air or steam. 

The uses to which rock drills are put, the class of operators who handle 

them, and the location of the work, all demand a machine with as few moving 

parts as possible, one rugged in design and construction, simple in operation, 

and foolproof in adjustment, and it is such a type that represents the best 

rock drill of today. The Sullivan tappet valve drill is a good drill for low 

pressures and soft rock with mud seams present, such as most open excava- 

tion work. The Ingersoll-Rand butterfly valve drill is another effective 

drill for this kind of work. 

The Little Giant drill built by the Ingersoll-Rand Company uses a 

plain slide valve to distribute the air to the piston. In this drill the valve 

is thrown by a rocker one end or the other of which is always in contact with 

the piston and is moved on its pin by the curved surfaces of the piston. 

This rocker in turn moves the slide valve which distributes the air. This 

drill is also furnished with a balanced valve which is of advantage with high 

pressure. Another type put out by the Sullivan Company is their differ- 

ential valve drill. In this drill the valve is thrown by air. The three spools 

on the valve differ in area, the central one being of larger diameter than those 

on the ends. The air and exhaust parts are so situated and proportioned 

that the valveis held to its seat under the total line pressure from one side 

only, until the proper stroke of the piston is secured. This enables the opera- 

tor to adapt the length of the stroke and the force of the blow at will. In 
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the drills just described the drill bar is fastened to the piston rod by means 

of aclutch. This means that the whole drill bar reciprocates with the piston. 

For light work another arrangement is used by the Sullivan Company in 

their hammer drills. In this drill the bit is held against the rock and the 

piston strikes the hardened end of the steel. This drill is rotated by hand. 

A combination electric air drill is manufactured by the In- 

gersoll-Rand Company. In the electric air drill the bit is driven 

by pulsations of compressed air created by a pulsator actuated by 

a standard electric motor. The air is never exhausted, but 1s 

simply used over and over again, playing back and forth in a 

closed circuit. This is simply an electric drill in which the com- 

pressed air is used as a spring and cushion. This drill can be 

driven on about one-fourth the power consumed by the ordi- 

nary steam or compressed air drill. It seems to be the best 

fitted for ordinary quarry work where electric power is available, 

and is sure to be adopted widely in this:quarry district. 

After the quarry floor is leveled the tracks are put in position 

for the channeling machines. The channels cut by these machines 

are about 2 inches wide and from 6 to 10 feet deep. The first 

machine of this type was made by J. Wardwell in 1863, and 

the first Wardwell machine was bought in Indiana in 1873 by 

John Mathews. This machine was essentially the same as the 

Wardwell channeler in use today. It cost approximately $6,000, 

but at the present time can be purchased for about $2,000. 

G. P. Merrill, in his work on Stones for Building and Decora- 

tion (p. 404), describes the channeling machine as follows: 

The channeler is essentially a locomotive machine driven by power, 

moving over a steel-rail track which is placed on the quarry bed. 

It carries a single gang drill on one side, or two such drills—one on each side. 

These are raised and dropped by a lever and crank arrangement. The 

gang of cutters forming the drill is composed of 5 steel bars, 7 to 14 feet 

in length, sharpened at the end and securely clamped together. Of the 5 

cutters, 2 have diagonal edges; the other 3 have their edges transverse. 

The center of the middle largest extends lowest, so that the five form some- 

thing like a stepped arrangement, away from the center. The drill, lifted, 

dreps with great force and rapidly creases a channel in the rock. The 

single gang machine is operated by 2 men, the double by 3. As it runs 

backward and forward over the rock the machine is reversed without stop- 

ping, and as it goes the cutters deliver their strokes, it is claimed, at the 

rate of 150 per minute. The machine feeds forward on the track half an inch 

at each stroke, cutting half an inch or more at every time of passing. The 

single machine will cut from 40 to 80 square feet of channel per day in marble 

or limestone and at a cost of from 5 to 20 cents per square foot. The doubie 

machine will do twice the amount of work. A good workman by the old 
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hand process would formerly cut from 5 to 10 feet; that is, a groove 1 foot 

deep and from 5 to 10 feet long per day. For this he would receive 25 or 

30 cents per foot. 

Little use is made of channeling machinery in foreign countries 

where most of the deep cutting is done by means of the pene- 

trating pulley. This is a type of wire saw which is guided in its 

course thru the rock by means of a pulley which penetrates the 

rock bed. 

The channeling machine in use today is simply a combina- 

tion of drill bits carried in sets and acting from a single cylinder. 

The motive power might be steam, compressed air, or electricity. 

All three kinds are in use in the Odlitic limestone district. The 

electric channeler seems to be doing the best work or at least 

the most economical work. The consumption of power is less 

and the cost of producing it in a central plant is far lower than in 

the channelers carrying their own boilers. The compressed air 

type of channeler is probably the least economical, on account of 

the heavy line losses and the heavy first cost of installing the 

compressor machinery. 

There are three principal types of channeler in use in this 

district: the Wardwell, the Sullivan, and the Ingersoll-Sargent. 

They differ chiefly in the method by which the power is applied 

to the drill bits. The direct-acting types are the most rapid 

cutters, but there is a question as to whether the added power 

consumption does not offset the gain in speed of cutting. The 

development of channeling machinery has been rapid, and the 

modern types will cut rock channels at a high rate of speed. 

Tests on an Ingersoll-Sargent machine have shown as much as 

100 square feet of channel cut per hour and over 700 square feet 

of cut in a 10-hour day of work. 

The successful channeling machine, in addition to being a 

rapid cutter, must have great endurance and reliability inas- 

much as the constant jar to which the machine is subject will 

soon destroy a weak machine. Three motions are essential in a 

channeling machine: cutting, feed, and motion along the track. 

In some types of channelers these motions are controlled by three 

different engines; in others, cog-wheels and shafts make it possible 

to handle more than one motion with a single engine. The best 

results have been obtained in the machine with three engines. 

After the channels have been run and the key block has 

been removed, the blocks of stone are cut loose by means of 

plugging with drills, and by feathering. When the block begins 
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to loosen it is pulled over by means of a derrick and is then spht 

up into the desired sizes for quarry blocks, by means of drills 

and wedges. After it is worked up to the desired sizes it is loaded 

on ears for transportation to the stone mills. 

Swing-back channelers and gadders are machines resembling 

the common channeler and drill but differing in that they are 

arranged to cut in any plane, while the common machine can cut 

only a vertical channel. The fact that the strata in the Odlitic 

limestone district are in a horizontal position makes their use 

unnecessary. 

If the quarry floor tends to fill with water in times of heavy 

rains, it is emptied by means of pumps, the single stage centrifugal 

pump being most commonly used. 

The derricks at present in use thruout the district are handled 

by steam or electrical power, usually the former. The wooden 

derrick of a few years ago is slowly giving way to the steel derrick, 

and the hand-turned derrick has been almost entirely displaced 

by the power-swung type. Electrical power is far better adapted 

to handling stone derricks than steam power on account of its 

speed and easy control. The electric motor can be placed nearer 

the work than a steam-power plant, thus facilitating its control. 

I have seen quarries in which small steam power plants for derrick 

handling have been located close to the workings, when set up, 

but as the workings have been extended the operator thought 

it cheaper and less trouble to extend the lines than to move the 

power plant closer to the work. As each extension was made the 

ropes were lengthened until at the present time some derricks 

are operated on as much as 1,000 feet of rope. This causes a 

very great loss of power, and, in addition to delaying the work, 

is a constant menace to the workmen in the quarry. All this is 

unnecessary where an electric motor is used, since its position 

ean be changed in a very short time without in any way inter- 

fering with the work or causing any great delay in the quarry 

operations. 

The Stone Mill. The milling of stone entails considerably more 

work, and the operations involved are much more varied than in 

the quarrying of the stone. The stone mills give work to more 

men than the quarries, and the labor is on the average more 

skilled. The fact that the mills run longer and pay higher wages 

than the quarries makes the mill the more attractive, and less 

trouble is experienced in getting men than in the quarry. 

The first operation on the quarry block when it arrives at 

the mill is sawing. The block is removed from the car by means 
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of a guyed derrick or a traveling crane. The guyed derrick is 

usually controlled by power from the power plant of the mill 

and is of the swinging-gear type. The mast is usually supported 

by 6 wire ropes, 3 times its length and firmly attached to the 

ground. The boom should be slightly shorter than the mast, 

and adjusted to swing freely under the guy wires at any angle 

of elevation. The guy wires should be examined oftem, since 

a broken guy may cause the collapse of a derrick, endangering 

life as well as destroying property. 

The traveling cranes in use at most of the mills are of from 

20 to 50 tons’ capacity and the span is from 45 to 80 feet. The 

most popular type is the Bedford Foundry and Machine Company 

20-ton crane. In most of the mills in the district the crane 

motors are of direct-current types, altho a few are operated on 

alternating current without transformers. In many of the 

larger mills small auxiliary handpower cranes are in use in the 

carving departments. The crane is a piece of machinery that 

should be built for the pvarticular service it is to perform, and 

any suggestion as to which kind is the best on the whole is im- 

possible, because a crane that fits one case would not necessarily 

do the work under other circumstances. Crane track-rums up 

to 400 feet are operated in some of the larger mills. A few steam- 

operated cranes are still in use in the district, but these are 

being rapidly replaced by electric cranes. 

Most of the sawing is done with gang saws. The large blocks 

are placed on the truck of the gang saw and cut down to the size 

desired. The gang saw consists of a number of mild steel blades 

set in a frame at distances apart to correspond with the thickness 

of the slabs required. The blades are held tight by wedges set 

at the ends. The frame is suspended by rods carried on shafts 

attached to the uprights of the saw. A connecting rod attaches 

the frame to the crank of a power-driven jack which drives the 

entire frame backward and forward. Sand and water are fed 

on to the surface of the stone, and the blades of the saw are driven 

downward by a screw arrangement. The more rapidly the saw 

is driven into the rock the rougher is the surface made, and the 

greater is the work left for the planer. The New Albany saw 

is the one most widely employed, but many other makes are 

also 1n use. 

In some mills, slab-cutting to size is done by the diamond 

saw. This is a fixed circular saw with a number of diamonds 

set in its periphery. The slabs to be sawed are clamped on a 
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traveling table that carries them under the saw. In most of 

the types now in use the saw travels forward into the stone. 

The diamond saw is more rapid in its work than the gang saw, 

but the cost of installation and upkeep is higher. Diamond saws 

are driven at speeds of from 500 to 700 revolutions per minute, 

according to their diameters. The types most used in this 

district are the Anderson, the Patch, and the Meyers saws. The 

gang saws are usually steam driven, while the diamond saw is more 

easily handled by electric motors. These motors are constructed 

for either direct- or alternating-current drive, but the latter is the 

better adapted to the work. The cost of upkeep of a diamond 

saw is mainly due to the loss of diamonds, which tend to loosen 

from their settings. The saw blades are usually set with from 

80 to 150 diamonds, and the heavy work tends to loosen them. 

The following description of a diamond saw is taken from 

the latest catalogs of a large company putting these saws on the 

market: 

These machines are now equipped with worm drive as planers and may be 

purchased with either single or double platens and for either belt or directly 

connected motor drive. The platens are lined every 6 inches to guide the 

setting of the stone. The stone need not be moved for each cut but the 
blade is movable so that as many parallel cuts as desired can be made at 

one setting of the stone. The platens can be driven at any speed from 2 

to 36 inches per minute with a reverse speed of 12 feet per minute. Three 

sets of teeth have run over 2 years and 6 months in Indiana limestone and 

are still in good condition. 

There are in use in the district several diamond saws called 

“drag saws’. These are cross-cut or reciprocating diamond 

saws. “Drag saws’’ are such large consumers of power that 

they are being rapidly replaced by circular diamond saws. 

The planer is a heavily constructed machine with a traveling 

table on which the stone to be planed is wedged fast. The 

uprights of the machine support heavy steel planes which smooth 

the surface of the stone as it passes. These planers are con- 

structed with one or two platens: In the latter case they are 

called biplaners. The single-platen machines may cut from 

one side or from both sides at the same time. In some of the 

single-side planers the plane is supported by one side of the 

frame, the other side of the frame not being present. These 

are called ‘“‘open-side planers’’. Planers may have their platen 

driven by either gear screws or worm gears, the latter giving the 

better satisfaction. All planers which cut from both sides are 

2 
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equipped with four tool heads so that the sides as well as the top 

of the stone can be smoothed at one trip of the platen. Bi- 

planers have the advantage over the others in that two stones 

can be worked separately and independently of each other. 

They are, in fact, like two single-side planers placed with their 

open sides together. The two planes are independent of each 

other in height as well as travel. In the type known as the 

“circular planer’ the table is arranged so that it can travel 

either in a circle or in a straight line, thus securing planing along 

curved lines as well as straight travel. Any radius of curvature 

desired can be secured with a little adjustment. There are many 

special types of planers constructed for special work that need 

no description here. 

The lathe is a machine for turning out column work and can 

be purchased in any size desired. The lathe for heavy column work 

must be very heavy in construction since it 1s necessary to carry 

very large columns on a single point of support. The column 

is usually quarried and roughed out by hand to withina fewinches 

of the desired size. Steel centers are then inserted in the ends of 

the column. The work of turning is done by cutters made with 

a beveled edge out of specially hardened steel. These travel 

along the sides of the column as it revolves and take off the rough 

surface of the stone. Some lathes will turn out columns up to 

24 feet in length and from 36 to 66 inches in diameter. Special 

attachments for fluting are used with the lathes. 

The wire saw is used in only two of the mills in this district, 

but has a very extensive use in foreign countries. It consists of 

a twisted cord of steel made to run around pulleys like a band 

saw. The cord is composed of three steel wires twisted loosely 

together, but stretched tightly over the pulleys, and made to 

run at a high rate of speed. The swift blows delivered by the 

ridges in the cord wear away the stone more rapidly than the 

smooth blades of the gang saws fed by sand. 

Pneumatic appliances are in use in all the more up-to-date 

mills, and the use of the hand hammer in carving limestone 

has nearly disappeared. The work can be done so much more 

rapidly and cheaply by compressed air that every plant of any 

size is equipped with an air compressor and air hammers. ‘The 

compressed air is carried to the hammers thru flexible tubes. 

The hammer consists of a valve and piston arrangement, giving 

a striking action of over 38,000 blows per minute, the tool being 

inserted against the piston. The speed and force of the blows 
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is in control of the workman. The compressed air tools have 

revolutionized stone-carving in the district, and at present 

the work can be done for less than one-fourth the cost of the 

same work done by hand. The amount of air used by each drill 

depends on the condition of the drill and the kind of work it is 

doing. The application of air power to the various processes of 

stone carving and dressing marked the greatest single forward 

step in the history of the stone industry. These air instruments 

are not only great labor savers but also great cost reducers. 

To quote one of the latest catalogs on stone-working tools: 

Among the essentials of a successful stone tool may be mentioned simplic- 

ity of construction, that the mechanism may not be easily deranged; per- 

feet workmanship and selected materials, implying reliability of service; 

economy of air consumption and ease of management. 

The Ingersoll-Rand Company has on the market a number of 

valveless tools designed for all grades of work from heavy 

eutting to the most delicate tracing. The hammer or piston 

performs the function of admitting and releasing pressure. 

There is but one hardened piece of steel to move. These in- 

struments consume from 2 to 6 cubic feet of air per minute. 

The air compressors in use are of two types: steam-driven 

compressors and power compressors. The former give a high 

power cost on account of their great steam consumption. Any 

power-driven unit that can be driven from the main engine 

of the plant is more economical of power than separate steam- 

driven units, since losses in transmission of power by belting or 

gearing are more than offset by the losses due to the use of 

steam in small units. Most of the compressors used with 

carving tools are single-stage power-driven compressors. 

The wages paid thruout the district vary according to locality, 

but an effort has been made in the Lawrence county stone belt 

to reach an agreement binding each operator to adhere to a fixed 

scale previously agreed upon by the stone men of the district. 

As a result of these moves the following scale of wages was adopted 

by the operators of Lawrence county. This move was carried 

into effect on March 1, 1910, and is still (1914) in force. 

MILL WORK (Cents per Hour) 

EAM CIBINGM fy tre Se oe es ss EE 32% ELeCaGe HOOK Ere say eh awe Neo ei esons ets 25 

AMC LET SINCM: «oa et ce! esos cp ae Se 281% Secomdphookene 22.2 ice: aes See ae ae 20 

WIC ACIS AWAYCL ee ee OA 25 @argplOCKerse i oo see ie ee eae os 221% 

Assistant head sawyer............. PP) Ve MOONE Heaps Caco euce cach oso ooF UC 23 

ST UNVIICER OC any MAN ee ate jst, Fs dak 20 IDE Ginnie 6 aq ccs be denboedeodGcT 30 

Diamond sawyer..... pee rien oh state ok a Dy BEY OCIS Die Vi ees <n ee aes ee heer ea nee ore 17% 
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QUARRY WORK (Cents per Hour) 

Ingersoll and Sullivan runners...... 27% Laborers): 3 3c 5 sce eee 16% 

Ingersoll and Sullivan firemen...... 17% Head) powenrmianee ae ene 27 

Ingersoll and Sullivan helper.......16% PoOWerMens ohee 5 ae ee 16% 

Wardwellsrunnens sau eee 25 Derrick: runner fee eee 23 

Wiardiwell) firemen ts: 4-22 oo ae 17% Derrick helper. anes) eee 19 

Wiandwellehelpers te. eee eee 16% Stripper... 2 Se Seeose ee eee 16% 

Steam=-drill runners sae co eee 23 Scabblerigt 2 ee ere ec 20 

Steam-drill helpers... 16% Machinists.) jet eee are = 31 

IBECAKCES i Kee kaa eee eee 23 

Where stone-cutters are employed they get from 50 to 564 

cents per hour. 

The industry employs but few foreign laborers and this has a 

tendency to keep wages up. The fact that the quarries operate 

only about 9 months per year and the average mill not over 10 

months, tends to drive away the better class of laborers who 

desire steady employment. Several of the operators have con- 

structed closed mills which with the heat of the exhaust steam 

from their engines are able to run the yearround. Such plants 

have but little difficulty in securing the best grade of labor in 

the district and this is proving a very beneficial step. In most 

cases the exhaust steam will heat the plant in addition to heating 

the feed water, provided the closed type of heater is used. 

A few of the operators in the Monroe county district do not 

hesitate to hire laborers away from: their competitors. This 

has a tendency to cause the men to become dissatisfied with their 

employment and to get the habit of wandering around. It 

would be a good thing for the industry as a whole if all operators 

would conform to a fixed scale of wages and not attempt to 

interfere with men in the employ of another company. 



Part II. History and Description 

CELAP AR: Ta 

GENERAL DESCRIPTION OF THE INDIANA STONE DISTRICT 

So much of a historical nature has been written about the 

quarry industry of Indiana that nothing elaborate on that phase 

of the subject will be attempted in connection with this paper. 

The present sketch will depict the district as it is at the present 

time (1914). 

The industry is at present confined to Monroe and Lawrence 

counties, but at an earlier period much quarrying was carried 

on in Owen county. The causes for the withdrawal of the in- 

dustry from Owen county were many, chief among them being 

the fact that the stone at the northern end of the stone belt is 

coarser and in most cases harder than it is farther south. 

The quarries of Monroe county can be readily divided into 

the following groups: (1) Stinesville district, with 1 quarry 

and 3 mills; (2) Ellettsville district, with 1 quarry and 6 mills; 

(3) Hunter Valley district, with 4 quarries and 4 mills; (4) Bloom- 

ington district, with 1 quarry and 7 mills; (5) Clear Creek and 

Sanders district, with 8 quarries and 10 mills. 

This makes a total of 15 quarries and 27 mills in operation 

in the county at this time. Several openings have been made 

and abandoned in each district, but these have not been taken 

into account in this summation, and in fact they have only a 

historical interest to the quarry industry. 

The quarries of Lawrence county may be grouped as follows: 

(1) Peerless, with 3 quarries and 1 mill; (2) Horseshoe and Oolitic, 

with 3 quarries and 4 mills; (8) Dark Hollow, with 2 quarries 

and 1 mill; (4) Bedford and vicinity, with 3 quarries and 18 

mills. 

The following tables will give a summary of the number of 

men employed in the industry in the two counties, together with 

the output of stone and the amount and kind of machinery in 

use at the present time: 
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CHAPTER IV 

MONROE COUNTY 

The Stinesville-Ellettsville District. The district around 

Stinesville can probably boast of the fact that the first stone 

quarried in the Oolitic hmestone belt was taken out at this point. 

The first operator was a man by the name of Gilbert, who quarried 

some stone as early as 1827 on the east side of the creek about 

three-fourths of a mile south of Stinesville. Most of the stone 

taken out at an early date was used for bridge abutments and for 

foundations. The industry was on a very small scale until the 

opening, in 1854, of the railroad, which is at present known as the 

Monon. 

There are at present (1914) in operation at Stinesville 1 quarry 

and 3 mills. The quarry and 2 mills are the property of the Hoadley 

Stone Company, of Stinesville. The quarry is located about 

half a mile southwest of town on the west side of the valley. 

The quarry is very level topped, after the overlying Mitchell 

limestone has been removed. The stripping consists of about 

8 feet of a sandy clay and about 8 feet of disintegrated Mitchell 

limestone. The upper floor of the Odlitic is also mostly waste. 

The stone is all buff, or, at least, all of it that is at present worked. 

The blue stone comes in below the level of the nearby stream 

bottom. The stone is very free from water and the quarry 

can be kept in operation most of the winter. The grain of the 

stone is rather coarse, but it is very even and gives a fine ap- 

pearance to the finished stone. One peculiarity of the stone 

of this quarry is the fact that it gets harder and coarser in grain 

the deeper the quarry is worked. About 387 feet of good stone 

is obtainable, of which the upper 8 feet is a very white, chalky 

grade of stone. 

The 2 mills of the Hoadley Stone Company stand on opposite 

sides of the Monon railroad about 200 yards south of the Stines 

ville station. 

The mill of the United Indiana Quarry Company is located 

about one-fourth of a mile south of the Hoadley quarry. It was 

not in operation at the time of my last visit in July, 1914, and 

in fact had not been since the latter part of December, 1913. 

There have been no quarry operations in connection with this 

property for a long time, but the company has purchased 30 

(25) 
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acres of good stone land and intends to start a quarry of its own 

to suppy stone for the mill. 

The mill and quarry of the Romona Odlitic Stone Company 

are located about one-fourth of a mile north of the Hoadley quarry. 

This mill and quarry have not been in operation since 1910. 

The machinery, however, is in place, and an effort has been made 

to keep it in as good condition as possible. The same company 

has a similar mill at Romona, Owen county, which was abandoned 

about the same time as the property at Stinesville. 

The stone plants of Ellettsville and vicinity consist of 6 mills 

and 1 quarry, as follows: D. K. Miers Stone Company, 1 mill; 

Mathews Brothers Company, 1 mill; Harding and Cogswell, 1 

mill; Alexander King Stone Company, 1 mill; Perry Stone Com- 

pany, 1 mill and 1 quarry; Thompson and Sandy Stone Com- 

pany, 1 mill. | 

The mill of the D. K. Miers Stone Company is located about 

one and one-fourth miles north of the Ellettsville station and 

west of the Monon railroad tracks. The mill is the property 

of Perry Brothers, and is leased by the company now operating 

it. This mill has not been in operation since December, 1913. 

The. property of the Mathews Brothers Stone Company is 

located about three-fourths of a mile north of the Monon station 

at Ellettsville. The small plant operated by Harding and Cogs- 

well is located close to Mathews Brothers and is of especial 

interest because of the fact that the owners are experimenting 

with an oil engine for the production of their power. The engine 

is a 40 horse-power Fairbanks-Morse kerosene oil engine and 

is proving very economical of fuel and lubricating oil.. The cost 

of power at this plant will be taken up more fully in the portion 

of this study relating to the power problems of the district. 

The mill of the Alexander King Stone Company was not in 

operation at the time of either visit, but the plant was opened 

for inspection, by the watchman. This mill is known as the 

Kelipse mill and is located about 200 yards north of the Elletts- 

ville station. It is of stone construction and has been built 

several years, the present company securing control about a 

vear ago. The mill of the Thompson and Sandy Stone Company 

is located about one-fourth of a mile north of the station at Elletts- 

ville. The plant of the Perry Stone Company is located on the 

east side of the valley opposite the Thompson and Sandy plant. 

The valley at this point widens out, and the workings of this 

company are against the valley side above the drainage level. 
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The stone of this quarry is a very fine grade of very white, chalky 

stone. The stripping in the quarry is quite heavy, but the work- 

able stone is comparatively thick and easily quarried. The 

seams in this quarry, altho very wide and much weathered, are 

few and so far apart that if the floors are worked parallel with 

them they in no way interfere with the workings. The situation 

of the quarry on the hillside above the level of the neighboring 

stream bed gives a large quantity of buff stone. In fact, there 

is practically no blue stone at all. In a few places only in the 

very bed of the quarry there are small quantities of blue stone. 

The floors along the edge of the hill are in some cases broken up 

by horizontal cracks which cause the blocks to split in what 

might be termed very irregular bedding planes. This peculiarity 

disappears as the floors are worked back into the hill, and is 

probably caused by a slight upheaval or by a tendency of the 

underlying stone to weather out and give a downward motion 

to the overlying beds, such as to have caused the breaks. The 

position and direction of the cracks would indicate that the last- 

mentioned phenomenon has occurred. A similar effect of the 

position of the stone on a hillside has been noticed in the Hoadley 

quarry at Stinesville, where a line of broken stone crosses the 

opening. In this line the stone is so broken that no workable 

pieces could be obtained. This zone of stress may be due to 

either of the above causes. 

The Perry Stone Company had the misfortune to lose their 

entire quarry power plant by fire early in July, 1914, and the 

owners are now considering the installation of complete electrical 

equipment in the quarry. 

Hunter Valley. Hunter Valley is a low, irregular valley 

located about 14 miles northwest of Bloomington, and it is 

about 2 miles long by 1 mile wide at its greatest width. Its 

longest axis extends nearly north and south, and several small 

ravines entering the valley from the east and west sides cut the 

valley into a number of ridges and depressions extending, in 

general, east and west. The Oolitic limestone outcrops in all 

the lower portions of the valley, but on the ridges there is a very 

thin layer of the Mitchell limestone overlying it. Where it is 

exposed it is deeply seamed and weathered, and in quarrying 

there is a large amount of waste stone to be stripped off before 

the level quarry floor can be opened. Thruout the valley the 

amount of stripping is light and the grade of stone quarried is 
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very good. Practically all the quarrying done in the valley is 

along the boundary of the Mitchell and Bedford limestones. At 

these points the thin feather edge of the Mitchell limestone 

has tended to protect the softer underlying Odlitie limestone. 

There is a fair thickness of stone in all the small ridges of the 

valley and in some of the quarries as much as 40 feet of workable 

stone is obtainable. Seams in the rock are few, and where there 

is a sufficient covering of the Mitchell stone there has been but 

little weathering along these seams. The fossils in the rock 

are practically all small and in no way affect the value of the 

stone. Most of the stone quarried from the deeper beds in the 

valley is of the variety known to the stone trade as ‘‘blue” stone. 

Much mixed stone is also turned out from the upper beds where 

the line of separation of the “buff” and “blue” stone is very 

irregular. There is a marked tendency of the stone to vary 

in both grain and color in the different quarries, and the amount 

of waste in the different quarries is very unequal. 

There are four companies operating in the valley at the 

present time, as follows: Crescent Stone Company, operating 

1 quarry; Consolidated Stone Company, operating 2 mills and 1 

quarry; Star Stone Company, operating 1 mill and 1 quarry; 

Hunter Brothers Stone Company, operating 1 mill and 1 quarry. 

The Crescent Stone Company’s quarry is located in the 

southeastern corner of the valley, and the workings have been 

against the eastern wall of the valley where a large amount of 

stone has been removed. The quarry was opened in 1893 by 

the Perry Mathews and Perring Company. At present the work 

of opening floors on the west side of the ridge which crosses their 

property is in progress. The new floors are southwest of the old 

workings and adjoin the property of the Consolidated Stone 

Company. The Crescent is one of the best equipped quarries 

in the district in power plant and general equipment. There 

is a substantial wooden power-house and the machinery contained 

is up-to-date and in good working order. The stone turned out 

is a good grade of quarry run, most of it buff or mixed in color. 

There are several worked-out floors and these are used for waste 

disposal. The stripping consists of about 5 feet of a loose, brown, 

sandy clay and about 8 feet of much disintegrated Mitchell and 

Odlitie stone. Under this about 40 feet of good stone is taken out 

in 5 channel cuts. About 55 per cent of the solid cut can be 

used as building stone and the rest is discarded as waste. There 



Mance: Quarry Industry of Southern Indiana 29 

are about 2,500 carloads of waste in a position where it could be 

easily recovered if there were methods for its utilization. 

The plant of the Consolidated Stone Company is directly 

west of the Crescent quarry and the floors of these two companies 

join along the southern end of their workings. The Consolidated 

is one of the largest quarries operating in Monroe county, and the 

owners are the successors to the Norton Stone Company and the 

A corner in the quarry of the Crescent Stone Company at Hunter Valley, showing 

the method of waste disposal in use there. 

old Morton C. Hunter Stone Company, the latter having been 

the first company to operate in the valley. The quarry working 

is carried on in 3 quarry floors. The south floor, which is the 

site of the old Norton quarry, is covered by about 8 feet of a 

brown, sandy clay which can be removed by hydraulic stripping. 

Below this layer about 10 feet of stone is lost on account of 
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weathering of the seams. The stone of this quarry is quite 

fine and of uniform grain. The slope of the land at this point 

is gentle and the floors can be made large without excessive 

stripping. 

The second working is located west of the west mill, and the 

stone obtained is a good grade of blue stone with buff and mixed 

stone thruout the upper 15 feet of the bed. The line of parting 

of the blue and the buff stone is very irregular and a large amount 

of mixed stone results. The stripping at this point is heavier 

Looking east across the quarries of Hunter Brothers and the Star Stone Company 

in Hunter Valley. The waste piles show a large amount of both mill and quarry 

waste. 

than in the other opening, and the thickness of the bed of good 

stone is consequently greater. The Mitchell limestone covers this 

part of the valley and has protected the upper layers of the Odlitic 

so that a comparatively level floor can be obtained. Two electric- 

ally equipped derricks are used in this working, one of steel 

and one of wooden construction. Purchased power is used with 

both derricks. The quarry opening at this point is very large, 

since this part of the working has been in continuous operation 

for a long time. Much waste stone ts in sight, and its disposal 

is becoming a serious problem for the operators of the quarry. 
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The quarry north of the mills on the site of the old Morton 

C. Hunter quarry is being opened again, new floors are being 

stripped, and two new derricks are being installed at this point. 

In this quarry the upper layer of the stone has weathered very 

irregularly, owing to the fact that there is no covering of Mitchell 

limestone. The appearance of the surface of the rock isin marked 

contrast to the upper layers in the quarries already mentioned. 

Hunter Brothers’ mill and quarry, opened in 1893, are located 

about one-half mile north and east of the Consolidated Stone 

Company’s plant. The openings are made in the north side of 

a ridge that nearly crosses the valley at this point. The quarry 

is known as the ‘“‘Blue Stone” quarry and turns out a very good 

grade of blue stone. The stone is of very uniform grain, but is 

rather coarse. The surface of the Odlitic stone under the thin 

overburden of Mitchell limestone is comparatively smooth, and 

little waste stone has to be stripped off. The stripping consists 

of about 5 feet of sandy clay and about 3 feet of much weathered 

Mitchell limestone. The upper 5 feet of the Odlitic stone is 

waste and the average thickness of the working bed its about 30 

feet. This is taken out by 4 channel cuts. The upper 2 channel 

cuts are buff and mixed stone, but the lower beds of the quarry 

are of a very uniform blue color. There are a few vertical seams, 

but the beds are well suited for quarrying large blocks. 

The Star Stone Company’s mill and quarry, opened in 1895, 

are located about 100 yards east and south of the Hunter Brothers’ 

quarry. The workings are against the east side of the valley in 

its northeast corner. Three floors have been worked and a fourth 

is being stripped at the time this report is written (1914). Thirty 

feet of workable stone is obtained in four channel cuts. The 

stone turned out is a fair grade of mixed stone. The quarry face 

contains more blue than buff stone, but the line of parting 

between the two is very irregular. The upper beds uncovered 

by the hydraulic stripping are very uneven, and much waste 

stone has to be removed before the workable stone is reached. 
The stripping consists of about 8 feet of sandy clay, and the 

upper layers of the Odlite, which latter are much weathered. 

‘There are two or three deserted quarry openings in the valley, 

the largest being the quarry known as the Johnson quarry. This 

quarry was opened in 1892 by the Chicago and Bloomington 

Stone Company. It is located about one-fourth of a mile north- 

east of the old Hunter quarry. The stone at this point is very 

similar to that in. the Consolidated Stone Company’s quarry 
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nearby. The other openings that have been deserted are all 

small, the most important being the opening of the Hunter Valley 

Stone Company quarry, made in 1895, next to the Crescent. 

Bloomington District. There are at present (1914) in 

operation in the city of Bloomington and the surrounding country 

A large pile of mill waste at the plant of the Star Stone Company in Hunter 

Valley. This material could be used in a fine crusher without preliminary breaking. 

The pile in the background is quarry waste. 

7millsand 1 quarry. They areas follows: Central Odlitie Stone 

Company, with 1 mill; South Side Stone Company, with 1 mill; 

Nolan and Sons, with 1 mill; Hoadley Stone Company, with 2 

mills; Odlitic Stone Company, with 1 mill; Bloomington and Bed- 

ford Stone Company, with 1 mill and 1 quarry. 
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The Central Oolitic Stone Company was organized in 1890 

and the next year opened a quarry and mill on their property 

in the northern part of the city. The quarry did not prove a 

paying venture and was abandoned the following year. The 

mill has continued in operation since that time and is one of the 

oldest in this part of the stone district. A new mill building 

has been put up north of the old mill, and the traveling crane and 

the diamond saws are installed in this building, which is used at 

present for a loading shed. 

The South Side Stone Company’s plant is located two blocks 

west of the Monon railroad on West Second street. The plant 

is new and its equipment is up-to-date and in good order. The 

entire plant is electrically driven, and the owners feel that this 

form of power is very economical and satisfactory. 

The mill of Nolan and Sons is located in the southern end of 

the city along the Monon railroad. For a small plant this mill 

is very well managed and equipped. The plant has been in 

operation for three years. 

The Hoadley Stone Company has 2 very large and up-to-date 

mills in the city. They are both located in the southern end of 

the city along the Monon railway tracks. 

The Odlitic Stone Company’s plant is located on the rise of 

ground southwest of town. The mill is new and has its entire 

equipment driven by electrical power. The mill turns out a 

large amount of work in what must be called a very economical 

fashion. 

The quarry and mill of the Bloomington and Bedford Stone 

Company are located southwest of the city on the west side of the 

Monon railroad. The quarry is the only one in or around Bloom- 

ington that is at present (1914) in operation.. The grade of 

stone quarried is good and the amount in sight is sufficient for 

along run. The Odlite at this point is overlaid by several feet 

of Mitchell, and altho the stripping is rather heavy, the grade of 

the underlying stone is correspondingly good. Most of the stone 

quarried is buff and fairly coarse grained. The water supply at 

the quarry is inadequate and an effort is being made to hold the 

water with a small dam about 500 feet from the quarry. The 

water from this dam is pumped up into the old quarry working 

and from here the stripping pump can use it. 

A quarry was opened by the Chicago and Bloomington Stone 

Company early last year on the high ground southeast of the 

city, and a large floor was stripped for quarrying. Work was 

3 
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carried on at this point during the greater part of the summer, 

and a large amount of the upper stone was removed. The grade 

of the stone was not very good, and the heavy cost of the stripping 

caused the company to abandon the quarry, at least for the 

present. At this point the Oolitic stone comes to the surface 

without a covering of the Mitchell, and, as commonly happens 

in such cases, the seams are weathered to such a depth that the 

amount of waste stone is very great. 

Many other small openings in the city or close by have been 

made in the past, but none of them have proved a paying venture. 

The small openings have furnished much stone in the aggregate, 

but no one opening has put out any large quantity of building 

material. 

Clear Creek and Sanders District. Under this head are 

included the quarries and mills around Sanders as well as all the 

scattering mills and quarries in Monroe county south of Bloom- 

ington. This group includes 8 quarries and 10 mills, as follows: 

Chicago and Bloomington Stone Company, with 1 quarry and 

1 mill; Mathers Stone Company, with 1 quarry and 1 mill; 

Empire Stone Company, with 1 quarry and 1 mill; Reed Stone 

Company, with 1 quarry and 1 mill; National Stone Company, 

1 quarry and 2 mills; Indiana Coéperative Quarries Company, 

with 1 quarry; Woolery and Son, with 1 mill; Monarch Stone 

Company, with 1 mill; McMillan and Sons Stone Company, 

with 1 mill; John Torphy’s quarry, No. 18. 
The first quarry in the Sanders district was opened by the 

company known as the Odlitic Stone Company, in 1888, and 

was located a little more than a half-mile west of Sanders (com- 

monly known as Sanders or Saunders Station). ~The quarry is a 

part of the present openings of the Reed Stone Company. It 

was in this quarry that the stone for the Auditorium in Chicago 

was quarried. The next company to open a quarry in this part 

of the district was the Monroe County Odlitic Stone Company, 

organized in 1889, which opened the Adams quarry and erected 

a mill just west of the Reed quarry. These openings were fol- 

lowed in 1891 by the Bedford Quarry Company east of the Reed 

quarry, the opening now being part of the Reed quarry. In 

1892 the Empire Stone Company followed with a quarry north 

of the Reed quarry. The opening of this large productive area 

was a great boon to the industry and marked a new era in the 

business. Probably no district covers a wider productive area 

than the one along Clear Creek and about Sanders, since the 
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stream valley at this point cuts southwestward into the outcrop 

and the stone is available along the entire valley as well as along 

the front of the outcrop. The number of favorable locations 

still unworked here is probably greater than in any other part 

of the stone belt. The surface of the land is more level here than 

farther north and the openings can be made more extensive 

v y 
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Looking north across the quarry of the Chicago and Bloomington Stone Company 

at Clear Creek. Theold quarry floors have here been utilized for the disposal of the 

quarry waste. This waste is in a position where it could be easily recovered for the 

manufacture of fertilizing material. 
‘ 

without encountering so much stripping as to make the opera- 

tion of the quarry unprofitable. The new railroad line down the 

valley has opened up a large area of stone and a greater develop- 

ment is looked for in the western part of this area. 

The quarry and mill of the Chicago and Bloomington Stone 



36 Indiana University Studies 

Company are located about three-fourths of a mile northwest 

of Sanders and about 15 miles southwest of Clear Creek. The 

quarry has been in operation for some time, and the opening has 

been extended over a large tract. The company stopped work 

in the quarry here on opening a new quarry just southeast of the 

eity of Bloomington, but later in the summer of 1913 when the 

Looking across the ‘‘grout’’ piles in the quarry of the Mathers Stone Company. 

The mill at the right is the mill of the same company, and the one at the left is the mill 

of the Chicago and Bloomington Stone Company at Clear Creek, Ind. 

latter opening proved an unsuccessful venture, the company 

began stripping to the west of the old quarry opening and is at 

present (July, 1914) working a large floor there. The stripping 

on this new floor is rather heavy, consisting of about 20 feet of 

earth and the upper 10 feet of the Odlitic stone, which is waste. 

The channelers are at present at work on the second floor, and 
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the thickness of the stone is not shown, but about 35 feet is ex- 

pected. The seams running east and west are badly opened since 

there was no covering of stone to protect the Odlitic stone from 

weathering. The north and south seams are not so well developed, 

but one deep seam in this direction causes much waste and ex- 

tends to a great depth, in fact below the present opened floor. 

The stone is rather coarse in grain, but it is comparatively uni- 

form and very few large-sized fossils are present. The indica- 

tions are that most of the stone will be buff. 

The water supply of the mill and quarry is very small. The 

water is pumped thru about a mile and three-fourths of 23-inch 

pipe from Clear Creek, and the pump has to be run night and day 

to supply the workings in both this quarry and the Mathers 

quarry which adjoins it. The company is equipped for hydraulic 

stripping, but the water supply is inadequate for the pupose. 

A floor has been stripped in the southern part of the opening and 

a derrick erected, but no work was going on on this floor in 1914. 

The mill of this company is located just north of the quarry 

opening on a switch of the Monon railroad. 

The quarry and mill of the Mathers Stone Company are 

located just east of the quarry of the Chicago and Bloomington 

Stone Company, and the two openings join each other. The 

opening at this point was made in 1895, but has not been continu- 

ously in operation since that time. The company.is at present 

working on 2 floors, one at the extreme end of the old opening, 

and the other along the east side of the old floors. The land 

at this point slopes gently to the north and the drainage is in that 

direction; but in spite of this fact the north and south seams are 

but shghtly opened, while those extending east and west are 

very greatly weathered. The south opening is nearly worked out. 

The stone is taken off in 4 floors, giving about 40 feet of good 

stone. The lower course is blue and the second floor is mixed 

while the top floors are all buff stone. The stone is of good quality, 

but contains quite a large number of fossils, which make the grain 

appear rather uneven. The color of the buff stone is very light, 

but it is of coarse grain. The stripping at this point consists of 

about 5 feet of residual clay and about 15 feet of waste stone, the 

top layer of which is Mitchell. Another opening northeast 

of this floor along the east side of the depression in which the 

quarry is located has been made and the channelers are at work 

on the second floor, but the stone is in large part waste on account 

of the fact that there is no protective layer of bastard stone over 
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the Odlite, and consequently the latter has weathered to a great 

depth. The seams are numerous and reach to a depth of 2 to 

3 channel cuts. The residual soil fills these wide seams and 

causes much labor in its removal. All the stone exposed is buff 

and of shghtly finer grain than that taken from the other opening. 

The stripping consists of 8 feet of earth and the upper 10 feet of 

the Odlitic stone. The first bed below this waste is so penetrated 

by seams that a large amount of it is waste. This floor was not 

being worked at the time of the last visit in August, 1914. 

The mill of this company is located just north of their quarry 

and is one of the older mills of this district. 

The Empire quarry and mill are located a little more than 

half a mile northwest of Sanders. This company began operations 

in 1892, but has not been running all the time since, having had 

several shut-downs. The mill was built in 1904 and since that 

time has turned out a large amount of work. The stone at this 

quarry is very well protected by the overlying stone and a very 

thick bed is worked, in some places amounting to as much as 

55 feet of good stone. The stripping consists of about 5 feet of a 

sandy clay and 10 feet of Mitchell limestone; the overlying stone 

is very closely knit and but little water has penetrated to the 

underlying stone so that the seams are but little weathered. 

The stone is taken out in 6 channel cuts of which the upper 4 

cuts are buff, the next one mixed, and the lowest blue stone. The 

stone is rather coarse grained, with the grains very uniform in 

size. The company is at present working in the southeastern 

corner of their property along the boundary of the property 

of the Reed Stone Company. 

The mill of this company is located at the north side of their 

quarry opening. 

The Reed Stone Company’s quarry and mill are located just 

south of the Empire quarry. The quarry was the first opened in 

this part of the district. It was first opened under the name of the 

Odlitic Stone Company in 1888 and was purchased by David 

Reed in 1890. The mill began operations in 1895 and a new 

quarry opening was then made farther north. Another opening 

was made just east of this quarry under the name of the Bedford 

Quarry Company in 1891 and was consolidated with it in 1900. 

The present operations (August, 1914) are being carried on south 

of the old opening of this company. The present stripping 

- consists of about 8 feet of dirt and about 20 feet of very hard 

Mitchell limestone. The surface of the Odlite under the Mitchell 
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is very even and a channeler can begin work without much smooth- 

ing. About 35 feet of very good stone is taken out. Most of 

the stone is blue, in fact only the top can be called buff stone. 

The channelers in the quarry are driven by compressed air from 

the power-house at the mill. Another floor farther west has been 

opened, but the work on this floor has been stopped because the 

grade of the stone at this point is not so good as it is on the main 

floor. The main floor is remarkably free from seams and conse- 

quently the amount of waste stone is not large. This company 

An old quarry floor filled with waste. 

also has a mill at Bedford, a mill at Reed’s station, and a quarry 

at Peerless. Much stone has been discarded at this quarry 

and most of it is in available position. At present it is being 

discharged into the worked out floors of the “old Fquarry. The 
waste stone will represent less than 32 per cent of the solid. ‘cut 

on account of the absence of weathered-out seams. 

The Adams Brothers Company’s mill and quarry areflocated 

just west of the Reed mill and quarry along the west side of 

the depression. The quarry was opened in 1889 under the name 

of the Monroe County Odlitic Company, and has been in active 

operation ever since. The stone from this quarry is of a very 



AO Indiana University Studies 

fine grain and uniform texture. About 8 feet of earth is being 

removed by hydraulic stripping, and under this there is about 

18 feet of Mitchell limestone which acts as a protective covering 

for the underlying stone. The stone is being taken out in 4 

floors of about 10 feet each. The quarry has very few seams, 

and those that are present extend east and west. The stone is 

The waste piles of the National Stone Company’s quarry at Clear Creek, Ind. 

In this case the waste has been stored well back out of the way of future operations. 

about half and half buff and blue, with a comparatively straight 

line between the two. The mill is one of the old type, having 

stood since 1889, the time of the opening of the quarry. 

The National Stone Company quarry and mills are located 

about a quarter of a mile west of the Adams quarry. There 

is quite a rise of ground between the two quarries, and the National 
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is on a switch which comes up the valley of a small branch of 

Clear creek from the new belt line. This quarry was opened in 

1901, and has been in continuous operation ever since. The 

quarry is one of the largest and most up-to-date in the district. 

The stone from this quarry is a medium coarse stone of very uni- 

form grain and is very free from seams in the bed. At present, 

work is in progress on two beds along the southern edge of the 

quarry opening. There are 5 floors or about 50 feet of good stone. 

Three floors are buff, one mixed, and the lower floor is blue stone. 

The stripping consists of about 6 feet of sandy loam and about 

5 feet of the overlying limestone. The surface of the Odlite is 

comparatively smooth, and but little waste in the quarry results 

from mud seams, especially on the east floor. Of the two, the 

west floor is much more seamed, owing to the fact that the over- 

lying limestone is not present and the upper surface of the Odlite 

has been much affected by weathering. 

In the west opening the stone is not as thick as in the east 

opening, for the upper floor is almost all waste and much of the 

second floor is lost owing to mud seams. The seams all run 

east and west. The company is about to install a new electrical 

equipment for the entire plant. 

The quarry of the Indiana Co6éperative Quarry Company 

known as the Red Hog quarry is located southwest of the National 

quarry on the opposite side of the depression and across the 

Bloomington-Bedford pike. The quarry was not in operation 

in August, 1914. The stone at this point is under a rather heavy 

overburden and is cut by a considerable number of seams. The 

stone taken out is fine grained and of uniform texture, and is 

overlaid by about 8 feet of dirt and about 10 feet of waste stone. 

The Clear Creek mill of the McMillan Stone Company built 

in June, 1904, is located about 2 miles southwest of the Clear 

Creek station and about one-half mile northeast of Victor. This 

company has interests at Peerless and also in Bedford. The 

mill is one of the most up-to-date in this section. There are 

several abandoned quarries near this mill, but the grade of the 

stone is not high and the amount of waste stone encountered in 

the quarries made it more profitable to secure the stone elsewhere. 

The old Crown quarry is just south of the mill, and the Eagle 

and the Clear Creek quarries are east of the mill. 

The quarry known as Quarry No. 18, located one-half mile 

southeast of the Victor postoffice, was first opened by the Johnson 

and Mathews Stone Company of Bloomington in 1897. It was so 
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named on account of the fact that it was located on the site of 

the eighteenth drill core taken out in this vicinity. The stone 

les at the very top of the hill overlooking the creek and so but 

little overlying stone has to be removed. The stone is very 

coarse grained and all of a buff color. The mill is at present 

owned and operated by John Torphy of Bloomington. At the 

time of my last visit the quarry had been leased, and is operated 

by another company. The stripping consists of about 8 feet of 

earth and about 10 feet of Mitchell limestone. The salable 

stone is taken off in 5 channel cuts and there are about 50 feet of 

good stone, but the number of seams present causes a large amount 

of the stone to be rejected as waste. The fact that the stone is 

so far above the drainage level accounts for the seams being 

weathered to so great an extent. 

Woolery and Son have opened a small mill on their farm 1 

mile southwest of Clear Creek. 

The plant of the Monarch Stone Company of Clear Creek 

is located about 13 miles south of the Clear Creek station, on 

the switch leading to the National quarry. The company owns 

stone land and a mill, but at the time of my visit they were 

doing no quarrying. The mill is an open mill of the old type 

and was built in 1902. 



CHAPTER: V 

LAWRENCE CouNTY 

General Description. The stone industry operations in 

Lawrence county differ quite notably from those in Monroe 

county. The size of the quarry openings and the size of the mills 

is generally greater, and the work is carried on on a much larger 

scale. There has been a tendency toward consolidation of owner- 

ship in this district, not seen in the northern part of the stone belt. 

The operators of this district have been more ready to adopt 

new methods and more up-to-date machinery, and, as a result, 

the district as a whole appears to be more advanced than the 

Monroe county district. Altho the first openings were made in 

the northern end of the district, the southern end was opened 

very soon afterward, and in a short time it had surpassed the 

northern end and has ever since kept its leadership. The Bed- 

ford district saw the first electrical power; and the first diamond 

saws and first electric channelers were put in use in the Bedford 

quarries. The labor question has grown to greater proportions 

in Lawrence county, and several attempts at organization have 

been made. There is at the present time a well-organized labor 

union. 

The stone operations of Lawrence county are all located close 

to the city of Bedford. Several mills are located in the city, but 

the quarries are from 2 to 5 miles outside the corporation limits. 

The majority of the mills and quarries are reached by the Monon 

railway, either by its main line or by the Switz City branch. 

Several others are on the Southern Indiana and the Baltimore 

and Ohio Southwestern Railroad. 
The stone in the different districts varies extensively in color, 

texture, thickness, hardness, and coarseness. The kind and 

amount of stripping varies thruout the district, but there is a 

tendency for the stone to appear higher on the hillsides, the 

farther east the quarry is located. 
The first developments of the lime and crushed stone industries 

were located in the Horseshoe and Odlitic district. The Ohio 

and Western Lime Company has 6 kilns at the old P. M. and B. 
quarry, now the property of the Indiana Quarries Company; 

and the Indiana Products Company has a crushed-stone plant 

in the town of Oolitic. 

(43) 
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Peerless District. Peerless* is about 4 miles north of Bed- 

ford on the main line of the Monon railroad. The quarries lie 

on the hill about half a mile east of the station. The first quarry 

opened in this district began operations in 1890 on the bluff 

southeast of Salt Creek, and is still operated by the Reed Stone 

Company. The quarry opening is located at the top of a north 

and south ridge, and the stone is not protected by any overlying 

formation. Asa result, the upper bed of the Odlite is very much 

weathered. Some of the seams are weathered to a _ great 

depth. These weathered seams run both north and south and 

east and west. Both sets of seams are open because the quarry 

hes in such a position against the hill that the land has had a 

drainage both to the north and to the west. Some of the larger of 

these seams penetrate to the bottom of the workable bed. Much 

waste stone results from these greatly weathered seams, and the 

cost of quarrying this waste stone is practically as great as the 

cost of stripping a comparatively thick bed of Mitchell where 

the latter is present. The rock at this point is overlaid by about 

4 or 5 feet of a residual clayey loam. The loam fills the fissures 

in the rock and necessitates much labor in its removal from the 

quarry workings. The fact that both sets of seams are weathered 

makes channeling difficult and the benefit of this stripping is more 

than counterbalanced. 

The stone is fairly uniform in texture and grain, and practically 

no blue stone was seen in the opening. There is a slight tendency 

toward cross-graining in the stone, but not enough to interfere 

with the work or in any way to hurt the value of the stone. Three 

floors were being worked (July, 1914), but a large amount of the 

top floor was rejected. The thickness of the opened bed did not 

exceed 28 feet. The surface of the rock was very uneven, and 

much leveling was necessary before the channelers could be placed 

in operation. Much waste stone is stacked about the quarry 

and its disposal is becoming a difficult matter. 

About 100 yards directly east of the Reed quarry is the opening 

of the W. McMillan and Sons’ quarry. The opening is a large 

one and much good stone is being taken out. The workable 

bed in this quarry is thicker than in the quarry farther west. 

The bed of good stone is about 44 feet thick and is taken out in 

5 floors. The lower 33 floors contain much blue stone, and the 

irregularity of the dividing line is responsible for quite a quantity 

*Often called Peerless Station. 
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of mixed stone. The stripping consists of about 6 feet of red 

clayey loam, which has resulted from the disintegration of the 

limestone, and the upper channel cut which is also rejected as 

waste. The work is being carried on on 4 separate floors and a 

new one is being stripped. 

The Peerless mill of the same company is located just east of 

the quarry opening and is operated in connection with the quarry. 

This mill is very well equipped, and was running full time when 

visited. 

The third quarry of the Peerless district is the property of the 

Ingalls Stone Company of Bedford and is located on the site of 

the old Thornton quarry, about a quarter of a mie southwest 

of the quarries of the Reed Stone Company and the McMullan 

Stone Company. This is about a quarter of a mile southeast of 

Peerless. The stripping :n this quarry is heavier than in the 

other quarries, but no Mitchell limestone appears on top. The 

thicker layer of stripping gives few seams, but still many north 

and south seams as well as east and west ones are present. There 

is a layer of impure Oolitic limestone along the west side of the 

quarry that acts as a protection to the underlying stone. The 

bed of workable stone at this point is about 38 feet thick and is 

taken off in four channel cuts. The stone is all a fine-giained 

buff stone, but in some places there is a marked cross-bedding. 

This quarry was first opened in 1895 by the Bedford Steam Stone 

Works. The quarry is equipped thruout with electrical ma- 

chinery, and power is purchased from the Southern Indiana 

Power Company. The company is called the Indiana Limestone 

Company. The present opening is north and east of the old 

opening and the stone is thicker and less seamed than in the old 

quarry. The stripping consists of 10 feet of earth and the upper 

10 feet of waste stone. The ground slopes to the north and west 

so that both sets of seams are developed. 

Horseshoe and Oolitic. About a mle due west of the 

quarries at Peerless and across the Valley of Salt Creek, a high 

ridge stands out above the valley. This ridge is known as Buff 

Ridge and the quarries located along it are sometimes known as 

the Buff Ridge quarries. These quarries are among the largest 

and oldest in the entire district. The most northerly opening 

is the quarry of the Furst-Kerber Company with their mill No. 

2 located at the same place. The quarry has been in operation 

only a few years, but in spite of this fact a large amount of stone 
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has been taken out. The thickness of the workable stone is 

about 45 feet and it is taken out in 5 channel cuts. The stripping 

consists of about 10 feet of earth and about 5 feet of the over- 

lying Mitcheli limestone. In addition to this, quite a large 

amount of the first floor is spoiled by mud seams which are very 

pronounced in an east and west direction, which represents the 

general drainage slope. A large quantity of clayey earth has to 

be removed from the quarry working on account of the large 

mud seams which penetrate the beds to a considerable depth. 

The stone is quite coarse in gra'n, but very uniform in texture 

and color. Practically the entire output of the quarry is a good 

grade of buff stone. As the quarry working is opened farther 

west, the blue stone begins to appear, and if the work is carried 

still farther west a large quantity of mixed and blue stone may 

be looked for. The stripping is constantly growing heavier, 

and as the opening goes farther back into the hill, the disposal 

of this waste stone will be a serious problem. The quarry has a 

complete outfit of electrical equipment and the work is carried 

on in a very up-to-date manner. The old power plant burned 

down late in March, 1914, and the new plant had been in opera- 

tion but a short t.me when the last visit was made. This plant 

represents the best practice in the district, and the use of ail 

forms of recording instruments aids the engineer in getting the 

best possible results from his machinery and in detect.ng any 

unnecessary loss. 

The Furst-Kerber Mill No. 2 is located by the quarry of the 

same company and is one of the best-equipped mills in the dis- 

trict. 

The next of the ridge quarries is the old P. M. and B. (Perry 

Mathews and Buskirk) quarry, at present the property of the 

Indiana Quarries Company. This is one of the oldest as well as 

one of the most famous quarries in this part of the State, and 

indeed in the United States. It was opened in 1889 and has been 

in operation ever since. It is located 1 mile north of the village 

of Oolitic and about 34% miles northwest of the city of Bedford. 

The hill quarries are connected by a switch with the Monon 

railroad at Horseshoe. This quarry opening is the largest in 

the Odlitic stone belt of Southern Indiana. The quarry at one 

time consisted of a number of separate openings, but the floors 

have been extended till they have joined and the new floors have 

been extended north of the old openings. The Hoosier quarry, 

opened in 1885, is a part of the worked-out quarry, as is also the 
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old Buff Ridge quarry, opened in 1891. At present the work is 

being carried on on 5 separate floors at different parts of the 

quarry. The workable stone is in most parts of the quarry 

about 50 feet thick, but this thickness varies with the location 

and amount of stripping that is taken off. The number of seams 

present is small and the new floors which are being opened under 

a thicker cover of the Mitchell limestone are quite free from any 

open mud seams. The bulk of the stone quarried is buff, but the 

Waste piles in the P. M. and B. quarry of the Indiana Quarries Company at 

Buff Ridge. The amount of waste stone taken out in this quarry is probably greater 

than in any other quarry in the belt. Some of the waste is at present utilized in the 

manufacture of lime. 

amount of blue increases as the openings are carried to the west 

and north. The grain of the stone is uniformly fine, altho there 

are places where a more erystalline and coarser stone appears. 

The stripping varies in different parts of the quarry but on the 

north side of the old workings where a very extensive new floor 

is being opened the covertng consists of about 8 feet of clayey 

loam and 25 feet of Mitchell limestone. The top of the Odlite 

under this thick cover is very even and the channelers can operate 
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on it without difficulty. The overburden of rock at this quarry 

is being removed by means of churn drills, explosives, and a 

steam shovel, the only place in the stone district where such a 

method is followed. In many places where the two formations 

are closely knit the explosives would tend to injure the underlying 

stone; but in this quarry the effect on the underlying Odlitic 

stone of the use of explosives in removing the Mitchell does not 

appear to be serious. The waste removed is dumped into the 

Looking northeast in the P. M. and B. quarry of the Indiana Quarries Company. 

This view shows how the storage of the waste stone often interferes with the quarry 

operations when the quarry is to be enlarged. 

old workings by means of a dinkey engine and dump ears. This 

method solves the problem of waste disposa!, but the waste could 

not easily be recovered for use if it were ever to become of value. 

Probably there is no quarry in the district where more waste 

is to be seen piled about the openings, but some of this vast 

amount of rock is at present being utilized for the manufacture of 

lime by the Ohio and Western Lime Company, which has 4 

kilns in operation in the old workings of the quarry. The waste 

is turned over to the lime company at 15 cents per ton, the quarry 

company furnishing derrick and switch connections for the lime 

company. Two churn drills and a 90-ton Bucyrus steam shovel 
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with the necessary dump cars are kept constantly at the work 

of stripping new floors. The openings probably cover 50 acres 

and the large number of switches laid gives the quarry the ap- 

pearance of a small railroad yard. 

The Hoosier Quarry. About a half-mile west and south of 

the P. M. and B. quarry and over a low ridge of hills lies the 

Hoosier quarry, also the property of the Indiana Quarries Com- 

pany. This quarry is probably the oldest in the district to remain 

in active operation to the present time. It was opened in 1879 

and has been the property of several different companies since 

that time. This quarry also consisted of a number of openings 

that have since run together. The stripping here is hghter than 

in the other quarry, but the thickness of the valuable stone is 

less, the floors at present operated not giving over 35 to 38 feet 

of good stone. The stripping consists of about 8 feet of earth 

and a thin edge of the Mitchell limestone. The seams in the 

quarry are developed in both directions but only the east and 

west ones are widely opened by weathering. The upper surface 

of the Odlite in this quarry is very irregular and much of the 

upper layer is rejected as waste. The stone quarried is a fine- 

grained buff stone. The blue stone comes in at the bottom of 

the quarry, but the opening is so far above the valley drainage 

that the amount of blue stone is very small. 

The company has 2 large mills in connection with this quarry, 

one located near the center of the working and the other, a new 

mill, at the southwest end of the workings near the town of 

Oolitic. The old mill of the company, located near the central 

part of the present quarry opening, is built of stone. It has not 

been in operation for the past two years. This mill is one of the 

few mills where wire saws are still in use in the district. The 

only other company using them is the McMillan Company in 

their mill at Peerless. These saws consist of a cord of twisted 

wire drawn tightly over pulleys. The quarry blocks to be cut 

are placed in a row in line with the stretched wire and the pulleys 

force the wire down on the stone while a line shaft drives the 

pulleys. ‘The cuts made in this way are not as regular as those 

made by other types of saws because the wire tends to be forced 

out of a straight line as it encounters rock of varying hardness. 

The consumption of power by these saws is small, but their rate 

of cutting ts slow. 

The Reed Stone Company has had a mill in operation at 

4 
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Reed’s Station for a number of years but at the present time 

(1914) the mill is shut down, and a large amount of the 

machinery is being removed to their plant at Bedford. The 

company wul probably not reopen this mill, since the work can 

be carried on more economically in a larger plant, and they will 

probably center their interests at the Bedford plant. 

There are a number of abandoned quarry sites tn and around 

Reed’s Station, but no active quarries at this time, and the out- 

look for opening any at this point is not bright. This dis- 

trict was first opened by David Reed in 1882, the first quarry 

operating under the name of the Bedford Quarry Company. 

Another opening was made in 1885 by Crim Duncan and Com- 

pany, and was-known as the Robin Roost quarry. All these 

properties were located on the west side of Goose creek and well 

above the water level. The stone quarried was a good grade of 

buff stone, but as the quarry face was worked back into the hill 

the cost of stripping became so great that it became necessary 

to abandon the undertaking. 

The mill of the Indiana Bedford Stone Company ‘:s located 

just west of the village of Oolitic, across Goose creek. It is one 

of the older mills of the district and has been !n operation since 

the Robin Roost quarry near it was opened in 1885. The present 

company has operated the mill since 1894. The old quarry has 

long been abandoned, but the mill is still in operation and has 

just been equipped with electric motors. 

Dark Hollow. Dark Hollow is a depression running north- 

west from Salt Creek valley where it makes a sharp turn west 

between the village of Oolitic and the city of Bedford. It ts 

located about 21% miles west and about the same distance north 

of Bedford, making the quarry belt about 6 miles from the city. 

The location is ideal for quarries, inasmuch as the Harrodsburg 

stone outcrops in the very lowest portions of the valley, while the 

Mitchell covers the hilltops around the depression. The Odlitic 

limestone outcrops along the sides of the hills and it is along these 

outcrops that the quarries are located. The stone opened up in 

this valley is remarkable for its fine grain and extremely light 

color. The finished stone is so light that at a distance it looks 

white. The valley is occupied by two companies, the Consoli- 

dated Stone Company, holding most of the openings, and the 

George Doyle Stone Company, holding two openings along the 

southwest wall of the hills; and this has tended to spread the 
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workings along the hillsides until the valley is practically sur- 

rounded with workings. 

The Consolidated Stone Company’s quarries are all located 

along the northeast side of the “hollow” and are very extensive. 

Work had been done on three ledges, at the time of my visit, 

and several more ledges were either in the process of opening or 

were partly worked out. The amount of waste stone around the 

openings tends to hamper the work, and at one point a very 

A view in the quarries at Dark Hollow, Ind. These quarries have been in opera- 

tion a long time and a large quantity of waste stone has accumulated. 

large heap of waste that had been piled on the hillside was being 

rehandled to make room for the opening of a new floor. It 
would be good business policy for the company to install a cable- 

way and stack the waste in the lower part of the valley. The 

valuable stone is about 40 feet thick at this point, and the strip- 

ping consists of about 10 feet of earth and about 8 to 12 feet 
of Mitchell limestone. The stone is removed in 5 channel cuts 

on most of the floors, altho on one floor but 4 cuts were made 

and about 35 feet of good stone was removed. The upper sur- 

face of the Odlite is smooth and the amount of the stone that must. RAN 



52 Indiana University Studies 

be rejected as waste is small. The stone is uniformly fine grained 

and the larger part of it is a very light buff. A small amount of 

blue stone appears in the lower beds, especially if the floor is 

near drainage level in the valley. The line of meeting of the 

buff and blue stone is more regular than usual and the amount 

of mixed stone is consequently small. The quarries are all 

electrically equipped. The north floor is taken off in 5 

channel cuts, making about 40 feet of good stone. The 

stripping consists of about 13 feet of earth and from 4 to 6 feet 

of limestone. The upper floor is mostly waste. The 2 lower 

floors show traces of blue stone. The next opening southeast 

of this is 6 channel cuts deep and the grade of the stone is better. 

The 2 lower floors are to a large extent blue, and the line joining 

the buff and blue stone slopes up to the east at an angle of about 

25 degrees. This slope is in the same direction as the slope of 

the hill. The stripping here is thicker, reaching as much as 14 

to 16 feet of Mitchell limestone. Hydraulic stripping is carried 

on on these floors. The upper bed of the rock is much seamed, but 

the seams do not penetrate deeply. The east and west seams are 

the most prominent, but this can usually be accounted for by 

the direction of the drainage slope. Stripping thruout the 

quarry is done by means of a large pump located on Salt creek 

one quarter of a mile east of the quarries. The pump is one of 

the largest in use in the district, and the water leaves the pump 

under a pressure of 160 pounds per squ re inch. 

The Consolidated mill is located along the west side of the 
valley near the quarry. It is a mill of the old type with open 

yard. 

The other company operating in the valley is the George 

Doyle Company, of New York. Their quarry, which is worked 

well back into the hill on the southwest side of the valley, has 

about the heaviest stripping seen anywhere in the stone belt. 

The overburden consists of 6 feet of clay, 6 feet of coarse blue 
limestone, 8 inches of shale, and 22 feet of Mitchell limestone. 

The quarry shut down in May, 1914, and all the work in progress 

in July, 1914, was a small amount of hand scabbling. There 

is about 50 feet of good stone in the quarry, half blue and half 
buff, but the heavy overburden makes its development expensive; 

the stone is taken out in 6 (sometimes 7) channel cuts. It is 

very free from seams or waste rock. 
The superintendent says that the older workings have at 

Jeast 35 feet of hard stone stripping, which is more than 1s 
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worked at any other point in the district. The newer openings 

farther north have less stripping, but the thickness of the stone is 

considerably less. 

Bedford District. The city of Bedford has long been the 

center of the Indiana limestone industry. It is located near the 

center of the older part of the stone belt and at the present time 
is the home of more stone mills and handles more cut stone than all 

the rest of the stone belt. 

Three quarries and 18 mills are in active operation in and 

around the city. They are as follows: Ingalls Stone Company, 

MeLaren Mill; Ingalls Stone Company, Main Mill; Reed Stone 

Company, Mill ‘“‘A’”’; J. P. Falt Stone Company; Ingalls Stone 

Company, Climax Mill; John Rowe Cut Stone Company; Furst- 

Kerber Stone Company; Shea and Donnelly; Bedford Cut Stone 

Company; Bedford Steam Stone Works; Indiana Quarries Com- 

pany, Salem Mill; Henry Strauble Stone Company; Morton 

Brooks Stone Company; Consolidated Stone Company; W. 

McMillan and Sons Stone Company, Hoosier Mill; Bedford 

Stone and Construction Company; Stone City Cut Stone Com- 

pany; E. F. Giberson and Company; Bedford Stone and Con- 

struction Company, Quarry; Imperial Stone Company, ‘‘Blue 

Hole Quarry”; Norton Stone Company, Quarry. 

All the mills mentioned above are located in the city of Bed- 

ford and are grouped along the railroads. There are 3 quarries. 

The Bedford Stone and Construction Company’s quarry is 

located about 2 miles east of the city. The same company 

operates a mill at the edge of the city. The quarry yields 4 

floors of a fine grade of stone. In all, 54 feet of usable stone 

is being removed. Half of the lower floor is of blue stone, but 

the line of parting of the buff and blue stone is fairly regular so 

that only a small amount of mixed stone results. The stripping 

consists of about 5 feet of dirt and 2 feet of much disintegrated 

Mitchell limestone. The mud seams are not opened badly by 

weathering at this point where the present operations are going 

on. There appears to be a large amount of good stone in sight and 

a great amount of good stone is still available in the quarry. 

The quarry operated by the Imperial Stone Company is 

the quarry that has always been known under the name of the 

“Blue Hole” quarry. It is located in the eastern edge of the 

city of Bedford. ‘Tiis quarry is one of the oldest quarries in the 

stone belt. It was first opened by Nathan Hall in the early ’six- 
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ties. The good stone is rather thin at this point, altho the new 

opening is not cut thru to the bottom of the workable stone as 

vet. The present floor has light stripping along its western edge 

where the stone is overlaid by but 5 feet of dirt. At the 

extreme eastern edge of the opening the Mitchell limestone has 

reached a thickness of about 20 feet. Two floors have been 

removed and most of the stone is blue in color. 

The quarry of the Norton Stone Company is located about 2 

miles southwest of Bedford. This quarry was first opened in 

1888 by Cosner and Norton, and has been in operation most of 

the time since. The stripping consists of about 5 feet of dirt 

and about 15 feet of waste rock. About 40 feet of stone is taken 

out. The quarry ts more than half blue stone, but the line of 

parting ts regular, so that but a small amount of mixed stone 

results. 



Part III. Quarry Economics 

CHAPTER VI 

POWER AND MACHINERY 

General Discussion. The quarry industry as carried on 

in the Odltic l:mestone belt of Southern Indiana offers a_ fertile 

field for research long the lines of increased economy in produc- 

tion. The first tendency of unthinking people ts to feel that 

whatever other of our natural resources need conserving, this is 

surely not necessary in the case of building stone. The popular 

belief is that building stone and building materials are unlimited 

in amount or at least as abundant as the rocks of the earth’s 

crust. This is far from true because some rocks are totally unfit 

for building materials, and many more, altho used in quantities, 

are not ideal building stones. 

Altho the stone industry is one of the very oldest, in fact the 

first industry mentioned in history, still its development has pro- 

gressed more slowly than almost any other of our great industries, 

and today it is carried on along much the same lines that have been 

followed for decades. The early operators who began produc- 

tion of building stone in this district introduced very wasteful 

methods, feeling that the supply of first-grade stone was un- 

limited. At that time the abundance of material, its cheapness, 

and the narrow field of the output made it necessary to take 

out only the best stone. There has been a tendency to retain 

these methods to the present time, and it is only in the last few 

years that a more careful study and a broader knowledge of 

conditions has shown the fallacy of this practice. The amount 

of first-grade buff stone in sight is very limited, and the produc- 

tion of a sufficient quantity to meet the increasing demand for 

this high-grade building stone is becoming a serious problem to 

the quarry men and mill operators of the district. 

‘The problem of transporting the stone long distances has 

always been a deterring factor in the broadening of the industry, 

and has tended to confine the interest of the operators to a small 

section of the country. 

As railroad transportation facilities in this country have in- 

creased, the market for the output of Odlitic limestone has been 

(55) 
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extended, and today the stone is carried to all parts of the country, 

some of it even being exported. The growth of the output has 

not been followed by a corresponding development in the methods 

of production. The tendency of the operators in this district 

has been to continue with the old methods and machinery. 

Only the growing demand for a fine grade, easily workable stone 

has caused the operators to realize that there are possibilities of 

development which might be attained by a careful study of the 

industry, far in advance of the methods now in use. Within 

the last few years competition has become so keen that the 

operators are at present confronted with the alternative of 

decreasing the cost of output or giving up the more distant 

markets. The cost of production can be lowered only by more 

careful handling of the waste products and by a lower cost of 

power. The more progressive operators of the district have 

begun to realize the wastefulness of present methods, and are 

trying to introduce more up-to-date and efficient methods. 

The Southern Iadiana stone belt is blessed with large deposits 

of one of the best known and most valuable building stones in 

the United States. The stone has all the requirements of a 

perfect building stone. In structure, composition, color, durabil- 

ity, ease of quarrying and dressing, and in fact all the properties 

that go to make up an ideal building stone, it ranks among the 

best in the world. One of the many properties which tend to 

make the stone popular with the building trade is the fact that 

when first taken from the quarry the stone is very soft and easily 

workable, but upon exposure tends to become hard and very 

resistant to the elements. The stone is easily carved and will 

retain the carving in a good state of preservation longer than any. 

other stone of equal softness. 

The principal losses accompanying the production of building 

stone in this district may be grouped under four heads as_fol- 

lows: (1) losses incident to the production and use of power; 

(2) losses of second-grade stone, due to the present methods of 

grading; (3) losses of lime, cement, and fertilizing materials; 

(4) losses of human labor. 

Probably the largest loss, taking the district as a whole, is 

that resulting from the present methods of power generation and 

distribution. This loss may be due to any one of the following 

causes: inefficient’ power-plant equipment, out-of-date methods, 

and obsolete machinery. The methods at present in use are 

very wasteful. This condition is in part the result of the prox- 



Mance: Quarry Industry of Southern Indiana 57 

imity of the stone belt to the coal fields. The price of coal is so 

low that little care is practiced in conserving it. If the price of 

coal had been higher in the district, this sort of waste would have 

been done away with much sooner. 

The value of a treatise on the question of power generation 

lies in its ability to suggest methods of saving money for the 

owners by improving the methods of operation and increasing the 

efficiency of the equipment. The fundamental object of any 

power plant is the conversion of energy from one form into 

another at the least possible ultimate cost. This involves not 

only the cost of converting the energy into the form desired, but 

also the cost of the distribution and application of the energy. 

The most efficient plant thermally in the conversion of energy 

from one form to another is not necessarily the most economical 

commercially, since the various other items involved in effecting 

this transfer may more than offset the gain over a thermally less 

efficient plant. Competition or a desire to increase the profits of 

production makes every progressive operator watch for ways and 

means of reducing the cost of his product. The primary object 

of this study is to outline as thoroly as possible the present practice 

thruout the district, and, wherever possible, to suggest methods 

for betterment. The criticisms may seem severe in some cases, 

but they are only made where justified, and then only 

with a view of making the operators see the wastefulness of their 

methods. The cost of power is a non-productive factor and fre- 

quently runs so high that it endangers and sometimes actually 

destroys the profits. Few managers and operators have the 

time or the inclination to go deeply enough into the subject. of 

power generation to judge rightly the returns from power costs. 

In 9 out of every 10 mills and quarries of this district the cost of 

power is above what it could be made with a little careful over- 

sight of this large factor in the expense account. Even with 

present equipment a marked saving could be made by more 

careful management and a closer oversight. 

Present Practices and Machinery. The power problem 

of the Southern Indiana quarry district can be best understood . 

by first familiarizing ourselves with the methods now in use for 

the production of power. 

The buildings in use for the housing of the power-producing 

machinery in the district are in most cases temporary wooden 

structures. Usually the power-house is built as a lean-to against 
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the side of the mill and in a majority of cases is too small for 
proper attention to be given to the machinery inclosed. Ventila- 

tion and light have often been sacrificed in an effort to cut down 

first cost. In many cases the machinery is not thoroly protected 

from the weather or from meddlesome persons, who may visit 

the plant while it is not running, and valuable machinery has 

thus been damaged. <A few operators have used stone or brick 

in the construction of their power-houses, and a number of the 

others have substantial wooden buildings for the housing of 

their power machinery. As a rule, the quarry power plants 

are not as well protected as the power plants of the mills. One 

noticeable feature of the district is the scarcity of power plants 

equipped with good floors, in which any attempt at cleanliness 

is made. Light and space are prime requisites in any power- 

house and thoro cleanliness is essential to economy in power 

production. One of the first laws of good engineering practice 

is that a clean machine will outlast a dirty one and a clean power- 

house means a marked increase in the useful life of the machinery 

ievenitse 

The present outlook would be improved if the following 

suggestions were kept in mind by the operators: The power 

buildings in which engines, boilers, and accessories are placed 

need not be elaborate or expens've but should be so constructed 

that they protect the machinery and its attendants from the 

weather while the plant is in operation. They should also 

protect the machinery from meddlesome persons while the plant 

is not in use. The buildings should be so located and arranged 

that additional machinery can be installed at any time with a 

minimum amount of expense. All power buildings should be of 

fireproof material. Brick or stone walls with a wooden roof 

covered with tar and gravel have met with wide approval as a 

good and economical form of building. Buildings should be 

made large enough so that the machinery in them is not cramped, 

and when several machines are placed in a single building they 

should be so placed that any machine can be quickly stopped. 

Provision should be made in planning a power-house for ample 

room around the machinery for taking it apart; for example, the 

removal of piston rods without taking the cylinders from their 

foundations, or the removal of the boiler tubes for repairs. In 

fact, as much space as can be spared should be provided for the 

power-house, and its arrangement should be given very careful 

consideration. 
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Power. The power machinery used thruout the stone belt 

consists of engines, boilers, stacks, feed pumps, and water heaters. 

In most of the mills electrical equipment and air compressors 

are also included. The first p-ece of apparatus to be considered 

is the boiler. 

Boilers, altho of many types, can be classed under two main 

heads, as follows: Fire-tube boilers, in which the water is con- 

contained in a cast-iron shell, and tubes extend lengthwise thru 

this shell to conduct the hot gases from the furnaces to the stack; 

and water-tube boilers in which the water is in the tubes and the 

hot gases from the furnace are forced to pass back and forth 

across and among the tubes by means of baffle plates. In the 

smaller power plants the fire-tube boiler is most widely used on 

account of its lower first cost, cheaper foundations, and easier 

attention, ete. As the size of the plant increases the water- 

tube boiler tends to replace the fire-tube boiler on account of its 

longer life, greater overload capacity, quicker steaming, and 

greater safety. The disadvantages of the two types can be 

summed up as follows: Fire-tube boilers are liable to leak at 

the ends of the tubes; they fluctuate rapidly in the pressure sup- 

pled; they are not easily examined; and it is necessary to reduce 

the pressure as time goes on. Water-tube boilers have small 

steam space, are not easily cleaned, and are liable to prime. 

Another type of boiler that is very efficient but not much 

used in quarry work is the internally fired boiler, known as the 

Scotch Marine boiler. These boilers give a greater evaporation 

of water per pound of fuel burned than either of the types above 

mentioned. They cost less for foundations, and, altho higher in 

first cost, soon make up for this in the lower fuel consumption 

during service. 

The most satisfactory all-round boiler for a quarry or mill 

equipment and the one that is used almost exclusively in 

this district is the well-known horizontal return-tubular boiler. 

The most widely used makes are the Atlas, Chandler Taylor, 

and the Erie City boilers. They range in size from 40 horse- 

power up to 200 horse-power, with pressure allowances from 75 

pounds up to 125 pounds per square inch, according to the age 

of the boiler. 

The boilers as a rule show the results of hard usage, due mainly 

to two causes: First, there is a tendency to overload a boiler 

where it is furnishing steam for steam pumps or drills. The 

boiler is usually pushed to furnish steam for as many pieces of 
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apparatus as are needed in action at once. In the second place, 

labor conditions make for poor handling. The wages of the 

average fireman of this district will not attract a competent man, 

and as a result there are very few licensed firemen in the district. 

The prevalent idea seems to be that anyone who can shovel coal 

and see a steam gauge and a water-glass will do for a fireman. 

This results in a shortening of the useful life of a boiler and a 

large increase in the amount of coal necessary to do the work. At 

some plants I have seen fires under boilers that showed a thick- 

ness of ash on the grate under the fire of 6 or 7 inches. In many of 

the plants the boiler tubes are not kept properly cleaned and the 

boiler settings thoroly tight. Every fireman should have it 

carefully impressed on his mind that any soot accumulation in the 

tubes or in the combustion chamber of a boiler acts as a non- 

conductor of heat and that ash accumulation on the grate re- 

duces the steaming capacity. Effective steaming depends on 

keeping the tubes clean of soot and scale and the grate free of 

ash and clinkers. 

Many boilers in use at the present time have passed the age 

where they can be used economically. Few operators seem to 

appreciate the fact that a small saving in fuel will soon make a 

new boiler a more economical proposition than the continued use 

of the old equipment. At one plant visited, there were two 

boilers in operation which had been used continuously for over 

25 years. Both were in a very unsafe condition and the waste 

of fuel in their use would have been great enough to cover all 

fixed charges on a new boiler equipment. At another plant an 

old worn-out boiler had caused three extensive shut-downs during 

the last year while repairs were being made. At still another 

plant I found the fireman carrying a very thick layer of ash and 

clinker on the grate under the fire. When asked why he said 

that the grate was in such a condition that a large amount of his 

fire would be lost if he were to rake it clean. 

A comparative study of the amount of coal shipped in and the 

output of power by the plant will readily show that the plant 

with modern boiler equipment is a saving investment in the 

long run. I have made an extensive study of the cost of power 

in a number of plants in this county and find that up-to-date 

boiler equipment and careful attention are the most important 

factors in lower power costs. 

The most reliable boiler feeder is a direct-acting single or 

duplex pump. In most plants the single-acting Dean pump 1s 
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used and a second pump or injector is held in reserve. As a rule, 

the pumps in use are in good condition. 

Feed-water heating is practised by practically every owner, 

and in any form is a very economical practise. In many cases 

old boilers have been utilized as feed-water heaters. In some 

cases the tubes have been removed from the old boiler and a 

large exhaust pipe has been carried thru the boiler shell. This 

method utilizes a small portion of the heat in the exhaust steam, 

but there is a distinct saving in the small rise in temperature 

of the feed water. In some cases the exhaust steam is passed 

thru the tubes while the shell is filled with the feed water. These 

as a rule do not give a high temperature to the feed water, but 

any rise in temperature is a saving of fuel. Many of the plants 

are equipped with regular water-heaters. Among the types 

represented are the Cookson, Cochrane, and Wicks heaters. All 

these types seem to be giving entire satisfaction to the owners, 

and the number in use is constantly increasing. In all cases where 

no effort is made to heat the plant with the exhaust steam from 

the boilers, the open types of heaters are used, but where the 

operator has an enclosed plant and wishes to make a long run 

thru cold weather, the closed types of heaters are used with steam 

connections to heat the plant. Much of the exhaust steam from 

the pumps is still allowed to escape, since the exhaust from the 

engines is usually enough to heat the supply of feed water used. 

The guyed steel stack is used almost exclusively thruout the 

district and seems to give entire satisfaction. It is in fact the 

best type for quarry and mill service, since few operators would be 

justified, with the present outlook of the business, in making the 

additional outlay necessary for brick or self-supporting steel 

stacks. In most cases the stack equipment is sufficient for the 

boilers in use, but in one case, where a water-tube boiler of the 

Atlas type is in use, it is not giving satisfactory results on account 

of the insufficient draft. The operator who installed it failed 

to realize that a water-tube boiler needs more stack draft than a 

fire-tube boiler of the same size. This difficulty has since been 

obviated and more satisfactory results are being obtained. Few 

cases are on record where stacks have been injured by winds, since 
most plants are in protected locations and few of the stacks are 

of great enough height to be troublesome in the wind. Where- 

ever stacks have not appeared to be giving draft enough the diff- 

culty has nearly always been found to lie in the connections and 

breechings rather than in the stack. 
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The most common type of engine in quarry service is the 

simple Atlas engine. These engines are usually of the older 

types and are in most cases in poor condition. Most of the mills 

are equipped with Corliss valve engines, among which the Atlas 

and Hamilton-Corliss are the most common. There are a few 

automatic engines in use in the district, and in every case save 

one they were reported to be giving entire satisfaction. The 

automatic engines are best adapted to mill work, where they 

can be used direct connected to the generator, for the generation © 

of electricity. There will be a tendency to increase the number 

of automatic engines as the amount of electrical equipment in- 

creases, for they are proving far more satisfactory in this work 

than the slower engines. The direct-connected generator gives 

better satisfaction than the belt-driven types. The automatic 

engine 1s best fitted to handle the sort of load that is necessary in 

mill work. Where most of the machinery is handled from a line 

shaft, the slower Corliss engines seem to be better adapted and are 

doing the work in a satisfactory manner wherever they are in- 

stalled. : 

The steam lines are protected by covering in only a few cases, 

and in many plants are so long as to cause a serious loss of power 

on account of radiation between boiler and engine. The main 

work of the quarry engine is derrick handling, and as a rule this 

work is very hard on an engine. In many cases these engines 

are only protected by a roof and in a few cases they are entirely 

exposed to the weather. There appears to be a marked tendency 

among the quarry men to replace the steam engine used on 

derrick work by motors and thus concentrate the power in one 

large engine. This is a wise move, inasmuch as the cost of driv- 

ing several small units is far greater than the cost of generating 

all the power in a single unit. 

Wherever there is complaint against driving machinery from 

a line shaft, the loss of power can nearly always be traced directly 

to the shafting, where the cause of loss is usually found to be in 

improper alignment of the shafting or worn bearings. The 

- power losses due to poor shafting and belting often represent a 

large percentage of the power generated by the engine, and in 

every such case the tendency is to lay the blame on the engine, 

without having first made the proper tests to determine the real 

cause of the losses. 

The electrical equipment of the mills is almost entirely West- 

inghouse or General Electric Company machinery. Wherever 
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electrical equipment has been installed it has been found to be 

far more economical than the old line shafts and belting with 

their accompanying losses of power. The electrical equipment 

in use thruout the district 1s in good condition and is giving 

satisfaction. The electric motor seems to be better fitted for 

derrick handling than any other form of power unit and its 

efficiency has also been proved in driving mill machinery. As 

has already been said, the direct-connected generator is doing 

better work than the belt-driven generator wherever it has been 

installed, and its greater efficiency seems to justify the greater 

first cost of installation. 

Compressed air is in use in most of the mills for decorative 

work, and practically all of this equipment has been furnished 

by the Chicago Pneumatic Tool Company, of Chicago and New 

York, and the Ingersoll-Rand Company of New York. The 

use of compressed air in this line of work has been an important 

factor in the decrease of the amount of skilled labor employed in 

the stone-cutting business. One laborer working with compressed- 

air tools can do as much carving as five men working under the 

old system. Where compressed air is used in the operations of 

channeling and drilling, the machinery employed is on a much 

larger scale, and the equipment is usually of types furnished by 

the Sullivan Machinery Company or the Ingersoll-Rand Com- 

pany. There are two companies using compressed air for channel- 

ing purposes in the district at the present time, but in both cases 

it has been found to be an uneconomical procedure. This sub- 

ject will be further discussed in another part of this study under 

the head Power and Machinery. 

The Ideal Quarry Power Plant. The quarry owner will 

always be found ready to talk of the quality of the stone and of 

the methods of its production, distribution, and use, but when the 

quarry power plant is mentioned his information fails. Few of 

the men who are bearing the expense of power-plant operation 

can tell where the money spent for coal goes, and even if they 

have tried to determine it, few have been able by such study as 

they could give to the problem to check the unnecessary drain 

from this source. Mr. D. M. Myers in his paper on “The 

Mechanical Engineer and the Factory Power Plant’’ says: 

As regards his power plant equipment, the operator must strictly specify 

and obtain three things if he is to have the ideal power plant. These are as 

follows: (1) No shut-downs or delays, or at least as few as possible. (2) 

An efficient power equipment with minimum bills for fuel, labor, main- 
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tenance, repairs, and interest charges. (3) Any changes made for improve- 

ment must pay for themselves in a comparatively short time, including all 

charges for installation and delays. Of course, all the above conditions can- 

not be realized, but they at least offer an ideal to be aimed at. If the sugges- 

tions above were followed there would be fewer high-priced equipments, 

giving poor satisfaction, and fewer complaints about the high cost of power 

production. 

The selection of the boiler equipment for a steam power- 

plant is a matter which should be given the most careful con- 

sideration and attention. While some purchasers take the time 

to go carefully over the factors which enter into the make-up 

of a good boiler, the majority are inclined to accept as satisfactory 

those boilers with which they have had some experience. There 

are many owners who buy the boiler which is cheapest in cost, 

after little or no investigation, taking for granted the representa- 

tions of the salesman. Many purchasers of the latter class 

often consider carefully the comparative economy and reliability 

of engines and their auxiliaries while at the same time their 

boilers may be extremely wasteful in operation and deficient 

in the essentials of simplicity, economy, and adaptability to the 

service for which they were intended. High-grade engines add 

materially to the first cost of a plant, while high-grade boilers 

cost but little more than those of the poorer sorts. Careful 

boiler selection results in a far greater saving than can possibly 

be obtained by installing more efficient engines with poor boiler 

equipment. 

The special requirements of each individual case should be 

carefully studied before determining the general type of boiler 

to be used. After this has been determined, the most important 

features to be considered are safety, efficiency, durability, and 

accessibility of parts. Of almost equal importance are the skill, 

experience, reputation, and financial standing of the company 

putting out the boiler. 

The life of a boiler depends upon the attention it receives and 

the conditions under which it operates. In figuring the cost of 

power one of the largest items to be considered is the depreciation 

or the rate of decrease in value of a piece of machinery on account 

of age and wear. If thru careful handling the life of a piece of 

machinery can be materially lengthened, the accompanying cost of 

power will be reduced in proportion. 

Few power users realize the great fuel economy possible with 

proper boiler equipment. They spend their time and money 
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in the selection of engines of low steam consumption, when in 

reality the most important part of a steam power plant is the 

boiler equipment and its proper operation. Boiler operation 

represents the largest share of the operating expenses of any 

power plant. The best efficiences can be secured only in plants 

where skill, good judgment, and continued vigilance are practiced. 

The development of the steam boiler has reached a point where 

the same evaporation rate can be reached by all if the proportions 

of grate and heating surface are correct and the operating con- 

ditions are the same. The present method of boiler rating is 

very misleading, since any rate based upon the square feet of 

heating surface regardless of its position cannot be accurate. 

The ability of a surface to transmit heat to the contained water 

depends upon its position with regard to the grate and the point 

of maximum combustion. The proper ratio of grate area to 

heating surfaee for boilers using the local grades of bituminous 

coals should be about | to 45. 

Some of the principal factors governing the selection of a 

steam boiler are: space occupied, weight, capacity, first cost, 

adaptability to the particular condition under which it is to operate 

and the location of the plant in which it is to be placed. It is 

necessary to determine which are the best proportions for the 

boiler for the use to which it is to be put. 

Even in small plants expert advice should be obtained and 

followed. Mr. H. C. Meyer in his work on Steam Power Plants 

ops 1 2). says: 

No better service can be done the non-expert about to construct a steam 

plant than to advise him to engage at the outset of the project some capable 

engineer to design the plant and superintend itsinstallation. . . . It is 

the practice of many engineers in steam plant construction to invite bids on 

apparatus described very generally in the specifications and intended to 

perform a service under the conditions named, the idea of the engineer 

being to allow each bidder to proportion the parts of the apparatus he is to 

furnish and to quote a price on it. When bids are received under these 

conditions, it generally follows that there are many variations in the sizes 

of the machinery offered by the different makers to do the same work, and 

the lowest in price may not be the best adapted for the conditions. 

The expert engineer, of course, is able to detect and reject bids on dencicnt 

apparatus. 

While an engine may give the required power, its cylinders 

may be so small that it requires an excessively large amount of 

steam to run it, or a boiler may be so small that an abnormal 

amount of coal must be burned in order to generate the steam 

, 
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required of it. Non-expert purchasers are lable to accept 

machinery which is not the best adapted to the service for which 

it was intended. 

Professor G. F. Gebhardt in hts book Steam Power Plant 

Engineering (first edition, p. 681), gives the following description 

of the horizontal tubular boiler: 

These [boilers] are the most common in use and are constructed in sizes 

up to 200 horse-power. ‘They are simple and inexpensive and, when properly 

operated, durable and economical. . . . The grate is independent of 

the boiler and the products of combustion pass beneath the shell to the 

back end, returning through the tubes to the front, and into the smoke 

connection. 

The tubes are from 3 to 4 inches in diamater and from 14 to 18 feet long 

and are expanded into the tube sheets. The portion of the tube sheet not 

supported by the tubes is secured against bulging by suitable stays. Access 

to the interior is obtained through manholes. 

The following suggestions were made by Mr. G. W. Bissell 

in his paper on ‘‘Selection of Power Plants and Equipment for 

the Quarries of Iowa,’ and are published in the Lowa Geological 

Survey, Vol. xvi, pp. 151-183: 

For the local coals as fuel the boiler should be relatively long and should 

be set high above the grate and should have liberal grate area and stack 

eapacity. <All boiler tubes for the use of local coals should be at least 4 
inches in diameter, on account of the excessive accumulation of soot. Twelve 

square feet of heating surface should be allowed for each boiler horse-power 

desired. One square foot of grate surface should be allowed for every 40 

square feet of heating surface. That would require 33 square feet of grate 

area for a 100 horse-power boiler. A 72-inch boiler should be at least 36 

inches above the fire. 

In this respect most of the boilers of this district are at fault 

since few of them are more than 30 inches above the grate. The 

coals of Indiana coal fields are slightly lower in volatile matter, 

and the amount of soot is not quite so high, nevertheless the above 

suggestions may well be followed here, since the differences 

are not great enough to materially affect the result. 

The following table (from Bissell’s paper on “Selection of 

Power Plants’ in Vol. xvi of the Iowa Geological Survey, p. 

158), contains approved dimensions for fire-tube boilers for use 

in ordinary quarry service: 
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Diameter of boiler...... 48 in. 54 in. 60 in 66 in 72 in 

Number of tubes....... 24 36 44 54 68 

Diameter of tubes...... 4 in. 4 in. 4 in 4 in. 4 in. 

Thickness of shell. ..... ?; in. 7s in. ¢; in 34 in. 34 in. 

Thickness of head...... 75 in. V6 in. lg in Y in. 3 in 

Braces above tubes..... Wy 20 30 30 40 

Braces below tubes..... 4 4. 4 4 8 

Size of steam pipe...... 3 4 in. 4 in. 41% in 5 in. 6 in. 

Size of feed pipe........ 1% in. 14% in. 1M%in 1% in 1% in. 

Size of blow-off pipe.... PB) Thine Py The 2 in 2%in 2% in. 

Heating surrace PIGHGAo 20) SQ. fos 71> sq. ft, 864 ft 1042 1325 
=e \18 ft.) 585 sq. ft. | 805 sq. ft. 972 ft. 1270 1490 

f16 ft. 43.3 59.5 a2, 87 110 
RRO RDOMEE VG. Fe | 4g 7 67 81 90 124 

GliGuite| la isae tte. |S sq--tt. |21.6, sq. to. |: $0 )sq. tt. |)-33) sas tb. 
SUEUE SIEGES, 5c 18 ft.| 15.8 sq. ft.| 22 sq. ft. | 24.3sq. ft.| 33 sq. ft. | 39.6sq. ft. 
Diameter of 60-foot stack 24 in. 27 in. 30 in. 33 in, 36 in. 

The following are standard specifications for a boiler 72 

inches by 18 feet, working pressure 125 pounds, as given by 

Professor Bissell (loc. cit., pp. 159, 160): 

Type.—Horizontal return-tubular. 

Dimensions.—72 inches in diameter, 18 feet long from outside to outside 

of heads, with smoke extensions 18 inches long continuous with the shell. 

Thickness of the shell, 34 inch; thickness of head, /% inch. 

Material.—Best open hearth flange steel, having a tensile strength of not 

less than 57,000 nor more than 62,000 pounds, and ductility corresponding 

to 56 per cent reduction of area and 25 per cent of elongation. All plates 

in finished boiler to show stamp with name of maker, quality, and tensile 

strength. 

Riveting.—Triple-riveted butt joints for longitudinal seams and single- 

riveted lap joints for girth seams. 

Tubes and braces.—68 tubes 4 inches in diameter, 18 feet long, best lap 

welded or seamless drawn, carefully and properly expanded with Dudgeon 

expander, and beaded at each end. Braces: 40 braces above tubes and 

4 below tubes; the former crowfoot form, flat or round, of not less than 1 

square inch in area at smallest section, the latter 114 inches in diameter, 

with upset ends for 14-inch thread at front and crowfoot connections at 

back, with turned bolt 1, inch in diameter. No brace less than 3 feet 6 
inches long. 

Details of the tube sheet layout to be according to practice recommended 

by the Hartford Steam Boiler Inspection and Insurance Company. 

Supports.—2 lugs on each side. Front lugs to rest on cast iron plates, 

others on rollers and plates to permit of expansion. All plates 12 by 12 by 

14% inches. Rollers 1 inch diameter, and 9 inches long, 3 at each plate. Or 

2 suspension loops on each side, of 1'%-inch round iron securely riveted to 

shell. Columns and double channels for overhead suspension, with equaliz- 

ing I-beams at back end. ; 

Construction.—Nodome. Shellin3rings, each ring formed from a single 

sheet, horizontal seams above the fire and to break joints. Heads machine- 
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flanged, rivet holes drilled or punched and reamed, tube holes drilled or 

bored. 

Openings.—2 manholes, 11 by 15 inches in top of shell, 10 by 15 inches 

in front head, under tubes 114-inch feed-water pipe, internal from front 

head over tubes. Blow-off flange 21% inches. Steam nozzle 5 inches, 

near back end, safety valve nozzle 4 inches, near front end. Both nozzles 

flanged and fitted with companion flanges for screwed pipes of same size 

as nozzles. 

Castings.—Fronts. Ornamental three-quarter arch for overhanging ex- 

tension. Fronts designed to allow not less than 42 inches between grate 

and boiler shell and to have fire-door frames for 8-inch wall. Tight-fitting 

fire, ash pit and smoke extension doors, saddle for breeching connection, 

with balanced butterfly damper. 8 wall binders, binder rods, anchor rods 

for front, soot door and skeleton frames for fire-brick arch at back. Uptake 

14 by 60 inches. Rocking dumping grates of approved design to work 

from front of boiler. 

Fittings.—8-inch brass steam gauge, combination water column, 4-inch 

pop safety valve, 1!4-inch check and stop valves and 21-inch asbestos 
blow-off cock. 

Inspection and Test.—Before shipment test with cold water at 175 

pounds per square inch and furnish certificate of inspection from the Hartford 

Steam Boiler Inspection and Insurance Company, and insurance policy in 

the same company for one year. 

The above specifications can be used with slight changes in 

ordering a boiler at the present time. Alterations in the size can 

be made to suit the case in hand. In ordering a boiler care 

should be taken to be sure that the boiler is large enough to sup- 

ply steam for all the units that will be necessarily in operation 

at one time. A boiler should always be made as accessible as 

possible so that it can be readily cleaned. The boder should 

preferably be hung on columns by means of equalizing levers and 

hangers, so as to keep the shell free from strains due to the settling 

of the brick work. 

The advantages of the return-tubular boiler over the other 

types are a large heating surface in a small space, and a large 

overload capacity. It requires little overhead room and _ it 

first cost is low. It is a quick steaming boiler and needs little 

repair. 
For the larger mills where electrical equipment is to be used 

thruout, the water-tube boiler is probably better on account of 

its ability to stand a higher pressure and its ability to steam 

economically on a varying load. ; 

Many types of these boilers are on the market and each seems 

to have a large group of supporters, but the one that has an 

established reputation which has been maintained for a long time 

is the Stirling boiler. 
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The following specifications for a water-tube boiler are taken 
from the general specification sheet of a company manufacturing 

water-tube boilers, and were submitted by the company as a 

specimen of the form used in their order department. The boiler 

specified is of 250 horse-power. 

SPECIFICATIONS FOR A WATER-TUBE BOILER 

Each boiler to have: 

Tubes, Drums.—A4 in. diam. lap-welded charcoal iron; 12 tubes wide; 11 

tubes bigh; 16 ft. long; 2 ft. 36 in. dia. longitudinal drums. Shell 3¢ in. 

thick, heads 1% in. thick. Longitudinal seam double-riveted lap joint, 

girth seam single-riveted. Flanged steam outlet 8 in. by 15 in. One mud 

drum 12 in. diam. 

Heating and Grate Surface.—2,527 sq. ft., including tubes, headers, drums. 

54 sq. ft. Grates—Furnace 8 ft. 4 in. wide by 6 ft. 6 in. long. Standard, 

unless otherwise specified. Opening in grate bars as required. 

Fittings.—2 pop safety valve 4 in. diam. to be set at 160 lbs. One each 

21% in. globe and check valve for feed. One 3 in. blow-off valve. One 34 

in. globe valve for cleaning hose. One steam gauge with 12 in. dial. One 

cast-iron water column with three try cocks. One glass water gauge fitted 

with chain shut-off, operating from floor. All necessary piping and fittings 

to connect with drums. 

Testing —W hen erected the boiler will be tested to 250 lbs. hydrostatic 

pressure. Safe working pressure 160 lbs. per sq. inch. 

Tools.—One set Fire tools consisting of poker, slice bar, and hoe. One 

steel wrench for bolts on headers. One length of hose with pipe for blowing 

soot from tubes. 

Space.—Space occupied, including brick work: Length 18 ft. 9 in.; 

width (single) 11 ft. 2 in.: battery 21 ft. 6 in.; height to outlet flange 17 ft. 

Seis 

Weight—Approximate shipping weight of each boiler 50,000 lbs. 

Brick Work.—Estimated quantity of brick for the setting of each boiler 

above the foundation: 14,800 red brick; 2,650 fire brick; to be provided 

by the purchaser. _ 

Foundations.—Excavating and foundation to be furnished by the pur- 

chaser and must conform to drawings furnished by us in all essential points. 

The depth must be governed by ccndition of the site. We will not be re- 

sponsible for any defects caused by settling of foundations. 

All previous conditions or agreements between the parties hereto, either 

verbal or written, are hereby abrogated and cancelled, and no changes or 

modifications shall be binding on the party of the first part unless in writing 

and signed by an executive officer of the company—this constituting the 

entire agreement between the parties hereto. 

Delivery.—To be delivered f.o.b. cars, at our plant. Shipments subject 

to strikes, accidents, failure to receive material, or causes beyond our reason- 

able control. The transferring of material from cars to place of erection to 

be done by purchaser who will also furnish appliances and ordinary labor 

for the erection, unless otherwise agreed in writing. 
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Erection.—We will, if desired, supply the services of a man, to super- 

intend the erection of the iron work, his wages at the rate of six dollars per 

day, traveling expenses and board from plant and return to be paid by the 

purchaser. 

Boiler Power. Altho it is a misnomer to speak of the horse- 

power of a boiler, it has come to be very general among engineers 

to rate boilers on the amount of steam they are capable of fur- 

nishing. The ability of a boiler to generate steam depends upon 

the area of its effective heating surface. Heating surface has 

STi \\ EN 

W ATER-TUBE BOILER 

been defined as boiler surface, either shell or flue, which has hot 

gases on one side and water on the other. The surfaces which 

have steam on one side and water on the other are called super- 

heating surfaces. A boiler horse-power is taken as the equivalent 

of the evaporation of 341% pounds of water per hour from a 

temperature of 212 degrees Fahrenheit to steam at atmospheric 

pressure. This is sometimes stated as the evaporation of 30 

pounds of water at 212 degrees Fahrenheit to steam at 70 pounds 
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pressure. These figures of course depend upon the kind of 

engine in which the steam is to be used. The amount of steam 

mentioned above will develop about 3 horse-power in the best 

compound ccndensing engine of today, but only about one-half 

a horse-power in a small non-condensing engine. A very com- 

mon method of rating the horse-power of boilers is on the area of 

the heating surface. Ten to 12 square feet of heating surface is 

considered as equivalent to a horse-power. The power of a boiler 

to evaporate water depends on the rate at which coal can be 

burned on the grate and the area of the grate. With natural 

draft, from 20 to 45 pounds of coal per hour can be burned per 

square foot of grate area. When forced draft is used these 

figures can be increased. 

The efficiency of a boiler and its grate 1s expressed as follows: 

Efficiency of boiler _ Heat absorbed by boiler per pound of coal as fired 

and grate Calorific value of one pound of coal as fired 

The fact that different firms use different heating area ratings 

is likely to confuse purchasers, but a careful study of the size and 

position of these surfaces will avoid this difficulty. 

Cost of Boilers. Figures on the cost of boilers are hard to 

give with accuracy since the great variation in types and arrange- 

ment makes a single statement based on the horse-power rating 

misleading. In fact, the cost does not increase in the same 

ratio; and so many other considerations enter into the calculation 

that only approximate prices can be given. The wide variation 

in the cost of boilers is partly accounted for by the fact that the 

horse-power basis differs with different manufacturers. Geb- 

hardt in Steam Power Plant Engineering (first edition, p. 96), 

quotes a price of $1 per square foot of heating surface for all 

boilers of over 100 horse-power. He also quotes the following 

method from C. H. Benjamin (Engineer [U. S.], Nov. 15, 1902): 

(A) Cost in dollars = 500 + 9.2 x rated horse-power. 

(B) Cost in dollars 500 + 8.5 X rated horse-power. 

(C) Cost in dollars = 100 + 6.5 X rated horse-power. 

(D) Costin dollars = 100 +5  & rated horse-power. 

(A) Horizontal water-tube boilers, 125 pounds pressure, 10 square feet 

heating surface per horse-power. 

(B) Vertical water-tube boilers, other conditions same as in (A). 

(C) Horizontal return tubular boilers, 12 square feet heating surface 

per horse-power. 

(D) Small vertical fire-tube boilers. 

The cost of Scotch marine boilers rated on a basis of 8 square feet per 
horse-power may be estimated by means of formula (A). 
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Cost of Boiler Settings. Gebhardt gives the following 
cost of bowler settings: 

Horizontal water-tube: Cost equals 400 + 0.8 x rated horse-power. 
Return tubular: Cost equals 300 + 9.7 x rated horse-power. 

The only form of stack in use in the district is the guyed steel 
stack, and for all kinds of service it is the best as well as the 
lowest in first cost. There is a tendency here, as elsewhere, 
not to allow sufficient draft to burn properly the coal on the grate; 
and a large loss of coal is the result. Any unburned gases that 
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Plot 2 gives the approximate cost of boilers and is taken from the same source 

as Plot 1 (p. 89). 

escape from a chimney are money out of the owner’s pocket. 
The best practice is to have ample draft and control it by dampers, 
instead of running the risk of having insufficient draft in unfavor- 
able weather. Ordinarily the draft should be one-third more 
than enough for the usual run in order to give a sufficient draft 

for overloads or ttmes of poor draft. The breechings should be 

large and free from obstructing turns or unnecessary dampers. 

Lack of adequate draft can more often be traced to defective 
breechings than to lack of stack capacity. 

The most reliable method of boiler feeding is by means of a 

direct-acting single pump. A second pump or an injector should 

always be held in reserve. The single pump is usually superior to 

the duplex pump because the single pump is far more economical 

of steam and has fewer parts to keep in running order. In all 

duplex pumps each steam piston is controlled and reversed by a 
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connection with the opposite piston rod. Two cylinders and 

pistons cannot be packed so that friction will be equal in each, 

hence the result is that one cylinder is interrupted and reversed 

before it has had time to complete its stroke. In other words, 

one cylinder is constantly short stroking. Another thing in 

favor of the single pump is the fact that it has fewer ports and less 

steam space to be heated and filled with waste steam. In speci- 

fications of pumps for feed-water work the amount of water 

necessary should be specified since the term horse-power in 

referring to a boiler is a very indefinite term. The accompanying 

eut represents a simple Dean Brothers pump. This pump its the 

most widely used thruout the stone district. 

FErED-WATER PuMpP 

The following suggestions concerning pumps are of im- 

portance: 

esc pump should be subjected to a pressure test of at least 

200 pounds per square inch before purchase. 

2. It should show a suction of at least 25 inches of mercury. 

3. The piston of a pump used for feeding water to a boiler 

should not run over 50 feet per minute. 

4. If possible avoid all right-angle turns in the suction pipe. 

5., The pump must not be more than 20 feet above the 

water supply. For hot water it must be below the water supply. 

6. See that all water entering a pump is thoroly strained. 

7. Avoid leaks in the suction pipe. 

8. A check valve and water cock should be placed in the 

discharge pipe. 
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9. Be carefu: to keep the pump well packed and the packing 

even. 

It would be more economical for the pump user to employ 

a power pump, where electrical energy is available, because the 

steam-end pump at its best is very wasteful of steam. An engine 

that consumed over 35 pounds of steam per horse-power hour 

would be considered very inefficient, but the ordinary steam-end 

pump with its slide valves taking steam under full pressure 

thruout the entire stroke, and exhausting at full pressure, uses 

over 100 pounds of steam per horse-power hour. A_ belted 

power pump takes less than one-fourth the power necessary for a 

steam-end pump. 

The use of feed-water heaters is one of the most economical 

practices connected with power plant operation. The heat 

utilized in heating the feed water for a boiler is a clear gain and 

in the course of a year represents a large part of the cost of coal. 

The boiler water can be heated to 200 or even 210 degrees Fahren- 

heit by means of the exhaust steam from the engine and pumps. 

At the present time the waste heat in the exhaust steam from the 

engines is used, but a large amount of heat is being lost in the 

exhaust steam from the pumps. 

Altho feed-water heaters act to a great extent as water eriiere! 

their greatest advantage lies in their ability to make use of a 

certain amount of heat that would otherwise be a total loss. For 

every increase of 10 degrees in the temperature of the feed water 

there is a gain of approximately 1 per cent in the saving of 

coal. In other words, at least 12 per cent of the heat of the 

coal can be utilized in first-class heaters. For every pound of 

exhaust steam utilized in the feed-water heater 6 pounds of 

feed water can be heated from a temperature of 50 degrees Fahren- 

heit to a temperature of 210 degrees. In addition to saving a 

large portion of the heat generated under the boiler, the smaller 

the difference in temperature between the steam and the feed 

water, the less will be the strain on the boiler shell on account of 

unequal expansion and contraction, and thus the life of the boiler 

will be lengthened. The cost of water-heaters is a very insignifi- 

cant item when compared to the saving effected. In fact, it has 

been said that 6 boilers with the best methods of feed-water heat- 

ing will furnish as much steam as 7 boilers of the same size heating 

their own supply of water. The open heater is more efficient than 

the closed heater, because the steam which furnishes the heat 

comes into intimate contact with the water to be heated, and the 
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resulting temperature of the latter is higher than can be obtained 

with closed heaters, in which all heat transfers must be effected 

thru metal partitions that offer resistance to such transfer. One 

advantage of the closed feed-water heater is the fact that the 

boiler-feed pump’‘can be eliminated and an injector can be placed 

in the pipe leading to the heater thus feeding the boiler thru the 

heater. The saving will be the difference between the cost 

of a feed pump and an injector. In most quarry and mill service 

the open heater will be the best adapted to the work. 

In the selection of an open heater the following considerations 

should be taken into account: 

1. There should be ample arrangements for the storage of 

the heated: waters until withdrawn by the feeding pump; there 

should be the necessary arrangement of pipes to keep the water 

hot until it is used. 

2. A separator or separating chamber for the removal of 

the oil contained in the exhaust steam must be an integral part 

of the heater. 

3. The reservoir should be provided with blow-off, over- 

flow, and water glass. The feed pump connection should be a 

few inches above the blow-off. 

4. There should be a large heating and purifying chamber 

containing pans, trays, or trough, so arranged that the cold feed 

water must flow over all of them in order that the exhaust steam 

may come in contact with the water on every tray. The trays 

should be easily removable for ready cleaning. 

5. All grease should be removed from the water. 

6. <A filter bed should be provided thru which the water 

must pass after it has been heated. 

7. Suitable cut-out valves should be supplied to the water 

lines. 

The general proportions of open feed-water heaters vary 

greatly with the different arrangements of the storage chamber 

and the trays and pans, so that it is difficult to give a definite 

size of heater to be used with any particular boiler capacity. 

There is a tendency among manufacturers of feed-water heaters 

to overrate the capacity of their heaters. Care should therefore 

be exercised in buying, to make sure of the proper size of heater 

for the boiler equipment of the plant. Professor Gebhardt in Steam 

Power Plant Engineering (first edition, p. 425), gives the following 
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td 
formula for determining the size of shell needed for a given horse- 
power: 

Horse-power 
Area of the shell of heater = 

a X length in feet 

In this formula a = 2.15 for very muddy water; a = 6 for 
slightly muddy water; a = 8 for clean water. 

CocHRANE FEED-WATER HEATER AND PURIFIER 
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The accompanying drawing, submitted by the Harrison 

Safety Boiler Works of Philadelphia, Pa., illustrates the Cochrane 

feed-water heater. The firm is one of the oldest in the business, 
and the Cochranes in use in this district are giving complete 
satisfaction. 

The economical transfer of steam from the boiler to the engine 

or pump that is to use it is often accompanied by a very material 

loss, in fact, a greater loss than the ordinary observer would 

suspect. Where steam leaves the boiler as simple saturated 

steam, the amount of condensation in an unprotected steam line 

represents a high percentage of the steam generated, and also 

causes trouble on account of the large amount of water in the 

lines. A series of tests made by Professor C. L. Norton of the 

Massachusetts Institute of Technology shows that the yearly 

cost of maintaining 100 square feet of piping at a gauge pressure of 

100 pounds per square inch is for bare pipes $225 while the cost 

for insulated pipes at the same cost of fuel would be from $25 to 

$35.90. These figures are based on the price of coal in Boston, 

but the percentage would be the same for any point. With 

superheated steam the line losses are reduced to a minimum, but 

since superheated steam would necessitate new engines, its use 

at present appears to be out of the question. This point could 

be looked into with profit by any owner who may be considering 

the project of installing new machinery, or who may be planning 

a larger power plant. For anyone about to erect a power plant 

no better work on pipe covering can be found than Paulding’s 

Steam in Covered and Bare Pipes. All steam containers 

should be covered, since careful insulation wul eliminate from 

80 to 90 per cent of the heat loss per annum. This loss can be 

figured as three British thermal units per square foot per hour 

per degree of difference in temperature between the uncovered 
pipe and its surroundings. The actual loss depends upon the 

diameter of the pipe, its position (whether horizontal or vertical), 

the nature of the surface, and the velocity of the surrounding 

air currents. . Professor Gebhardt, in Steam Power Plant En- 

gineering (pp. 550-553), gives the following example to show the 

method of calculating the loss of heat in an unprotected pipe, 

as compared with the loss in the same pipe when it is insulated: 

Required the saving per annum due to covering a pipe 10 inches in 

diameter and 100 feet long; steam pressure 150 pounds, average temperature 

of the air 76 degrees Fahrenheit; cost of covering applied 65 cents per running 

foot; efficiency of the covering 85 per cent; cost of coal $2.50 per ton; plant 

to operate 14 hours per day and 300 days per year. 
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The temperature of steam at 150 pounds pressure = 366 degrees Fahren- 

heit. 

Difference of temperature between the steam and air = 366 — 76 = 290 

degrees Fahrenheit. 

Loss per square foot per hour, bare pipe = 3 X 290 = 870 B.T.U. 

Loss per square foot per day, bare pipe = 870 X 14 = 12,180 B.T.U. 

Loss per square foot per year, bare pipe = 12,180 x 300 = 3,654,000 

Benaw: 

100 lineal feet of 10-inch pipe has an external surface of 282 square feet. 

Therefore the loss per year from the bare pipe is 282 X 3,654,000 = 

1,030,000,000 B.T.U. (approx.) 

Assuming a net available heat of 10,000 B.T.U. per pound for the coal, 

the equivalent coal consumption is 51.5 tons, valued at 51.5 & $2.50 = 

$128.75. 

The covering will save 85 per cent of this, or $109.50 per annum. 

The pipe covering applied will cost 100 x $0.65 equals $65. 

In this case the covering will pay for itself in considerably less than 

a year. 

The figures can be changed to fit any case in the district, and 

I have figured the cost and saving by covering the pipe in at least 

two of the mills and find that at the lower price of coal here, the 

saving due to insulating pipes will pay the cost of such insulation 

in about 16 months for the commonly used 6-inch pipe. 

Another thing to be avoided is short turns in piping, for 

altho little is definitely known concerning the friction of steam in 

pipes, it is known to have a great effect on the condensation of 

steam passing thru the pipe, and it is therefore an economical 

proposition to have feed pipes as nearly straight as possible. 

Another practice is to give the pipes different colors according 

to the kind of material carried. This practice is employed in a 

large plant that I visited at Crawfordsville, Ind., and,-in 

addition to giving the power-house a neat appearance, it makes the 

work of fitting easier. 

Coal and Firing. The cost of coal from the local coal fields 
is so low that the choice of a coal worth considering in a discussion 

of power generation tn the Southern Indiana quarry district 

is narrowed to the coal of the local fields. The better grades of 

coal from the eastern fields cannot compete on account of the 

high cost of transportation as compared to the short-haul freight 

on local coal. Coal at the mines can be bought (1914) at from 

90 cents to $1.35 per ton, according to the grade and size. The 

kind of coal in use in most of the quarries is that furnished by an 

Indiana company at $1.10 per ton for run-of-mine, and $1.85 

to $1.45 for lump coals. The freight rate per ton for the coal 
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laid down at Bloomington is 55 cents with an additional 5 cents 

per ton for switching to the various quarries when such switching 

necessitates setting the cars on private switches. The subject of 

coal composition and heating value is narrowed by the few coals 

avaliable, but a few analyses of coals will be of interest in this 

connection. The U.S. government maintains, under the super- 

vision of the Bureau of Mines, a coal-testing plant at Pittsburgh, 

Pa., where any coal submitted in carload lots by the mine owners 

will be tested free of cost. A number of the local mine owners 

have availed themselves of this offer, and the literature concern- 

ing these tests 1s available for free distribution by the Bureau of 

Mines at Washington, D.C. 

ANALYSES OF INDIANA COALS 

(Bulletin 22 of the U.S. Bureau of Mines, 1913) 

PROXIMATE ANALYSIS 
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The Brazil coal is described in the report as being Brazil 

Block bottom bed, screenings thru 1/4-inch bar screen. 

Linton sample No. 1 is from Black Creek mine, bed No. 4, 

run of the mine. 

Linton sample No. 2 was taken from the White Rabbit mine 

bed No. 5, run of the mine. 

Ayshire sample was from mine No. 4, bed No. 5, lump. 

Dugger sample was from mine No. 4, bed No. 4, lump. 

Terre Haute sample was from Deep Vein mine, bed No. 4, 

lump. 

Boonville sample was from Electric mine, bed No. 5, run 

of the mine. 

Hymera sample was from mine No. 33, bed No. 5, run of the 

mine. 

It will be seen that in average composition these coals will run 

about 12 per cent moisture, 3214 per cent volatile matter, 44 

per cent fixed carbon, and 11% per cent ash. The heat generated 

in the combustion of coal comes from the carbon, hydogen, and 

sulphur, tho the sulphur is usually present in such small quantities 

that it has little effect on the heating value. In the burning of a 

fuel these substances unite with oxygen from the air to produce 

earbon dioxide, water, and sulphur dioxide. If the supply of 

oxygen is insufficient, the carbon forms carbon monoxide instead 

of carbon dioxide. The following heat values are given for these 

reactions: | 

One pound of carbon burned to carbon dioxide, 14,500 B.T.U. 

One pound of carbon burned to carbon monoxide, 4,400 B.T.U. 

One pound of hydrogen burned to water, 62,100 B.T.U. 

One pound of sulphur burned to sulphur dioxide, 4,000 B.T.U. 

One pound of carbon monoxide burned to carbon dioxide, 4,330 B.T.U. 

From the above data it will be seen that the ultimate analysis 

of a coal is necessary for the calculation of its heating value. 

There are several formulae in use for calculating the heating 

value of a coal from its proximate analysis since the latter is much 

easier to determine than the ultimate analysis; but none of these 

formulae is satisfactory, for they usually give results which vary 

more or less from the true value. If oxygen is present in the coal, 

it is considered to be in combination with some of the hydrogen, 

and the heat of this combination is lost and must be subtracted 

when the determination of the heat value of the coal is made. 
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The following formula is given for the determination of the 

heating value of a coal from its ultimate analysis: 

O 
Heating value in B.T.U. equals 14,500 C plus 62,100 (H — a plus 4,000 S 

In this formula the letters C, H, O, and S represent the weight 

of carbon, hydrogen, oxygen, and sulphur in a pound of fuel. 

It will be readily seen that the weight of the carbon has been 

multiplied by the heating value of one pound of carbon burned 

into carbon dioxide, plus the weight of the sulphur, multiplied 

by the heating value of one pound of sulphur burned into sulphur 

dioxide; and to this is added the amount of heat generated by 

the combustion of the hydrogen not already united with the 
oxygen present. The amount of this hydrogen is determined by 

subtracting one-eighth of the amount of the oxygen present from 

the hydrogen present. This is done because the hydrogen and 

oxygen unite by weight in the ratio of 8 parts of oxygen to 1 part 

of hydrogen. ‘Therefore for every 8 parts of oxygen present 1 

part of hydrogen is made useless for heating. For example, take 

a coal of the following composition: moisture 17 per cent, sulphur 

2 per cent, hydrogen 6 per cent, fixed carbon 55 per cent, and 

oxygen 20 per cent. The computation would be as follows: 

220 
(62,100 times (.06——)) + (14,500 times .55) + (.02 times 4,000) 

8 =10,242.5 B.T.U. 

This heating value is only realized when enough oxygen 

is furnished to the fire to completely burn the carbon into carbon 

dioxide. Whenever the supply is insufficient the carbon passes 

off in the form of carbon monoxide, and only about one-third of 

the theoretical heat of the carbon is realized. This is the strong- 

est reason for good draft and good draft equipment. In 

fact, the analysis of the flue gases from any boiler plant will show 

the presence of carbon monoxide, and the amount present will 

be a direct measure of the heat that is being derived from the 

coal burned. 

The air required for the combustion of a pound of coal can be 

figured from the example given above as follows: 

Twelve parts by weight of carbon unite with 32 parts of oxy- 

gen; 8 parts by weight of oxygen unite with 1 part of hydrogen; 

and 1 part of sulphur by weight unites with 1 part of oxygen. 

Therefore the coal of the analysis used in the other problem 

would need 

6 
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y =: 
(S times .oo) plus 02, plus (8 times (.06——)) equals 1.7667 pounds of oxygen 

Since air contains about 23 parts of oxygen by weight, in 

100 parts, the air required would be 1.7667 times 100 divided by 

23, equals 7.68 pounds of air per pound of coal burned. Since 

1 pound of air at 62 degrees Fahrenheit has a volume of 13.14 

cubic feet it would require 7.68 times 13.14, equals 100.915 cubic 

feet of free air per pound of coal burned. Since these ideal 

results cannot take place in the exact amounts as given for the 

reason that the oxygen cannot all be brought in contact with the 
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Plot 5 is given to show the fuel cost of different types of equipment. The cost 

of bituminous coal is taken as $3 per ton. The plot is reproduced from Roger’s 

Industrial Chemistry. 

combustible material to be burned, it is customary to figure 12 

pounds of air per pound of coal burned, or in general 160 cubic 

feet of free air. 

Method and care in firing are very important in realizing all 

the heat possible from the fuel burned, for altho a plentiful supply 

of oxygen is necessary to the proper combustion of the coal, 

an excess of air will cool the hot gases below their ignition points, 

and cause them to pass off without being burned. Stoking may 

be done either by hand or by mechanical stokers. The latter are 

much more economical in large plants, but most of the small 

plants of the stone district employ hand-stoking. The spread- 
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ing method of stoking is the one in common use. The following 

rules for hand-firing have been formulated by the Coal Stoking and 

Anti-Smoke Committee of the Illinois Coal Operators’ Asso- 

ciation for hand-firing with [llnois and Indiana coals: 

1. Break all lumps, and do not throw any in the furnace 

that are larger than your fist. The reason for this is that large 

lumps do not ignite promptly and their presence also causes 

holes to form in the fire, which allow the passage of too much 

alr. 

2. Keep the ash pits bright at all times. If they become 

dark this is evidence that the fire is getting dirty and needs 

cleaning. If this is not done, imperfect combustion and smoke 

will result. If the furnace is equipped with a shaking grate, 

it should be operated often enough to prevent any accumulation 

of ashes in the fire. Do not allow ashes to collect in the ash 

pits, since they not only shut off the air supply, but they may 

also cause the grate to be burned. 

3. In firing do not land the coal allin one heap, but as it leaves 

the shovel spread it over as wide a space as possible. A little 

practice will enable one to catch the proper motion to give the 

shovel tn order to make the coal spread properly. 

4. Place the fresh coal from the bridge well forward to the 

dead plate, and do not add more than three or four shovels at a 

charge. If this amount makes smoke it should be reduced till 

smoke ceases, which means, of course, that firing will be at more 

frequent intervals than formerly in order to keep up steam. 

This rule is applied in cases where the boiler is worked at a large 

capacity. In cases, however, where a small capacity only is 

required, firing by the coking method, wherein the fresh coal is 

placed at the front of the fire, and pushed back and leveled when 

it has become coked, is the best. 

5. Fire on one side of the furnace at a time so that the other 

side containing a bright fire will ignite the volatile gases from the 

fresh charge. 

6. Do not allow the fire to burn down dull before charging. 

If this is done, it will result not only in a smoky chimney, but 

also in an irregular steam pressure. 

7. Do not allow holes to form in the fire. Should one form 

fill it by leveling and not by a scoop full of coal. Keep the fire 
even and level at all times. As far as possible level the fire after 

the coal has become coked. 

8. Carry as thick a fire as the draft will allow, but in deciding 
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on the proper thickness, judgment must be exercised. If the 

draft is weak, a thin fire will be in order, but if strong, a thicker 

fire should be carried. 

9. Regulate the draft by the bottom or ash pit doors and not 

by the stack dampers, because, when the stack damper is used it 

tends to produce a smoky chimney since it reduces the draft, 

while the closing of the ash pit door diminishes the capacity to 

burn coal. If strict attention is given to firing according to the 

demand for steam, there will be no occasion to have recourse 

to the dampers except when there is a sudden interruption in the 

amount of steam being used. 

10. <A good general rule is to fire little and often, according 

to steam demands, rather than heavy and seldom. The former 

means economy in fuel and a clean chimney, while the latter 

signifies extravagance in fuel and a smoky stack. 

The part of the heat of the fuel that can be utilized in the 

bouer varies with the care given the firing, and engineers state 

that the boiler that can utilize 80 per cent of the heat is exceptional 

and 75 per cent represents very good practice. The only boiler 

plants in the district that reach anywhere near this figure are the 

larger plants in the better mills of the district. Many of the 

plants in the older mills and quarries are probably not utilizing 

over 50 per cent of the heat in the fuel consumed. The losses of 

heat from a boiler furnace are summed up by Gebhardt in Steam 

Power Plant Engineering (p. 45), as follows: 

Loss in dry chimney gases. 

Loss due to incomplete combustion. 

Loss of fuel through the grate. 

Superheating the hygroscopic moisture in the air. 

Moisture in the fuel. 

Loss due to the presence of hydrogen in the fuel. 

Unburned fuel carried beyond the combustion chamber in the form 

of soot or smoke. 

8. Radiation and minor losses. 

COS No 

These losses refer only to boilers in continuous operation. In 

most plants where the load is such that additional boiler equip- 

ment must be held in reserve to handle peak loads the loss is 

much greater. 

As a steam plant increases in size, the question of draft always 

arises, and the relative value of mechanical draft and natural 

draft has to be considered. There is no question but that with 

a larger boiler equipment the steaming power of the plant to meet 

varying loads is increased by mechanical draft. Mechanical 
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draft saves coal and labor cost, but when the life of the installa- 

tion is compared with the life of a good stack or chimney, the 

saving is not so apparent. In every form of mechanical draft, 

power is necessary to drive the machinery, and the machinery 

works under conditions that cause itt to wear out rapidly. 

Mechanical draft is of two classes: forced draft and induced 

draft. Both forms have their advantages. In forced draft the 

air is driven in under the fire to cause the draft, and in this case 

the gases in the firebox are under higher pressure than the air 

of the boiler-room and the doors of the furnace must be kept 

shut or the draft turned off. If the setting of the boilers becomes 

defective, the boiler-room is filled with smoke which has escaped 

from the furnace. In induced draft the fan is placed in the 

stack or the breechings, and sucks the hot gases out of the furnace 

and tubes. In this case the pressure is lower, and there can be 

no escaping gases while the fan is running, but the disadvantage 

of this type of draft lies in the fact that the fan is handling very 

hot gases which tend in a short time to destroy it. 

Another consideration is the fact that in induced draft a larger 

fan is needed to handle the gases after they have been heated in 

the furnace. Hot gases occupy much more space than the same 

weight of cold gases. Altho it will require a much larger fan, 

it will not require increased power in the same ratio, on account 

of the fact that hot gases are lighter and consequently less power 

per volume is necessary to handle them. 

The power consumption of mechanical draft is usually figured 

at from | to 5 per cent of the total capacity. The cost of in- 

stallation is from one-fifth to one-third the cost of an equivalent 

brick stack. In considering this low figure, the life of the equip- 

ment must be kept in mind because the cost of upkeep and the 

life of the apparatus are important factors. 

The largest item in the waste heat from boiler and furnace 

equipment is the heat lost in the hot gases passing up the stack. 

The following table shows the percentage of the heat of combus- 

tion present in the flue gases at various temperatures, under 

average conditions: 
Heat Wasted 

Frur Gas TEMPERATURE (per cent) 

POOR CeS uM AMIE MING Gas kee seh as Re ona ee ee woes ee eon 6.0 

BUORMeETeessamiremhelte Gove: tlio ic Re, 10.6 

UOnderrcessMalmembentre 0 Sarre cise ee oe ce ek een hey ae 15.3 
DOU ndeoncessMalikemniettemeci 202 hie eee ce ke eu es 6 are 19.9 

S0ORdeoreesphalimenhtCling saeco. yg nre te ee Smet 24.5 

iO Ondecorcessh ahinemnonbyre aca eerie tt. Lick a A eae ys a5 29 .2 
SUWmilemrcess Wa memoir tetas co ese ee Ke 8 33.8 
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The above figures are based upon 26 pounds of air per pound 

of coal burned, the air being taken in at a temperature of 70 

degrees Fahrenheit. It has been calculated that for each increase 

of 10 degrees in the temperature of the feed water a saving of 1 

per cent in fuel can be realized, with a decrease of 20 degrees 

in the temperature of the escaping flue gases. This saving can 

be effected by the use of economizers. In the modern types of 
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Plot 4 gives the approximate fuel consumption of the different types of power- 

producing equipment. 

economizers, a series of cast-iron tubes thru which the hot gases 

must pass is inserted in the flue between the boiler and the stack. 

The feed water is led thru these tubes under a pressure that allows 

it to be heated well above the boiling point, and it is then fed to 

the boiler at temperatures higher than could be realized with 

feed-water heaters. The main criticism against economizers 

is the fact that they interfere with the draft, but with the installa- 



Mance: Quarry Industry of Southern Indiana 87 

tion of mechanical draft this objection disappears since high 

enough draft pressures can be produced with mechanical draft. 

Coal handling in the quarry belt is carried on in a very waste- 

ful manner. The power plants of afew of the larger mills are 

equipped with stokers, but in general hand-firing is practiced. 

In many of the smaller plants no switch arrangements have been 

made to bring the coal as near as possible to the boiler plant, 

and much hand-shoveling and wheelbarrow work is necessary. 

Of course, with the modern steam quarry machinery this extra 

handling is necessary, since it would be :mpossible to deliver the 

coal directly to the units using it. In figuring the relative cost 

of electrical and steam equipment, few of the operators take into 

account the losses resulting from the present methods of handling 

coal. Coal is brought to the quarry or small mill and dumped 

in carload heaps. The loss-.in heating value of coal stored in 

this way represents a noticeable percentage of its heat value. 

In addition to this, much of the coal is scattered and lost. I have 

seen quarries where the entire surface of the quarry opening was 

covered to a greater or less extent with fine coal. The saving in 

this regard alone would represent 1 per cent of the power cost for 

steam channelers, not to mention the saving in the cleanliness 

of the stone. A fair figure for the saving in cost of labor and fuel 

that could be realized in a quarry running 4 channelers, a stripping 

pump, and 2 derricks, if motors were used instead of steam units, 

would be 10 per cent of the power cost. 

As the size of power plants increases, the saving in the use 

of coal and ash handling machinery becomes more apparent, and 

after the size of the boiler equipment passes 500 horse-power, 

hand-handling of the coal is out of the question. 

So much has been written on the selection of a suitable engine 

for almost every line of work that no attempt will be made here to 

discuss the relative values of the different types. So many factors 

enter into the selection of an engine that no two operators have the 

same conditions on which to figure. The factor of first cost is 

usually the determining one, and in many cases the only one that 

‘counts. In all cases where it is possible, the factor of cost per 

horse-power used should determine the choice. Engine building 

has developed until the steam consumption of any given type of 

engine is the same, regardless of what company builds it. The 

following table from Meyer’s Steam Power Plants (p. 49), shows 

the steam consumption of the various types of steam engines: 
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POUNDS OF STEAM STEAM 

TYPE OF ENGINE PER HorsE-Pow- PRESSURE, 

ER PER Hour PouUNDS 

High-speedssimples 4454...) oe 32 80-100 

High-speed compound non-condensing 24-26 150-110 

High-speed compound condensing... . 19-21 150-110 

Corliss simple non-condensing ....... 26 80-100 

Corliss simple condensing............ 7a 80-100 

Corliss compound non-condensing .... 20-22 150-110 

Corliss compound condensing........ 14-15 150-125 

It would be safe to say that the coal in use in the district 

would, with favorable boiler equipment, evaporate 6 pounds of 

water per pound of coal; so that the annual fuel cost of an engine 

could be calculated by the following formula: 

Annual fuel cost equals P X H. P. X h X e divided by (6 X 2,240) 

In this formula, P equals the pounds of steam used by the 

engine per horse-power per hour. H.P. equals the average 

horse-power developed. h equals the number of hours during the 

year that the power is used. ¢ equals the cost of coal in dollars 

per long ton of 2,240 pounds. 

- The amount of detail included in full specifications for a steam 

engine might seem unnecessary to some persons, but this detail 

is made necessary by the large number of manufacturers in the 

field and the numerous types of engines produced. To do a 

given amount of work, an engine should be selected with about 

double the power required to drive the machinery, because this 

margin is necessary in order to allow for the loss of power in the 

form of friction and other losses in belts, shafting, etc., and losses 

due to wear in service or to neglect. 

Transmission. When properly cared for, the leather belt 

is one of the most generally satisfactory means of power trans- 

mission in the long run; but in a few instances rope drive is in use 

in the stone belt and is giving very good satisfaction. Narrow, 

double belts are preferable to wide, single belts. A belt speed not 
to exceed 3,000 feet per minute gives good results, but where | 

higher speeds are desired rope transmission should be used since 

ropes can be driven at least one-half faster than belts. 

The following is a satisfactory method of determining the 

horse-power of leather belting: Multiply the diameter of the 
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Plot 1 shows the approximate cost of engines. The lower set of lines represents the cost of high-speed engines- 
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pulley in inches by the width of the belt in inches and this product 

by the number of revolutions per minute and divide this number 

by 2,860 for single belts and 1,720 for double belts. 

The following table, furnished from the catalog of one of the 

manufacturers of shafting, shows the horse-power that can be 

transmitted by various sizes of shafting running at various 

speeds. 

HORSE-POWER OF SHAFTING 

REVOLUTIONS PER MINUTE 

DIAMETER OF SHAFT reg 

(Inches) 

100 WAS 150 175 200 250 300 
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The principal cause of loss of power in shafting 1s improper 

alignment and poor bearings; and much of this loss could be 

avoided by proper care at the time of the installation. 

When we come to figure the cost of power transmission it is 

readily seen that electrical transmission is far cheaper after it 

is once installed. The best arrangement for power transmission 

to the different machines of the mill or quarry is by electric 
wiring, and the use of an alternating current motor at each ma- 

chine. The mills are rapidly adopting this arrangement. 

The use of electric motors of all types in the mills and quarries 

is increasing, and with the effort of central power plants to furnish 

current to a number of plants in the district the use of alternating 
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current motors especially has become widespread. The relative 

value of the two types of equipment (direct and alternating- 

current motors) in plants where the current has to be carried but 

a short distance is still a question, but where the current is trans- 

mitted any considerable distance the alternating current is 

undoubtedly the better. The advantages of the use of alternat- 

ing current lie in the fact that there is less heating, and that no 

high voltage is carried thru sliding contacts. Probably the best 

results are obtained in this type of work by three-phase sixty- 

eycle motors. Many of the operators who were using direct- 

current motors and generators in their plants, and have since 

begun to purchase power from the local power companies have 

installed motor-generator sets instead of putting in alternating- 

eurrent motors. In most plants the alternating-current motors 

have been installed with the stone-working machinery, but 

small motor-generator sets are used to furnish direct current 

for the motors on the cranes. 

A type of machine that should be of interest to the manu- 

facturer who uses but a medium amount of power is the self- 

contained engine and boiler equipment known as the locomobile. 

The engine of this equipment is set upon the boiler with the 

eylinders projecting into the smoke box so as to minimize piping 

and radiation losses. These engines are built in units up to 800 

horse-power. They are widely used in Europe but are just 

beginning to be developed in this country. One German firm 

alone has built over 1,000,000 horse-power of these machines. 

The following description is taken from the catalog of an American 

manufacturer of locomobiles: 

It consists of a compound engine mounted on an internally-fired boiler, 

the engine cylinders being inclosed in the smoke box which also contains a 

superheater, a reheater, and all high pressure piping and valves as well as 

the intermediate piping. A special casing compels the hot gases to traverse 

the superheater and reheater before emerging into the smoke box proper 

on their way to the stack. The engine drives a pump which.-feeds the boiler 

through a tubular heater in the exhaust line. The engine exhausts into a 
suitable condenser equipped with an air pump also directly driven from the 
main engine. The boiler is of the internally-fired type and the machine 

do¢és not need elaborate brick work further than a firm foundation. The 

engine is of the tandem compound center crank type. 

Among the advantages claimed for this type of power generator 

are the following: 

1. Small floor space. 
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2. Cheap foundations as compared to the ordinary boiler 

and engine plant. 

3. Economy in fuel consumption in small plants. Tests 

have been made on a locomobile of medium power which showed 

a coal consumption per horse-power per hour as low as 12 to 

214 pounds; and steam consumption as low as 9.2 pounds per 

horse-power hour. 

4. Dependability and easy supervision. 

5. Universal application and universal fuel. 

In this engine, steam is generated at a pressure of 175 to 225 

pounds absolute, and is superheated to 800 degrees Fahrenheit, be- 

fore it is admitted to the high-pressure cylinder. Exhaust steam is 

reheated to a temperature of 500 degrees Fahrenheit before it is 

admitted to the low-pressure cylinder. The feed water is heated 

by an economizer placed in the breeching. Some of the larger 

units on test have shown a coal consumption as low as 0.8 pounds 

per horse-power per hour and many tests have shown as low as 

1 pound per horse-power per hour. The lowest steam consump- 

tion recorded is about 7 pounds per horse-power. 

The fact that the locomobile uses superheated steam and runs 

condensing even in comparatively small units, accounts for its 

economy over the simple steam engine and boiler plant. 

With regard to the coal consumption and steam used per 

horse-power per hour the following letter from one of the largest 

manufacturers of locomobles in this country will probably be of 

interest. For the sake of comparison I am introducing with it an 

extract from a letter from one of the large engine manufacturers 

which gives the steam and coal consumption of a high-grade 

automatic engine for the same service: 

Dear SIR: 

In reply to your letter of the 7th stating that you are figuring on an ideal 

plant for furnishing power for a small stone mill, in any work where economy 

is desired and over a wide range of load, a locomobile is very well adapted. 

We are enclosing herewith some power plant tests which we have run on this 
unit and the coal consumption is the same at three-fourths load and rated 

load, while at one-half load and one and one-fourth load the increase is very 

slight, being about 3 per cent more at one and one-fourth load and less than 

15 per cent at one-half load, while with the ordinary plant the percentage 

of increase in steam consumption or coal consumption is very much greater 

at fractional loads. Would say roughly that with coal having 14,000 B.T.U. 
and not more than 40 per cent volatile matter we can produce a horse-power 

with a locomobile on 114 pounds per I.H.P. per hour between three-fourths 
and rated load when operating condensing. The amount of coal used for 

banking the boilers at night would be approximately 10 per cent of the 

amount used during a 10-hour run. 
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Locomobiles cost from $60 per horse-power in the 75 

horse-power units to $47.50 per horse-power in units of 600 

horse-power. That is, a 75 horse-power locomobile would cost 

$4,500 while a 600 horse-power unit would cost approximately 

$28,500. The two letters can be compared by adding one-third 

to the horse-power consumption to give the kilowatt consumption. 

This method of figuring will give a comparatively accurate 

result. The second letter is as follows: 

DeEaR SIR: 

We have you favor of the 29th inst., and would state that a 100-kilowatt 

single-cylinder engine, with 120 pounds steam at throttle, will give a steam 

consumption per indicated horse-power per hour at full load of 26 pounds, 

and at one-half load of 28 pounds. 
Inasmuch as you will have boiler and line losses, and the steam will come 

to the engine somewhat wet, and inasmuch as you have the friction loss 

of the engine and the factor of generator efficiency to be taken care of, 6 or 

7 pounds of coal per kilowatt hour is as low as you should figure. 

It takes about 600 pounds of coal to bank a 150 horse-power boiler all 

night, and this should be added in. 

With good oiling system, the engine should not consume more than 

one dollar’s worth of engine oil per month; and the cylinder oil should not 

cost more than 30 cents per day. 

If you are going up into the larger sizes, if you installed a compound 

| engine you could cut about 1% pounds off the coal consumption per kilowatt 

hour. 

Another economical type of engine for ordinary power genera- 

tion is the oil engine. In this type of engine oil is burned in the 

cylinders the same as gas is burned in the gas engine. Several 

general types are in the field; the main difference between them 

lies in the method of preparing the oil charge for ignition and 

firing the charge. 

Oil engines offer a cheap method of producing power in 

medium-sized plants, but the one drawback is the dependence 

of the operator on the prices fixed for oil by the company con- 

trolling the output in this country. 

The only oil engine plant in operation in the stone belt at the 

present time is the one run by Harding and Cogswell at Elletts- 

ville. The engine in use is a 40 horse-power Fairbanks-Morse 

and is giving excellent satisfaction. The cost of power in this 

plant will be taken up in the part of this study which deals with 

the cost of power. 

Another type of prime mover that is of interest in connection 

with any discussion of power, especially power in large plants, 

is the steam turbine. Steam engines are of two general classes: 
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reciprocating engines and turbines. Either of these types may 

be run either condensing or non-condensing. In the reciprocat- 

ing engine, the moving parts, including the piston, connecting 

rods, ete., stop and reverse their direction of motion twice during 

each complete revolution of the flywheel. That is, the piston 

is constantly passing the same point but reversing its direction 

of travel. In the turbine all the moving parts are rotating with 

a constant motion. The term non-condensing, when applied to 

an engine, indicates that the steam from the cylinders is exhausted 

against a back pressure equal to the pressure of the atmosphere, 

which is approximately 14.7 pounds per square inch. This 

back pressure can only be reduced by exhausting the steam 

into as high a vacuum as can be maintained by the engine pumps. 

This gives an added pressure on the pistons equal to the amount 

of vacuum that can be maintained. The saving due to the use of 

condensers on small power units is not enough to justify the 

expense of installing condensers, but as soon as the plant reaches 

a fair size they are an economical proposition. In the steam 

turbine the steam is driven against the blades of a fanlike rotor 

by means of a single set of nozzles, in the single-stage turbine, 

or thru a series of nozzles, in the multi-pressure types. The low 

first cost and adaptability of the turbine to driving generators 

make it an ideal prime mover in such plants. 

Producer Gas and Producer-Gas Machinery. There 

are three principal natural fuels: coal, oil, and gas. Of these we 

are most familiar with coal for the reason that its use as a source of 

power has been known longer and the deposits are more wide- 

spread. Oil carries the most stored energy, but the supply is 

more limited. Gas is the most convenient, but the supply of 

natural gas is already decreasing and its use is confined to small 

areas where it occurs. The experiments with natural gas as a 

source of power have led to the production of artificial gas. 

The use of steam machinery as a means of power generation 

is admitted by everyone who has gone over the figures to be a 

most extravagant waste of our coal resources. With the country- 

wide cry for a better conservation of our natural resources, the 
coal situation has occupied the attention of thinking people 

more than any other issue. It would seem that if any consider- 

able portion of the heat in our coals which is being lost by our 

present methods of power generation is to be saved, it will have 

to be by some other method than by improving steam power 
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machinery. The generation and use of steam in engines as a 

source of power has been understood for a long time, and many 

of the best engineers have studied the development of the boiler 

and engine until this type of power plant is now comparatively 

near the highest point of development that can be hoped for. 

And in its present high state of development, it stands con- 

demned as most wasteful. The following figures as to the per- 

centage of the heat of the coal that can be turned into mechanical 

energy tn the steam plant should be of interest in this connection. 

These figures are taken from Gebhardt’s Steam Power Plant 

Engineering (p. 4): 
BeUr 

Pepa ticromlapound-Or Coal: 22.50. el cine es wee ae be 14,500 

Beaten oruenace losses, 50 per cent... ...... 0.0.6 Se ee oe ZOU 

PeemnncesieGaml 0; PCr CON... 0.8 6k oe kb eee ee eee ele O PARD) 

neni equivalent of one horse-power hour............5.........+6.. 2,045 

Heat used to develop one horse-power hour (50 pounds of steam per 

horse-power hour, pressure 80 pounds gauge, feed water 62 degrees 

SEE, PSSETT ESTAR). 5 SNR rel ie Se Nc 57,500 

2 545 PER CENT 

Percentage of the heat in the steam realized as work—-—_........... 4.4 
NT NOO 

: 2,545 
Percentage of heat value of the coal realized as work ——— SS ke Dee, 

BSH OU = Oo) 

The above is given as an average output for a small steam 

plant. 

The dissipation of the heat of the coal in a large steam plant 

has been figured as follows: 
1834 PU) 

we SE TT GuSLG, 5! Sep ea ae gen 135 

Per eerrationetrom DOMED... 6. oye ec le Pc ee we he 675 

ePIC, TEE TE FSO SETCE Fe la 2,970 

Meco auxiliary Exhaust... 05. 02-0 is tes ce ec ne ev ee ee 190 

esi radiation and leakage in main pipes....................... 210 

Bose radiation and leakage in small pipes....................6.. 30 

Lost in radiation and leakage in engine pipes................. een ge, LOU) 

een COM ONCONGENSET 1.6205 60 oc woe fie een £5 ieee che. 0 ABC. 

Maravloss im one pound of coal... ....02..0 0.74. eG es ede L222 

PERC ORTH OMPOWEL (nos fe ey eta ee noes 03 PM ee 23 

Ad, CANNES. oR Ee rel se A co 13 , 500 

= 9.43 per cent. 

The above figures show what has been done toward developing 

the steam engine into an economical power producer. It seems 
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therefore that the time has come to begin casting about for some 

more economical type of power unit. The rapid development 

of the gas producer and gas engine seems to promise the most 

reliable substitute for the steam plant. It is confessed by every 

good engineer that the steam plant that can utilize 12 per cent 

of the energy in the coal is exceptional, and this can only be 

reached in the best equipped and most modern large-unit plants. 

It has long been observed that when coal is thrown upon a 

hot fire a portion of it bursts into flame, or goes off as gases and 

smoke. This portion is known as the volatile matter of the coal. 

The solid portion remaining behind has been called coke, and this 

part consists largely of carbon but also contains the ash or non- 

burning part of the coal. When coal is treated in retorts for the 

coal gas, the coke remains behind as a by-product. It was found 

that this coke, or at least the carbon in it, could be burned into 

carbon monoxide provided the supply of oxygen was kept low 

enough so that the formation of any considerable quantity of 

carbon dioxide was impossible. This led to the modern process 

of producing gas from coal by passing a moderate supply of air 

with or without steam thru a thick fuel bed at a high temperature. 

In this way the combustible matter of the coal can be driven off 

as gas, without the production of coke. This gas is called pro- 

ducer gas and the apparatus used is called a gas producer. There 

are at present manufactured in this country three distinct types of 

gas producers: the suction producer, the pressure producer, 

and the down-draft producer. There are also combinations of 

the up-draft and the down-draft producer, called double-zone 

producers. In the suction producer the draft of air thru the 

producer is produced by the suction of the engine cylinder. In 

this type the supply of air is Hable to be enough to interfere with 

the production of a satisfactory gas and so steam must be added 

to the draft. The necessary steam is generated at atmospheric 

pressure by the hot gases leaving the producer and is drawn into 

the producer with the air supply. As this mixture of air and steam 

comes into contact with the highly-heated lower part of the fuel 

bed, the oxygen of the air and the oxygen of the steam combine 

with the carbon to form carbon dioxide. As the carbon dioxide 

passes up thru the higher parts of the fuel bed it is reduced to the 

monoxide, and the hydrogen in the steam passes on with the 

carbon monoxide formed. 

In the pressure producer the air is driven into the producer 

under pressure and the gas is stored in tanks for use in the engine. 
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The air blast is heated by an economizer which receives its heat 

from the hot gases as they leave the producer. The storage of 

the gas before it is used in the engine makes it possible to re- 

move tar or other impurities, and hence bituminous coals, lignite, 

or peat can be used. 

In the down-draft producer the gases are drawn downward 

thru the coal bed instead of upward as in the other types. In 

this way the tar and tarry vapors which would distill off of the 

new coal as it is fed to the fire are drawn down into the hot fuel 

bed and burned into fixed gases which can be delivered to the 

engine in gaseous form. The down-draft producer is well adapted 

to burning low-grade coals in which the loss of the tar would be 

serious. In large installations where by-products recovery is 

practicable, the other types can successfully compete with the 

down-draft type. 

I will not attempt here to go into the details of construction 

of the different types of gas producers. The development of the 

gas producer has been rapid and there is already an extensive 

literature of the subject. The work of the United States Bureau 

of Mines on the gas producer and its development in this country 

has done much to give us a better understanding of its operation. 

The following publications of the U. S. Bureau of Mines, Wash- 

ington, D.C., treat of various phases of the producer-gas problem 

and are for free distribution: namely, Bulletins 4, 7, 13, and 31, 

and Technical Papers 9 and 20. 

Producer-gas installations in the United States at the present 

time number over 1,000, ranging in power from 15 horse-power 

up to several thousand. The total horse-power is over 300,000. 

During the period from 1909 to 1912 the number of producer-gas 

plants of over 500 horse-power rating which were using bituminous 

coal increased 118 per cent and the toal horse-power increased 

89 per cent. 

Producer gas is in reality a mixture of gases, and may be 

classed under the three following heads: air gas, mixed gas, water 

gas. The first of these results when the gas producer is blown 

with, dry air; mixed gas results when the producer is blown 

alternately with air and steam; and when the producer is blown 

with steam, water gas results. In all cases the amount of car- 

bon in the coal is the factor that chiefly determines the value of 

the gas. The incomplete combustion of a pound of carbon into 

carbon monoxide yields 4,450 B.T.U., and the gas formed carries 

with it to the engine the additional 10,231 B.T.U. that would 

7 
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have been given up if the combustion had been complete and the 

entire product had passed off as carbon dioxide. This represents 

70 per cent of the heating value of the coal and with dry-air 
blast the other 30 per cent is dissipated in the producer. When 

this is done the temperature of the fuel bed is raised accordingly, 

so that when steam is introduced into the bed the steam is de- 

composed into oxygen, which combines with the carbon of 

the coal, and hydrogen, which passes in this form to the engine. 

Here it is again burned into steam. Thus much of the 30 per 

cent which remained behind in the fuel bed when the air blast 

was running is saved by the steam blast. The steam also re- 

duces the temperature of the fuel bed and lessens the amount of 

clinkering. : 

The successful gas producer should have the following features: 

1. A deep fuel bed carried on top of a deep bed of ashes; 

the first to make good gas, and the second to prevent waste of 

fuel. 

2. Blast carried by conduits thru the ashes to the incandescent 
fuel. 

3. Accessibility of the ash bed and proper arrangements for 

the removal of the ashes. 

4. Level, grateless support for the burden, insuring uniform 

depth of fuel at all points, and consequent uniformity in the 

production of gas. 

The following table showing the distribution of the heat of the 

coal when used in producer-gas power plants and steam plants is 

of interest. The coal used was of 13,000 B.T.U. thermal effi- 

ciency. 

STEAM PLant| Gas PLANT 

Heat-lostantashes= 3 es ee ee ere 2.00 eto 

In-radiation andscoolittge 7.14. ree ee 4.60 18.60 

Heatdostan smoke: saes 3 <es. Png een 24.60 none 
Heat lostimengine radiation... 6 au. 3.30 4.30 

Heatlost incexhauste eon ee ee 53.50 2) IAG) 

Heat-lost-inswatern jacket... see oe eee none oo .00 

Lost in auxiliaries....... BEDE mam Det atl aa 7.30 none 

Total heatlossessi a3 2:4 ors ee ave 95.30 81.20 

Net efficiency of the plant... ...—.... 2.2. 4.70 18.80 
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This table was taken from a catalog of producer-gas equip- 

ment, but it is corroborated by numerous tests. 

The amount of gas produced from a pound of coal differs 

according to the kind of coal, the type of producer, the number of 

pounds of fuel gasified per square foot of fuel bed, and the regula- 

tion of the draft. The quantity of gas obtained per pound of 

bituminous coal under average conditions is given in Bulletin 

13 (U.S: Bureau of Mines, 1913), as 60.5 per pound of coal as 

fired. The heat value of producer gas as compared to natural 

gas is on the average about one-fourth to one-fifth, or about 

125 B.T.U. per cubic foot under standard conditions. The 

following is an average analysis of producer gas made in a down- 

draft producer: 
VOLUME 

PER CENT 

Meomanrtmolioxacen(@O)) 25 iis Aoslece cee os Soke gwar ele wut eve e 9.23 

2 eee, (Oa) sk Ae ee ocr i aera .16 

Ethylene (C.H,4) SO FOC OOSKOOO ODO HDOGOO OU LO BO dO Dodo OM Ob OO OD OOD DOE 04 

Soconsniionoxides(@@) re. 8 ne) eee ee ee ek i-o3 

JAC TRESTLE by). Sac aA aca ar a 11.85 

DS Eeme (CIEL a) O55 Se Se aa ee 1.08 

oT ivsreayeerty (IN) 5 25. 5 ae PS am gee rea ee 60.11 

Sik oy iret PI Tear ec oh ey Rot AA ae ees tele NG ve Mase es 100.00 

Producer gas, in addition to being of value as a means of 

power production, is useful in the manufacture of iron and steel, 

annealing, enameling, brazing, soldering, drying, japanning, gal- 

vanizing, evaporating, tempering, and case hardening. In 

addition to its numerous other uses, it is of value in lime, cement, 

and brick kilns. In the burning of lime the application of pro- 

ducer gas enables the operator of the kiln to secure the long, 

soft flame characteristic of wood firing, and at the same time 

escape the localization and intensity of oil or natural gas. Trouble- 

some overburning and underburning is eliminated and the quality 

of the lime produced is constant. It eliminates the difficulty 

of having ash in the product, which results from coal firing. It 

allows the use of larger kilns than could be used with short- 

flame coals. With no ash the clinkering and irregularities of 

operation arising from its fusion with the lime are absent, while 

the cost of attendance is reduced to a small fraction of that of 

coal firing. Producer-gas firing is readily controlled and gives 

a long, slow flame with medium heat, which is ideal for lime 

burning. The fact that producer gas can be obtained from any 
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grade of fuel makes the operator independent of the fuel supplies 

of the locality. 

In by-product recovery the nitrogen of the coal is converted 

into ammonia, which is taken up in dilute sulphuric acid, forming 

ammonium sulphate. <A ton of coal under average conditions 

will yield from 60 to 80 pounds of commercial sulphate. This 

sulphate is worth about 30 cents a pound. The immense amount 

of nitrogen lost from our coals as now fired, that could be made 

available for fertilizing material if it were recovered as a by- 

product, is appalling, and shows very poor economy. 
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Plot 3 is given to show the approximate cost of gas producers and engines and 

the combined cost of engines and producers. 

Cost of Power. The cost of power in the power plant of a 

quarry or mill, altho of interest, is an item not generally known by 

the operators, especially those operators who have small plants. 

The factors which enter into a calculation of this cost are so many 

and so varied that few of the operators care to go to the expense 

of making the tests necessary to determine them. The various 

expenses incurred in the operation of a power plant can be grouped 

under two heads: fixed charges and operating costs. Under the 

first head come: (1) interest on investment; (2) depreciation 

in value of machinery; (3) insurance; (4) taxes. Operating 

costs include: (1) labor or attendance; (2) fuel and water; 

(3) oil, waste, and supplies; (4) repairs and maintenance. 
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Fixed charges are those costs which are independent of the 

output of power of the plant. In other words, they go on whether 

the plant is in operation or not. The cost per kilowatt hour due 

to fixed charges, of course, decreases with an increase of output, 

but the total charge does not vary. The rate of interest varies 

with different conditions, but for all calculations the rate will be 

placed at 5 per cent, since this represents a fair average. 

Depreciation is the loss in value of a piece of apparatus with 

increase in age. The methods of determining depreciation are 

almost as numerous as the number of operators trying to determine 

it. The main object of setting aside this fund or charging it 

against power cost is to have available a sufficient sum of money 

to replace the machinery when it wears out or becomes obsolete. 

Power machinery decreases in value from its cost price to scrap 

value during its useful life, and if the price of new machinery is 

to be available at the end of that time, it must be charged against 

the power and set aside during the time the machine is in opera- 

tion. The figure for depreciation used in the following calcula- 

tion is 8 per cent. Of course, the rate will vary with the normal 

‘life of the apparatus, that is, the time it should run and give 

good service if properly cared for. The data of the following 

table on the average life (in years) of power-plant and stone- 

working machinery were collected from various articles on de- 

preciation and from the observations of mill and quarry operators 

in the stone district: 

SLC IGS Ae SEVCAtLErsOPeMian 6) Gea deena ee 20 

SUSCIES., OTE G) eta iag peat ee AQ? 2 WHeaters Closed ae. bk ee ey 15 

Stacks; guyed sheet-iron......... IRE DS clisi ire chao oe et sy ue ee ‘H 

Betlers. water-tube.:-.......... 25 Generators, direct current....... 18 

“CLUS: TEINS AU oe 18 Generators, alternating current. ..20 

2 LULESS 3 ee for Motors; direct. current. 28.2... 2... 18 

PMO Ee ek. rn Senin 18 Motors, alternating current...... 20 
meimes, high-speed... ....5.... Loe Diamond saws: one ee 6 

Hngines, low-speed..............20 General stone machinery........ 20 

The figures given above are only relative and are based on data 

given by men who have not made a practice of collecting such 

data. They would therefore be subject to considerable varia- 
tion. 

While no definite rule can be applied covering charges for taxes 
and insurance, they have been lumped at 2 per cent on the in- 

vestment. 

Under the head of labor must be charged all wages paid to 
firemen and engineers and for any extra coal handling, ete. 
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Fuel and water costs represent the cost of these materials 

laid down at the plant ready for use. 

Oil, waste, and supplies include all supplies used about the 

plant that are not directly chargeable to repairs and maintenance. 

Power costs thruout the stone belt, taking into account the 

above factors, vary widely. The figures cannot be brought down 

to a definite cost per horse-power per hour, until the load factor 

of the plant is determined. The load factor is the yearly output 

of power divided by the rated horse-power, times 24, times 365. 

In fact, if an operator knew the exact amount of power used per 

year, the problem would become the very simple one of dividing 

the yearly cost of power by the horse-power used. Where 

electrical equipment is in use these figures are easily calculated. 

Where calculations were made the cost of power in this district 

was found to vary from 1.65 to 4.28 cents per horse-power per 

hour. Calculations were made on a few plants only, and 

are given merely to show in a general way what the present 

situation is. These figures when calculated on the Kilowatt 

basis become from 2.21 to 5.67 cents per kilowatt per hour. A 

number of manufacturing companies that specialize in the types 

of power machinery used in quarry and mill work were asked 

to submit figures on the cost of power in plants where their ma- 

chinery is in use at the present time. In answer to a letter ask- 

ing for data on the cost of power in a 100-kilowatt plant, or plants 

of nearly that power, the following data were submitted on the 

cost of power In a quarry at present in operation in the Odlitic 

stone belt in Kentucky. Altho the plant is larger than the one 

I suggested, the data will show what good practice in the stone 

belt could accomplish. The figures given represent a low power 

cost in this kind of service, but this results from the high average 

load, the low cost of labor, and the fact that no machinery is 

held in reserve. The letter mentioned is as follows: 

It would require a 16 by 20 “‘J’’ Corliss engine direct connected to a 

200 r.p.m.; a 200 K.V.A., 60-eyele direct-connected alternator and belted 

exciter for same, a water-tube boiler with 2,000 square feet of effective 

heating surface in the tubes, a feed-water heater, two boiler-feed pumps, 

a guyed steel smoke stack, ete., and our estimate of cost is as follows: 

The engine delivered and erected... 2... ...2 5. 42. eee $3 , 400 

Foundation for engine. 04... 203 oaks oe eee Zio 

One direct-connected alternator, 200 r.p.m. and exciter delivered 

and erected osc. 3 8 ol es Ee eee oe ee 2,600 

Switchboard and eables to connect switchboard to alternator and 

EXCLEET ooo ee ee Se I re 900 
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One boiler with hand-fired grate, and smoke stack, all erected and 

arpa ear OMRUTIE Toe ion ae ce eg ee Si Maes $3 ,200 

Rip heat, pumps, pipe covering, etc.........0.0..6.00... Ser tet 2,000 

TEL QS IPTC COS Fe a $12 ,375 

In a general way the plant as above with one boiler would cost at the 

present time $80 per kilowatt actual energy at 80 per cent power factor at 

full load. 

If they want a spare boiler the same will have to be added, $3,200. 

Our estimate of cost of operation as follows, based on 10 hours per day, 

300 days per year, average load of 150 kilowatts, being 450,000 kilowatt 

hours per year at 50 pounds of feed water per kilowatt hour, being 22,500,000 

pounds of water evaporated per year. Assuming the coal to be of pretty 

good quality (13,000 B.T.U.) they ought to evaporate 7 pounds of water 

per pound of coal, which would mean an annual coal consumption of 1,607 

tons. 

PMIIGMeOA! ab pa Per FON... 6.005. oo a i ee ces obo, 214 

One engineer, who will do his own firing, $75 per month............ 900 

Part of one man’s time to wheel coal and ashes.................... 150 

We assume that. water will not cost anything..................... 

PMnaShe ang. Cnoine room supplies... .......... 00 eb eee ce ee eee el 300 

ieee OR eee eon a wa Oe ee 75 

Overhead expenses, being 8 per cent depreciation, 5 per cent interest, 

1 per cent insurance, | per cent taxes, total 15 per cent of $12,000.. 1,800 

Monraannualoperatine CXPeNSes. 0... 6. ce ee we eee $6 , 439 

The above gives a cost per kilowatt hour of 1.48 cents. 

If the annual load is reduced to 115 kilowatts, 10 hours per day, 300 days. 

per year, the above estimate would change only on the coal cost and result 

in a cost per kilowatt of 1.65 cents. 

Cost of labor, ete., is estimated on Kentucky conditions. If a brick 

stack is required instead of one of sheet steel, additional cost for the one-boiler 

plant would be approximately $1,000, and for two boiler plants it would 

be about $1,700 over the cost of the steel guyed stack, and a concrete stack 

would probably figure out a little less than brick. 

The above estimate is based on using the Ball non-releasing gear Corliss 

engine. 

The following figures as to cost of investment, coal consump- 

tion, and other costs were submitted by one of the small operators 

of the stone district for a calculation of the cost of power. The 

cost is very low on account of the low first cost of the plant, due 

to the fact that much first-class machinery was purchased second 

hand in perfect condition at a very low price and that the repair 

bills had been exceptionally low since the plant began operation. 

The plant is kept in good condition and has been in operation 

for three years. 
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The average load is figured at 40 horse-power per hour with 

a 10-hour day run for 200 days per year, which would be equal 

to 80,000 horse-power hours per year. With a yearly power cost 

of $1,817.75 as shown in the data submitted, the cost per horse- 

power per hour will be 2.27 cents or 3.04 cents per kilowatt per 

hour. The vearly cost of $1,817.75 can be itemized as follows: 

COST CHARGEABLE TO DEPRECIATION 

DEPRE- 

Cost AGE | CIATION | DEpRE- | CONDITION 

(Per CIATION 

cent) 

Building. ec. re pa U0 3 4 $16 New, good. 

. aes, Good. 
Boiler Reg eect tet iat repre $1 800 | pes) 10 180 Se ond 

Pimioimess) nee woe J \ oF) Rone 

Hound ations eee eee 600 3 10 60 New, good. 

Rua pS. eek ee (OO 6 10 10 Second hand. 

Pa PING: Sa oer eee ess. 100 3 10 10 New, good. 

Stack on aes Ot ea 60 3 8 4.80) New, good. 

Pheaterss 2 tik oe Sa | 85 3 6 5.10} New, good. 

Diya Oper ee apes 265 3 6 15.90) New, good. 

Switchboard sar 115 3 5) 5.75| New, good. 
WEITER O ae cere ct ey i ure 75 3 3) . &.15| New, good. 

Bekiingwer es Ae ees U602 Cl asc. PAS 40 New, good. 

fo] GIES Elna Wa coe eens a er | TO 8 4 3 Second hand. 

RO bailbxe enn pies ese $3 , 835 $354 . 30} 

TOTAL YEARLY COST 

Cost chargeable to depreciation (as above)..... Peer: $354 .30 

Interests (Or percent) Rh ene eee ee MOREE sh is 191.75 

Taxes ‘and: insurance-(2 per Gent) 9222... 21.2. 2 5 eee 76.70 

Operating charges— 

Labor, one-man at $12 per week+....:. 2.052 ee paUOEee 

Coal=400 tons-at. $105 per tone. 2 ea ee 660.00 

(ilo is Se ees asad MG tae ea ed ae er 10.00 
Repairs (mone except for belting)... % . 2-222 ae eee 

Wialstes ek Wie aaa rats ee oe areas eee 25.00 

a IS LUD 

Total-all:chargves ) ee ae oo ee sk hss) WAS) 

The following figures were submitted for the power plant of 

a small mill in which the only electrical equipment was a direct- _ 
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eurrent dynamo driving the cranes. The plant has a full load 

capacity of 175 horse-power, but the calculations have been made 
on three-fourths load. 

Cost of equipment new— 

Bilge just power=house. ... 6 ee $600 . 00 

Boller water-tube, 153 rated: ee le ee ee oe 1,850.00 

Bommdatromon potler 2.60). oe. Seb eas ee aa a ee 160.00 
area wore rom Ooler ss 0 ee ee ee 500.00 

Eromenworkekor boilers. ec Se oe Si ee 250.00 

rack delivered and erected... 0.0. :.800 ce ve ee 350.00 

Heater, one piece cast iron with oil separator 155.00 

LP TDT IOS 5-016. 6.6 07s Ee Re gare ee 140.00 

Piping and erection of pumps and heater......... 250 . 00 

meaner, 36% VOO-r p.m ie. ks ee eek: 1,600.00 

eeresinteemal nea WN i i Re bak hee 100.00 

GUINEA HOM ROT EMOING 26.05 es So ae ee 400 . 00 

RS cEMORS lI: me eer a Ss ar Se ee 400 .00 

Dynamo and warine for SAME... 6... Se 675.00 

ioe ECOSbaO AD latte erotics es hue occa das See a ae $7,430. 00 

Operating cost— 

Coal, 120 tons per month, 10 months, $1.55 per ton. $1,860.00 

Labor, engineer $15 per week, fireman $10 per week. 1,000.00 

EE SHERAMOSUO PICS 2.2. ee ee SS 200 . 00 

CANS eS 100.00 

Na ener a a re Ne Toe eee i ea enon $3,160.00 

Fixed charges— 

heberesigcuronper CON: osc... cat oe eee Oke eek $371.50 

Wepreciatvoncat S percent... 8s ek re 594.40 

imsmimanceratel percent: oo a. sk nie ee ke bn nla 74.30 

saesEatelapencent:. 224. yes os cde oe ese ee 74.30 

TOU! oc 6 iai5 aa RISEN eee eo oe DERE Ca ee eh RD rh Gece Ate $1,114.50 

BMEARIyACOSU Of POWER Gike: ey on ek wos | OTe ee $4,274.50 

Figuring on three-fourths load as 130 horse-power for 10 hours 

| per day and on 200 days per year, the cost per horse-power per 

hour would be 1.65 cents. This would be equivalent to a cost. 

of 2.21 cents per kilowatt hour. This figure is low, since. there 

are few mills that could figure on a load factor as high as three- 

fourths load. In most cases it would not in all probability go 

over 50 per cent, and in such cases the costs would be 2.44 cents 

per horse-power, or 3.27 per kilowatt per hour. 

In connection with the cost of power in small units other 
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than steam units, the cost of power in the small oil-driven plant 

now in use in one of the small stone mills is interesting. The 

engine as before stated is a 40 horse-power Fairbanks-Morse 

engine, and, according to the owners, cost approximately $1,400 

installed. The fuel used cost 71% cents per gallon, and the con- 

sumption was about 111% gallons per day of 10 hours. The cost 

of power on such a basis is as follows: 

Fixed charges— 

Interést atS per. Cent inc 2 en A, ee ee $70.00 

Depreciation at 8 per cent...) 2.2.) 2 eee 112.00 

Insurance and taxes at.2 per cent............¢..: 28 .00 

Total. fixed charges. .... )..5 2. 0 a ee $210.00 

Operating costs— 

Cost of fuel at 71% cents per gallon, 111% gallons per 

day, 200 days per vear: . so) ee eee $172.50 

Repairs, 3 per cent on investment............... 42 .00 

Supplies cele eA Sy Be ies dol oh oe ee 25.00 

Labor of one man, part-time office work........... 100.00 

Total operating cost.) 5.000) ha ae ee $339.50 

Total: power Cost...) oo ie $549 . 50 

A.50 per cent load factor for 200 days of 10 hours each gives 

40,000 horse-power hours, or a cost of 1.37 cents per horse-power 

per hour. This is about 1.7 cents per kilowatt hour. 

These figures compare favorably with figures given on a 

20-kilowatt oil plant by R. L. Streeter in the Factory Magazine 

where the total cost of the installation was given as $2,200 

and total power cost as $973, giving a cost of 2.1 cents per kilowatt 

hour. 

The same authority gives the cost of a 100-kilowatt plant as 

$13,100, with total power cost as $3,810 or a cost of 1.69 cents per 

kilowatt hour. 

Many of the plants are growing in size, and as the machinery 

in use at the present time gives out, the owners are casting about 

to determine the approximate cost of power with a larger plant 

or trying to determine when the saving will justify scrapping 

the machinery now in use. For this reason I will try to outline 

roughly the cost of power plants of 250 and 500 kilowatt capacities. 

A 250-kilowatt oil engine plant can be installed for approxi- 

mately $31,000 with a total power cost of $7,000 per year, or 

about 1.6 cents per kilowatt hour. 
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A steam plant of the same size would cost about $16,000 

with a total power cost of $10,000 per year, or about 2 cents per 

kilowatt hour. 

The same authority divides these costs up as follows: 

eremetandtoundations:..-......-. 20... 0:6... seeee solace. $5,980.60 
“Sy TLLSUPS aLGL SOLUTE OPS Sa aU dee ere 5,770.00 

emer homamdaswitchboard.< os 2... bie i oe os bee Ob a Se 3,200.00 

SIAC, CG. ns ab S 6 ee IE eset e A are e 1,000.00 

SMe eRe ee ales loa eae ee oe en en eds $16,000.00 

pmcdmelnaEcesrael4 percent. Soe... wc eee oe Fa ee SE $2 , 240.00 

HOTU er oe nah Pcs aha cee Baek ala PS Lis wb 1,890.00 

1 ELL, ull WBS HS Cs aa ea cle em 4,990.00 

LOSTU BIOS S066 8 pe eee ee a rc 880.00 

ay itch ene ork co oo ae Oe eee GA eS He Bae $10,000 .00 

‘The cost per kilowatt hour was calculated on a 66 2-3 per 

cent load for 300 days of 10 hours each, as 2 cents per kilowatt, 

hour. | 

I corresponded with a number of the manufacturers of power 

machinery, and they submitted the following figures on installa- 

tions of this size: 

Water-tube boiler with stack, including transportation to Bloom- 

ington, Ind., and complete erection of the same............ $4 , 550.00 

Engine with foundation and pumps delivered................. 5,170.00 

“LES HSE {CBMUSIE,. FON ORICA S15 Cea eae ee ate rea nec ee 750 .00 

Severarorswitemboard and, witine. 2.0... 66. 6. oe i eo es 5,100.00 

MINN ect PRET Fee ee ee outa ok hace os he ealekn G $15,570.00 

With the lower cost of coal and labor in Bloomington and the 

shorter run of the stone mill, and 2,000 working hours per year, 

the total power cost would not exceed $6,290 per year. 

At 500 kilowatts the steam plant would cost about $31,000, 

with a power cost of about $12,000 per year, and the oil engine 

with generator would cost about $58,000 with a power cost 

slightly under $10,000 per year. The high cost of bituminous-gas 

producers makes their use poor economy in small installations, 

but by the time 500-kilowatt plants are reached they begin to 

compete successfully with the steam and oil plants. A large 

producer-gas machinery manufacturing company submitted the 

following figures on a plant of 500 kilowatts, with four engines, 

including three of 200 horse-power and one of 100 horse-power: 
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Installation ‘complete... 25.52 se. a ne es i eee $45 , 450.00 
Fuel, including lay-over periods, 1,600 tons at $1.50 

POL COM ees a whe oa ee ee eee eae Se $2 , 400 .00 

Fixed charges at fifteen per cent................45. 6,817.50 

Pep ans ieee oe eae eee ed eer ea eee 500.00 

Total power costextese yee eee ee $9,717.50 

Figuring on.a three-fourths load, which would be possible 

in a large plant, the cost of power would be about 1.28 cents 

per kilowatt per hour. 

Since it will be some time before more than a very few of the 

mills exceed this power consumption, the power problem beyond 

this point must include the centralization of the power plants 

and the distribution of the power electrically to the various mills 

and quarries. Mr. H. St. Clair Putnam in his address before the 

conference of governors of the United States held at Washington 

in May, 1908 (Report of the Conference of Governors, p. 293), 

sald: 3 

Electrical transmission of power is the new art which now is resulting in 

another and radical change in methods of utilizing our power resources, 

permitting, as it does, development whether by water power or by steam 

at points most convenient and economical, and transmission to the consumer 

in form adapted to great variety and convenience of use. This new develop- 

ment in applied science calls for reappraisement of the sources from which 

our power is derived. -The size of the power plant is no longer limited to the 

requirements of the individual user, but the power for entire communities 

can be supplied from a single station. 

There has been much talk of centralizing the power plant to 

the extent of having a single plant supply power to the several 

quarries and mills which are in the same neighborhood, and 

in many eases this could be carried out economically. The cost 

of a 1,000 horse-power steam plant with a compound engine 

and water-tube boilers would be about as foilows: 

Three 250 horse-power B. and W. water-tube boilers.......... $10,550.00 
Two 500 horse-power compound engines...:................. 22,000.00 

Foundations for engines and boilers... 2...) 2 ee 4,000.00 

Stack-(steel)-o oe ets ee ee ee 1,200.00 

Two.3/5-kilowatt generators) 220.2). 6 10,000.00 

Exeiters fot same io S50. 20 eae a oe eee 800.00 

Switchboard equipment and wiring... . 0... 5.) eee 3,300.00 
Pipme and=nstallations 3.2. s. 6th. as ecco ected eee 2,200.00 

Pumps, including condenser and pump equipment............ 2,100.00 

Wiatercheaters coer fi ia Coie aia oka ee er 650.00 

Superheaters eos ieee eg ese 2,300.00 

Incidentalse) tees sere eee ee eee Sid Matron oe ee 5,000.00 

Notalewithoutsboal dine as ees we eg eee eae = eae $64,100.00 
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POWER AND OPERATING COSTS 
Fixed charges— 

limGeresitsatronper CONG. se ODS Se RS $3,205.00 

Wepreciation at S per-cent.. 2 2.60. ee, 5,128.00 

Waxessand insurance; 2 per cent... 20. .6.0..... 4 1,282.00 

TOOT oa 658 I Ue ee a $9 615.00 

Operating cost— 

Coaly> 000 tons at $1.55 per ton... 2.0.....2.... $7 , 750.00 

NUN n OI eo eee dase ee eg 3,640.00 

[ENG JOPBIUES) 15555 gr er nate ed nS Ee 1,100.00 

Dili, WEISS, SLAG: Berea es GUNS este etc i Re ian ne eee 1,350.00 

MOE ee te aE COs aa au ARATE eA a $13,840.00 

PROUMMMONVCICOSUE a wlen oh ie cea ta Pune ene eae os $23 ,455.00 

Figuring on a 75 per cent load 10 hours per day for 300 days in 

the year, the cost of power per horse-power per hour would be 

about 1 cent, and if the run were but 200 days per year with the 

smaller operating cost of a shorter run it would make the cost 

about 1.8 cents per horse-power per hour, since the fixed charges 

would remain the same. 

With steam turbines and mechanical draft, and with coai and 

ash handling machinery, the total investment would be about 

$63,500, but the total cost of power would be cut to about $21 

per horse-power per year, or, if figured on the same basis as above, 

the cost would be about .93 cents for the longer run and about 

1.3 cents for the short year. 

It is of interest to compare the approximate figures on the 

cost of power with a producer-gas plant with the above figures 

for a steam plant. With the grade of bituminous coal available 

in the stone belt the cost would be approximately as follows: 

Investment cost— 

Bituminous gas producers, figured at $23 per 

MORSE OWICT: hye oe NN ee ee a aii a a $23 , 000.00 

Two 500 horse-power gas engines.............. 38 , 000.00 

Accessories, including draft equipment at $9 per 

INOESCROMICT: mers own ocee i ema oie a , 9,000.00 

Two 400-kilowatt generators ............. .... 10,000.00 

Mciiversmor the samen. 262k es ha tae ks 800 . 00 

Switchboard equipment and wiring...:........ 3,300.00 

ON AOMIS eC eRe Mite se hale Se cena ee Le 3,000.00 

inter dleriGailss asian tens Pelle ee ge 5,000 . 00 
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Fixed charges— 

Interest:at/5 percent... ee ee ee $4 , 605 .00 

Depreciationsat 8 percent. 224 245s eee 7,368.00 

Insurance and taxes at 2 per cent.............. 1,842.00 

Total ose 0s See ene oe Poh eee $13,815.00 

Operating cost— 

Coal, 1;500-tonsat $1255" per-ton so-so $2 ,325.00 

Taabory 2 ooo SIS eck eee 3,100.00 

Repairs.) 3. Go02 oo SE eae eee 920 .00 

Oil, waste, etc., including incidentals........... 1,000.00 

Total. 5 ie ee eee $7 , 345 .00 

Total yearly power and operating cost. 2-2 eee $21,160.00 

Figuring as before on a 75 per cent load for 10 hours per day 

for 300 days in the year, the cost of power would be .94 cents. 

Or if the running time were reduced to 200 days, the cost of power 

would be about 1% cents per horse-power per hour. 

These figures show that in installations of this size the cost 

of power is in favor of the gas producer, and as the size of the 

units increases the difference becomes constantly greater in favor 

of the gas equipment. Up to this point the value of the by- 

products from the coal formed in the manufacture of producer 

gas is hardly great enough to warrant the installation of the ex- 

pensive machinery necessary for their recovery, but as soon as the 

size of the plant passes beyond this point, recovery of by-products 

can be carried on economically. 

The power problem in the quarry district is a larger one than 

the simple matter of installing better small plants and handling 

them more carefully, altho, as will be seen by the figures already 

quoted, quite a portion of the present waste could be eliminated 

even in this way. The greatest saving in the cost of vower 

would result from the production of the power in large central 

plants and its distribution to the quarries and mills of the district 

by electrical transmission. The large plant when properly con- 

structed and handled is always a more economical source of power 

than even the best handled small plant. The stone belt of South- 

ern Indiana is a reasonably compact district, and the problem of a 

large central plant is therefore a simple one. 

In the treatment of the development of power in central 

plants three types of plants present themselves for considera- 
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Plot 7 is given to show the relative total cost of power with the different types 

of power plant equipment. This plot is the general summation of the data on power 

costs that I have been able to collect. 

tion, as follows: (1) hydro-electric plants, (2) steam-electric 

plants, (3) producer-gas electric plants. 

There is no question as to the low cost of power generated by 

hydro-electric plants, but when the cost of transmission and the 
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heavy overhead charges are taken into account the economy is 

not so evident. The use of water power as a solution of the power 

problem in the stone belt is out of the question. The only 

available water power is the White river at Williams and this 

power site is already in use. The amount of power that can be 

developed at this point is given in the thirty-fifth annual Report 

of the Indiana Department of Geology and Natural Resources 
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Plot 6 shows the relative efficiency of different types of power equipment. 

(p. 52), as 332 horse-power. This is not enough power to assist 

materially in the quarry power plants, and at the present time 
most of the water is used as cooling water in the condensers of 

the steam plant erected at this place. 

From a purely thermal standpoint and as a means of conserv- 

ing our natural resources, the producer-gas electric plant is much 

better than the ordinary steam-electric plant for power purposes. 

If fuel consumption were the only consideration there woulc be 

no question as to its superiority over the steam plant, but this 

item is only one of many to be considered. Up *o the present 

time it has been the commercial efficiency of the steam plant that 
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has allowed it to compete successfully with the gas and the hydro- 

electric plants. In the consideration of producer-gas installations 

there are two factors that count against it strongly when an opera- 

tor or a group of manufacturers is deciding on the kind of power 

plant to install. First, the gas engine is a comparatively new 

power unit, and the natural conservatism of the men often causes 

them to decide to stick to the old way of doing things. This 

does not mean that the gas producer and gas engine are an un- 

tried project, for in fact in foreign countries, especially in Germany 

and England, they are taking the place of steam plants wherever 

large power plants are being built. In this country the Bureau 

of Mines of the United States government has made very ex- 

tended tests and has indicated its satisfaction with this type 

of power plant. This would not be so if these installations were 

not a success in every way. In the second place, the higher 

first cost is a deterring factor because it is hard to interest capital 

in making a large investment when a smaller one would do the 

work, even if higher ultimate returns could be shown for the form- 

er. But as the competition in power becomes more keen and the 

cost of coal increases, gas installations are sure to displace steam 

plants. 

Further figures would probably be of no interest to the stone 

operators, but I desire to say that among the letters received from 

the manufacturers of large power-plant machinery, I have figures 

on steam plants including Sterling boilers with chain-grate 

stokers and coal and ash handling machinery, economizers and 

superheaters, and turbo generators with high vacuum condensers, 

ranging in size from 2,300 to 2,500 kilowatt capacities, in 

which the power cost was as low as .47 cents per kilowatt hour. 

I also have received similar figures from producer-gas plants 

of this size which claim a power cost of .43 cents per hour with- 

out by-product recovery. 

The power problem of the stone belt is so closely related to 

the similar problem in the coal mining district of the State, 

which is located comparatively near the stone belt, that the 
ideal solution seems to be one common to both industries. 

Power production at the present time in both districts is costing 

too much, and this fact is becoming more and more plain to both 

groups of operators. Large power plants could be located in 

the coal fields at the mines and the power used in the stone‘dis- 
trict carried over in the form of high voltage current The ideal 

power units for such plants would be gas produc.ers and gas 

8 



114 Indiana University Studies 

engines with by-product recovery. In this type of installation 

any and all grades of coal, even to slack, could be used and much 

waste could thus be eliminated. The by-products, consisting 

of ammonium sulphate and tar, would sell for enough to cover 

the cost of mining the coal and the charge for power would only 

have to be enough to cancel the fixed charges. This would 

not need to be an exceptional plant since there are numerous 

plants in Europe that depend entirely on the sale of their by- 

products for their profits. A good example of the economy of 

by-product recovery is the plant at Dudley Port, South Stafford- 

shire, England, where a Mond by-product plant practically 

pays for the coal in by-products. Ammonium sulphate re- 

covered from a ton of their coal was worth $2.25, while the tar 

sold for $0.19, or a return of $2.44 per ton of coal. 

The power from such a central plant located in the coal 

fields could be used in the stone belt as far as it was desired, and 

the remaining, power developed would find a ready use in the 

mine work. 

This method of power production is almost sure to come in 

the future, and why not try to hasten the day? The conserva- 

tion of the coal is becoming a problem of vital interest and if we 

can develop a horse-power on one-fifth the coal with a gas engine 

that it takes to develop it with the steam power plant, why not 

develop it with the gas engine even if the greater power-plant 

cost makes the saving at present in favor of the gas slight? 

The gas engine is the engine of the future, and with its firm 

establishment in this country a price for power of 1 cent per 

kilowatt per hour will not be considered low. The field is open, 

and the company with the necessary capital and proper business 

management that locates a plant of this kind in this field will 

find that an excellent dividend will result because the demand for 

power is growing fast and to all appearances must continue to 

grow for a long time to come. 



Ranke Utilization of Waste 

CHAPTER VII 

QUARRY WASTE 

General Discussion. The largest industries of the country 

have all been developed by improved methods of the utilization 

of waste. The success of the Standard Oil Company and the 

meat-packing industries is directly traceable to their close utiliza- 

tion of the waste products of their business. The stone industry 

has been one of the most backward of all industries in its use of 

the waste stone that results from the operation of quarry and 

mill. 

During the operations of quarrying the loss of stone will reach 

from 30 to 50 per cent of the solid cut, and’ one operator who was 

working a quarry where there was no adequate covering over the 

building-stone layer estimated that as high as 60 per cent of the 

solid cut o: his quarry was wasted. The quarry in which 70 

per cent of the solid cut can be put on the market is an exception- 

ally good quarry. The probable average of waste for the whole 

quarry district is 38 per cent to 45 per cent of the solid cut. 

The causes of this great amount of waste stone are many, 

but the most important may be grouped under the following 

heads: (1) the texture of the stone, (2) mud seams and joints, 

(3) the character and amount of the overburden, (4) irregularities 

in the stone, (5) crackings in the stone due to, geologic causes, 

(6) carelessness in the handling of the stone in the quarry, (7) 

variations in the color of the stone. 

The general texture of the stone is granular and a wide varia- 

tion in the coarseness of grain may occur even in a single quarry. 
This variation may appear in the different beds or even in different 

parts of the same bed. Stone of too coarse texture has to be 

discarded because there is no demand for the coarse-grained stone 

in the trade. On the other hand, when the grain of the stone is 

very fine it may be harder and more difficult to work. It follows 

therefore that the medium-grained stone is the most desirable 

and gives a larger profit to the quarryman. In many places the 

stone contains small crystals of calcite, and when these crystals 

are numerous they produce what is known as “olass, Seams’. 

(115) 
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When these occur the stone is usually rejected. The presence of 

large fossils also causes the rejection of the stone. 

When the stone in the quarry has been covered by nothing 

but the loose material resulting from the disintegration of the 

upper part of the formation, the stone will be traversed by a 

number of deep mud seams ranging up to 10 feet wide and 25 

feet deep. These seams are the result of the action of water 

which enters the ground and, becoming charged with the organic 

acids of the soil and the carbonic acid gas of the air and soil, 

dissolves the limestone along the natural joints of the rock forma- 

tion and the connecting material from between the grains for some 

distance into the blocks. These seams may be developed in either 

direction, depending on the direction of the surface drainage at 

the given point. In many of the quarries where the surface 

drainage has been at an angle with both sets of seams it will be 

found that both sets are developed. The most of the quarry 

openings have been made along the edge of the outcrop of the 

overlying Mitchell limestone and then the quarry is worked back 

under the Mitchell stone. In such cases the seams will be less 

enlarged, and the thicker the overburden the fewer will be the 

number of mud seams and the less open will they be. All stone 

formations contain joints, but the stone of this district is especially 

free from them and large blocks can be quarried in many of the 

quarries. 

The overburden in the quarry usually consists of a few feet of 

loose material resulting from the disintegration of the rock strata 

at that point, and the overlying limestone of the Mitchell forma- 

tion. When this limestone layer is lacking, the amount of waste 

due to weathering of the building-stone layer is greatly increased, 

and, in fact, the amount of waste resulting from the fact that the 

stone has no good cover may make it unprofitable to operate 

such a quarry. The result of thick stripping of the underlying 

stone 1s very noticeable in such quarries as the old P. M. and B. 

quarry operated by the Indiana Quarries Company and the 

George Doyle quarry in Dark Hoilow where upwards of 30 feet 

of Mitchell limestone is removed. In these quarries the seams are 

hardly noticeable, and none of the joints has been opened and 

filled with mud as is the case in many quarries where little rock 

stripping is necessary. 

In many of the quarries there occur structural irregularities 

known as_ stylolites, usually called ‘‘crowfeet’’ or ‘“‘toe-nails’’. 

These irregularities are 4 the only representatives of bedding 
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planes or horizontal joints. They usually are responsible for the 

loss of from 3 to 6 feet of stone on either side of the seam. 

In at least three of the quarries the stone shows a tendency 

to split up in irregular blocks as soon as quarried, and this splitting 

results in the loss of many valuable blocks of stone. The cracks 

seem to be present in the stone before it is quarried, but do not 

open until the stone is removed from its bed. This condition 

probably results from geological movements within the earth, 

and the resulting stress set up causes the stone to crack or at 

least develop lines of weakness. In one quarry all these cracks 

were in a horizontal plane and may have been caused by a settling 

of the formation as a result of the removal by erosion of the 

underlying beds since the trouble existed only along the edge of a 

hill and the cracks decreased in extent as the operations were 

earried farther into the hill. 

The present methods of handling stone in the quarry result in 

much waste that could be avoided. Most of the operations in 

the quarry are performed by unskilled labor, because the quarry 

work is less desirable than the mill work. As a result the quarry 

laborer is underpaid and careless. The channeler, drill, and 

scabbling machine each cause some waste, and if the work is not 

well done the irregular breaking of the blocks will represent 

another important source of waste. 

The Oolitic limestone is of two shades of color known to the 

trade as “‘buff”’ and ‘‘blue”’ stone. The difference is caused by a 

chemical change in the small amount of iron compounds present 

in the stone. The original color of all the stone was blue, but 

the oxidation into ferric compounds of the iron which was pre- 

sent originally in the form of ferrous compounds has caused the 

blue shade to turn to a light grey or greyish brown known as buff 

stone. When the quarry block is entirely buff or entirely blue, 

it ean be sold at full price; but the line of separation between the 

buff and blue stone is usually very irregular, and consequently 

there are blocks in which the colors are both present with the 

result that this mixed stone has to be sold at a much lower price, 

some of it being rejected altogether. There is a growing tendency 

in the stone trade to disregard the difference in color of the 

stone, for the stone will take on a uniform color after a longer 

or shorter period of exposure to the atmosphere. If a block of 

blue stone be exposed to the sunlight and atmosphere for a month 

it is difficult to tell whether it was originally buff or blue without 

chipping into it. A building made of the mixed stone, altho 
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presenting a peculiar appearance at first, will soon become uni- 

form in color, and the fact that 1t was mixed stone will be difficult 

for even a stone expert to determine. A building made entirely 

of blue stone will slowly change to the same color as a building 

of buff stone, so that the grading of the stone on this basis is 

unnecessary if the trade were educatedto this fact. 

In the mills less waste occurs, but even here the amount 

sometimes reaches as much as 20 per cent of the weight of the 

quarry block purchased. Estimates by the different mill operators 

place the amount all the way from 8 per cent up to 22 per cent, 

but Mr. Ernest Hunter, then superintendent of the Odlitic stone 

mill of Bloomington, gave me figures of actual weights of rough 

stone shipped in and the sawed stone shipped out which show 

that fully 20 per cent of the quarry block is wasted at the mill. 

This percentage of waste increases with each additional operation 

that the stone undergoes, and in the case of decorative work is 

far greater than the above figure. This waste is greatest where 

planer and lathe work is done and where the stone is turned out 

as columns. 

Since a conservative estimate of the quarry waste would 

be 40 per cent and of the mill waste 17 per cent, the part of the 

stone finally reaching the building trade is about 50 per cent of 

the solid cut. The 1912 Report on Mineral Resources of the 

United States Geological Survey (p. 745) places the output of 

the Southern Indiana quarry district at 10,442,304 cubic feet, 

so that at the rate of waste given above the total waste of the 

district must be close to 10,000,000 cubic feet of stone per year. 

Of this vast waste-pile, at present about 18,000 cubic feet is 

converted into crushed limestone and about 8,500 cubic feet is 

made into ime. Allowing that as much more is sold for other 

purposes, it will be readily seen that the present utilization of the 

waste stone of the district amounts to nothing as compared to 

the amount available. To this vast accumulation of any year 

must be added the amount of waste that has accumulated during 

the last twenty-five years of active operation of the quarries of 

this locality. 

The present method of waste disposal is to dump it into 

the old workings or give it to the railroads for hauling it away. 

Such a large amount of waste has accumulated at some of the 

quarries that the disposal of the present waste is a serious problem, 

and in many cases waste-heaps of other years have to be moved so 

that new floors may be opened. The present method is to pile 
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the waste by means of a derrick in large piles at the sides of the 

opening. When therefore the floor has to be extended to the 

point where the waste-pile is located, the pile must be moved to 

make room, and is usually thrown back into the worked-out 

floor. Since most of the quarries are located on the hillsides a 

better method of disposal and one which would not interfere 

with the later recovery of the stone would be the use of cable- 

ways and overhead cars for running the discarded blocks to a 

place well removed from the quarry and to a point where there 

was no quarryable stone to be covered. 

The usual price of the waste stone loaded on the cars at the 

quarry is 15 cents per ton, the price paid by the limestone and 

lime plants of the district. The charge of the railroad for moving 

cars in the stone belt when the product is to be rehandled is $2 

per car, making the product cost about 20 cents per ton delivered 

at a central point. This is not, however, a fair estimate since 

almost any of the quarries or mills would contract to give away 

their waste if the contracting company would promise to take 

care of the entire output of waste stone. 

The waste stone or at least a part of it might be taken care of 

by some one or more of the following methods: (1) more careful 

grading of the stone and the use of a large amount of the rejected 

blocks in rougher buildings; (2) the production of ground lime- 

stone for fertilizer and for use in the manufacture of glass; (3) 

the production of lime; (4) the production of Portland cement; 

(5) the production of crushed stone for road metal, for flux in 

the steel industry, and for crushed rock concrete. 

In the case of the last four uses above mentioned the Mitchell 

limestone of the overburden would be just as useful as the waste | 

Oolitic stone, and in the case of road metal and crushed rock 

concrete, it would on account of its greater hardness be better 

than the softer Odlitic stone. The cost of stripping could be 

entirely met by the use of the stone in any one of the last four 

ways. 

The amount of waste that could be utilized for these purposes 

- would be increased by the amount of Mitchell limestone taken 

off as stripping, and the utilization of this stone would make 

profitable the operation of quarries which have been abandoned 

on account of the high cost of stripping this stone. 

Stone Grading. The present methods of grading stone are 

very unsatisfactory since there are no hard and fast rules to 
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follow and the selection of the different grades of stone is left to 

each individual quarryman. This allows a wide variation in 

what is called “Al” stone; for what one quarryman with a good 
quarry would call second-grade stone might be exactly the same 

kind of stone that another operator would be putting on the 

market as “‘Al’’. 

If a selection is to be made on the basis of grain or color 

alone there will be about as many grades of stone as there are 

quarries in the district. Bids are made on the basis of a single 

sample, with the result that, since the quarrymen are in the habit 

of sending out selected stone, as samples, in most cases they are 

unable to furnish any large amount of stone that is strictly hike 

the sample submitted. This causes a tendency on the part of 

the builders to become altogether too stringent in their specifica- 

tions, and much dissatisfaction results. The stone trade would 

be greatly benefited if every operator would exercise more care 

in the selection of hissamples. It would be a benefit if the present 

method could be done away with and a single standard grade of 

stone be adopted. In other words, if all the stone could be sold 

as a single grade, it could be put out at a higher price than is now 

charged for the lower grades, and the larger output would give a 

greater profit than the present system. The following table 

gives in general the grades recognized and the average prices 

paid for each grade: 

QUARRY BLOCKS 

SAN? UES. vue tcene contin ete Pant eee ee ee 25 cents per cubic foot. 

“Al’*“blue Gimne=erailned)) 23. snc cue et eee 2 eee 25 cents per cubie foot. 

Prades uth 5.23355 22 ae ee le tat ene 20 cents per cubic foot. 

Tradesblwe 23 «Gis 5 ke ee en 20 cents per cubic foot: 

Mixed stone, part. buffizand part blue... 225. 13 cents per cubic foot. 

To these prices must be added 5 cents per cubic foot if the 

blocks are scabbled. The higher grades of stone are the ones 

shipped long distances, the New York market especially demand- 

ing the best grade. 
Every mill operation the stone undergoes increases its price. 

The cost of some of the simpler operations is as follows (per 

cubic foot): 

Sawing on two sides: 22,200.50; bane a ee 15 cents. 
Sawine- on four:sidess his Sw. see ee ee eee 30 cents. 

SA Wine ONASIX SIGES . fo hoek «ck wees aces arltn cies eee 45 cents. 

Planing—Charge made according to the surface area planed and the shape 

and weight of the stone. 
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The above figures were submitted by Mr. William Johnson 

of the Chicago and Bloomington Stone Company and Mr. 8. C. 

Freese of the National Stone Company. 

During the earlier years of the stone industry in the Southern 

Indiana stone belt only the finer grades of stone were made use 

of and large quantities of quarry blocks were discarded as waste. 

At the present time these are utilized more and more, but there 

is stil a large amount of stone piled on the waste-heaps that 

could be used if the selection of the stone were carried on more 

carefully. : 

It has been suggested that a large amount of the waste quarry 

blocks and even a large amount of the waste of the mills could be 

utilized if a machine for cutting the stone in small sizes, say 

brick size or cement-block size, could be perfected. It seems 

possible that an arrangement of smal] circular saws might be 

made that would turn out this stone in small rectangular blocks, 

such as would be suited for use in cheaper buildings. In fact, a 

very cheap product could be put on the market in this way and 

its development would assist materially in the solution of the 

problem of waste stone. 

Another method of utilizing much of the rougher block stone 

would be to use the poorer grades of stone in the upper parts of 

buildings. The wearing and lasting qualities of this stone are 

equal to those of the better grades, and the only reason for its 

rejection is the fact that its appearance is not as attractive as 

that of the better grades. If the lower parts of the building were 

finished in the fine grades of stone and the higher stories were 

made of the poorer grades the cost of the building would be 

materially lessened without lowering its durability, or in any way 

impairing its appearance. No person at the street level can 

distinguish the grade of stone used in the second story of a build- 

ing. 

In the following chapters I shall attempt to show the economic 

value of the waste stone as a means of fertilizing acid soils and as a 

flux in the manufacture of glass. These two industries are 

growing rapidly and should offer a broad field for the disposal of 

much of the accumulating waste heaps. 
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GROUND LIMESTONE 

Use in General. Trace the history of agriculture back as 

far as possible, and you will find that man has been familiar with 

the use and value of calcium compounds in the treatment of 

certain soils which had failed to produce their usual crops. The 

Roman farmer dug marl to use in treating his fields before he 

planted them, and whether he originated the practice or whether 

the idea was handed down to him by earlier agricultural peoples 

is still a matter of doubt. Nor were the Romans the only people 

of that early date who practiced the liming of their lands when the 

soil failed to produce. The custom has been followed in China 

for long ages, except that there it was muck dressing that was 

practiced, but since the beneficial part of the muck was its calelum 

carbonate content, the process was essentially the same. 

We have records to show that the farmers of England have 

made a practice of spreading chalk or mar! on their soils for nearly 

two centuries, and we are also in possession of the observations 

made on the results achieved. Dr. C. G. Hopkins in his work, 

Soil Fertility and Permanent Agriculture (p. 160), says: 

An English reeord of 1795 mentions the “prevailing practice of sinking 

pits for the purpose of chalking the surrounding land therefrom.” : 

On the famous Rothamsted Experiment Station it has been found that the 

fields that had received liberal applications of this natural limestone a century 

ago are still moderately productive, while certain fields remote from the 

chalk pits which show no evidence of such applications are extremely un- 

productive. 

There are according to Hopkins no early records which state 

that the easily pulverized limestones and marls were burned to 

improve their fertilizing value. The burning of lmestone to 

quicklime was probably first practiced with the idea of finding 

an easy method of pulverizing the resistant rocks so that they 

could be successfully applied to the soil. The treatment of soils 

with ashes may also have been in part responsible for the idea of 

burning lmestone before using it. 

The early farmers of England, as might be expected, appear 

to have been the first to make use of chalk on the soil in order to 

increase its productivity. This is easily explained by the great 

deposits of chalk outcropping on the southern counties. That 

the generous applications of calcium carbonate-bearing compounds 

(122) 
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were of value to the lands and were concerned in their increased 

productivity is shown by the fact that the lmed fields are still 

distinguishable by their greater productivity. 

Following a rather extended use of lime and calcium-bearing 

compounds on the soil, there was a long period during which the 

use of lime fell into disrepute. The cause of this disfavor was the 

fact that the use of quicklime had become more general than the 

use of chalk or limestone and the further fact that this dressing 

had been used in too large quantities. In fact, we are only now 

coming back to the use of this helpful form of soil dressing. Some 

works on agriculture written as late as the early ’eighties are 

inclined to treat the use of lime on the land as an unnecessary 

waste of time and money. This attitude resulted from the fact 

that the chemical action connected with the transfer of nitrogen 

from the atmosphere to the soil was not thoroly understood. 

F. H. Storer, professor of chemistry in Harvard University, in 

his book on Agriculture, published in the late ’eighties, said 

(Vol. 11, p. 189): ‘In some parts of the world landlords have 

often absolutely forbidden their tenants by contract from using 

lime.’’ Professor Hopkins (op. cit., p. 162) quotes the old German 

proverb: “‘Lime makes the fathers rich but the sons poor.” 
Probably no scientific investigation ever did more to show 

the value of lime on land than that which resulted in the discovery 

of the bacteria that have the power of changing the nitrogen of 

the air to nitrates, or, as the process is commonly spoken of, the 

fixation of nitrogen. 

The average composition of the air by volume is usually given 

as follows: 

DSR PEABIM sc x BE eR Rp a ic iA 20.61 

IST ADEOTIGIO 32s, ce abl Relate Mg Nee seo nator Te SR REN Tg role ae Oars erie ese a 77.94 

Oe Traloannmcdl Oped empress emi eet ee Son A ty 05 

FRU COMSRVADOMaAlG Over Gases... Msc eh es wee le ee a eee ea 1 409 

Plants need all of these constituents for their proper growth 

and development. But one of the strange phenomena of nature 

is the fact that while plants can appropriate the oxygen and carbon 

dioxide directly from the air, the nitrogen is not directly available, 

altho it constitutes over three-fourths of the entire atmosphere. 

It has long been known that in some peculiar way the nitrogen of 

the air was on some kinds of soils and with some crops finally 

transformed to an available form, but the process of transforma- 

tion was a mystery. Science has now demonstrated that certain 
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soils and the roots of certain plants form the home of species of 

bacteria that have the power to take up the nitrogen from the 

air and give 1t up in the form of nitrates to the soil. In this form 

it is known to be one of the most important of plant foods. Along 

with these discoveries it became known that these organisms 

thrive better in normal or slightly alkaline soils, and that when a 

soil becomes markedly sour or acid, their development is arrested 

and in fact a point is quickly reached where they cease to live. 

The scientists discovered the fact that these microscopic organ- 

isms live in tubercles upon the roots of various members of the 

family of plants known as legumes (clover, peas, soy beans, 

cowpeas, etc.). These tubercles can be easily seen on the roots 

of these plants, varying in size with the different kinds of plants; 

but the organisms themselves are far too small to be visible to 

the naked eye. As the nitrates are formed the plant draws upon 

them for its own food, but when the crops are harvested and the 

roots remain behind or when the crop is ploughed under, nitrates 

remain in the soil and increase its fertility. A chief reason for the 

use of lime or limestone upon the land is to neutralize the acids 

that may be present in the soil. These acids are always present 

to a greater or less degree, since they result from the decay of any 

form of organic matter. The most common acids present in 

soils are carbonic acid and nitric acid, as well as the various 

organic acids, such as lactic acid, acetic acid, ete. The reaction 

between these acids and a base or basic salt gives a salt, and 

leaves the soil free of acid. To supply this base, quicklime is 

often used, but it is now known that finely ground limestone 

will serve as well in reducing the acidity of the soil, and is far 

less destructive of the organic matter contained in the soil. 

The burning of limestone into lime is a process of driving 

off the carbon dioxide contained in the calcium carbonate of which 

the limestone is formed, and takes place according to the fol- 

lowing reaction: 

CaCO; = CaO + CO» 

In other words, the calcium carbonate is broken up into calcium 

oxide, which is the quicklime, and carbon dioxide, which is driven 

off as a gas. The calcium oxide thus formed reacts with the 

waters of the soil, and slaked lime or calcium hydroxide is formed 

according to the following reaction: 

CaO + H.O = Ca (OH), 
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When this water-slaked lme comes in contact with the air 

it tends to take up carbon dioxide from the air and to change back 

to calcium carbonate. The reaction takes place as follows: 

Ca(OH)» + CO, => CaCO; -|- H,O 

In addition to the fact that the crushed limestone is as effective 

as lime oa the soil, since both do the same work thru the same 

chemical reactions, the quicklime is far more destructive of the 

organic matter that might be present in the soil. The use of 

crushed limestone is accompanied by less inconvience than the 

use of the lime. The latter is injurious to the skin and must be 

handled with care. The burned lime, in addition to being a 

powerful chemical agent in the destruction of animal matter, 

tends to increase the solubility of the phosphorus and potassium 

inthe soil. Altho this may give larger crops at the time of dressing 

the soil, it tends presently to cause a rapid impoverishment of 

the field. Since the main object of the use of lime or limestone 

on land isto correct the acidity of the soil and thereby increase the 

amount of nitrates present, the use of ground limestone is just as 

effective as lime dressing and is less expensive. Where the soil 

is especially rich in organic matter, as in the case of peaty and 

other swamp soils, the quickime is probably the better dressing 

because such a soil can spare a large amount of its organic matter 

without becoming impoverished. There are types of soil also 

that contain large amounts of phosphorus and potassium which 

become available very slowly, and in such cases the use of hme 

will hasten the liberation of these necessary plant foods. Pro- 

fessor Hopkins says (op. cit., p. 164): 

Of course, the landowner must be governed somewhat by the cost of the 

material. As a rule, fine-ground limestone will be both the best and the 

most economical form of hme to use, wherever it can easily be obtained. 

If caustic lme is used, we should make special provision to maintain the 

humus in the soil by making even larger use of farm manure, legume crops, 

and green manures. 

It might be expected that burned hme would produce a greater increase 

in the crops for the first year or two than would be produced by ground 

limestone, more especially where the mineral elements, phosphorus and 

potassium, are not applied; for . . . ground limestone produces only 

the milder action, chiefly of correcting the acidity of the soil and thus en- 

couraging the multiplication and activity of the nitrogen-gathering and 

nitrifying bacteria; whereas, the burned lime not only produces this same 

effect, but it also acts as a powerful soil stimulant, or soil destroyer, attacking 

and destroying the organic matter and thus liberating plant food from the 
soil, usually resulting: in more or less waste of valuable nitrogen and humus. 
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There are at least ten chemical elements essential to the life 

and growth of plants: oxygen, carbon, hydrogen, potassium, 

magnesium, calcium, iron, sulphur, phosphorus, nitrogen. The 

question of soil fertility can in fact be narrowed down to only two 

of these elements, since all the others can be obtained from the 

air and almost any soil that can be called in any way normal. 

These two are phosphorus and nitrogen. In some cases potassium 

must be added, but such cases are the exception. Since the air 

contains an inexhaustible supply of nitrogen and this by properly 

controlling the acidity of the soil becomes available thru the 

action of nitrifying bacteria, the problem of soil fertility is largely 

a matter of securing lime or limestone and phosphorus-bearing 

compounds. In the few cases where the element potassium is 

necessary, 1t can usually be obtained by treating the soil with 

gevpsum. Since nearly all soils contain more or less clay or waste 

from feldspathic rocks and this contains the necessary potassium, 

the calcium of the gypsum will slowly replace the potassium in 

the clay, giving rise to potassium sulphate from which the potas- 

slum is available for the plants. 

The farmer of Indiana should no longer waste his earnings on 

prepared fertilizers. It is time that he learn what is necessary 

in a fertilizer and prepare it himself for the soil on which it is to 

be used. Prepared fertilizers must contain the necessary ele- 

ments for a number of different soils, and thus the farmer who 

purchases them must often purchase a large amount of material 

which cannot possibly be of any use on his particular soil. An 

attempt should be made to educate the farmer to a point where 

he will be able to determine what fertilizers his soils need and from 

this knowledge buy the raw materials and mix his own fertilizers. 

The State of New York maintains a bureau of soils for the test- 

ing of the soils of the State, and any farmer who cares to submit a 

sample of his soil can have it tested free of charge. With the 

analysis he also receives advice as to the kind and amount of 

fertilizer to use in the treatment of his land. This State could 

find no more effective means of helping her agricultural popula- 

tion than by maintaining a bureau where free analysis and 

advice could be obtained. This idea has lately been taken up 

by a number of States, and in the future every large common- 

wealth will furnish free of charge all the available scientifie aid 

possible. 

The physical effects of the use of ground limestone on 

different soils are very peculiar. When the ground limestone is 
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added to a clay soil it makes the soil more mellow. In fact, the 

richer a soil is in limestone the more readily the soil crumbles and 

the more readily can the rainwater percolate thru it. The cause 

of the compactness of a clay soil is the fact that such soils are com- 

posed of very small particles which fit very closely together. 

Water passes between these particles with difficulty, but when the 

The result of the use of limestone fertilizer on a field of clover on the farm of Perry 

Blackburn at Oolitic, Ind. The field was not entirely covered and the clover at the 

left of the picture had no dressing. 

limestone is added, the lime cements a number of these small 

particles together to form much larger composite granules, there- 

by increasing also the size of the spaces between the granules. 

When once thoroly dressed with crushed limestone a clay soil 

will remain in a friable condition for a number of years, and the 
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effects pass away very slowly. On the other hand, when a sandy 

soil is dressed with ground limestone, the soil becomes more 

compact and has a greater ability to retain moisture. This 

effect of ground limestone is readily shown by the appearance of 

the soil after a long drought. On fields that have been treated 

the soilis markedly more moist than on fields that have not been 

treated. This is well shown by a series of experiments which 

have been carried on by Mr. Perry Blackburn on his farm near 

Oolitic, Ind., during the last two years. The writer visited the 

farm early in June after that section of country had undergone 

a severe drought, and examined a field which had received a partial 

dressing of rather coarse limestone early in the spring. The line 

of division between the dressed part of the field and the portion 

which had received no limestone was very marked, as shown in 

the picture. The clover on the part of the field that received the 

limestone dressing was on an average 6 inches taller, the roots were 

on an average 4 inches longer, and the soil markedly more moist 

than on the portion which had been left without dressing. In the 

picture it will be seen that the part of the field on the left which 

received no limestone is hardly covered by the crop and the 

clover present is short and undeveloped, while on the right where 

the hmestone dressing was applied the clover is much thicker, 

taller, and more advanced in its growth. 

The statements of those interested in commercial fertilizers 

that lime and limestone are not fertilizers have tended to keep 

many farmers from the use of these soil correctives. In the strict 

sense of the word limestone is not a fertilizer, since it does not 

contain any one of the three essential foods of plants: phosphorus, 

nitrogen, or potassium. Materials that act in a secondary way 

have been called soil amendments by Professor Vivian in his 

work on The Fundamentals of Soil Fertility. The chief value of 

these amendments lies in their ability to correct conditions in the 

soil that keep plant foods from becoming available. The condition 

most easily observed and the most widespread is soil acidity, 

which causes the death of the nitrifying bacteria. Probably no 

one man has done more toward the development of the theory 

of raw fertilizers than Professor C. G. Hopkins, and the results 

of his experiments in the use of ground limestone and ground 

rock phosphate leave no doubt that the grinding of hmestone 

and rock phosphate will soon become a great industry. The 

results of these experiments are published in pamphlet form and 

can be obtained from the Illinois Experiment Station. Some of 
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the results of these experiments are outlined below for the benefit 

of those who may be unable to obtain the circulars mentioned. 

In November, 1903, a farm of about 300 acres in Illinois was 

purchased at less than $20 per acre. It was abandoned prairie 

land, which was thought to be almost worthless, but by scientific 

employment of a small quantity of farm manure and ground 

rock fertilizers it was brought back to a point where the yield of 

wheat on a 40-acre field was 351% bushels per acre. During the — 

10 years that the experiment was in progress a 6-year rotation 

system was used; 1 year each of corn, oats, and wheat, and 3 

years of meadow and pasture with clover and timothy. During 

the 10 years 2 applications of 2 tons per acre of ground lhmestone 

and 2applications of 1 ton each of ground rock phosphate were made. 

These applications of fertilizer occupied 12 years and cost $18 > 

per acre, or a cost of $1.50 per acre per vear, and this outlay re- 

sulted in an increase of 24 bushels per acre over the amount that 

was raised on an adjoining strip of land with liberal applications 

of farm manure. The differences in the clover crops were even 

more marked than the differences in the wheat crops. The fol- 

lowing are given as the best directions for the southern counties 

of Illinois, and most of Southern Indiana closely resembles 

Southern IJilinois in the conditions of its soils. The directions 

are as follows: 

First, apply 2 to 5 tons per acre of ground limestone. 

Second, grow clover or cowpeas. 

Third, apply from 1,000 to 2,000 pounds per acre of very 

finely ground natural rock phosphate, to be plowed under with 

the clover or cowpeas. | 

During the last 8 years 318 tests to determine the effect of 

the lime or ground limestone on crop yields in Southern Illinois 

were made. These included 79 tests on legumes (clover, cow- 

peas, and soy beans), 122 tests on corn, 55 tests on oats, and 62 

tests on wheat, these crops being grown in the rotations usually 

practiced. As an average of all tests the yield per acre was in- 

creased by 4 ton of hay, 5 bushels of corn, 6.6 bushels of oats, 

and 4 bushels cof wheat. The data at hand and here reported 

are’amply sufficient to justify the conclusion that, in practical 

economic systems of farming on the common prairie and timber 

soils of Southern Illinois, limestone at less than $1 per acre per 

year will produce 14 ton more of clover or cowpea hay, 5 bushels 
more corn, 6 bushels more of oats, and 4 bushels more wheat 

than would otherwise be obtained. The only reason that the 

9 
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same statistics are not available for the soils of Indiana is the 

fact that the farmer has been too much inclined to let well enough 

alone and practice the system of farming followed by his father 
before him. He must realize that economic conditions have 
changed and that what would bring success on the virgin forest 

soils of a century ago will lead to disaster at the present time. 

Probably no better and more convineing data ean be furnished 

at the present time than the following taken from the work of 

Professor Hopkins in University of Illinois Experiment Station 

Circular No. 157 (1912). on “Soil Fertility”. | Ele says (p. 10): 

As an average of the first 2 years’ work on two different experimental 

fields (Ewing and Raleigh) where the initial application was 5 tons per acre, 

the average increases were 4 ton of hay, 914 bushels of corn, 8.9 bushels of 

oats, and 3% bushels of wheat; and, as the increased farm manure or in- 

creased crop residues from these larger crops are returned to the land, the 

effect becomes more marked in subsequent years. 

On the Vienna experiment field in Johnson county, about 9 tons per 

acre of ground limestone were applied 10 years ago. At a cost of $1.25 a 

ton, this would amount to $11.25 and the returns for this investment have 

thus far amounted to 90.3 bushels of corn, or to 42.2 bushels of wheat, or to 

31¢ tons of clover. Any one of these will pay for the limestone three times 

over, and, in addition, two-thirds of the legume crops have been plowed 

under as green manure, and at the end of 9 years with no further application, 

the land treated with limestone is producing 5 bushels more wheat, 9.3 

bushels more of corn, and 1.4 tons more clover hay per acre than the land not 

so treated. Indeed, as an average of the last 2 years, this old worn hill land 

has produced larger crops where the limestone had been applied than the 

average yield for the State of Illinois for each of the crops, corn, wheat, 

and hay. 

Since this study is not supposed to go deeply into the agri- 

cultural phases of limestone as a fertilizer, except to show what 

a broad market could be opened up by a proper process of educa- 

tion of the farmer, an outline of the kinds of soil that need this 

dressing, with their distribution, is all that will be attempted in 

this connection. But the time is ripe and the field for experi- 

ment is broad and must be covered before we can say we know the 

possibilities of raw fertilizers and the principles that govern their 

use. 

What Soils Need Limestone Dressing. The idea that, 

since the soils of much of Monroe and Lawrence counties are 

on the limestones and in fact are residual soils from the decomposi- 

tion of limestones, they do not therefore need limestone dressing 

is responsible for the fact that the farmers of these counties have 

allowed these vast deposits of limestone to go unutilized. In 
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fact, the operator of the only crushing plant in the district says 

he has sold less than a carload of crushed stone in these two 

counties since opening his plant over a year ago. No idea could 

be farther from the truth. Limestone, while only slightly soluble 

in pure water, 1s dissolved very rapidly in water containing only 

a small percentage of certain acids, and even carbon dioxide in 

solution. Thru the long ages that these soils have been exposed 

to the leaching action of rainwater charged with the acids formed 

by the organic remains present in the soil, there has been a steady 

loss of the calcium carbonate present, and an increase in the quantity 

of acids in the soil. The fact is that there are no soils in the 

entire State which are any more acid than many of the hillsides 

of the Southern Indiana driftless area. Probably the best in- 

dication of the effect of crushed limestone upon these soils can 

be seen in the condition of the fields which lie along roads that 

have received a surface of crushed limestone. The dust from the 

roads has been blown over the nearer parts of the fields, while but 
little of it reached the remoter portions. The stand of grass or 

crops is always better on the portion that has received even 

this small amount of limestone. Another example of the effect — 
of limestone can be seen along the stream valleys that receive 

their drainage from hillsides formed of limestone above the level 
of the stream, as compared with the stream valleys farther east 

where no limestone is close to the surface in the adjacent hill- 

sides. 

Acid soils represent more than three-fourths of the entire area 

of the State. Practically all soils west and south of a line passing 

along the boundaries of the following counties are strongly acid: 

the southern boundary of Newton and Jasper counties, the 

western and southern boundaries of White and Carroll counties, 

the southern boundary of Howard and Grant counties, the 

western and southern boundaries of Delaware and Randolph 

counties. In addition to this area, there is a smaller area in the 

northwestern part of the State, including most of Porter, Laporte, 

Starke, Pulaski, Marshall, St. Joseph, and Elkhart counties, that 

is characterized by acid soils. 

In addition to these larger areas, there are many smaller 

areas in the northern and eastern sections of the State that have 

acid soils. The larger area includes what is known as the driftless 

area of Southern Indiana. The entire southeastern section of 

Ilnois south of Danville also is acid and might provide a market 

for crushed limestone from this section, if it were not for the fact 
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that this industry has been so highly developed in the latter 

State and that the cost of the product is kept so low by poatiaiion 

of freight rates and by convict labor. 

Test for Soil Acidity. Every farmer can easily make his 

own tests and satisfy himself as to the acidity of his soil without 

skilled advice. One of the best and easiest methods of testing 
the acidity of a soil is by what is known as the litmus paper test. 

The test is made in the following manner: Take a fair average 

sample of the soil to be tested. To make an average sample 

take a small portion from several points in the field to be tested, 

mix carefully and reject one-half the pile, cut thru the middle. 

Mix the remaining half carefully and reject one-half, repeating 

the process until only a small portion remains. Moisten the 

sample with pure water and press together upon a small piece of 

neutral litmus paper. The presence of acid will cause the litmus 

paper to turn to a reddish pink color. Allow a little time for 

the action to take place. Be careful not to touch the paper with 

the fingers after it has been moistened, since perspiration is 

acid in reaction and will affect the paper. Another method of 

applying the test is to scrape away a little surface soil and press 

the paper to the moist earth uncovered. Cover the paper and 

leave for a few minutes. To obtain good results only the best 

grade of neutral litmus paper should be used. People are often 

misled in making this test by the direction to use ‘“‘blue litmus 

paper which can be bought at a low price at almost any drug 

store’. In fact, the ordinary blue litmus paper is not sensitive 

enough to detect a quantity of acid which would entirely prevent 

the growth of clover. Any druggist can procure the best grade of 

neutral litmus paper at only a slight additional cost. This small 

extra cost represents the difference between success and failure 

in the tests. A good crop of clover which stands well and con- 

tinues its growth thruout the season is a pretty good indication 

that¥ enough lime is present in the soil for present purposes. 

But where the clover fails to grow or where it only makes growth 

for part of the season, limestone can be applied with good re- 

sults, and in fact its use is imperative for the best results. 

Lime or Crushed Limestone. When a soil is “‘sour” the 

acidity may be corrected by either caustic lime or crushed lime- 

stone since both react with the acids of the soil to form salts. 

The reactions are illustrated by the following equations: 

CaO + 2HNO; = H.O + Ca(NOs3)o 
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In other words, calcium oxide (quicklime) plus nitric acid equals 

water and calcium nitrate. 

This means that calcium carbonate (crushed limestone) plus 

nitric acid equals water, carbon dioxide gas, and calcium nitrate, 

the same compound that came from the caustic hme. The 

function of soil conditioning already mentioned is performed 

equally well by both, but they differ in their effect upon the 

organic matter present in the soil. Caustic lime is better than 

ground limestone only when the soil contains an abundance of 

organic matter or some form of phosphorus which is not readily 

available. It should always be borne in mind that caustic lime, 

altho giving good results for a year or two, tends in the end to 

impoverish the soil. 

Probably no more convincing experiments have been carried 

on along the line of the relative values of burned lime and crushed 

limestone than those of the Pennsylvania and Maryland Experi- 

ment Stations. The results of these experiments are summarized 

in University of Illinois Experiment Station Circular No. 110, 

p. 6, as follows: 

Four plots were treated with burned lime (slaked before being spread) 

at the rate of 2 tons per acre once in 4 years. Four other plots were treated 

with ground limestone at the rate of 2 tons per acre every 2 years. <A 4-year 

rotation was practiced consisting of corn, oats, wheat, and hay, the hay 

being mixed timothy and clover, seeded on the wheat land in the spring. 

Seven products were obtained and weighed each vear: namely, 

corn, corn stover, oats, oat straw, wheat, wheat straw, and hay. 

After 20 years results had been obtained (1882-1901). . . showing 

that with every product a greater total yield had been obtained from the 

plots treated with limestone than from those treated with burned lime. 

Furthermore, with every product whose total yields for the last 

8 years was greater than for the first 8 years the limestone produced a greater 

increase than the burned lime; and with every product whose total yield for 

the last 8 years was less than the total yield for the first 8 years, the decrease 

was less where limestone was used. . . . This . . . demon- 

strates the tendency of burned lime to exhaust or destroy the fertility of the 

soil. 

The actual figures of the above experiments are, to say the 

least, startling, and the effect upon the soil shown by careful 

chemical analysis bears out the statements already made. The 

nitrogen present in the soil treated with crushed limestone 

*It is not meant to imply that soil acidity is really due to nitric acid. 
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was, according to Hopkins, greater than the amount present 

in the soil treated with burned lime by an amount equivalent 

to the amount of nitrogen present in 37% tons of farm manure. 

Or, it represents the equivalent of more than 2 tons per acre per 

year of farm manure. The analysis also showed that the amount 

The plant of the Bedford Stone Products Company at Oolitic, Ind. This is the 

first plant erected in the stone belt for the purpose of crushing the waste stone for 

fertilizing purposes. 

of organic matter present in the first case exceeded the amount 

present in the second case in about the same ratio as the amount 

of nitrogen. This alone should demonstrate that ground lme- 

stone is the proper form of neutralizer, as well as being the form 

provided by nature. 
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Amount of Limestone to Use. The amount of crushed 

limestone necessary to correct the acidity of a soil depends on a 

number of things, among which are the location of the field, 

whether hillside or flat land, the degree of acidity, and the fineness 

of the limestone used. Hillsides lose their lime faster than flat 

land, but the accumulation of acid is also slower than on flat land. 

If a rather coarse limestone is used the hillside will need most 

limestone. The degree of acidity determines the amount of 

limestone that will be used up soon after its application, and so 

determines the amount that will be left in the soil to correct 

any acidity that may occur later. The finer the limestone is 

eround, the quicker will be its action and the sooner will it be 

used up and dissolved. Accordingly a ground limestone that 

contains both coarse and finely ground stone is the best. The 

larger lumps present may remain several years before being 

entirely dissolved and used by the soil. The best average quantity 

to use is about 2 tons per acre every 4 years, unless the soil shows 

an acid test in the meantime. If it does, increase the number 

of applications rather than the amount used at one application. 

This amount should keep almost any soil “sweet”. <A large 

percentage of the acidity of the soil comes from the capilarity 

of the soil, which causes the waters of the soil to rise bringing 

with them the acids of the subsoil. If the subsoil is very acid 

the amount of limestone should be increased. The time of year 

for spreading crushed limestone makes little difference, but the 

spring, before the the spring rains, is probably the best. 

Cost of Crushing Limestone. Cost data on the cost of 

crushing stone are very difficult to obtain with any great degree of 

accuracy on account of the number of factors to be reckoned 

with. Data are, however, available for certain plants already 

in operation on a given kind of stone. One such plant operating 

in the Oolitic stone belt is located at Odlitic, Ind., and the operat- 

ing company is the Stone Products Company of Bedford, Ind. 

The superintendent, Mr. E. W. King, has furnished the follow- 

ing data: 

The plant has been in operation a little over one year and in 

that time the business has made a_ steady increase. The 

demand for the crushed product is growing till the operators 

are thinking seriously of the feasibility of enlarging the plant 

so as to increase its output. The present plant represents an 

investment of approximately $7,000 and the following figures 



136 Indiana University Studies 

represent fairly well the cost of turning out a ton of the product 
in a mill of this size. 

Labor atthemill”........... A OS 

Total labor charge, including sales.. 7.0.45... 2) eee sol 

Power 22 ee 6. Ss a oc a a .06 

Upkeep e223 ee ey Ss a 05 
Stone ys oe ek eed a Ba a ay ea 15 

General. expense: 005. 6lA Se co ai eee 05 

Total cost per ton for present. output. .-25) 8 ee $0.70 

With an additional 10 cents per ton added to cover deprecia- 

tion of machinery, the total cost will be 80 cents per ton. The 

price charged for the product free on board the cars at Oolitic, 

Ind., at present is $1.18 per ton. The present equipment could 

be made to produce 75 tons per day if the demand were large 

enough, but at the present time the output is considerably below 

this figure, since the market has not as yet been worked up 

to its greatest development. The plant is equipped with storage 

bins for 10 tons only, and this hampers the output, but the 

company has already made plans to enlarge this part of their 

plant, and by so doing a larger amount of the crushed product 

can be handled. Any increase in the output will not be accom- 

panied by a corresponding increase in the cost of production, 

beeause the fixed charges on the equipment which represent a 

large part of the cost of production will not be increased. The 

per ton cost of production therefore decreases with the increase 

of the output. The product is at present sold for agricultural 

purposes during the summer months and for use in fluxing, and 

in the glass industry during the winter. 

The machinery in use at the plant consists first of a Horcicr 

type crusher manufactured by the McLanahan Machine Com- 

pany of Hollidaysburg, Pa. This reduces the stone to 11-inch 

size after which it is carried by a belt conveyor to a pulverizer 

in which it is reduced to 20-mesh. The crusher, according to the 

statement of the superintendent, is not giving satisfaction on 

account of the high cost of upkeep, and the owners are thinking 

seriously of instailing a gyratory crusher of the Gates type. 

Power for the machinery is purchased from the Southern Indiana 

Power Company, and the investment mentioned included the 

cost of wiring and of motors. 

The stone for the plant is purchased from the mill and is of 

the smaller sizes so that the crusher can handle it without further 
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breaking. The quarry company furnishes this material free on 

board the cars at 15 cents per ton. The company has a large 

belt conveyor to carry the waste from a nearby scabbling machine 

to the crusher. 

The preparation of the limestone for fertilizing purposes 

consists simply in pulverizing the stone until it will pass a certain 

mesh screen. The size of the largest lumps that will be of value 

upon land is still an open question, but the general idea is that 

the larger the lumps the more slowly does the sweetening process 

take place, but the longer can its results be noticed. The stone 

is usually fed to a large crusher called a breaker, which reduces 

it to a certain defined size. The largest piece that will pass a 

given ring is the size by which the product is known. It is 

then crushed fine in some form of pulverizer, and screened. 

The fine product is stored, while the material too coarse to pass 

the screen is returned to the pulverizer and worked over again. 

Rock breakers are of three general types: (1) jaw breakers, 

in which the motion of the crushing parts is reciprocating; (2) 

gyrator crushers, in which the motion of the crushing parts is 

rotary and spiral; (3) roll crushers, in which the motion of the 

crushing parts is rolling. 

The jaw breakers are of two types according to whether the 

ereatest movement comes on the smaller lumps fed or on the 

larger. The first kind is known as the Blake type of crusher and 

the latter kind is known as the Dodge type. Very complete 

descriptions with sectional drawings of all types may be found in 

the work of Professor R. H. Richards, of the Massachusetts 

Institute of Technology, entitled Textbook of Ore Dressing. 

Gyratory crushers are classified on the same principle as the 

jaw breakers. The type most widely used and the one that will 

give the best results in the crushing of limestone for fertilizing 

material is the Gates or the McCully type of breaker. The 

rolling crushers are known as Forster crushers. 

The jaw breakers are usually selected where the output of 

the plant is small, on account of their small first cost and the fact 

that. the cost of upkeep depends to a large extent upon the out- 

put. The cost, per unit of output, of crushing a small quantity 

is in favor of the jaw crusher. In the selection of a jaw crusher, 

great care is necessary on account of the great strain that the 

machine must withstand. The following points should be kept 

in mind when a selection is to be made: The frame should be 

heavy and cast in as few pieces as possible. Foundations should 
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be low and very massive on account of the great jar. The 

machine should be low and the size of the jaws ample for the 

amount of rock fed. Larger jaws will accommodate larger 

1umps, and the power expended per ton crushed is the same 

regardless of the size of the crusher. Larger crushers also cost 

less for upkeep than smaller ones. The average rate of crushing 

with a crusher of this type, working in hard limestone, is about 

8 tons per horse-power per hour, with the output reduced to 1-ineh 

size. This amount increases rapidly as the output is turned out 

in large sizes. Professor Richards, Textbook of Ore Dressing 

(pp. 16, 17), gives the following amounts per horse-power per 

hour: 

13 tons to 14-inch size. 

16. ‘tons to 2-ineh size. 

19 ~tons to 2'%-ineh size. 

211% tons to 3-ineh size. 

281% tons to 3% inch size. 

The estimated cost of preliminary breaking with a Blake type 

jaw crusher can be best obtained from the following table taken 

with slight modification from Richard’s Textbook of Ore Dressing 

(Oa 29) § 

Size of mouth in inches.........| 10x4 10x7 15x9 | 20x10 | 30x13 

Tons per 24 hrs. to 2-inch size... 92 120 192 360 600 

Horse=power ec. 5 0 a ee 3) a) 12 20 40 

Costiel breakers at en ae epee $500 $750 $1,050 | $2,250 

Operating cost (in cents) per ton 

OT A ee eae te ace a 0.020 | 0.020 | 0.020 | 0.020 | 0.020 

Interest and depreciation....... 0.097 | 0.135 | 0.127 | 0.095 | 0.122 

POWER a aaa aioe, .0.705,| 0.865 | 0.811 | 0.721 | 0.865 

TAD OR: Re NAL  UNNIE Mies esa, 4.348, | 43.333 | 2.083 | 1.111 | 0.667 

WiC ais ese OM ate ECCT an 0.815, |,0.815 | 0.815 | 0.815 | 0.815 
RRODAITS 2 5 CRG ENA ated aan 0.462 | 0.462 | 0.462 | 0.462 | 0.462 

Total cost (in cents) per_ton wi 

of.rock crushed: >... .. |.6.447 185.630) 4.3183) {3e2245 2 OoW 
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Machines of this type are more widely used for crushing stone 

for road metal than in regular crushing plants because they pro- 

duce less fine material then is produced by the gyratory crushers 

of the larger sizes. A jaw breaker uses more power per unit of 

output than the gyratory crushers on account of the large weight 

of the reciprocating parts and the fact that they are in the act of 

crushing only half the time, while the action in the gyratory 

crusher is continuous. The cost list given in the above table was 

ealeulated as follows by Professor Richards (op. cit., p. 21): 

1. Sizes, capacities, power, and original costs are taken from catalog 

figures [of the different companies putting out these machines]. 

2. Oil, costing 35 cents per gallon, is estimated to be used at the rate of 

one quart per 24 hours, on a 30x13-inch breaker breaking 600 tons in 24 
hours to a maximum size of 2 inches. The cost per ton is 35 x 14 — 600 = 

0.015 cent. The cost per ton for a 10x4-inch breaker, estimated to use 

one-half pint per 24 hours, breaking 92 tons to 2-inches is 35x75 +92 = 

0.024 cent. The average of these two figures is about 0.020 cent. 

3. Interest and depreciation at 10 per cent per annum. For a 10x4- 

inch breaker this would be $27.50 per year. On a basis of 308 operating 

days per vear 92 tons being crushed pe. day, the cost would be 

$27.50 
——- = ().097 cent. Other sizes can be calculated in the same way. 

308x92 - 

4. Power is estimated to cost $40 per horse-power year of 308 operating 

days or $0.1298 per day. For a 10x4-inch breaker using 5 horse-power and 

0.1298x5 

breaking 92 tons per day, the cost per ton would be ————— = 0.705 cent. 

92 

Other sizes are figured in like manner. 

5. Labor. It is assumed that the breaker is fed by a sloping chute and 

can therefore be fed by one man at a cost of $2 per 12-hour shift, or $4 per 

$4.00 
24hours. The cost per ton for the 10x4-inch breaker would be = 4.348 

92 
cents. Other sizes can be figured in a similar manner. 

6. Wear is estimated at 0.815 cent per ton, which is the average of the 

gross cost per ton at 18 mills. 

Repairs other than wearing parts. The maximum figure recalled by 

the author was $155 per year. These repairs were required by a breaker 

breaking 109 tons per day or 33,572 tons per year of 308 days, making the 

$155.00 
cost per ton ———— or 0.462 cent. 

33,012 

Altho this table is taken from average conditions and average 

hardness of rock, it can be considered as a conservative set of 

figures for the conditions that exist in the limestone belt of South- 
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ern Indiana, and any estimates based on it will be certain to be 

high enough. 

Jaw crushers are on the market in all sizes up to the giant 

Ferrel crusher, which is designed for very coarse breaking in 

order to eliminate the necessity of sledging. This machine will 

handle 350 tons per hour crushed to 16-inch size. 

Another recent improvement in jaw crushers to reduce the 

rock more effectively in a single machine is the machine known as 

the “Sturtevant Roll Jaw Crusher’. This machine has a grind- 

ing as well as a crushing effect on the rock, and its output is much 

finer than that of the ordinary crusher. 

Gyratory breakers are the standard type for work such as 

erinding rock fertilizer, where a considerable output is to be 

handled and the mill is to be kept in continuous action. This 

type of erusher will be found in all the larger crushing plants 

such as those operated at cement mills and ore plants. The 

table below, taken with shght modification from Richards’ 

Textbook of Ore Dressing (p. 39), and recommended as correct 

by the leading manufacturers of today, will give a fair idea of 

the cost of crushing with crushers of this type.. The figures in 

the following table are calculated by the same method as that 

used in the case of jaw crushers: 

Breaker mum eree sage eee eee 0 2 4 6 

Size-OLamouthe rm iMmehesta. fe... ean 4x30 6x50 8x68 12x88 

Tons brokensin’24 hours -2o- oe see i, 228 720 1,500 

Hlorse=power Lequireduy, 27a hi eee 3) 8 16 By. & 

Cost-ofsbreakers: eo ee $375 $760 |$1,800 | $3,300 

Operating cost (in cents) per ton 

Git aR res et nr OPE ee era Rn ARE INIRI al toate a 0.020 | 0.020 | 0.020 | 0.020 

Interest and depreciationiss peek ae 0.169 | 0.108 | 0.081 | 0.071 

PO Werf Se Ae AO ron eae Gee ema 0.541 | 0.456 | 0.288 | 0.281 

) BEN oY 0) aioe ep ACen Pie) St MERWE OPA A at eee Ua RAO ADI 5.556 | 1.754 | 0.556 | 9.267 

Wiens 3% bos Seis ce nara era eae ee OL 971 | 0.9 Oso or. il 

FRE Dats ly ot wie | seen ep ame Pall serene 0.308 | 0.308 | 0.308 | 0.308 

Total cost (in cents) per ton......... 12505 | 32017 | 2222247 Ons 
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It will be seen by a comparison of the two tables that as soon 

as the output passes the 200-ton per day mark it is cheaper to 

use a gyratory crusher; and that the 10x4-inch jaw crusher is 

only slightly cheaper in operation than the crusher of the gyratory 

type with the same output. It must also be remembered that the 

higher cost has been included in the calculations, or at least that 

the interest on the larger outlay has been accounted for. 

The Sturtevant Mill Company, of Boston, and Ferrel and Bacon, 

of New York, deal in the jaw breakers while the Power and Min- 

ing Machine Company, of Milwaukee, Wis., handle the McCully 

type of gyratory crushers. All these companies have furnished 

figures on the cost of crushing with their special type of ma- 

chinery. 

Following the coarse crushing the product is fed to some sort 

of pulverizer. The most common form in use is what is known 

as rolls. These are heavy metal cylinders held together by 

powerful springs or by gravity and rotated at such high speed 

that their centrifugal force tends to hold them together and at 

the same time to impart a heavy blow to the stone as it passes 

between them. The closeness of approach of the rolls is regulated 

by shims or compression bolts. The larger the roll the greater 

its capacity since with the same speed of rotation its peripheral 

velocity is greatly increased. The cost of rolling 100 tons per 

24 hours would be as follows, on the basis of ten horse-power: 

Power 1.30 cents per ton; attendance, 1.50 cents per ton; wear on roll 

shells 0.02 to 4.00 cents per ton; repairs, oil, babbitt, ete., 0.37 to 0.60 cents 

per ton; total 3.19 to 7.40 cents per ton. 

The above calculation is given by Richards (op. cit., pp. 69, 
70). 

Several special types of machinery are in use for the final 

reduction of the product after it has passed the crusher, and 

probably better results can be obtained from a hammer-bar 

pulverizer or a set of ring rolls than can be secured from the 

common type of rolls. The hammer-bar pulverizer depends on a 

blow struck in space to effect the crushing. The harder the 
impact the finer will be the product. The mill works on the 

principle that a weight placed to swing freely on a revolving 

shaft will stand at right angles to the shaft when the shaft rotates 

rapidly, and that the faster the rotation of the shaft the harder 

will be the blow that can be struck by the weight before it will 

be forced back. The stone is fed into this machine and struck 
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by the first set of weights and thrown against the retaining 

case of the machine from which it rebounds in the way of the 

next set of weights to receive a greater impact due to its own 

motion as well as the motion of the swinging weight. These 

mills are rotated at speeds from 700 to 1,500 revolutions per 

minute. The lower walls of the mill may be made of cast-iron 

screens so that the pulverized material can escape, while the 

uncrushed stone is carried around again till it is reduced to a size 

that will pass the screen. The advantage of these mills is that 

the screening and pulverizing can be done in one machine. One 

drawback to their use is the large amount of power used to drive 

them. The cost of pulverizing with such a mill is about 10 

cents per ton for limestone when the output is about 200 tons per 

day. This figure will be increased for smaller output and de- 

creased for increased output. The high speed of rotation of the 

machine tends to drive out the crushed product by air pressure, 

the swinging parts acting as fans. Many of these machines are 

coming into use for this work and all seem to be giving satisfac- 

tion. 

The ring-roll mill is a mill in which the rollers are placed 

inside a ring or cylindrical case and the crushing force comes 

between these rolls and the inside surface of the mill. The 

rotation of the ring imparts a motion in the same direction to the 

rollers, and since they are held firmly to the inside of the ring the 

material in passing between the ring wall and the roller is brought 

under great pressure. Much of the force applied is due to the 

centrifugal force of the rotating parts, and this force keeps the 

material confined to the outside of the ring and tends to draw it 

under the rolls. The great advantage of the ring-roll mill les 

in the fact that there are few wearing parts. The mill is very 

accessible, and the speed is slow enough so that there is little 

vibration, and the parts can be so well balanced that elaborate 

foundations are not necessary. Another advantage is the fact 

that the consumption of power per unit of output is comparatively 

small. These machines will handle about 1 ton per horse-power 

per hour in limestone crushing. For the larger units they aie 

built in duplex, that is, with two identical machines on a single 

shaft; this has the advantage of less cumbersome parts and less 

vibration with less cost of repair because the smaller parts of the 

two mills cost less than the larger parts of a large single mill. 

The cost of handling limestone thru such a machine from 2- 

inch size or finer, down to a size to pass a 20-mesh screen, can 
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be calculated with all investment charges, including interest, 

depreciation, wear and tear, and repairs, at about 8.455 cents per 

ton in a plant handling 200 tons per day; and this figure will be 

decreased with an increase of output and increased with a decrease 

of output. The Sturtevant Mill Company is putting these 

mills on the market and the above figures were taken from their 

catalogs. 

The cost of screening and elevating the crushed stone is a 

more difficult proposition on which to make calculations, because 

conditions differ so much in various plants. It is therefore almost 

impossible to give anything more than the most approximate 

calculations. Screens are named from the motion they have: 
as, Shaking screens or riddles, rotating screens or trommels, and 

inclined separators. These do not need defining since the names 

are self-explanatory. Of these the trommel is the. type most 

used in fertilizing plants, altho the Newaygo separator of the 

Sturtevant Mill Company, which is an inclined separator, is 

rapidly coming into use. The chief advantage of the latter hes 

in the small amount of power consumed, the largest sizes taking 

less than one horse-power. The vibration in this type or screen 

is imparted to the wire cloth by a number of small hammers 

while it is held taut. The inclination of the screen allows a coarse 

wire to be used even when a fine product is desired. In the 

trommel the material is fed in at one end and the coarse particles 

pass out of the other end while the fine material passes thru the 

sides. These screens are rotated and slightly inclined. The 

greater the inclination the finer the screening that can be done. 

They use but little power and are rotated from 16 to 20 times per 

minute. Screening is improved by faster rotation and greater 

slope; but the decrease in output of screened material under these 

conditions is very rapid and the limit is soon-reached. Plates 

with shits are often recommended in place of wire cloth, and are 

more lasting, but the percentage of openings is necessarily less, 
and the screening is slower. The cost of screening will, when all 

charges are taken into account, be about 1 cent per ton when 

the output handled is 200 tons of limestone per day to 20-mesh. 

Another thing to be taken into account when deciding which 

type of screen to purchase is the size of machine necessary to do 

the work. The trommel must necessarily have a larger screening 

surface than a vibrating screen, for only a small portion of its 

screening area is in use at once while the entire surface of the 

vibrating screen can be in operation at one time. The other 
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types of screen can for present purposes be considered simply 

as modifications of those already mentioned, and therefore need 

no detailed description. 

Elevating the product is necessary in practically every plant, 

unless the location selected is such that every movement of the 

product from one machine to the next can be controlled by gravity. 

Plants where this condition prevails are very few for the reason 

that such a favorable location would in most cases make the 

switching of the stone to the plant and its removal from bins to 

cars a serious problem. The most common type of apparatus 

used in carrying the crushed material from one point to another 

is the belt conveyor. In this apparatus a belt is run over wheels 

arranged to cause the upper surface of the belt to be concave so 

that the product will remain on the belt. Rough belts or belts 

with cleets are sometimes used. The capacity of a belt conveyor 

is determined by its velocity and width. They are in operation 

up to 40 inches in width with a speed of 650 feet per minute. 

Such a belt will handle about 1,220 tons per hour. As the eleva- 

tion increases an elevator becomes necessary, and the bucket 

elevator is the only one giving satisfaction in this kind of work. 

This consists of an endless belt running over two pulleys, one 

above and one below and having buckets riveted to it. The 

buckets act as scoops as they pass thru the material and carry 

a quantity along the belt in each bucket. Bucket conveyors are 

run at speeds up to 400 feet per minute, but slower speeds give 

longer life and fewer repairs. 

Bins are the one problem that needs to be figured on closely 
by any company about to start a plant, because the capacity 

of the storage bins limits the running time in case of a dull market. 

Bins are expensive at the best, and if extra large ones are put up 

the first cost of the plant is so high as to seriously interfere with 

the profits of the new venture. 

Bins are usually of wood construction and elevated so that 

the material may be delivered from them by chutes. They 

must be roofed and must not be leaky. 

The following letter received from one of the leading firms 

handling crushing machinery in reply to a letter asking the cost 

of crushing in plants of a certain size shows that even the large 

manufacturing companies dealing in crushing machinery will not 

give any but approximate figures: 

Dear SiR: 
The necessary equipment of your plant would include a crusher, set of 

rolls, screens, elevators, transmission machinery and power, but we can give 
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no figures as to cost tilla stated project is laid before us and our engineering 

department has gone into the matter. If you eare to fill out the enclosed 

blank we will gladly make an estimate. 

The blanks were filled out and sent and the following data 

were submitted, including a plan of a 10-ton per hour plant: 

DEAR SIR: 

The machinery required will be as follows, together with weights and 

prices: 

EQUIPMENT Pounpbs Cost 

TLE GEESIDGE IN O22 Se anes arta 23 , 000 $1 , 134 

ber OMIM CRCTUSMET so. ok Soe ocskk eee tone ate eats 4 ,000 1,000 

One 1O0x6 bucket elevator 38 ft. @in.......0:..... 1,700 201 

IDE ING. Gs SOLRCLETIy Sap Rae 1,600 300 

TESS yrs, By TL aL ey a ao ee (er 90 

SHansmboxcs sana set Collarsy.. 0... fe eee dees eens De 

LEVELS, Ge TOD. GUL 5 ie eet ee err ne 55 

Total cost of plant without buildings and bins...|.......... $2,853 

These figures lack the freight, cost of installation, and the work of build- 
ing plant and bins. To the above figures should be added the following: 

ean 0 ey ee slp oe eae OR a Ou ie Ea $ 205 

Eaapin SSN ESY MEU ek ees avai aries dlalale' se con ela oe cen 850 

UTLSTLLS OTB. -5 a alae Pe ie eee lea mg I eee near ere 300 

ames ee ee er aS ee ee Rate es 250 

LGUBIL <2 6. iB Say Ra On I I Ae nc Oa re I Ic $4 ,458 

This would be a fair estimate on a small plant that would handle about 

100 tons per day. The powec necessary to drive such a plant would be about 

40 to 45 horse-power. The cost of crushing in such a plant should not ex- 

ceed the following figures: 

Interest and depreciation, 6 per cent and 9 per cent respectively. .$ 668.70 

femesamdainsurance, 2 per cents. 2. 6. ee oe ee 89.16 

LED CI. cn bce pte nT pies RUE rae pa atari reIR U  ro ea raaa eR 2,230.00 

Eoweates cents per kilowatt hour... .¢:.. 6. .s6.- etc s be bee ss 1,848.00 

“FGETS Baal TeOyOPANS ES ME oA Oe ia Vall de ideas SS pe ee eee 420 .00 

PUEIIOVASECE Gree se ne oe Lee et Sey 35.00 

Moralyear(s operating expense...) 82688 ee es $5,290.86 

With a total vear’s output of 30,800 tons the cost per ton of the product 

turned out of the mill should be about 17.5 cents. To this must be added the 

cost of advertising, and of the office and sales force. With these put at 

30 cents per ton, it still brings the cost of the product well under 50 cents 

per ton. 

10 
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Another firm suggested the use of a jaw crusher and a swing- 

hammer pulverizer, but the cost of the pulverizer made the entire 

investment a little higher than the above estimate. 

The following figures are for a large plant turning out from 20 

to 25 tons per hour. The prices are subject to the discounts 

given by the firm, and are for the material free on board cars at 

the manufacturing plant: 

One steel breaker for heavy duty, set to crush to 2-ineh size and 

handling 25 tons per hour; size 20x20 inch; horse-power 18; speed 

150 revolutions per minute; weight 12 500 pounds............$1,407 

One No. 2 ring-roll mill, horse-power 75; speed 325 revolutions per 

minute; weight 45,000 pounds. 3c)... S.-i 8,857 

Four separators, weight 7,200 pounds ($479): 3) (3. 6. eee 1,916 

One elevator, horse-power 10; weight 2,200 pounds................ 395 

Pulleys, belts, and. supports.3; 2.6.04 5 a eee ee 325 

Building and bins, including labor... 3035...) ee 2 ,000 

Ereight, foundations, and. cartage 225.2125. | oe ee ee 950 

Total outlay. ee ee ee aha) 

Fixed charges— 

Interest at 6-per cent. of... ke ke ae oe eee ee ole OO) 

Depreciation at-O"per cents.) ce. ee ee 1,426.50 

Taxes-and. insurance at 2°per cent 2. 88 ee ee 317.00 

Total fixed charges. 2. c00 Saks Mae eee ee $2 , 694.50 

Operating charges— 

Laiborat.$2:00 per dave... We Ee ne en ee i OO) 
Power at $40.00 per horse-power per year... .. ne ce 4,320.00 

Wearand repairs. 2.5 eee oa ae Oe. oe eee 810.00 

Oil and: waste 60) A pee eee a 98 .00 

Total operating expense for 1 year of 308 days of ten hours 

ORCH 8 Fein Oe eee $10,772.00 

The total yearly output is 77,000 tons. The cost is slightly 

under 14 cents per ton. To this must be added the fixed charges 

of about 3 cents per ton which brings the total cost up to approxi- 

mately 17 cents per ton. This figure is sufficiently high because 

the liberal discounts and the fact that the estimates on the other 
costs are very conservative would tend to reduce the cost in case 

of the actual construction of such a plant. 

Breakers of the type included in the above estimate are made 

in capacities of from 6 to 40 tons per hour, and the prices range 

from $715 to $2,572. In cases of large output, roll jaw fine 

crushers are often used, following the breakers, before the product 
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is fed to the ring-roll mill. This materially increases the output 

of the plant. They range in capacity from 1 to 12 tons per hour 

and cost from $429 up to $2,858. These machines can be used 

on rock of a large size without previous crushing, but are 

slower in action than a breaker. 
Ring-roll mills are made to handle outputs from the small 

requirements of a laboratory up to those of large machines with 

an output of 40 tons per hour, and costing up to $8,857. 

Vibrating screens cost from $400 to $600, according to the 

fineness of the product desired. Their capacity approximates 

6 tons per hour for hmestone reduced to 20-mesh. 

The estimate of one of the leading firms on the cost of wear 

and upkeep on the machinery of a lmestone crushing plant 

is about one-third of a cent per ton for the material turned out. 

This cost per ton is divided as follows: 

@rusher including new plates and jaws... ...... 2.00 bees 0.03. cent. 

LSSSE DL, TORTI Sa pS pe eg Re 0.08 cent. 

LLL ETTEICIE sce 5 clot eh SUG RS ange ee 0.007 cent. 

SPEEDS 2 cg a a 0.05 cent. 

PRM MMDPRCCEDC IS CLC 62 2. or 2)s ho wie hs bie ee es Se ee ee eS 0.20 cent. 

San ACCS st a eo Ng wie hha Bas 0.367 cent 

Since the average farmer would rather purchase a ready-. 

mixed fertilizer than to trouble to mix it himself, it might be good 

economy to construct a mixing plant in connection with a crushed 

limestone plant in this district, and to that end the proposition 

of getting raw rock phosphate was taken up with several of the 

dealers in the phosphate belt of Tennessee, which is the nearest 

available deposit of this raw material. The owners of these 

deposits quoted prices averaging $6 to $6.50 per ton, laid down 

in Bloomington in small lots, and these prices would probably 

be reduced to at least $5 per ton on a large contract with a plant 

which was handling a large part of their output. These figures 

are on a phosphate rock that carries from 11 to 14 per cent phos- 

phorous, or in other words represents about 25 per cent available 

phosphorie acid. 
The proportion usually reeommended for treatment of ordinary 

soils is two parts of limestone to one of ground phosphate rock. 

At this rate the mixture could be turned out ready for use at 

about $2.25 per ton. Allowing a fair profit to the operator, it 

could be sold f.o.b. Bloomington at about $3.50 per ton. This 

would bring it to almost any part of the State at less than $5 per 
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ton. The Indiana railroad commission has fixed the rates on 

natural fertilizer, such as crushed limestone, at a very low figure, 

in most cases not over 70 to 80 cents per ton. 

For lands known to be lacking in potassium, gypsum could 

be mixed with the fertilizer. The average cost of gypsum in 

this country last year (1913), was, according to the report of the 

Bureau of Mineral Resources, about $2 per ton, and the amount 

used on land as fertilizer was about 55,000 tons. The three could 

be mixed as follows for land deficient in potassium: four parts of 

crushed limestone, two parts of phosphate rock, and one part of 

gypsum. This mixture could be put on the market at the same 

price as that mentioned above. Deposits of gypsum occur in 

large quantities in Northern Ohio, and the cost at this point would 

undoubtedly be considerably lower than the $2 per ton mentioned 

above. 

The total output of phosphate rock from the Tennessee fields 

was approximately 450,000 tons last year (1913), which rep- 

resents about 14.5 per cent of the total output of the United 

States. The deposits are very large, and this valuable mineral 

fertilizer should have a much broader use in the treatment of 

worn-out soils than it has at the present time. The use of 

crushed limestone in the treatment of acid soils has increased 

so rapidly that the figures given for any one year are far below 

those of the next year. The latest figures available are 200.000 

tons for the year 1912. 



CHAPTER IX 

LIME 

Origin and Nature of Limestones and Lime. The 

generally accepted theory with regard to the origin of limestones 

is that most of them at least are of organic origin, altho some 

geologists still hold that the formation of the massive beds of 

limestone deposited in the earlier geological periods was by a 

purely chemical process. Limestone, or at least the chemical 

compound, calcium carbonate, which constitutes the main part 

of limestone, may occur in a great number of forms in nature. 

Common limestone, marble, aragonite, calcite, and travertine are 

all forms that are composed almost entirely of calcium carbonate, 

while the rock known as dolomite is composed of calcium and 

magnesium carbonates. : 

Pure calcium carbonate is composed of 44 per cent carbon 

dioxide and 56 per cent calcium oxide. These two chemical 

compounds can be separated by means of heat, and this is the 

chemical reaction utilized in the manufacture of lime. The 

carbon dioxide, being a gas, is driven off by heat, and the calcium 

oxide, a white solid, known as quicklime, remains in the kiln. 

Calcium, the metallic constitutent of limestone, is very 

abundant in nature; in fact, only oxygen, silicon, aluminum, and 

iron are more abundant. An estimate of the amount of limestones 

in the earth’s crust by T. Mellard Reade places it as equivalent 

to a layer around the earth with a thickness of 528 feet. Van 

Hise estimates the amount of calcium carbonate in solution in 

the waters of the oceans as equal to 160,000,000,000,000 metric 

tons. Calcium cannot exist in nature as the metal or the oxide 

on account of its great affinity for water. Water changes it 

immediately to the form known as _ slaked lime or calcium 

hydroxide. The hydroxide in turn is acted upon by carbon 

dioxide to form calcium carbonate. The formation of quick- 

lime and its return to the form of carbonate again takes place 

according to the following reactions: 

CaCO; + heat = CaO + CO, 

This means that when calcium carbonate or limestone is heated 

it gives up carbon dioxide and becomes calcium oxide or quick- 

lime. Quickliime, when acted upon by water in the process 

commonly known as slaking, gives the following reaction: 

CaO + H.0 = Ca(OH)2 
. (149) 
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Ca(OH)2 is the substance commonly known as slaked lime or 

the milk of lime. This slaked lime, on exposure to the air when 

wet, takes up carbon dioxide from the air and again forms calcium 

carbonate as shown by the following reaction: 

Ca(OH). + CO, = CaCO; + H:0 

Altho the chemical explanation of the above changes has been 

known but a few decades, nevertheless the fact that such changes 

took place was known even in the early ages when the Egyptians 

were engaged in building their great works. In fact, some of 

their mortars are still to be seen and they are known to be very 

sunilar to our present common lime mortars. All the great 

structures built before the time of the Roman Empire were 

constructed with lime mortars, but the Romans used a cement 

made from voleanic ash in many of the great structures built 

under the Empire. The use of this cement was soon abandoned 

and the mighty castles of the Middle Ages were constructed with 

lime mortars. 

Limestones are widely distributed and they differ materially 

from one locality to another. They are found interbedded with 

other sedimentary rocks and often grade into them without any 

perceptible line of change. In purity they may vary from rocks 

containing but 45 per cent calcium carbonate to limestones which 

contain as high as 99 per cent calcium carbonate. The limes 

of commerce are produced by calcining almost any of these lime- 

stones, the resulting lime varying in use with its varying purity. 

The one impurity most often found is magnesium carbonate, 

and when the percentage of this runs above 20 per cent the rock 

is called dolomite. Following magnesium carbonate the most 

common impurities found are silica or sand, alumina or clay, 

and iron. 

A limestone composed of nearly pure calcium carbonate will 
furnish a high grade of quicklime. This product is known as 

white Lime, hot lime, or fat lime,- while the product from a lime- 

stone containing magnesium is called a cool lime, brown lime, 

or lean lime. In scientific language the former is called a high 

calcium lime, while the latier is known as dolomitic or magnesium 

lime. 

The limestones of both the Mitchell and the Salem formations 

are very free from magnesiurn carbonate, and, in fact, are among 

the purest limestones of this country, so that any lime burned in 
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this district would be classed as a high calcium hme. In other 

words, it would be composed of almost pure calcium oxide. 

In the West VirginiaGeological Survey, Vol. 111, p. 324, Professor 

Grimsley describes lime oxide as follows: 

Lime oxide when pure is a white solid, without crystal form, infusible 

and non-volatile at temperature below 3,000 degrees Centigrade. The 

commercial oxide is more or less tinged with color due to impurities present. 

The metallic lime [calcium] free from oxygen may be made by electrolysis 

of fused lime chloride, or more readily by heating seven parts of the iodide 

of lime with one part of sodium in a crucible. The metal is yellow in color, 

soft, with a specific gravity of 1.578. It is said to be both malleable and 

ductile and does not tarnish in dry air. If heated in a current of air or 

oxygen the metal burns into lime oxide with a very brilliant light. 

Lime oxide in a very pure form may be obtained by heating the nitrate 

of lime Ca(NO3)o. 

White lime slakes readily and rapidly with the evolution of 

much heat and becomes a perfectly white paste. Any impurities 

present tend to retard this chemical action. The presence of 

magnesium makes the process much slower, and less heat is 

evolved. Limes containing less than 10 per cent of MgO show 

no effect, but as soon as the amount goes above this figure the 

slowing up of the reaction is noticeable. 

The presence of aluminum and silicon oxides in a limestone 

tends to color the lime produced a gray color, but when present in 

small quantities they only make the action of the lime less vigor- 

ous; that is, these impurities do not ordinarily exert any chemical 

influence or in any way change its physical properties. They 

have a diluent action the same as sand when mixed with lime 

to produce mortar. If this alumina or silica be present in finely 

divided particles it will be susceptible to chemical combination 
with the lime if the temperature employed in burning the lime be 

high enough. As these constituents increase the limestone is 

called argillaceous or arenaceous and from this it grades into 

shales or sandstones according to whether the diluent is clay or 

sand. The presence of these impurities in a small proportion 

produces on higher heating a hydraulic lime; that is, it gives a 

lime that possesses the property of setting under water. When 

the quantity of clayey impurity in a limestone reaches 6 per cent 

it begins to produce hydraulicity, but below this percentage its 

only noticeable effect is a retardation of slaking. In fact, many 

limestones containing between 6 and 12 per cent of clayey im- 

purities make good cool, slow-slaking limes, but the risk of over- 
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burning them is very great. This is not true of white limes. 

When they are overburned they form a hydraulic cement, and 

must be finely ground to be of use. From the above discussion 

it will be seen that the difference between common lime and a 

hydraulic cement is only in the amount of clayey material or 

alumina present, and the percentage of alumina present is the 

only difference between the hydraulic cement and a true Port- 

i1and cement. In fact, these products form a series with the hot 

or white limes at one end and true Portland cement at the other. 

The dividing lines are more or less arbitrary, and depend upon 

chemical composition. The following divisions are commonly 

made: (1) common or fat lime, (2) hydraulic limes, (3) hydraulic 

or Roman cement, (4) Portland cement. 

The main difference between limes on the one hand and 

cements on the other is that cements are burned at a much 

higher temperature, contain a much higher percentage of alumina 

and silica, and must be thoroly pulverized before water will have 

any great effect upon them. 

The presence of iron or sulphur in a limestone in any amount 

spoils it for the manufacture of lime. The iron in addition to 

coloring the lime dark has a fluxing effect. The sulphur darkens 

the lime and forms sulphates of calcium or magnesium. Organic 

matter when present in a limestone does not interfere with its 

lime-making properties because it is completely removed in the 

process of calcination which the limestone undergoes. 

Mortars made from hot limes harden more quickly than 

those made from magnesium limes, and tests made at the end of 

30 or 60 days show the mortars made from hot limes to be harder 

and more resistant than those made from lean limes. This 

superiority does not appear to persist, for tests made on mortars 

after they have been set a year or more shows their resistance 

to be about equal. . 

When water is added to lime, calcium oxide hydrates and 

changes to calcium hydroxide. On exposure to the air the excess 

of water is given up. It has been generally held that the set of 

the lime is complete when all the water disappears from the 

lime, but it has been determined by Chatelher (West Virginia 

Geological Survey, Vol. 111, p. 328), that the slaking of lime takes 

place in four stages: 

1. Simple absorption of water. 

2. The mixture is warmed by contact and by heat of the chemical action 

taking place, and a portion of the added water is evaporated. 
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3. The mass cools and moisture is fixed by the silicates, although some 

of the free lime remains unslaked. 

4. The unslaked lime removes this water from the silicates and becomes 

completely hydrated. 

The time taken for a lime to set depends on a number of 

factors. Among them is the amount of impurities present, 

the amount of water used, the air temperature, and the thickness 

of the lime layer. Fat or hot limes set much more rapidly than 

lean ones, and when a mason has been taught to use one it is 

difficult for him to handle the other. After the set has started, 

any movement of the plaster tends to weaken the bond and injure 

the work. After the first set the lime hydrate takes up carbon 

dioxide from the air and forms carbonate of lime, as shown earlier 

-in this study. This process is a slow one and in the case of some 

limes it may be years before the lime has finally returned to the 

state of a carbonate. The rapidity with which this change 

takes place depends on the amount of exposed surface of the 

mortar, the thickness of the layer, and the porosity of the mortar. 

As this action goes on, a crust of the carbonate forms over the 

surface of any considerable mass of mortar and protects the 

soluble hydrate within from being dissolved or changed, and 

therefore this final condition of a carbonate may never be reached. 

In regard to the final reaction of the lime with the sand 

in a mortar, S. W. Beyer says in his paper on the ‘‘Physical Tests 

of lowa Limes” in Vol. xvi of the Towa Geological Survey (p. 104): 

Long contact of lime hydrate with finely divided silica is known to cause a 

reaction by which the silica combines with the lime forming a stable silicate of 

lime. The extent to which this reaction progresses depends on the physical 

and chemical qualities of the siliceous impurities in the lime or of the sand 

used with it. If these are very fine, chemical action is favored. Silicates, 

such as clay or feldspar, for example, are more susceptible to attack by the 

lime than is quartz sand. Hydraulic limes are apt, therefore, other things 

being equal, to give a more durable final product than the purer limes. In 

the same way, muddy or clayey sand used with lime, although less desirable 

at the start, will likely contribute to the durability of the mixture in time, 

because of the development of these stable compounds by the caustic action 
of the lime. In the ease of silicates, it is probable that other elements, 

especially alumina, also enter into combination. 

Lime has many uses in the various industries, but by far its 

most important use is in the production of lime mortars for 

structural work, interior walls, and plastering. In these uses 

the ime cannot be used alone on account of the great shrinkage 

of the lime paste in setting, and its own lack of inherent strength 



154 Indiana University Studies 

when set. It is also cheaper to add some foreign substance, 

which material can always be cheaper than the lime itself. The 

most common material used for filler in mortars is sand. Any 

type of sand grain is superior in hardness to the set lime, and 

when the lime mortar cements these hard grains together the 

resulting mortar is hard and durable. In the production of 

mortars any inert substance which does not shrink nor de- 

teriorate may be used. Ground or rough crushed limestone 

may be used and will give equally good results. Crushed stone, 

being rough edged, gives the lime more chance to adhere, and 

thus the resulting mortar is very durable. Dolomitic limes are 

more durable and show less shrinkage than high calcium limes. 

(See also Beyer, loc. cit.) 

A long series of tests of the proper percentage of lime and 

foreign material for the strongest mortar, and the type of lime 

best adapted to the manufacture of mortars has been conducted 

by the Iowa Geological Survey and the results of these tests are 

published in the seventeenth annual Report of that Survey for 

the year 1906 (pp. 106-146). 

Lime Burning. The reaction by which limestone or car- 

bonate of lime is broken up into lime oxide or quicklime and carbon 

dioxide takes place above the temperature of 850 Centigrade or 

1,562 Fahrenheit. This reaction will go on to completion only 

in a current of heated air to carry away the carbon dioxide as 

fast as formed. Dr. Thorp in his Outlines of Industrial Chemistry 

says (p. 175): 

Calcium carbonate begins to decompose below a red heat into calcium 

oxide and carbon dioxide, but the decomposition is not complete until a 

bright red heat (800 to 900 Centigrade) is reached. The temperature should 

not rise above 1,000 to 1,200 Centigrade, as there is danger of overheating 

the lime. [For successful burning], it is essential that the gases escape 

freely from the kiln, the draught usually being sufficient to remove them as 

they form. This escape may be accelerated by blowing steam or air into 

the kiln during the burning, or even by wetting the carbonate as it is in- 

troduced. - 

The amount of heat required to produce this change of limestone 

to quicklime is 373.5 calories for one kilogram of calcium carbonate 

changed. This amount of heat is equivalent to 747 B.T.U. 

These are the figures given by Gruner, while Eckel gives the heat 

requirements as 784 B.T.U. The above figures are quoted from 

Vol. m1 of the West Virginia Geological Survey (p. 358). 

Lime kilns are of two general classes: periodic and continuous. 



Mance: Quarry Industry of Southern Indiana 155 

After a charge has been caleined, the periodic kiln is allowed 

to cool before it is emptied and recharged. With the continuous 

kiln this delay is not necessary. The calcined material can be 

withdrawn and fresh material can be added without loss of time 

or the great waste of heat, which are necessitated by the periodic 

kilns. 

Kilns are fired by two general methods. In the first case, 

with what is known as ‘‘short flame burning’’, the material 

to be calcined is charged in alternate layers with the fuel. In 

this method the limestone is in close contact with the fuel, and is, 

of course, more or less contaminated with ashes after burning. 

In what is known as the “long flame’ method of burning, the 

fuel is burned on a separate grate and only the flames and hot 

gases pass into the shaft of the kiln. With this method no ashes 

are left in the product and a purer lime is produced. With the 

long flame method there is a materially greater loss of heat but 

the purity of the product more than counterbalances the extra 

loss. With any of the various forms of kilns other fuels than coal 

ean be used such as natural gas, producer gas, or oil. Any one 

of these fuels has the advantage over coal, of cleanliness and 

regularity. The fact is becoming generally recognized that 

producer gas as a fuel for hme burning is the ideal fuel because the 

heat can be applied more closely to the charge than is the case 

with any other fuel and the product will be more even and cleaner 

than with any other fuel. 

Continuous kilns are preferred where fuel is expensive, and 

and where regular output is desired. Where close figures are 

necessary on the cost of fuel the periodic kiln is out of the question. 

The continuous kiln is a tall, narrow furnace or shaft, built of 

brick or iron plates, and varies in size. Such kilns are usually 

35 to 45 feet high by 6 to 8 feet in diameter. The lmestone is 

fed in at the top and is calcined as it passes down thru the kiln, 

the lime being taken out at the bottom. The burning goes on 

without interruption even during the process of charging or re- 

moving the lime. 

In this country a great many long-flame periodic kilns 

are now in use, the main reason for their installation being their 

cheapness and simplicity of construction, but they are very 

expensive in their use of fuel. With these kilns an arch of large 

blocks of limestone is built about 3 feet from the bottom of the 

kiln, openings being left for the flames to pass thru. On top of 

this arch small lumps varying in size from a cocoanut to an orange 
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are piled till the kiln is full. The fire is then built and the tempera- 

ture of the whole mass is slowly raised during 6 or 8 hours till a 

full red heat is obtained. This heating must be slow in order to 

prevent the arch from crumbling. The high temperature is 

maintained for about 2 days, after which the fire is allowed to 

burn out and the kiln to cool. The material is removed and the 

kaln recharged, much time being lost in the process. 

The first method of burning lime and one occasionally used 

at the present time for fertilizing hme was to pile together heaps 

of logs on which blocks of limestone were piled. The whole mass 

was fired and the overburned or underburned blocks were thrown 

aside and the remaining material used. This method was fol- 

lowed by the heap or ditch method in which the limestone was 

piled in long heaps on a bed of wood and long openings for draft 

channels were left thru the piles. These huge heaps were fired 

as the smaller heaps had been fired before, but the burning took 

a much longer time. These ditches were modified into trenches 

upon hillsides where the material to be burned slid down thru 

the trench much as it does in the lime kilns of today; the burned 

product came out at the lowest level. This type of kiln required 

four times as much wood fuel as the amount of ime burned, 

but the small cost of wood in the earlier days made this method 

practicable. Next came the stone-pot kilns which were square 

chambers of stone about 18 to 20 feet high and about 12 feet 

square. These would produce as much as 800 cubic feet in 24 

hours. They were the forerunners of the modern type of inter- 

mittent kiln, and many of them are still in use. The modern 

lime plant has 3 floors. The top one is for charging the kilns, 

the middle one for charging the fires, and the bottom one for re- 

moving the burned product. The upper floor is connected with 

the inclines to the quarry up which the limestone is drawn in 

cars to be dumped in the top of the kiln. The second floor is on 

a level with the coal bins and is usually level with the ash dump. 

The lowest floor is at the ground level so that the product can be 

loaded in cars. 

Under present conditions one ton of coal will burn from 3 to 

5 tons of lime, the problem being to keep the fires at their greatest 

efficiency and to force or draw the hot gases up into the kilns. 

These things can best be done by means of forced or induced 

draft put on the fires. There are four methods of securing 

better draft on lime kilns at present in use, and they are as 
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follows: (1) air jets, (2) steam jets, (3) the Eldred process, 

(4) suction process. 

In the first process, jets of air are forced under the grates 

and the fire boxes are kept tight on the same principle as forced 

draft under a boiler. 
In the second method, steam jets are inserted up thru the 

grate bars to give the necessary force to the upward currents 

of gas. 

The Eldred process is a combination of the two methods in 

which steam and air jets are forced into the kiln and suction fans 

take away the waste gases. 

The fourth method is to apply suction fans at the top of the 

kiln to draw off the waste gases as fast as they are formed. 

There is no question as to the fuel economy with any of these 

methods for increasing the draft, but as to their relative value 

expert engineers are not at all agreed. Of course, the use of re- 

inforced draft in the manufacture of lime is a source of danger 

if not properly handled since careless handling is sure to give an 

inferior product and the danger of overburning is much greater. 

A carelessly burned product, in addition to being inferior for use, 

is also inferior in its keeping properties. These difficulties would 

be lessened if the lime were hydrated before it is put on the market 

One hundred pounds of good limestone will yield from 56 

to 58 pounds of lime, but the shrinkage in volume does not ex- 

ceed 15 per cent and is usually much less. There is little differ- 

ence in the hardness of lime and limestone, but the lime is much 

more porous and when acted upon by water it falls into a powder. 

Pure lime is infusible at the temperature of the oxyhydrogen 

flame and is therefore used in the production of the calcium 

light. For light pencils the lime must be very pure since any 

impurities cause it to fuse and form a glass slag. Lime is a power- 

ful base and reacts with acids to form salts of calcium. 

With the development of the use of gas producers and pro- 

ducer gas in all lines of industry, the increased use of gas in the 

manufacture of lime is only a matter of time. Several types 

of gas producers are in use at the present time. The Morgan 

System is one of the oldest of these. It consists of a cylindrical 

steel-plate shell which extends into a water-filled ash pan. The 

fuel is automatically fed in at the top of the producer and scattered 

over the entire fuel bed. A jet of air and steam is introduced 

thru a central tuyére in the bottom of the producer. All the 

Operations are continuous and automatic and the ashes are 
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removed under water. This producer is capable of a very steady 

and uniform flow of gas and is admirably adapted to the manu- 

facture of lme. 

At the lime plant in New Milford, Conn., a two weeks’ run showed a 

saving over old methods of 40 per cent in fuel, and an inerease of 20 per 

cent in capacity of the kilns. The cost was lowered from 25 cents to 17.2 

cents a barrel ot 300 pounds, and the capacity of the two kilns equipped with 

this apparatus increased from 65 to 80 barrels to a kiln daily. 

The above is quoted from Rock Products, Vol. 1v (p. 41), 

and Vol. 111 of the West Virginia Geological Survey (p. 367). 

Professor G. P. Grimsley in his comprehensive work on ‘‘The 

Limestone and Lime Industry of West Virginia’? in Vol. 111 of 

the West Virginia Geological Survey (pp. 3873-375), describes 

five general kilns at present in use in the industry in that State 

as follows: : 7 

The S. W. Shoop kilns [{manufacured by S. W. Shoop and Company of 

Altoona, Pa.| . . . are known as center draught kilns and rest on a 

foundation of common brick or stone. The stack . . . is made of 

7s-Inch steel, 12 feet in diameter and 25 to 30 feet high and rests on a rock 

foundation. The inner cylinder is made of fire brick supported by a back 

wall of red brick. The inner diameter of the cupola is 5% feet near the fire 

boxes and 8 feet near the top. This leaves a space about 18 inches below, 

between the brick cylinder and the steel cylinder, which is filled with ashes 

or earth packed solid. The shape of the interior of the cupola is conical to 

about the middle and then becomes a eylinder. The barrel below the 

furnaces to the cooling pot is lined with fire brick so that the lime is partially 

cooled before reaching the cooler pot which is made of 44-inch steel and about 

4 feet long, bolted to a base 5 feet square so that it may be easily repaired. 

The opening of this pot is closed by shears readily operated to discharge into 

the car below. Fire brick pillars at the furnace openings into the cupola 

prevent the lime dropping into the fire boxes and choking the draught. 

The following explanation and claims are made by the designer of this 

kiln (S. W. Shoop) for the natural draught. 

“The kiln is constructed with two chambers or ash pits to each side under 

the firing doors. One is located centrally underneath the other, with founda- 

tion on the floor line connected with flumes around the cooling formation of 

lime chamber, which gather the heat and hot air from the cool?ng lime and 
distribute it underneath the grate bars. The velocity that this heat gathers 

passing through these flumes is almost equal to forced draught, and making 

it the strongest natural draught kiln constructed. Not only are there ad- 

vantages derived through draught, but a iarge saving in fuel is affected by 

the utilization of this hot air. 

“Taking into consideration that it requices about 12 pounds of air (or 

50 cubic feet) to consume 1 pound of coal, and that this air flowing under the 

erate bars in the ordinary style of kiln at an average of 70 degrees Fahrenheit 

has to be raised to a temperature of nearly 2,000 degrees Fahrenheit, there is 
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economy in collecting and utilizing the waste heat from the cooling lime. 

By the introduction of a small jet of steam underneath the grate bars in 

connection with this hot air, there is an excellent force draught for coal.’’ 

The Keystone lime kiln made on the Broomell patents is another popular 

steel-clad kiln built on a somewhat different plan from the Shoop kiln. The 

supporting base of the kiln is heavy steel, reinforced by vertical, double- 

angle iron posts. . . . The steel-cooling cone within the supporting 

basal cylinder is made of heavy boiler plate suspended from a heavy cast-iron 

bed plate and can be readily removed for repairs. At the bottom of the 

cooling cone are patented draw gates opened and closed by hand wheels 

which project outside of the supporting base so that the workman can turn 

the gates without coming in direct contact with the hot lime and dust. 

The heat for the kiln is generated in 4 independent furnaces, each 24 inches 

wide, 30 inches high, and about 4 feet long. The furnaces can be used with 

forced draught under the grate bars by forcing a mixture of steam and hot 

air through an inserted steam pipe. . . . Induced draught is obtained 

by using an iron cover with a door and attaching a suction fan to the top of 

the kiln. 

The shell of the kiln is composed of heavy steel plates bolted together, 

and the interior is lined with fire brick supported by common brick. Near 

the top of the kiln . . . is placed a heavy steel cone to protect the 

brick, and above this cone is a large storage space, the full diameter of the 

kiln. The rock is heated in this space by the heat passing through the Ja!n, 

and its temperature is gradually raised as the rock passes down to the burn- 

ing zone. 

These kilns are usually placed in a row or battery with 3 feet of space 

between them, and any kind of fuel may be used. The most popular size 

kiln is the No. 3 which is deseribed as follows by the company: 

Be eMeCrEMMmSMeHPOHtSIGe 28s.) boc es Bl oe ee eee: 11% feet. 

Peemmecneroinorick lining inside..... 2.0 oe ee ee ee 616 feet. 

Mrmcreriofcooline cone at the: top... 2.6... 2.0.66. fhe eee 7 feet. 

Wiameser of. cooling cone at the bottom..........:2. 0... ce. w- 2. feet. 
ELSE CE COOLS C71 CeO 7 feet. 

TEE, GTOCUIT CLE Tie aR Se ee ee hee a 48 feet. 

SD LESDVDSED SES BTS 1707 ie Far ere R= 44,000 pounds. 

Diiertmetmsperials brick. 2% fe oe ce a a ee ee ee 14,800 pounds. 
2 TEEE (DEEL GUE TST TUT cI ae ee 8,463 pounds. 

SMR C OTIC IG Bets eaten, Shs tS ng ah bb ee ee 15,700 pounds. 

rpelingee ees oe ee cae 90 to 140 barrels (200 pounds) per 24 hours. 

The O’Connell kiln patented in 1899 has boilers set in the arches of the 

kiln, and the fire box of the furnace opening into the body of the kiln supplies 

the necessary heat for the kiln and also provides a means whereby steam 

generated in the boiler may be used to aid combustion. By this plan the 

fuel used for burning lime produces also steam to run the blowers and con- 

veyors, elevate the stone, and operate quarry pumps and other necessary 

machinery. It is claimed to save 20 per cent of the fuel ordinarily used for 

burning the lime. 
The horizontal circular kiln invented by Hoffman, used especially for the 

manufacture of brick in Europe, is also used for burning lime. 
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It consists of an arched circular room divided by moveable partitions into 

sections (usually 12 in number). The limestone is placed in these 

sections and fired through openings in the roof into the first section, and 

when the lime is burned the fire is added to the next section and so on around 

the cirele. The air enters the section in which the lime is being removed and 

cools the burned lime, becoming heated in the section where the full fire is 

maintained and then reaches the sections charged but not burned giving 

off its heat and passes from the last section out through a chimney at the 

center of the kin. Dampers serve to regulate the air current and sections 

not in use can be shut off, as all are connected with the central chimney by 

ovenings which ean be readily closed. 

In England, according to Frasch, the Hoffman kiln produces daily 1,200 

to 1,500 ecubie feet of ime with a consumption of only 5 pounds of slack coal 

per cubie foot of lime. In Germany the saving of fuel in the Hoffman kiln 

is almost 75 per cent over the old methods. The lime is said to slake more 

easily and cannot be stored for so long a time as that made in other kilns. 

The saving in fuel in Hoffman kiln over the best constructed draw kilns is 

said to be about 40 per cent. This form of kiln could be used with economy 

where the lime is hydrated before being placed on the market. 

Rotary kilns are in use in a few instances, but not enough 

data are available to determine their economic value. The 

figures on the cost of lime burning with oil fuel, and a rotary 

kiln are as follows: 

‘Average OUbpU be. ec hie ie ba He kee Oe 25 tons per day. 

Fuels Gonstunap tions yee Pe eon 40 barrels (42 gallons). 

Stome sess es ee Ee On ee aS RD ee 98.5 per cent CaCQO3. 

Labor Cost i.c ec ri Ee a Pd ee $22 per day. 

Q@il-consumption per 100 pounds of lime... 3)..3). 3 ae 26.2 pounds. 

This represents a total cost of about 9 cents per bushel. 

The cost of lime manufacture differs markedly in different 

sections of the country. Some of the most important factors 

in the cost of lime, or the factors which chiefly cause variations 

in cost of production, are different labor costs, variations in fuel 

cost, and the cost of quarrying the rock. 

The following figures are given as the average cost with a two- 

kiln plant having a daily pag of 500 bushels. The expenses 

run as follows: 

Interest on’ plantand Tamd: 3 Ca ee $1.60 

Repairs, taxes ete nny. ce a ak oR a he lees O) 

Quarry cost of quarrying 30 tons of rock) (6) a eee OO; 

Fuel*cost: (coal: $125 per ton) i he hs ee 5.00 

Additional labor Cost iss 22 ee Ge eer ee 12.00 

Total-costeof 500: bushels eis i ee oe 26.90 

Cost: per bushel eg ea ae ae ee gy oy no eee 5.4 cents. 
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These costs for the Southern Indiana district would be, with 

up-to-date-plants: 

itreresiiom plant.and depreciation. ~.. 0... 0200 ee 2 $2 00 

Ly STDERR SL, CU Cpe ees ec ena er ea 1.30 
Quarry cost or cost of waste stone (15 cents per ton)............ 4.50 

Hercmce stm (coales | so0) per ton)... eR). a a Ee. 6.00 

OACOSU ee ny hh), Bie as ols ESS ee ly SA 10.00 

intial Perle ie hae RE eS, drs le oN $23 .80 

DosimmcimouswWeleon’ cok ed ey ia he ee ae he Oe 4.8 cents. 

There are approximately 27 bushels to the ton of quicklime. 

A fair estimate of the cost of lime burning in the quarry district 

of Southern Indiana with the cheap waste limestone as a raw 

material would be not to exceed $1.50 per ton after all expenses 

are included. 

In slaking a high calcium lime there is an increase in weight 

of about 40 pounds to the bushel. Quicklime weighs about 75 

pounds per bushel. 

Uses of Lime. Lime probably has a greater number of 

uses than any other mineral product. Approximately one-half 

of the lime burned in this country is used for structural material, 

and the remaining half is used for chemical purposes. Different 

grades of lime have different uses, and, in fact, most grades of 

the product have some special use to which they are best adapted. 

Some uses require a high calcium lime and some require a slow- 

slaking hme such as results from the burning of dolomitic hme- 

stones. The principal uses of lime as a structural material are 

in lime mortars, and plasters, in gauging Portland cement mortars, 

concrete, and gypsum plasters, and as a whitewash. Both quick- 

lime and hydrated lime can be used for these structural purposes. 

The chemical uses of lime are given in the government reports on 

the industry as follows: 

Agricultural industry— 

As a soil amendment (either calectum or magnesium lime can be used). 

As an insecticide (either). 

As a fungicide (either). 

Bleaching industry— 

Manufacture of bleaching powder, ‘‘chloride of lime’”’ (calcium). 

Bleaching and renovating rags, jute, ramie, and various paper stock 

(either). 

Caustic alkali industry— 

Manufacture of soda, potash, and ammonia (calcium). 

Chemical industries— 

Manufacture of ammonia (calcium). 

11 
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Manufacture of calcium carbide, calcium eyanimide, and calcium nitrate 

(calcium). 

Manufacture of potassium and sodium bichromate (calcium). 

Manufacture of fertilizers (either). 

Manufacture of magnesia (magnesium). 

Manufacture of acetate of lime (calcium). 

Manufacture of wood alcohol (calcium). 

Manufacture of bone ash (either). 

Manufacture of calcium carbides (calcium). 

Manufacture of caleium hght pencils tealonm): 

In refining mereury (calcium). 

In dehydrating aleohol (calcium). 

In distillation of wood (calcium). 

Gas manufacture— 

Purification of coal and w ater gas (either). 

Glass manufaecture— 

Most varieties of glass and ee (ecaleium). 

Milling industry— 

Clarifying grains (either). 

Manufacture of rubber, glue, pottery, and porcelain (either). 

Dyeing fabrics and polishing material (either). 

Oil, fat, and soap manufacture— 

Manufacture of soap, glycerine, candles (calcium). 

Renovating fats, greases, tallow butter, ete. (either). 

Removing the acidity of oils and petroleum (either). 

Lubricating greases (either). 

Paint and varnish manufacture— 

Refining linseed oil (either). 

Cold-water paints (either). 

Manufacture of varnish and linoleum (either). 

Paper industry 

Soda method (calcium). 

Sulphite method (magnesium). 

For strawboard (either). 

As a filler (either). 

Preserving industry— 

Preserving eggs (calcium). 

Sanitation— 

As a disinfectant and deodorizer (calcium). 

Purification of water for cities (caleium). 

Purification of sewage (calcium). 

Smelting industry 

Reduction of iron ores (either). 

Sugar manufacture— 

Beet root (calcium). 

Molasses (calcium). 

Tanning industry 

Tanning cowhides (calcium). 

Tanning goat and kid hides (either). 

Water softening and purifying (calcium). 



Mance: Quarry Industry of Southern Indiana 163 

The uses of hme in the agricultural industry are many, but by 

far the largest part used is as a soil amendment, and this use is 

thoroly discussed in the portion of this study dealing with crushed 

limestone as a fertilizer. It was there shown that crushed hme- 

stone would do the same work as lime and at a much smaller 

cost. The only case in which lime is better adapted to soil 

treatment is that of a soil very high in organic matter, as in the 

ease of drained lands where the soil is of a peaty nature anda 

part of the organic matter in the soil can be sacrificed for quicker 

returns. 

Lime is used in the preparation of nearly all of the insecticides 

and fungicides used for protecting plants. Lime and iron sul- 

phate, commonly known as copperas, and water are much used 

as a spray under the name of Bordeaux mixture. This mixture 

is used to kill fungus growths on vines and trees. <A mixture of 

about 20 pounds of sulphur, 15 pounds of common salt, 35 pounds 

of lime, and 50 gallons of water will make when boiled a spray 

that will destroy scale and other insects without doing damage to 

the trees at any time of the year. Many other mixtures of this 

type are known. 

Slaked lime, when treated with an excess of chlorine gas, 

forms calcium oxy-chloride (Ca(OCl)z), commonly known as 

“bleaching powder’, much used in bleaching vegetable fibres 

in the textile and paper industries. 

Quicklhime is used in the manufacture of the alkaline hy- 

droxides, such as sodium, potassium, and ammonium hydroxides. 

The carbonate of the substance, when treated with quicklime 

and water, gives calcium carbonate and the hydroxide of the 

substance, as for example: 

CaO _ Na.CO; — H,0 = CaCO; a 2Na(OH) 

This means that quicklime plus sodium carbonate plus water 

equals calcium carbonate plus sodium hydroxide. 

Calcium carbide, much used in the production of acetylene 

gas, is made from a mixture of 100 parts of lime and 70 parts 

of coke. This mixture must be heated at the temperature of the 

electric furnace for some time, and as a consequence plants for 

its manufacture must have cheap sources of power. The carbide 

breaks up slowly in the air, but rapidly when treated with water 

according to the following reaction: 

CaC, > 2H;0 = CoH, + Ca(OH), 
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The manufacture of acetate of lime from which pure acetic 

acid is prepared, and the purification of wood alcohol and acetone 

are carried on along the same line. Milk of lime is used to take 

up the acid from the impure wood spirits, while the aleohol and 

acetone are carried over and condensed. Much lime is used in 

these reactions. The only method of obtaining wood alcohol of 

high purity is by distillation over lime. 

In the manufacture of soaps the hme is used to obtain the 

alkaline hydroxides from the carbonates, as deseribed earlier. 

The action of the lime on tallow or on a grease forms organic 

salts of calcium. The calcium is easily replaced by sodium or 

potassium, from some of their compounds, to form the soluble 

soaps of commerce. Saponification with lme is a necessary 

step in the manufacture of candles, glycerine, and the explosives 

derived from glycerine. The milk of lime is used also to remove 

any trace of acid that might be present in the pure products. 

Lime plays a very important part in the manufacture of 

paper. The first use of lime in this industry is in the cleansing 

of the materials and the removal of foreign substances. This 

method is employed in the case of rags, straw, ete., that are to be 

used in paper manufacture. If wood pulp from soft woods is 

to be used, the pulp is boiled in a solution of sodium earbonate 

which has been rendered alkaline by the addition of pure lime 

oxide. In the sulphite process the wood of spruce, hemlock, 

ete., 1s boiled with sulphurous acid and milk of lime until the 

tars and oils are removed and the pulp softened. The paper 

pulp is usually bleached with chloride of hme before rolling. It 

will thus be seen that lime plays one of the most important parts 

in this industry. 

The uses of lime in sanitation are so numerous and so well 

known that space will not be given here to a discussion of them. 

Lime is used in sugar manufacture in the process known as 

‘“Defeeation’’. The lime here removes the excess of organic acids 

and coagulates the albumen and mucous. Lime, altho only 

slightly soluble in water, is more soluble in sugar water, and the 

lime unites with the sugar to form an insoluble compound in which 

form it can be washed with alcohol and water. The calcium 

from this sugar of lime compound can be removed by passing 

earbon dioxide thru the solution. 

Lime is used in tanning hides, in which process a strong solu- 

tion of milk of lime is used to remove the hair from the hides. 

The lime also dissolves the fatty matter and the coriin, loosening 
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the fibres which swell the hides. The length of time that the 

hides undergo this liming process determines the pliability of the 

leather formed. The addition of sodium sulphite to the lme 

gives a paste that will remove the hair in a few hours if spread 

on the hair side and roiled in. : 

I have attempted to outline here only a few of the more 

important chemical uses of :ime. A discussion of these industries 

ean be found in any of the later textbooks on industrial chemistry. 

It will be seen from the lists given at the beginning of this 

section that high calcium limes are far more important and have 

a much more extensive use in the manufacturing industries of 

the country than the magnesium limes or those burned from 

dolomite. 

The demand for these manufactured products is sure to in- 

crease very rapidly in this country during the next few years 

and the demand for lime will increase accordingly. The price 

of high-grade, high-calcium limes is sure to increase with the 

increased demand for them in the new manufacturing projects 

that are sure to spring up in the next decade. 

The vast diversity of the uses of lime is sure to keep the 

demand constant even if the different industries make vary- 

ing demands for it. The ability of lime to correct soil acidity has 

been thoroly treated in that part of this paper treating of the use 

of lime and limestones on acid soils. 

The Hydration of Lime. When a magnesium lime is 

packed for shipment its slow-slaking properties and the small 

amount of heat given off in slaking make it possible to keep it a 

long time and to ship it in paper sacks without fear of their de- 

struction or danger to property near it. This is not true of the 

hot, high-calcium limes. Their great affinity for water has 

always made them dangerous to property and has caused them 

to spoil in storage or transit. In most industries the hydrate 

of lime is as useful as the pure quicklime and much easier to 

handle, being also less liabletospoil. Thisdemand for a compound 

easily handled and shipped led to the placing of lime hydrate on 

the market. In any process by which quicklime and water are 

brought together, the same chemical reaction results, namely: 

CaO + H.O = Ca(OH), 

When the oxide leaves the kiln it is in lumps about one-fourth 

arger than the lumps of limestone from which it was burned. 

These lumps on slaking fall into a fine white powder known as the 
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hydrate of lime. The reaction is accompanied by the genera- 

tion of an amount of heat that under some conditions is sufficient to 

cause combustion. When this reaction has been completed 

and the resulting lime hydrate has cooled and dried, it can be 

stored or shipped without any danger to property or to itself. 

The lime hydrate contains about 25 per cent of water and has a 

specific gravity of about 2.08 while limestone is about 2.8. The 

specific gravity of pure lime oxide may be as high as 3.1. 

The burning of the ime has much to do with the rapidity 

with which it slakes. Lime burned at temperatures under 

1,000 degrees Centigrade will siake quickly, while hmes burned 

at higher temperatures may take hours to slake thoroly. When 

a hot lime and water are mixed, temperatures as high as 310 

degrees Fahrenhe't may be reached; this temperature is often 

sufficient to cause combustion. 

To slake the lime properly the water must be added slowly. 

About one-third of the amount of water necessary to slake the 

lime should be added first, and after the heat is generated the 

rest of the water may be added. If the lime is mixed with a 

large amount of cold water the product will be very granular. 

The weight of high calcium limes is increased about one-third 

in slaking. One bushel of good lme will when slaked make 

about 2% bushels of slaked lime with a weight about one-half as 

great per bushel. 

The old method of hme hydration practiced by masons 

and plasterers consisted in pouring the necessary amount of 

water over the lime in a water-tight box lined with san] and 

lime paste. The lime was spread over the bottom of the box 

in a layer about 8 inches thick and enough water added to make 

a thick paste. <A layer of sand was then spread over the lime to 

keep in the heat. This method when properly carried out by 

an experienced man gives a good product, but careless work 

usually injuries the lime and makes it inferior as a building ma- 

terial. The new method of lime hydration at hydrating plants 

and the marketing of the product already slaked do away with 

the danger of careless slaking; and the resulting product gives 

much better satisfaction as a building material. 

Many processes are now in use for slaking lime. Several 

of them are operated under patents and the product sold under 

various names, such as lime hydrate, limoid, cream of lime, ete. 

The process consists essentially of the following operations: 

first, crushing the lime lumps with some type of crusher to give 
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a uniform size of lump so that the water will act upon it rapidly; 

second, hydrating the lime, which is accomplished by placing a 

weighed portion of lime in a hydrating pan holding 1,000 to 

2,000 pounds. Scrapers in the pan level the lime down to. a 

depth of about 8 inches. The pan rotates under a number of 

stationary ploughs which are so arranged that the lime is thoroly 

turned over and mixed every half-revolution. An automatic 

sprayer which contains a predetermined amount of water is 

located over the pan and sprinkles the water evenly over the 

surface of the lime. As soon as the water and lime are thoroly 

mixed the pan is emptied and a new charge placed in it. The 

process of hydrating with a high calcium lime does not require 

over half a minute per charge. Following the process of hydration 

the product is screened to remove particles of limestone, under- 

burned hme, and unslaked lumps. The product screened to 

about 40-mesh is stored in bins ready for bagging and shipment. 

The equipment of a small hydrating plant should include 

two elevators, one to take the lime from crusher to bin and one 

to take the slaked hme from the hydrator to the storage bin, 

as well as a hydrator, a crusher, and screens. 

The above process is known as the batch process. Other 

methods use machinery which is continuous in operation, the 

most common being the rotating cylinder, containing screens for 

discharging the product as fast as it is hydrated. Water and 

jets of steam are sprayed into the cylinder and accelerate the 

process. The lime is fed in at the higher end of the cylinder 

and travels slowly toward the lower or discharge end. The 

usual capacity of these cylinders is about 8 tons of hydrated 

lime per hour. They require about 5 horse-power to operate 

them. 

The hme-hydrating industry is one that is sure to grow in 

this country inasmuch as the product has many advantages over 

quicklime for every use in which the caustic properties of the 

lime are not a necessity. The main advantages are as follows: 

1. Hydrated hme will keep better than quicklime. 

2. It can be shipped in paper bags instead of barrels. 

3. The impurities have been removed in the hydrating 

plants. 

4. It is ready for immediate use. No slaking or seasoning 

is necessary. 

5. Less is needed to produce an equally strong mortar. 
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6. It can be mixed dry with sand or cement, thus necessitat- 

ing less labor. 

7. There is less danger in packing and in handling. 

With these advantages favoring it, the use of ime hydrate 

cannot but develop very rapidly, and plants for the hydration 

of lime will be a paying investment. Mixtures of lime hydrates 

and Portland cement are already much used in making concrete 

walls. It is also recommended in the production of concrete 

building blocks, where it is claimed to improve the water-resisting 

qualities and give a lighter shade to the blocks. 

Lime hydrate is used with kerosene and copper sulphate or 

Paris green as a spray, and as such it is reeommended as a very 

ood insecticide. 

Sand-Lime Brick. The manufacture of building bricks 

from mixtures of sand’and lime has been carried on for a number 

of years in regions where the soils are sandy and clays are lacking; 

but these mortar bricks are very unsatisfactory, and the industry 

has never reached large proportions. With the patent of Dr. W. 

Michaelis for hardening sand-lime brick by high-pressure steam, 

the industry of making sand-lime bricks has developed to a great 

extent. The patent, taken out in 1881, lapsed before any great use 

was made of it, but since 1900 a large number of plants for the 

manufacture of sand-ume brick by this method have begun 

operation in Germany. The first plant to operate in this country 

was started at Michigan City, Ind., in 1901, and at the present 

time about 100 plants are in operation in this country. 

Sand-lime brick, or ‘‘Kalksandstein” as it is called by the 

Germans, is a mass of sand grains cemented together by a hy- 

drated calcium silicate. The union, instead of depending on 

the lime as a cement, depends upon the formation of this silicate 

by the high temperature which the brick undergoes in the process 

of manufacture. This industry is sure to grow and with it such 

a demand for lime as to cause a rise of prices in the future. 

The Lime Industry in Southern Indiana. The reasons 

why the lime industry has not been developed in the stone belt 

of Southern Indiana are many. In regard to this I may quote 

from the paper on the ‘‘Lime Industry in Indiana” by W. 8. 

Blatchley, in the twenty-eighth Annual Report of the Indiana De- 

partment of Geology and Natural Resources (pp. 219-220), as 

follows: 
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The average of 8 analyses of specimens from 8 of the leading quarries oi 

Bedford stone showed the following percentage composition: Calcium 

earbonate, 97.62; magnesium carbonate, .61; iron oxide and alumina, .36; 

insoluble residue, .91. These analyses show the fitness of the Bedford Odlitic 

stone for making a very pure quicklime; and the practical burning of the 

lime at Salem, Bedford, and other points proves that fitness. For some 

reason, however, the lime industry in the Odlitic stone district is not as 

flourishing as it should be. Abandoned kilns are found in a number of 

localities in the area, notably in Monroe county, near the old University 

building at Bloomington, and at Ellettsville; in Lawrence county, 2 south- 

east of Bedford, and 3 south of the same place along the Monon railway, 

and in Owen county at Romona. 

Professor T. C. Hopkins in his report on the Odlitic stone 

industry, in the twenty-first Annual Report of the Indiana 

Department of Geology and Natural Resources (p. 337), says: 

To see the great quantity of waste rock on the dump piles about the 

quarries one wonders why more of it is not burnt into lime, and no satisfac- 

tion could be obtained to that query when put to the quarrymen. One 

said it did not make good hime. Another that the lime was too hot, and 

some had not thought of it, did not know that it had ever been tried or would 

make lime at all. 

One needs only to look at the average analysis quoted above to 

see that it would make a rich, fat ime, as remarked earlier in 

this paper. Quoting from the same source (p. 337): 

The reason that more of it has not been burnt may be due to a number 

of causes [as follows]: 1. Freight rates, the cost of bringing in the coal and 

shipping the lime. 2. A prejudice in the local markets against rich lime. 

3. Want of a large market, as they are situated in the midst of the Missis- 

sippi Valley, with large deposits of limestones on all sides. 4. The lack of 

some enterprising person to push the business into prominence, as all the 

stone dealers are interested in the sale of building stone and not lime. 

Considering the force of these reasons for the lack of develop- 

ment of the industry in this district, at the time of writing the 

present report. it will be seen that not all of them are now effec- 

tive. In the first place, more railroads have penetrated the stone 

belt and are competing for the business. This has had a tendency 

to lower freight rates. The quarry operators and the railroad 

managers have come to realize that their interests are mutual, 

and so are better acquainted with conditions and will codperate 

to make rates that will allow the industry to develop. In the 

second place, the development of the process of hydrating lime 

at the manufacturing plants has done away with the objections 

to hot limes by making them easy and safe to handle. With 
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this objection removed, the rich lime will be more popular in the 

market than the lean limes now used. In the third place, the 

markets of the Central West are being supplied with limes from 

Ohio which must cross Indiana in transit, thus placing on them 

higher freight rates than would be placed on Indiana limes. 

In fact, Ohio limes are being used at the present time in the stone 

belt of Indiana. This is more to be lamented when it is known 

that most of the Ohio limes are dolomitic limes and the Indiana 

limes are superior for most uses if put on the market in the form 

of lime hydrate. 

The last reason is probably still the most effective in holding 

back the industry, but this cannot long stand in the way, for the 

stone industry is filling up with a younger generation of progressive 

business men who find the profits of the industry not large enough 

to satisfy them, and realizing that a more careful utilization of the 

waste heap can add to their profits, they will develop any industry 

as soon as convinced that the returns are proportionate to the 

capital invested. 

The 1913 output of lime in Indiana was 96,359 short tons 

valued at $323,905, while her neighboring State, Ohio, produced 

497,693 tons, valued at $1,976,316. To make up the difference 

of 401,000 short tons of output so that Indiana would take rank 

with her neighbor, it would be necessary to burn in the State 

8,000,000 cubic feet of limestone more than is burned at the present 

time. It will be seen from these figures that if the waste hmestone 

that accumulates in the quarry district every year were used in 

the manufacture of lime, Indiana would take rank as one of the 

greatest lime producing States in the Union. Approximately 

18,000,000 cubic feet of limestone is burned per year in the State 

of Pennsylvania in order to produce their lime output of about 

852,000 short tons. ; 

The price of lime in Indiana averages about $3.50 per ton, 

and calculated on this basis the waste from the quarries in a 

single year would be worth nearly $1,250,000 if the product were 

in the form of lime. Of course, these figures are only approxi- 

mations, since any such an increase in the output of the State 

would cause a drop in the price paid per ton, but with the increase 

in demand for a high-caleium lime in the chemical industries of 

the country due to the changed conditions of manufacture in 

Europe, the producer of this kind of lime can look for a strong 

demand and good prices for a long time to come. In Ohio the 

price of lime remains about $4 even with her large production. 
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At the present time there is only one lime plant in operation 

in the Southern Indiana quarry district. This plant was the 

property of the Ohio and Western Lime Company of Bedford, 

Ind., until the latter part of 1914, when it was purchased by the 

Indiana Quarries Company. The plant is located on the site of 

the old Perry Mathews and Buskirk quarry of the Indiana 

Quarries Company on Buff Ridge, and the limestone for burning 

comes from this quarry. While the plant was operated by the 

first company the operators were paying 15 cents per ton for the 

waste stone and the quarry operators were furnishing derrick 

and switch connections for the lime company. Since the same 

company is now operating both quarry and lime plant, the in- 

dustry will be sure to develop. In reply to a request for informa- 

tion concerning the plant under its new owners, the following 

information was promptly furnished. The equipment of the 

plant consists of four kilns, two of stone and two of steel construc- 

tion. The plant furnishes employment for 15 men at an average 

wage of 224 cents per hour. The yearly output of the plant is 

about 225,000 bushels of ime and the coal consumption is about 

5,200 tons. The cost of production of the lime is figured at 

about 10 cents per bushel. The plant represents an investment 

of approximately $25,000. 



CHAPTER Xx 

PORTLAND CEMENT 

History of the Industry. The cement used by the ancient 

Egyptian builders was a type similar to our present lime mortars. 

There is no reason to bebeve that they were familiar with any form 

of hydraulic cement. The first use of this type of cement is 

attributed to the Roman builders who used it in the great en- 

gineering works of the early Empire. This cement was made 

by burning a volcanic ash found abundantly in the vicinity of 

Naples and called Pozzuolana. The product was called Puzzolan 

cement. This type of cement differed very much from our 

modern Portland cement both in composition and method of 

production. A very similar cement is produced at the present 

time from blast-furnace slag. Following the fall of the Empire 

even this type of cement was forgotten and the great buildings 

of the Middle Ages were laid up with plain lime mortars. 

In 1756 John Smeaton, an English engineer, began a series of 

experiments with hydraulic cements for use in the construction 

of the Eddystone lighthouse. When the results of these experi- 

ments were made public in 1791 a number of men began experi- 

ments and in 1796 a patent was given in England to a man by 

the name of Parker. The product was also patented in France 

about the same time and both products were very similar to our 

present Rosendale cement. 

According to Eckel (op. cit., infra), the first compound ap- 

proximating the composition of our present Portland cement was 

manufactured in England under a patent granted to Joseph 

Aspdin of Leeds, England, in 1824. No formula was given with 

the application for the patent, so the definite composition of this 

cement is unknown, but to it was given the name of Portland 

cement on account of its close resemblance to the well-known 

Oolitic limestone of Portland, a well-known building stone. 

Aspdin’s cement was made from a mixture of chalk and clay and 

was burned at a higher temperature than is necessary in the 

manufacture of hydraulic cements. The method was to pulverize 

and then calcine a quantity of limestone in a furnace, then mix 

it thoroly with an equal amount of clay in water, making a thick 

paste. This mixture was then dried and calcined, and after 

the carbon dioxide was driven off the mass was again powdered. 

The resulting compound had the ability to harden under water. 

(172) 
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The Portland cement industry began its development in 

France in 1850. in Germany in 1855, but was not.taken up in 

this country until 1872 when the first mill was built at Coplay, 

Lehigh county, Pa. The present Coplay Cement Manufacturing 

Company is a direct outgrowth of this modest beginning. 

The real history of the industry in this country dates from 

about 1880 when it was first realized that the methods in use in 

Europe where fuel was expensive and labor cheap were not fitted 

to the industry in this country where fuel was cheap and labor 

expensive. Up to this time the manufacturer in this country 

had followed closely the methods in use in Europe. From 

this time methods began to diverge, and in time the American 

methods were to completely outstrip those in use in Europe. 

The first step came when it was known that dry materials could 

be fed continuously to the kilns. The introduction of the rotary 

kiln and grinding machinery instead of millstones was the next 

step. In 1895 powdered coal was first used as fuel, and soon all 

other fuels were abandoned in its favor. The size of the kiln 

has also undergone great changes until kilns up to 250 feet in 

length with capacities up to 1,000 barrels are now in. use. 

The Report on ‘Portland Cement Materials and Industry 

in the United States” by Edwin C. Eckel, Bulletin No. 522 of the 

United States Geological Survey (1913), gives a very comprehen- 

sive treatment of the development of the industry in this country, 

together with a number of analyses of materials and cements. 

Anyone interested in the industry will find this work especially 

helpful and instructive. The accompanying table of the growth of 

the industry is taken from Mineral Resources for the year 1912 

(pe ot). 

The total amount of cement of all kinds produced in this 

country during the year 1912 was 83,351,191 barrels valued at 

$67,461,513. The output for 1911 was 79,547,958 barrels valued 

at $66,705,136. This represents an increase of 4.78 per cent 

in quantity and 1.13 per cent in value over the previous year. 

Of this amount over 98.5 per cent was Portland cement. This 

quantity of cement which is given in barrels represents a total 
' weight of 13,985,034 long tons and a value of about $4.79 per 

ton. 

Indiana with five producing plants put out (in 1912) 9,924,124 

barrels with a value of $7,453,017. The average price per barrel 

for cement in Indiana for the year was 75 cents. Of this amount 

9,634,582 barrels was shipped. 
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The five plants at present operating in Indiana are located 

at the following points: 

Mitchell. This plant uses hmestone and shale. 

Speeds. This plant uses limestone and shale. 

Buffington. This plant uses blast-furnace slag and crushed limestone. 

Syracuse. This plant uses marl and clay. 

Stroh. This plant uses marl and clay. 

Indiana ranks second only to Pennsylvania as a producer of 

Portland cement altho only five plants are operated in the State. 

The deposits of stone in Indiana with which this part of the 

study is concerned are included in the Mississippian rocks of 

the State and are described in the earlier chapters of the study 

Composition and Nature of Portland Cement. The 
following analyses are taken from Eckel’s work on “Portland 

Cement Materials and Industry in the United States” (p. 155) 

and are quoted by him from reports on the limestones of Indiana 

as shown (Bulletin No. 522 of the U. 8. Geological Survey) : 

ANALYSES OF MISSISSIPPIAN LIMESTONES FROM INDIANA 
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1. Chicago and Bedford Stone Company, Bedford, Lawrence county. Eighth, 

Ninth, and Tenth Ann. Repts. Indiana Geol. Survey, 1879, p. 95. 

2. Simpson and Archer quarry, near Spencer, Idem, p. 94. 

3, 4,5. Dunn and Company, Bloomington. Twenty-first Rept. Indiana Dept. 

Geology, 1897, p. 320. 

6. Monroe Marble Company, Stinesville. Report of a geologic reconnaissance 

of Indiana, 1862, p. 137. . 

7. Salem, Idem, 1886, p. 144. 

8. Stockslager quarry, Harrison county. Idem, 1878, p. 96. 

§. Milltown. W. A. Noyes, analyst. Twenty-seventh Rept. Indiana Dept. 

Geology, 1902, p. 98. 
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10. Acme Bedford Stone Company, Clear Creek, Monroe county. Twentieth 

Ann. Rept. U. 8S. Geol. Survey, pt. 6 (continued), 1899, p. 381. 

11. Hunter Brothers quarry, Hunter Valley. W. A. Neyes, analyst. Twenty- 

first Rept. Indiana Dept. Geology, 1897, p. 320. 

12. Indiana Stone Company, Bedford, Lawrence county. W. A. Noyes, 

analyst, Idem. 

13. Twin Creek Stone Company, Salem, Washington county. W. A. Noyes, 

analyst. Idem. 

14. Romona Odlitic Stone Company, Romona, Owen county. W. A. Noyes, 

analyst. Idem. 

15-16. Hoosier Stone Company, Bedford, Lawrence county. F. W. Clarke, 

analyst. Bull. U. S. Geol. Survey No. 42, 1887, p. 140. 

17-18. Indiana Steam Stone Works, Big Creek. lL. H. Streaker, analyst. 

Twenty-first Rept. Indiana Dept. Geology, 1897, p. 320. 

“Cement consists of certain anhydrous double silicates of 

calcium and aluminum, which are capable of combining chemi- 

cally with water to form a hard mass.’’ The above definition 

is given in most texts on industrial chemistry but from an in- 

dustrial standpoint it is an intimate mixture of limestone and 

shale or marl and clay that has been calcined and ground until 

it will harden under water. Cements differ from lime mortars in 

that they do not require carbon dioxide from the air in hardening 

and are insoluble in water. The hardening of the cement takes 
place thruout the whole mass simultaneously and thus makes it 

very useful as a building material. 

Cements are of three classes, as follows: 

1. Those cements formed from voleanic tufas or: materials 

resembling them such as Pozzuolana, blast-furnace slags, etc. 

These cements require the addition of lime before showing their 

hydraulic properties. 

2. Those cements which contain large quantities of free 

lime such as Roman cement and “hydraulic”? limes. These 

cements have been formed by burning a natural argillaceous 

limestone at a temperature that has driven off all the carbon 

dioxide present in the limestone, without being sufficiently high 

to fuse the product. 

3. True Portland cements or those which have been prepared 

by burning at a high temperature an intimate mixture of clay 

or shale with a caleium carbonate rock. 

The chemical composition of Portland cement has not been 

definitely determined, but the most exhaustive work on the sub- 

ject has been done by a French chemist, Le Chatelier. After 

careful synthetic determinations he gave the following formula 

for its compostion: 

x(3CaO, SiO.) y(CaO, Al. O3;) 
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In this formula x and y are variable quantities depending on the 

relative proportions of silica and alumnia in the clay used. 

- The essential ingredients of Portland cement may vary slightly 

in their chemical composition, but the hmits of variation are 

reasonably well marked. The average composition of the raw 

materials is shown in the following table (Thorp, Outlines of In- 

dustrial Chemistry, p. 184): 
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It will be accurate enough to state that the mixture from which 

Portland cement is made must contain approximately 75 per cent 

of calcium carbonate, 20 per cent of silica, alumina, and iron 

taken together, while the remaining 5 per cent includes the 

magnesia, sulphur, and other substances that are present as 

impurities in the raw materials. 

It is seldom possible in nature to find a rock deposit approach- 

ing the necessary composition for the making of Portland cement, 

so that the materials have to be derived from different deposits 

and mixed as used. The usual ingredients for the manufacture 

of Portland cement are obtained from deposits of lmestone 

which supply the calcium carbonate, and deposits of shale which 

furnish the silica, alumina, and iron. 

Factors Determining Development. The factors that 

determine the value of a deposit of limestone for the manufacture 
of Portland cement are as follows: (1) chemical composition of 

the material, (2) physical character of the material, (3) amount 

of the material available, (4) location of the deposit of hmestone 

with respect to deposits of the other ingredients, (5) location of 

the deposits with regard to transportation routes, (6) location of 

the deposits with regard to location of fuel supply, (7) location 

of the markets to be supplied. 

When considering the possibilities of turning the waste rock 

12 
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of the Southern Indiana quarry districts into Portland cement it 

would be well to look at the deposits in the ight of the above 

requirements. In chemical composition the Mitchell and Odlitie. 

stone are both very well fitted for the manufacture of cement. 

In fact, the Lehigh Portland Cement Company is operating 

a plant at Mitchell, Ind., in which the Mitchell limestone is used 

altogether. The United States Cement Company’s plant at 

Bedford, Ind., operated for some time with Odlitic stone and 

pronounced it of first-class quality. Both deposits are very high 

in their percentage of calcium carbonate and contain very little 

other material which could be considered as impurity in the 

manufacture of cement. It is generally conceded that other 

things being equal no better stone deposits for the manufacture 

of Portland cement can be found. 

In its physical characters the stone is well adapted to cement 

manufacture since it is easily crushed and carries a low per- 

centage of moisture. 

The discussion of the supply of material available for the 

manufacture of Portland cement from the waste limestone of the 

quarry district raises several questions that are rather difficult of 

solution. The amount of material necessary for a paying plant 

is quite large, and the process of getting the waste to a centrally 

located plant involves a problem in transportation which will be 

taken up later in this study. So far as the amount of stone 

necessary for the manufacture of cement is concerned, the supply 

is practically unlimited, but the problem of its delivery at a 

eentral plant is difficult of solution. 

The relation of the deposits of limestone to deposits of shale is 

favorable for economical operation. The shale used by the Lehigh 

Cement Company is brought from the Knobstone formation 

(near Brownstown and Sparksville, Ind.). These shale deposits are 

available for any plant operating in the southern part of the 

district since several roads enter the stone belt from the east. 

The Knobstone formation outcrops east of Bloomington along 

the Illinois Central Railroad and would be available for a plant 

located at Bloomington. There are deposits of shale in the 

Chester formation which outcrops west of the city, but it is not 

known how plentiful the deposits are or whether they are adapted 

in composition to cement manufacture. 

A cement plant located at either Bedford or Bloomington 

would be in a favorable position with regard to fuel supply, 

markets, and transportation routes generally. The belt is 
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penetrated by at least five east and west roads and by the Monon 

running from north to south. 

“Run of mine” and slack coal can be laid down in either town 

very cheaply since the coal fields are less than forty miles away. 

Methods of Manufacture. There are two general methods 

of cement manufacture known as the wet and dry method re- 

spectively. The process adopted in any locality depends upon 

the deposits to be worked and the economic conditions under 

which the work is to be carried on. 

In the wet process the clay and chalk or marl are ground 

in edge runners with heavy rolls till fine. This material is then 

mixed with about half its weight of water. This slime or ‘‘slurry’’, 

as it is called, is pumped into buhrstone or tube mills where it 

is given a thoro grinding. After this wet paste is dried, it is 

sent to the kilns where it is calcined. The burned clinker is 

then ground fine to produce the finished product. The Hoffman 

ring furnace which has already been described in the part of this 

study treating of lime, is often used in the calcining of cement. 

Another type of furnace much used is the Dietsch two-storied 

kiln. This is a continuous kiln, the material being fed in at the 

top and discharged at the bottom. Tests made on this type of 

furnace with regard to the fuel consumption give about 7 tons 

of clinker per ton of coal burned. The Hoffman furnace uses 

about the same amount of coal per ton of clinker. 

In the dry process the materials, shale and limestone, are 

ground separately to a good degree of fineness; then they are 

carefully mixed in predetermined amounts by large mixing 

machines and this mixed material is charged into the upper end 

of a long rotating kiln. The fuel is driven into the lower end of 

the kiln by compressed air and burns as it enters. The hot 

gases and flame are driven up the kiln and meet the mixture 

as it rolls down as a result of the rotating of the kiln. The 

burned clinker drops from the lower end of the kiln where it is 

picked up by a conveyor, carried to the top of a high tower, and 

allowed to fall thru space to cool. The fuel charged into this 

kiln is powdered coal, which gives a very high temperature, on 

account of the powerful draft produced by the compressed 

alr. 

The cooled clinker is charged into a mill where it is finely 

ground, and the product is then ready for the storage bins. The 
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coarse crushing, and following these the material is fed to fine 

crushers and rolls in succession before mixing. The crushers 

most commonly used are crushers of the Gates gyratory type 

which reduce the material to about 2-inch size. Fine crushers 

follow these and are usually of the Gates and Gardiner types. 

The material usually needs drying before it is mixed, and this is 

accomplished by conducting it thru a smaller kiln into which the 

waste gases from the calcining kilns are conducted. The tube 

mills used consist of horizontal iron tubes about 16 feet long by 

4 to 6 feet in diameter, which rotate on a shaft at the rate of 

about 25 times per minute. The tube is about half full of quartz 

pebbles about the size of hens’ eggs and these produce a grinding 

action as the tube rotates. These pebbles are retained in the tube 

by the screens at the outlet end thru which the ground clinker 

passes. The clinker is fed to the mill by means of belt conveyors, 

and a new supply of pebbles is charged in the tube as fast as the 

old ones wear out. The rapidity of rotation and the rate of the 

feed determine the fineness of the product. 

This fine grinding is often done by a Griffin mill. This con- 

sists of a heavy steel roll revolving on a vertical shaft with a 

eyratory motion, and pressing by centrifugal force against a 

steel-inclosing ring. These mills have a great capacity and will 

erind very fine, but the cost of upkeep is much greater than with 

the tube mill. 

The power required in the manufacture of cement is given 

by Professor Bleminger, Geological Survey of Illinois, Bulletin 

No. 17 (p. 57), as 1.5 horse-power per barrel of output, that is, 

a 1,000-barrel plant would require 1,500 horse-power. This is 

rather high for larger plants where one horse-power per barrel 

of output has been realized. One 5,000-barrel plant is now 

operating on 4,500 horse-power. 

The fact that the deposits of material for the manufacture 

of cement are located near coal mines does not insure a cheap 

supply of fuel under present conditions where powdered coal is 

to be used as a fuel. Many coals are not suited for the burning 

of cement since the ash from the coal mixes with the cement 

in the kiln, and with a coal of high sulphur content or high per- 

centage of ash these impurities will spoil the cement made. 

Coals must have a high heating value since the temperature of 

the kiln should be kept up to about 2,500 degree Fahrenheit. To 

cause even heating thruout the entire length of the kiln the coal 

should contain a large amount of volatile matter. These con- 
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siderations are so important that the location and supply of fuel 

becomes more important than the location of the deposits of 

cement material. As mentioned before, the cement deposits 

are located near the Indiana coal fields, but at the present time the 

plants of Indiana are using Pittsburgh coals. This difficulty 

could be remedied by the use of producer gas in the kilns. In 

fact, the use of gas is increasing even in the coal districts of West 

Virginia and Pennsylvania. The advantages of the use of pro- 

ducer gas as a fuel for the manufacture of lime or cement are 

many and the use of gas as a fuel in both industries is sure to 

erow rapidly. Producer gas is better than coal for the following 

reasons: 

1. The absence of ash in the burned product. In the pro- 

ducer gas the ash remains behind and only the combustible gases 

are passed into the kilns to burn, thus insuring a purer product. 

2. The presence of a great amount of water as the gas burns. 

A large percentage of the gas consists of hydrocarbons and hydro- 

gen and the combustion of these gives water. This is of especial 

advantage in the manufacture of lime. 

3. The high heating value of the gas. 

4. The ready control of the point of burning and the tempera 

ture. 

5. The fact that any coal can be utilized in the manufacture 

of gas. 

Cost of Cement Manufacture. The cost of the raw ma- 

terials varies greatly in the different districts. Estimates on the 

loss of weight due to burning the raw material to cement clinker 

are: for dry, hard limestone and shale about 333 per cent, that 

is, 1,000 pounds of the mixture of limestone and shale will give 

about 665 pounds of cement clinker. A barrel of Portland 

cement weighs about 380 pounds and Eckel (op. cit., p. 59) states 

that if the losses of manufacture are included, it is safe to say 

that 600 pounds of raw material will produce a barrel of cement. 

The cost of excavation and delivery is given as from 8 to 15 

cents per barrel. That represents a cost of from 27 to 50 cents 

per ton of raw material at the mill. Since it takes from four to 

five carloads of limestone per carload of shale and the price of 

limestone, delivered in the quarry district is very low, the shale 

could be brought quite a distance without exceeding this figure. 

As has been already stated, the fuel cost is a more important 

consideration than the cost of raw materials. In the use of 
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powdered coal the coal must be dried, then crushed. The average 

moisture content of coals is about 8 per cent, and under favorable 

conditions it takes about a pound of fuel to dry 100 pounds of 

coal. The best type of dryer now in use is the rotary dryer. 

At the above figures the cost of drying fuel will be about 3 to 4 

cents per ton of dried product. Coal, to give the best results, 

when powdered for cement burning, must be very fine, and the 

usual practice is to reduce it to such a size that from 85 to 95 

per cent will pass a 100-mesh sieve. The poorer the grade of 

coal used the finer it must be powdered. The coal is usually 

powdered by two operations. It is first reduced to about 30- 

mesh by means of ball mills and then fed thru a tube mill. This 

process may be varied to fit the conditions in any mill altho the 

cost will total about the same. 

The total cost of crushing (provided fine slack is not obtain- 

able), drying, and pulverizing the coal, together with the cost 

of elevating and conveying the coal to the kilns, will amount 

to as much as 30 cents per ton, which is equivalent to from 1 to 2 

cents per barrel on the cost of the cement. 

Power cost in a cement plant is also a large item since the 

power consumption is put as high as a horse-power per barrel 

of output per day, while the figure of 1 cent per horse-power hour 

is low except in the very large plants. Of course many plants are 

saving a part of the heat from the kilns and using it in the form 

of power, but it will be seen that the power cost will in any case 

be fairly heavy. 

The cost of labor varies so in different localities that any 

figures given will be only approximations. Professor Grimsley 

gives the relative cost of production as follows: fuel 35 per cent 

of total cost, labor 45 per cent of total cost, and other expenses 

as 20 per cent of the total (West Virgiana Geological Survey, 

Vol. 111, p. 440). 

The following figures are given for the cost of production 

per barrel of cement in Bulletin 3 of the Ohio Geological Survey 

(de Sail): 
LABOR 

Quayle Ho Se es Se $0 .050 

Crushing and: drying. ss eas ae sees ee ee 0.005 

Cra 8 ee ees es eee Soy eee ise hes U 0.015 

Barnine eee Pee eae ee ee ee 0.015 

Power generation 4.59 ee. Baa ie Canes le ae han 0.011 
Coaltorindine os ee en ee ee t Bak age PM or a ae oyeettelhe pa 0.010 

Vardi works, cA See ai iahamrean kar ene ty SARE aie an ata Sem O20Laye 
Machine: shop 468 232 085 se i sine pened eee i rear aoe 0.0225 

Miscellaneous oc ois oe a Cr ieee) hee eee 0.0025 
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RAW MATERIALS 

Wale ie Se ee ee OPE bOR225 
(SSPOSUUIA, Gf esa aeare ee eae rane eae Reirn Fae brtt Way enw yin eee here 0.0125 

Zona 

ACCESSORY EXPENSES 

LR CYDBWUES oo cg G5 RRS A aD ain a Ena Le ee 0.04 

COU WPP I es Re ces ees Segeee re wo alctios oh fea sss 0.02 

ase ell nme OU Sie hye we nocd eos eke an alate Nk oa ale deer oe 0.08 

ae 0.09 

cre aMOm AIOE lOMONNOS ee So aa eee e aia aiden Poco © eons 0.04 

Workseam@demmanacement. .... 20s. cess a eee eR ss 0.02 

0.06 

Interest) on investment ($700,000)! 00.60. oe eee 0.07 

SrMikdnomnmicdeand d@everiOratiOn . 20... 6. oc el ace 0.10 

Management and selling @€xpenses.... 0.0... ec ee ee 0.065 

0.235 

MocalmMec~oarkelol Out OUbeny) Sel i ie bec cnisecas et Ri Sine 8s $0 .7725 

The total cost of production in Michigan is figured as follows 

from data given in D. J. Hale’s report on Portland cement, in 

Vol. vit of the Geological Survey of that State (pp. 158-190): 

Movalecost.ot materials and labor of manufacture............... $0 .4785 

Drrerneacecnne: Sellime: COS.) 3.6 eis ti tas Aohctel oseelacd ies ode bouleus e's 00.2015 

UGG EUL go SS eee IS aE UIT ge Sn hae ES ee ae $0.68 

The figures given above are on a plant with an output of 

1,200 barrels per day. The cost of production would fall below 

this figure in a larger plant since several of the items quoted 

above will not increase in the same ratio as the output. 

No reliable figures as to the cost of production in Indiana 

are at hand but since these two States from which I have quoted 

prices are bordering States and operate under the same condi- 

tions, the figures will lie somewhere near those given. 

The industry has reached a point where cost of production 

and selling price are so close together that cement can only be 

manufactured economically in large plants. In fact, with the 

selling price where it is there are very small profits with a plant 

with an output below 3,000 barrels. 

Since it requires over 400 pounds of limestone to the barrel 

of cement, on account of the losses from ignition, a 3,000-barrel 

plant would require at least 600 tons of waste limestone a day. 

This would be equivalent to approximately 7,000 cubic feet of 
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stone per day or over 2,000,000 cubic feet per year for a steady run. 

Figuring on the same basis, a 5,000-barrel plant would require 

nearly 3,500,000 cubie feet of limestone per year. The super- 

intendent of the plant at Mitchell names a figure of 30 carloads 

per day, which will very closely approximate the estimates given 

above. 

Altho the waste of the quarry district is probably considerably 

more than this during an active year, the collecting of this amount 

at a central plant with any degree of regularity would be im- 

possible. It will thus be seen that a cement plant could not be 

constructed to use the waste of the quarry district economically, 

at least if a special quarry were not run to carry the plant over 

slack times. Another thing that would make it uneconomical 

is the fact that most of the waste is in large blocks which would 

need blasting and sledging before they would be in a form in which 

they could be fed to the crushing machines. This cost would he 

almost as much as the cost of blasting the material off the ‘“‘solid™ 

with high explosives, a process which would produce a large per- 

centage of fines. 

Transportation charges to a central plant would be at least 

5 cents per ton (the price now paid for moving cars in the district 

if the product is to be hauled again). 

If the cost of material and the charges for loading it on the 

cars be added to this, the resulting figure will exceed 20 cents per 

ton at the mill. Practically every estimate of engineers as to the 

cost of winning the raw materials and delivering it at the mill is 

as low or lower than the above figure, where the deposits can be 

worked by quarrying with high explosives. It will thus be seen 

that this method of waste utilization does not offer itself as a 

means of solving the problem in hand. 

There are a number of old quarries or openings which have 

been worked out or have proved poor building stone, that could 

be optioned at a very low figure. Many of these contain almost 

unlimited supplies of limestone that, while it will not make good 

building stone, would make an excellent grade of cement. In 

many cases the railroad tracks are still in position, and where 

removed the grade remains. Feeling that these might be utilized, 

I asked several companies interested in stone quarrying with 

explosives to give estimates of the cost of blasting the material 

off the ‘‘solid’’ for a cement plant located near these quarries 

and delivering it to the crusher. Among the answers received, 

the data furnished by the E. I. DuPont de Nemours Company 
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as to the cost of blasting with high explosives were very full and 

helpful. 

The following letter received from Mr. H.S. Gunsolus, manager 

of the Technical Division of the DuPont Company, will be of 

interest in this connection to any company interested in blasting 

out limestone for cement: 

Your letter of December 30th, in reference to the cost of explosives per 

cubic yard for blasting limestone to be used for fertilizing material is received. 

We have not replied earlier, due to our wishing to get some information 

together which might be of assistance to you. We are going to list below 

a number of shots which have either been supervised or witnessed by some 

of our own technical men and we feel sure that the figures given are ap- 

proximately correct. You understand, of course, that the variation in cost 

is due to local conditions, stratification, mud seams, ete., as well as the 

size of crusher to be used, which of course will regulate the size of the broken 

stone. 

In limestone, used for railroad ballast, we had 8 holes, spaced 18 

feet apart. Average face burden 19 feet; average depth 48 feet; approxi- 

mately 4,900 cubic yards. There were used 3,300 pounds 40 per cent 

dynamite, making a cost per cubic yard of about .084 cents. 

A blast in cement rock, 9 holes, spaced 22 feet apart. Average face 

burden 32 feet; average depth of hole 62 feet; approximately 13,000 cubic 

yards. For this there was used 2,500 pounds 60 per cent and 1,800 pounds 

40 per cent dynamite, making a cost of about .046 cents per cubic yard. 

Another blast in cement rock of 7 holes, spaced 15 feet apart. Average 

face burden 23 feet; depth 60 feet; about 5,400 cubie yards. For this there 

was used 500 pounds 60 per cent and 2,900 pounds 40 per cent dynamite, 

making a cost of about 8 cents per cubie yard. 

Blast in hard, massive limestone, 8 holes. Average space between 

about 28 feet; average face burden 33 feet; depth of holes about 95 feet; 

approximately 26,000 cubie yards. For this there was used 2,200 pounds 

blasting gelatin, 3,350 pounds 60 per cent and 1,250 pounds 40 per cent 

dynamite, making a cost per cubic yard of about .046 cents. 

Blast in limestone for lime manufacturing of 3 holes, spaced about 17 

feet apart. Average face burden 24 feet; average depth of holes 100 feet; 

approximately 4,600 cubic yards. The dynamite used amounted to 1,200 

pounds, 60 per cent and 1,600 pounds 40 per cent making an average cost 

of .082 cents. 

Another blast in limestone for cement manufacture, 9 holes, spaced about 

20 feet apart. Average face burden 36 feet, and about 53 feet in depth; 

approximately 12,700 cubic yards. For this there was used 1,720 pounds 

60 per cent and 2,500 pounds 40 per cent, making a cost of .045 cents per 

‘cubic yard. 

Another blast consisting of 4 holes 18 feet apart with about 25 feet face 

burden and 100 feet deep; approximately 6,700 cubie yards, for which there 

was used 1,200 pounds 60 per cent and 1,600 pounds 40 per cent, making 

an average cost of .056 cents per cubic yard. 

Kight holes blast spaced 15 feet apart, with a face burden of approxi- 

mately 25 feet, holes 115 feet deep; about 12,800 cubic yards, for which was 



186 Indiana University Studies 

used 3,950 pounds 40 per cent and 2,000 pounds 50 per cent, cost per cubic 

yard being about .038 cents. 

Sixteen 70-foot holes, face burden of 25 feet, spaced about 15 feet apart; 

approximately 15,000 cubic yards, for which was used 3,750 pounds 60 per 

cent, 4,050 pounds 40 per cent making a cost per cubie yard of about .068 

cents. 

Another nine 50-foot hole blast, spaced 18 feet apart, with 25-foot face 

burden; approximately 7,500 cubic yards for which there was used 3,250 

pounds 40 per cent, making cost of .055 cents per cubic yard. 

Seven 60-foot holes spaced 15 feet apart with about 20 feet face burden, 

approximately 4,600 cubic yards. For this was used 500 pounds 60 per cent: 

2,900 pounds 40 per cent making cost of .095 cents per cubic yard. 

Eight holes which ranfrom 80 to 108 feet in depth spaced 27 feet apart, 

with 30-foot face. There was about 22,000 cubie yards in this shot, for 

which there was used 2,200 pounds blasting gelatin, 3,350 pounds 60 per cent 

and 1,200 pounds 40 per cent, making cost of about .055 cents per cubic 

yard. 

Another eight 48-foot hole blast, spaced 18 feet apart, with 20-foot 

face burden, approximately 4,500 cubic yards, for which there was 

used 3,300 pounds of 50 per cent making average cost of about 10 cents per 

cubie yard. 

A nine 62-foot hole blast, with a 32-foot face burden, spaced about 20 

feet apart; approximately 13,300 cubie yards. Used 2,500 pounds 60 per 

eent and 1,800 pounds 40 per cent making average cost of about .045 cents 

per cubic yard. 

A fourteen 86-foot hole blast, spaced 18 feet apart, with a 30-foot face 

burden, making approximately 24,000 cubic yards. Used 850 pounds 

50 per cent, 3,250 pounds 40 per cent, and 4,000 pounds 60 per cent mak- 

ing cost of about .046 cents per cubic yard. 

Another shot was five 85-foot holes, spaced 18 feet apart, with about 25- 

foot face burden. About 5,000 cubie yards, for which there was used 1,300 

pounds 60 per cent and 1,000 pounds 35 per cent. This cost about .06 

cents per cubic yard. 

These figures are taken from various sections of the country, not being 

confined to any particular locality, and we have figured the explosives on 

basis of 121% cents for the 40 per cent, 13.7 cents for the 50 per cent, and 

14.9 cents for the 60 per cent, and 25 cents for the blasting gelatin. These 

are about the average figures, and of course vary according to the location. 

Thinking perhaps you might be interested in the comparative cost between 

the steam or air drill and the well drill system: 

One of our technical men made a close study of this and found that the 

cost of drilling with an ordinary tripod drill varies from 10 cents to 25 cents 

per foot, this wide variation depending on the nature of the rock, cost of 

labor, fuel, oil, the number of drills in operation, and the accessibility to 

source of power, water, ete. The fewer the drills in operation, if run from a 

central power plant, the higher the cost per foot. 

In rock of medium hardness, such as limestone, a man working industri- 

ously should average about 50 or 60 feet of hole per 10-hour day. The cost 

of drilling such rock seldom falls below 15 cents per foot in a quarry operating 

several drills. 
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The cost of drilling a 53-inch hole with a well drill varies from 20 cents 

to 50 cents per foot, the general average being somewhere around 30 cents. 

A good operator and helper in ordinary limestone can make from 15 to 40 

feet per day of 10 hours. 

A 25-foot headway is a very good average. Room for comparison—180 

feet of drilling with each type of drill. Relative cost 15 cents per foot for 

steam drilling, and 30 cents per foot for well drilling. Steam drill drilling 

180 feet at 15 cents is $27. At a 7x7 spacing nine 20-foot holes will break 

about 325 cubie yards. About 140 pounds of 40 per cent dynamite would 

be required, which would amount to $17.50. This plus the cost of drilling 

makes $44.50. Breakage of 325 cubic yards would mean a cost of about 

13.6 cents. Working this by well drill system, take three 60-foot holes, 

drilling 180 feet at 30 cents equals $54. At 20x20 spacing thirty 60-foot 

holes will break approximately 2,600 cubic yards. About 1,300 pounds of 

40 per cent explosive would be needed, which would cost $168.75, making 

total of $222.75 to get out 2,600 cubie yards or about .085 cents per cubic 

yard. 

We trust that this information will be of some interest and benefit to 

you, and that we have not delayed so long that you cannot use it in your 

paper, which we understand you are preparing for report of the State Geologist. 

Yours very truly, 

Manager Technical Division. 

Practically all the data furnished by other companies, altho 

not given in detail, agreed with the above figures as to cost when 

the conditions under which the blasting was done were the same. 

Much work has been done by the United States Bureau of 

Mines on the production of explosives especially fitted to different 

grades of work, and as a result much information is at hand as to 

the explosives best fitted to the work in hand and the uses to 

which it can be put. These bulletins are for free distribution by 

the Director of the Bureau of Mines, Washington, D.C., and can 

be had by asking for them. 

It will be seen that the approximate cost of blasting out ma- 

terial in large amounts in localities such as this district would 

approximate 8 cents per cubic yard. The cost of transporting this 

material to the crushers in a form in which they can use it (that 

is, including the cost of extra blasting and sledging where neces- 

sary) would be about the same, while labor and capital charges 

on the machinery would be about 26 cents per cubic yard, giving 

a total of about 44 cents per cubic yard for the limestone, which 

is about 19 cents per ton. Calculating along the same lines, 

the cost of shale winning is about 11 cents per ton under favorable 

conditions. This makes the raw material cost on an average 

171% cents per ton or about 5} cents per barrel of output. These 

figures are made on the basis of four parts of limestone to one 
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part of shale and 600 pounds of raw material per barrel of cement 

burned. It will be seen that this figure is rather low as com- 

pared with the figures given by engineers who have written on 

the subject, but when it is taken into account that the deposits of 

limestone are in a very favorable location for quarrying in this 

district and that no calculations have been made on the cost of 

bringing the materials together at a central plant, the figure 

can be taken as a close approximation of the actual cost. 

The demand for cement is growing rapidly in this country 

and as soon as cheaper methods of power production and cheaper 

fuels are utilized the industry is sure to be a good paying venture. 

The fact that the difference between cost of production and selling 

price is so small is an added incentive to the development of better 

methods and better machinery of production. 



CHAPTER. XI 

CRUSHED LIMESTONE 

Waste Limestone for Road Metal, Railroad Bailast, and 

Concrete. The value of the crushed limestone used for road- 

making, railroad ballast, and crushed rock concrete is greater 

than that of any other limestone product. In 1913 the output 

of this material in the United States was 35,169,528 short tons, or 

approximately 420,000,000 cubic feet of limestone with a value of 

$19,072,024. The output was divided as follows: 

Road-making, 13,296,377 short tons; value $7,353,665. 

Railroad ballast, 11,774,121 short tons; value $5,551,415. 

Concrete, 10,099,030 short tons; value $6,167,144. 

The average price of this material was 54 cents per ton. In 

road-making material Indiana ranked third, with an output 

valued at $956,234, being outranked only by Ohio and New York. 

In the production of railroad ballast Indiana was tenth, with an 

output valued at $203,431. In the use of limestone for concrete 

Indiana ranked sixteenth, with an output valued at $103,855. 

The two properties of limestone which are of importance 

in road-making material are its wearing qualities and its cement- 

ing properties. The subject of good roads has attracted wide 

attention in a number of States, and while there is a great variety 

of rocks which can be used as a road material, none is better 

adapted to the work than a good, hard limestone. 

The limestone of the Mitchell formation which must be 

removed as stripping in many of the quarries is admirably adapted 

to road construction because it 1s a very hard limestone with good 

wearing qualities. The stone, altho hard, is easily crushed be- 

cause it is brittle, and works up easily. 

The stone of the Odlitic formation is softer and will not wear 

long on roads that have to withstand heavy traffic. When 

a road receives a thick covering of this stone the surface of the 

stone coating tends to pack together and become firmly cemented. 

If the traffic is not too heavy during the time the material is 

setting, the road will harden down in good shape. But if the 

traffic is too heavy the stone is ground fine before it has a chance to 

become cemented together. The roads of Monroe and Lawrence 

counties are to a great extent built of limestone, most of the 

material having been taken from the Harrodsburg and Mitchell 

(189) 
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limestones which outcrop extensively in these counties. These 

roads are for the most part in good condition, altho some of them 

Save been in use for a long time without any special care. 

The waste limestone resulting from the removal of the over- 

burden of Mitchell limestone in many of the quarries is an ideal 

road metal, and if transportation charges were reasonable its 

use thru the State would give Indiana far better roads than exist 

at the present time in many parts of the State. 

The Office of Public Roads of the United States Department 

of Agriculture maintains a testing plant for the testing of road 

materials, and many specimens have been tested, including 8 

samples of limestone from Lawrence county and 5 samples of 

hmestone from Monroe county. All of these samples, altho 

showing a low value of toughness, were high in their cementing 

value and good in hardness and percentage of wear. The data 

of these tests can be found in Bulletin No. 44 of the Office of 

Public Roads. It is believed that Indiana has reached a new 

period of road improvement, and it would be a good thing for the 

quarrymen who are puzzling over methods of waste disposal 

to see that the limestones of Lawrence and Monroe counties are 

properly advertised and brought to the notice of officers in charge 

of road construction thruout the State. : 

The railroads that have tried to use the Odlitic limestone as 

railroad ballast have been inclined to give an unfavorable 

report of its usefulness. The roads which have used the Mitchell 

as ballast report that it is very successful, but that the softer 

Odlitic stone will not give a firm enough bed. The tests that have 

been made with this stone have usually been over harder ballast 

which had already been used. Under such conditions the softer 

stone is held by the harder particles and ground as tho in a ball 

mill by the jar of the passing trains. It seems probable that if 

the entire roadbed could be made of the soft stone, it would tend 

to cement in a solid mass and become in a sense monolithic. If 

the material were ground reasonably fine before being placed in 

position, then wet down and allowed to settle, the jarring action of 

the passing trains would not tend to grind it fine as in the experi- 

ments already mentioned. Much of the waste from some of the 

quarries has been removed for ballast, but in most cases it was 

given to the railroad for hauling it away. In most cases also the 

operator loaded the material free of charge. 

Much crushed stone is used in concrete work. The strength 

of the concrete is measured by the strength of the cement and so 
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concrete made from crushed limestone is practically as strong as 

that produced from any other stone. In the manufacture of 

concrete the crushed rock should be angular since the resulting 

aggregate is stronger than with worn particles. 

For any of the above uses the material need only be crushed 

to about 2-inch size. Thus a single coarse crusher is all that is 

needed. The most common type used in this work is the Blake 

jaw crusher. 

Extensive tables on the cost of coarse crushing are given 

in the chapter on Ground Limestone, and these cost figures will 

apply equally well to the work on road material because the same 

machinery is used for rough crushing in both cases. 

The cost of crushing with a Blake type crusher ranges from 

3 to 6% cents per ton, depending on the output of the crusher. 

The power consumed per ton crushed to 2-inch size is about 

zi; of a horse-power per hour. 

Waste Limestone as a Flux for Blast Furnaces. In the 

treatment of iron ore in the production of pig iron it is necessary 

to add some fusible material of low specific gravity as a means of 

removing the impurities present in the ore. The present method 

of ore treatment in use in this country is to feed the ore together 

with coke and limestone into the blast furnace thru a pair of 

hoppers closed by means o: bells. The object of the double 

valve is to avoid the escape of the furnace gases. Large quantities 

of air heated to 600 or 800 degrees Centigrade are forced into the 

lower part of the furnace at a pressure from 12 to 15 pounds per 

square inch. This air burns the coke and the heat thus generated 

melts the charge, and as the material settles to the bottom of the 

furnace the ore and the slag separate on account of their different 

specific gravities. The limestone is decomposed by the high 

temperature, giving up carbon dioxide, and changing to calcium 

oxide or common lime. 

The large amount of silica and clay or alumina which is 

contained in the ore unites with the lime formed from the lime- 

stone to form what is called the slag. This slag is the waste 

product in the manufacture of iron and usually has the following 

general composition: 30 to 35 per cent SiOQe, 10 to 15 per cent 

. AlLO;, and 50 to 55 per cent CaO. The amount of limestone to 

be used with any ore is determined by the amount necessary to 

produce an easily fusible slag. 

If the slag is not made use of it is drawn off into large tilting 

ladle cars and dumped away. In most cases this slag has the 
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proper composition to form a good grade of cement, if 

properly handled. When the slag is to be used as material for the 

manufacture of cement it 1s drawn off into water where it takes on 

a coarse granular texture which leaves it in an easily handled 

form. Great efforts are made to maintain the proper quality 

of the slag, and if a uniform grade of iron is to result the composi- 

tion of the slag must be carefully watched. 

Both limestone and dolomite are extensivley used for fluxes 

thruout the country. Both of these fluxes have their advantages, 

but as the manufacture of cement from blast f imnace slags becomes 

more widespread the demand for a high ca ium limestone will 

increase for the reason that the slags from dolomite flux are not 

suitable for the manufacture of cement. 

The slags obtained from high calcium fluxes develop hydraulic 

properties when allowed to cool quickly. This is accomplished 

by running the molten slag into water. The resulting granular 

product is dried and ground very fine, and mixed with a certain 

percentage of slaked lime, and this mixture is again ground so 

as to pass a 200-mesh sieve. The resulting powder will have the 

properties of a good hydraulic cement. This form of cement 

works best in places where it is constantly wet, because drying 

tends to disintegrate it. 

Dolomite flux is favored in the Birmingham iron district, 

as Shown from the following quotation from the work of Burehard- 

Butts and Eckel on “Iron Ores, Fuels and Fluxes of the Birming- 

ham District, Alabama’ (Bulletin No. 400, U. 8S. Geological 

Survey, p. 197): 

The fluxing power of dolomite is greater than that of limestone; an 

equivalent of carbonate of magnesia weighs 84, while an equivalent of car- 

bonate of lime weighs 100; in fluxing power these equivalents are equal 

because the power of a base to combine with an acid does not depend upon 

its atomic weight, but upon its chemical affinity. So the fluxing powers 

of the two carbonates are to each other as 84 to 100. 

The dolomite of this district is a great deal purer than the limestone. 

The foreign matter of the former does not exceed 2 per cent while of the 

latter an average is at least 4 per cent. To determine the value of a stone 

as a flux we must deduct the impurities it contains, plus as much of the base 

as is necessary to flux those impurities. Taking the limestone as a 96 per 

cent lime carbonate, and deducting 8 per cent to take care of its own im- 

purities, we have left 88 per cent of lime carbonate as available flux. Taking - 

the dolomite to contain 2 per cent of impurities and 43 per cent carbonate 

of magnesia, with 55 per cent of carbonate of lime, we have left, after deduct- 

ing 4 per cent of the carbonate of lime to take care of the impurities, 43 per 

cent of magnesia carbonate and 51 per cent lime carbonate. The fluxing 
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powers of the two carbonates are to each other as 84 is to 100, so reducing 

the magnesia carbonate to its equivalent in fluxing power of lime carbonate, 

we have 43 x 100 

SE eh SO I) 

84 

Therefore the relative value of the two fluxing materials of this district are 

to each other as 88 is to 102.19. 

In other words, the dolomite flux is preferred because of 

its greater purity, but this excuse will not apply to the waste 

limestone of Southern Indiana quarry districts since none of the 

dolomites used for flux is any freer from impurities than the 

Oolitic limestones which often carry as high as 98.5 per cent 

ealcilum carbonate. The overlying Mitchell limestone is, if 

anything, purer than the Odlitic stone. 

Another argument in favor of dolomite fluxing stone is that 

it gives a more liquid slag than a limestone fluxing stone. On 

this point I would say that very liquid slags are only necessary 

where the ore used contains a large quantity of impurities; and 

that the oniy blast furnaces that could use our waste stone, on 

account of the high freight rates, are those located around Gary 

and Chicago, which use much higher grade ores than those 

demanding highly liquid slags. 
Dolomite cannot be used as a slag when the ores run high 

in sulphur. In such cases the lime carbonate is better than mag- 

nesium carbonate because the calcium has a greater affinity for 

sulphur than has magnesium. 

Since most of the ores now coming from the ore fields of Mich- 

igan and Minnesota are high-grade ores carrying some sulphur, 

the demand for limestone slag is sure to increase, even if the manu- 

facture of blast furnace cement does not increase. This latter 

industry is, however, developing rapidly in many foreign countries, 

and seems almost sure to increase in this country because the cost 

of manufacture is very small and it offers an opportunity for the 

profitable disposal of a large amount of waste material. 

Waste stone has been sent out of the Southern Indiana quarry 

district for use as flux in the steel mills of Gary and Chicago 

for a long time; but the amount has been small! and the benefit 

to the qguarryman from this source has been little more than 

that of getting their waste piles out of the way. This condition 

results from the excessive freight rates charged by the railroads, 

or, at least, the adverse conditions under which shipments must 

13 
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be made. As soon as the railroad officials realize the amount 

of this material that could be carried if more favorable rates were 

made there will be a tendency to make better rates and condi- 

tions. 

One thing that has held back the development of this outlet 

for the waste stone of the district 1s the fact that in the past many 

quarry operators have adopted the practice of giving the waste 

stone to the railroads if the latter would remove it, even going 

so far as to load the material free of charge. Thus it will be seen 

that the entire profit of the transaction has gone to the railroad 

and it would therefore be to their interest to maintain high rates 

on shipments of this material by individuals to the blast furnaces. 

The total amount of limestone used for flux in this country in 

1913 represented a value of $11,103,989 of which Indiana pro- 

duced $199,995 worth, ranking ninth in this industry. The 

above total represented a production of 22,620,961 long tons, 

at an average price of 49 cents per ton. 

The production in 1912 was 20,190,554 long tons with a value 

of $9,937,772, an average price of nearly 50 cents per ton. 

Limestone and Lime in the Manufacture of Glass. 

“Glass is an amorphous, transparent, or translucent mixture 

of silicates, one of which is always that of an alkah.”’ The above 

definition of glass is taken from a standard work on industrial 

chemistry. This study is concerned only with the glass which 

contains calcium as the alkali metal. In technical discussions 

of glass two general classes are recognized: lead glass and lime 

glass. The lime glass is more widely used, harder, cheaper, 

less fusible, and has greater brilliancy than the lead glass. The 

essential materials for the manufacture of lime glass are silica, 

an alkali (soda or potash), and lime or limestone. In the manu- 

facture of glass, materials free from iron or iron compounds must 

be used. The alkalis most commonly used are the carbonate 

or sulphate of sodium or potassium. The carbonates fuse more 

easily, but the sulphates are more commonly used because they 

are cheaper. With the sulphate, powdered carbon must be used 

as a reducing agent, the reaction being as follows: 

2Nax SO, + 6810, + C = 2(Na.0, 35105) + 290, eo 
Or, 2Na.2SO,. + 28i0, + C = 2Na.Si0O; + 280. + CO2 

Common salt as a source of sodium in the manufacture of 

glass has not yet reached any extended use, but some method 

whereby it can be used economically is sure to be perfected. 
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Lime, or more properly calcium, is obtained from limes or finely 

ground limestone. The lime has been used much longer than the 

limestone. but has always given more or less trouble on account 

of the fact that it changes in volume as it takes up carbon dioxide 

from the air. This makes it difficult to mix the constituents of 

the glass in the correct proportions. The fact that the only form 

in which the limestone can be used is as a finely ground powder 

makes this a very good way for the plants turning out ground 

limestone for fertilizing purposes to dispose of their product 

during the dull season. The one plant already turning out 

ground limestone in the quarry district disposes of a large amount 

of its surplus product in this way. 

The ground hmestone can be used at the same mesh for glass 

manufacture as for fertilizer, thus doing away with the necessity 

of installing extra screens. The manufacture of glass in this 

country has increased notably in the last year or so and Is sure to 

erow into a large industry in the next few years. 

The chemical composition of the limestones of the Southern 

Indiana quarry district makes them very well adapted to the 

manufacture of glass since they are very high in calcium ear- 

bonate and contain only traces of iron and aluminum. The 

demand for the ground limestone of this district 1s sure to grow 

when it becomes generally known that the chemical composition 

of the stone is so well adapted to this industry. 

The final reactions in the manufacture of hme glass are as 

follows: 

Na»CO; + CaCO; + 2810. = NasCa (S103). + 2CO>2 

Or, Na2Si0O; + CaCO; + SiO, = Na.Ca (S103). + COs 

Data on the amount of stone used for the purpose of glass 

manufacture in this country are not at present available, since 

the U. 8S. government in its reports on the amount of stone used 

puts the stone used in glass factories. paper mills, carbonic acid 

plants, and for fertilizing purposes in one group, for the reason 

that it is as yet impossible to secure separate data on each of 

these. 

‘Limestone in the LeBlanc Process of Soda Manu- 

facture. As the result of chemical experiments encouraged by 

the offer of a large prize by the French Academy of Science in 

1775, Nicholas LeBlane patented the process of soda manu- 

facture which remains in use to the present time. The only 

process at present that offers competition to it is the Solvay 
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process which will be discussed later. The LeBlane Process 

consists of treating common salt with sulphuric acid to produce 

hydrochloric acid and acid sodium su!phate, or at higher tempera- 

ture the normal sodium sulphate. The first reaction is as follows: 

2NaCl + H.SO, = 2HCl + Na.SO, 

This sodium sulphate is mixed with limestone and coal or 

charcoal and calcined in a reducing flame forming a mixture of 

ealcium sulphide and carbonate of soda. This reaction takes place 

as follows: 

Na2SO. + 2C + CaCO; = Na,CO; + CaS + 2CO, 

The sodium carbonate and calcium sulphide can be readily 

separated by leaching with moderately warm water because the 

sulphide is practically insoluble, while the carbonate is easily 

soluble. This industry has been able to hold its own with the 

newer processes because hydrochloric acid and bleaching powder 

are produced as by-products of the process. At least one-half 

of the world’s supply of carbonate of soda is produced by the 

LeBlane process at the present time. 

The manufacture of chloride of hme, or muriate of lime, 

can be carried on along with the process of soda manufacture 

since the only chemicals needed are limestone and weak solutions 

of hydrochloric acid. When limestone is treated with a dilute 

solution of hydrochloric acid and the solution concentrated by 

evaporation and allowed to cool, crystals of lime chloride are 

deposited. These crystals have the composition (CaCh, 6 H:0), 

but when they are heated they lose two-thirds of the water, 

leaving a porous lime chloride which has a wide use as a drying 

and dehydrating agent in chemical laboratories. At the present 

a large supply of this compound is produced as a by-product 

of the Solvay process of soda manufacture. 

Limestone in the Solvay Process of Soda Manufacture. 

The reactions of the ammonia process, later known as the Solvay 

process, were discovered by Dyar and Hemming in 1838, but 

no use was made of them till Solvay, a Belgian, constructed an 

apparatus for their use in 1863. Its advantage over the LeBlane 

process lies in the fact that there are no troublesome by-products 

such as “tank waste’ formed. No hydrochloric acid or chlorine 

is formed in the process, since these all pass into the form of 

calcium chloride. The process depends upon the fact that sodium 
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bicarbonate is but slightly soluble in cold ammoniaecal solution 

of common salt. The most important part of the process depends 

upon a careful regulation of temperature. The chemical reactions 

involved in the process are as follows: 

NaCl + NH; + H2;0 + CO. = NaHCO; + NH.Cl 

This formula means that salt, plus ammonia gas, plus water, 

plus carbon dioxide, equals sodium bicarbonate plus ammonium 

chloride. : 
The carbon dioxide is obtained by burning limestone in a 

specially constructed kiln which is arranged for saving the carbon 

dioxide. This gas is forced upward thru a tower where a con- 

centrated brine of common salt charged with ammonia is flowing 

down. The temperature of the whole is kept at 35 degrees 

Centigrade. The sodium bicarbonate, being less soluble than the 

other constituents, is separated from them on filters. The bi- 

carbonate is readily changed to the carbonate by heating. The 

liquor which passes the filters is treated with the lime formed 

in the producing of the carbon dioxide gas used in the tower and 

the following reaction takes place: 

2NH.Cl + CaO = 2NH; + CaCl + H20 

The liquor will contain calcium chloride and some sodium 

chloride. After this reaction these are separated by crystalliza- 

tion, since the salt is more soluble and remains in solution. 

The ammonia and salt solution can be used again in the tower, 

so there is no waste. The limestone used in either this or the 

LeBlane process must be very pure because the presence of iron, 

silica, or magnesia interferes with the reactions and the purity 

of the product. 

Carbon Dioxide Recovery in the Manufacture of Lime. 

In the manufacture of lime there are large quantities of carbon 

dioxide driven off. This gas is now used extensively in charging 

mineral water and in the manufacture of paints. It is usually 

made for these industries by the action of weak acids on hme 

carbonate, using marble or limestone in the operation. Since 

this gas can be condensed to a colorless liquid under a pressure 

of 50 atmospheres and is easily handled, it seems like an 

unnecessary loss to allow it to escape in the manufacture of 

hime, and then produce it as it is needed in other industries. 

This recovery process is already in operation in England and 
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the more progressive lime plants of this country are sure to install 

it in the near future. 

Limestone in Lead Smelting. The Savelsburg process 

of lead smelting consists of heating an intimate mixture of 

galena or lead sulphide with hmestone and water, in a reverbera- 

tory furnace in a strongly oxidizing atmosphere. The resulting 

mass contains the lead in the form of an oxide, and calcium sul- 

phate, from which the lead can be removed by any of the ordinary 

methods of shaft furnace purifying. This process is often carried 

on with lime, instead of limestone, mixed with the galena. These 

methods are giving way to direct-blast furnace oxidation which 

ean be accomplished if the temperatures are carefully regulated. 
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(Contribution from the Zoological Laboratory of Indiana University, 

No. 165.) 

An Experiment to Test the Nature of the Vari- 
ations on which Selection Acts 

By FERNANDUS PAYNE, Ph.D., Associate Professor of Zodlogy, Indiana 

University 

INTRODUCTION 

IN recent years there have developed two contrasted views 

concerning the action of natural selection, or rather concern- 

ing the nature of the variations on which selection acts. On 

the one hand, we have the work of Johannsen and his fol- 

lowers, who maintain that selection can do nothing more 

than isolate pure lines. They further maintain that the only 

method of change within the pure lines is by mutation. Since 

by selection so-called unit characters in bisexual forms can 

be modified, a further development of the pure line theory 

has been necessary. This is the multiple factor hypothesis, 

the basis of which was given by Nilsson-Ehle (09) when 

he showed that in certain crosses of oats and wheat two or 

three factors may be involved. Selection acts in such cases 

by eliminating or accumulating such multiple factors, and acts 

for a few generations only, or until a homozygous strain is 

produced. The second view concerning the variations on 

which selection acts has been developed by Castle, who holds 

that the individual variations of a given character are 

expressions of the variations of the gene which stands for 

that character. 

My own experiment was devised and carried out primarily 

to find the nature of the variations on which selection acts. 

The character chosen was bristle number on the scutellum 

of, Drosophila ampelophila. By starting with a female with 

one extra bristle (four is the normal number) the number 

of bristles was gradually increased until a maximum of eleven 

extra bristles was produced. The mean bristle number was 

increased until it reached 9.123. Tests were made and are 

described in the text which show conclusively, I think, that 

(3) 
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extra bristle number in this experiment is due to two factors 

and possibly more. One of these factors is located in the 

X-chromosome and the other is probably in the third. 

I wish to express my thanks to Professor Morgan and Drs. 

Sturtevant and Bridges for stocks of their different mutations. 

Without these it would have been impossible to analyze my 

results. 

MATERIAL AND METHODS 

Drosophila ampelophila Loew was chosen after a search 

thru the list of material which could be bred in the labora- 

tory. It was chosen for two principal reasons: first, it is 

easily bred; and secondly, because of the four sets of linked 

genes described by Morgan and others, it is possible, if there 

are multiple factors present, to link them with other genes. 

In other words, it is possible to demonstrate the presence of 

multiple factors, if they are present. So far as I know such 

a clear-cut demonstration cannot be made in any other form. 

I might have increased the number of spots on the back of a 

beetle, and I might have hypothesized how the results were 

brought about, but I could not have given demonstrative evi- 

dence. I make this statement because a number of persons 

have asked me why I used Drosophila when so many others 

are working with it. My problem was that of artificial selec- 

tion. The choice made, my next problem was the selection of 

material, and it was done regardless of the number of workers 

using this fly. 

The character chosen for selection was bristle number on 

the scutellum. There are four large bristles on it, but no 

small hairs as on the thorax (see Figure 1, a). This character 

was chosen, in part, because it is a definite, clear-cut character. 

The bristles are easily counted with a low-power binocular. 

It was chosen also, in part, because the work of MacDowell 

(15 and ’17) did not seem to be an absolute demonstration 

in favor of multiple factors. In fact, MacDowell (15) admits 

this when he says, “Taken then on their own merits, the 

results presented in this paper do not give critical evidence 

in support of either the hypothesis of modification or of acces- 

sory factors.” It is a matter of interpretation then, which 

side of the question MacDowell’s data favor. In this connec- 

tion it is interesting to quote from Pearl (’17). He says, 

““Any theory which has to depend for its sole support upon its 
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interpretative value is sure to receive scant attention.” Yet 

Pearl in this same paper accepts MacDowell’s conclusions. I 

agree with Pear! that what we need most of all is demonstra- 

tive evidence and more of it. MacDowell used bristle number 

on the thorax. Altho some of my conclusions may agree with 

MacDowell’s, the work is in no way a repetition of his. 

The usual method in selection experiments is to start with 
a single pair of parents and from the offspring isolate two 

or more strains which are carried on by mating brother and 

1 wn 
‘ eo UNG 
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FIGURE 1 

(a), an outline of the head and thorax with the scutellum of a nor- 

mal wild type fly, showing the position of the bristles. Note the four 

on the scutellum. (b), a similar outline showing 15 bristles on the 

scutellum, the maximum number found in any one fly in the strain se- 

lected for extra bristles. (c), an outline similar to the preceding show- 

ing no bristles on the scutellum. This is taken from the minus selected 

strain of the mutant race “reduced”. In this strain nearly all the flies 

have extra bristles (as high as 99.52 per cent in the seventeenth genera- 

tion). 

sister. In the present experiment, this method has not been 

strictly followed. A single pair of parents, female with one 

extra bristle and normal male, was the starting-point. From 

among their F, offspring, the two females with one extra 

bristle were mated to their normal brothers. In the second 

generation, several flies with one extra and a few with two 

extras were found. These extra bristled flies were used as 

parents for the next generation. In all the following genera- 

tions, flies with the highest bristle number were used as 

parents regardless of whether they were brother and sister. 

Most matings, however, were brother and sister matings. In 
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the later generations they were all of this type. In most cases 

single pair matings were made, but a few times when the 

vigor of the strain seemed low, two pairs were placed in the 

same bottle, or sometimes two or three males were placed with 

a single female. It was the male which showed lack of vigor. 

The females have been vigorous thruout the experiment (38 

generations). I have asked a number of persons whether 

there were any objections to this method, but so far no one 

has suggested any. It was suggested, however, that if the 

strain were heterozygous for a particular character, it might 

take a little longer to produce a homozygous strain. This is, 

of course, perfectly obvious. On the other hand, it might pro- 

duce a homozygous strain more quickly. Certainly, at any 

rate, there can be no serious objection to the method, especially 

if the experiment is carried on for a sufficient length of time. 

This method, I believe, has been followed by Castle in his 

experiments on hooded rats and has been criticized by Mac- 

Dowel! in his bold denunciation of Castle’s interpretation. 

Castle’s starting-point, however, was several individuals 

instead of a single pair. 

The flies were bred in eight-ounce bottles. In all cases 

fresh banana was used as food. The bananas were bought 

when fairly green, before the skin was broken, and allowed 

to ripen in glass containers protected from flies. When they 

began to turn black and get soft, a small amount of alcohol 

was poured into the jars to prevent growth of molds. The 

bananas in this ripe condition were peeled and cut into pieces 

about three-fourths to an inch in length. One piece was put 

into each bottle along with such absorbent paper as was 

needed to take up the extra moisture. If this food became 

bad because of mold, bacteria, or too much acid, before eggs 

were laid, the parents were transferred to new bottles. In 

case the food became too dry or the supply insufficient for 

the developing larve, fresh food was added. Extreme care 

was used to prevent contamination. 

Nothing has been done in the way of a biometrical treat- 

ment of the data. This has not been done because of any 

belief that such treatment is valueless in all cases, but because 

in this particular case the facts stand out clearly without such 

treatment. If anyone believes he could draw different con- 

clusions by such a biometrical study, I am willing to turn the 

data over to him and to assist him in the attempt. 
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Thruout the paper I have adopted the terminology used by 

Morgan and his students. I have adopted it because it is the 

easiest way of expressing myself, and because I believe the 

theories, which have made necessary this new terminology, 

are the most acceptable working hypotheses we have. If 

some readers object to locating factors in the chromosomes, 

they have the privilege of translating my expressions into 

any terminology they like. 

THE EXPERIMENT 

An examination of 613 flies from a mass culture which 

had been bred in the laboratory for about three months gave 

one female with one extra bristle and 612 normal. This 

female mated to a normal male from the same mass culture 

was the starting-point of the experiment. For comparison, 

counts were also made in two other lines. One line gave 

710 flies with the normal bristle number (four), one fly with 

three bristles, and four flies with five bristles. The second 

line gave 2,514 with the normal number, 14 with three, and 

15 with five bristles. All three lines, then, showed some 

variations in bristle number. The experiment was started 

from the line which showed the least variation. 

The pair which was mated (female five with normal male) 

gave 228 offspring, 226 of which were normal and two females 

with one extra bristle each. Twelve pairs of the normal F, 

flies were mated. They gave 2,647 offspring, 2,588 of which 

were normal and 59 with extra bristles, a ratio of normals 

to extras of 1:43.8. Of the extras, 51 had one extra bristle 

and eight had two extras. The two F, females with one extra 

bristle were mated to normal brothers. They gave F, off- 

spring as follows: 935 normal, 39 with one extra bristle, and 

four with two extra bristles, a ratio of 1:21.7. Neither of 

these F,, ratios would be called Mendelian, at least, not without 

further analysis. I mention this because extra bristle num- 

ber in MacDowell’s experiment behaved as a recessive unit 

character, giving in F’, a ratio of approximately three normals 

to one extra. The extra bristled F, flies from the F, females 

with one extra bristle were selected as parents for the next 

generation. From their offspring the flies with the highest 

number of extra bristles were again selected as parents. This 

method of selecting the highest grade flies as parents has been 



ves ty Stud UVES? Indiana Un 

it
e 

ie
ee
 

Pa
es
 

Oil
 

|e2/cee
a) 

cer
e 

lag
en 

a
 

On
e 

lacau
a 

ical 
a 

at
sa

me
s|

| 
ca
n 

CMe 
n
 

lsh 
as
l 

po
ea
lp
on
el
uc
eo
s\
ea
zc
 

(hoe
 

v
a
l
e
 

ae
 

ee
 

GOO
ROT

e 
Sa

la
 

G
e
a
 

“22
 

Se
) 

a
l
e
 

P
R
 

eG 
ae
 

ee
 

ee
 

ar
 

ise 
te 

P
e
r
e
 

De
ve
 

lace
 

laG
oal

eni
es|

 
Geni

e) 
rep

el 
se
re
ne
 

sa
le
 

Co
on

 
Gr
ea
 

e
a
 

9%
 

GG
. 

Op
 

SE 
r
e
e
 

e
s
 

e
e
n
 

PAG
 

Ga
 

I
 

at
e 

he
 

qe 
ge 

P
r
e
e
 

|e
 

ae
s 

ol
ea
e 

e
M
 

ee
 

ea
n 

|
 

Si
e 

Gp
 

|
 

wie
 

ee
e 

ee
s 

OR
G 

re
le

ar
n 

be
ne
: 

G 
Pec

ime
m 

|
 

Sec
 

l
i
n
s
 

al
 

e
g
 

e
e
 

ig
s 

oa
r 

|
 

Ge
 

e
S
 

We
er

 
me
ee
 

nec
es 

1 
|% 

|r 
|.62

 
|
 

rz
] 

0e
cl

|7
9 

|
 

8 
|z 

OO
F 

Ol 
e
s
 

¥ 
id

k 
oo
 

fe
e 

ea
l 

oe
 

Tee 
oem 

GT 
lec6

. 
Sl
ee
 

Ii
cm
OC
Ia
 

oy
 

«eGo 
ay
) 

oa
al

 
ca

rs
 

|e
 

ica
 

3: 
D
O
 

I
 

co
e 

Fe
i 

|
 

ani
e| 

fee
 

Pe 
[P
ee
we
e 

see
s 

BN
O 

e
e
e
 

a
 

ae
 

Cit
o 

Me
 

ee
 

a 
ea 

Me
 

e
e
 

oe 
a 

OR
 

|
 

GO
| 

Co
n 

| 
GB 

 p
ee
ee
ed
ec
ee
ef
es
ee
s 

Tes) 
Che 

Che
 

ere
 

resi
s], 

ccr
t 

yt
 

|s0e: 
©
 

tc 
um
s 

(O
e 

e
l
e
 

22
 

ic
e 

al
ee
 

a
 

e
e
s
 

i 
(8 

ae
 

on
 

|
 

o
e
s
 

ee
 

1S 
-li

lec
ete

ess
 

‘}
¢ 

|
 

on
 

|
 

29
 

|
 

1st
 

|
 

eer
} 

98
 

jer
 

|e 
|
 

O
U
 

TO
 

g
a
 

e
e
 

1% 
Osyl

ewe|
e 

c
a
s
e
 

Se
e 

ee
 

T 
|p 

|
 

eo
 

le
go
sl
ce
 

or
t 

Wer
 

16° 
il

 
ee
e 

6 
NG 

ls
 

1)
 

GO
L 

|)
 

He
e 

pe
n 

eas
 

|
 

@ 
po

 
D
G
 

ee
ls

 
08
 

CO
UR

 
ee 

se
e 

ee
e:
 

Grn
nie

sGe
e 

ton
ne 

WAOt
el 

come
 

ecea
| 

ce
el

ee
 

ellen 
ag

e 
i
 

12
 

4)
 

Gra
s 

|
 

Git
e 

9)
 

Bie
 

Pe
re

 
tle

ee 
P1O

NGe
 

F
e
 

a 
I 

Fe
O 

ser
 

le
s 

T
e
e
l
e
 

Gene 
cr
 

ROSN
al 

Gci
e| 

eee
 

Mele
e 

ie 
lu
ea
s|
 

ac
e 

se
es

 
O
n
 

oy
 

|
 

op
r 

|
 

go
. 

ee
 

Von
 

sia 
SE
O 

s/
h 

a
 

81 
OS
S 

re
l 

eis
 

aoc
r 

el
e 

i 
18 

168
 

Ga
 

oo
r 

We 
pee

 
ie 

ie
 

eee
 

le
ze
e 

ie
ee

 
b
e
 

I 
oe

 
w
e
e
 

eas
 

ee
e 

Wi
GO

r 
w
e
 

NM 
Og

er
 

ai
l 

p
o
n
i
e
c
 

co
le
 

ay
 

L
e
r
 

oc
 

oo
n 

as
ac
on
ca
li
cc
l 

CCl
 

al
oe
 

an
a 

Oe 
A
 

1G
 

lr
ou
el
nc
ee
 

|ec
ed 

ze
r 

les
 

Ie 
|
 

4 
N0
0 

o
e
 

91
 

OC
G 

ag
 

W
i
e
n
e
r
 

op
s 

il
ea

l 
oce

 
ecoc

al 
don

ee 
euinO

rce 
OOMell

igia 
a) 

o
o
l
 

@ 
|*% 

|'96
 

|
 

so
e 

|
 

se
e 

|
 

69
2 

|
 

yr
 

|
 

ez.
 

'|
 

et
 

(G9
) 

Shak) 
a
e
 

CT
 

GO
R 

og
ee

 
ae
 

e
e
 

a
 

La
lo

r 
ler

oee
ite

cr 
|
 

oo
m 

oc
) 

ea
r 

i
e
 

a
l
 

p
e
e
s
 

¢ 
|
 

62
 

|
 

9p
 

|
 

rz
 

|
 

91
2 

|
 

so
t 

|
 

se
 

|
 

at
 

a
 

PI 
G
r
i
e
s
 

pe
er
 

(e
e 

Pe 
a
 

es
et
 

Le
 

ae
 

Pe
n 

||
 

Cs
 

|
 

AL
 

P
a
p
e
 

ge
e 

ee 
aa 

ac
e 

1z
 

|
 

09
 

|
 

ga
t 

|
 

za
t 

|
 

ge
t 

|
 

ze
 

|
 

zz
 

O
M
 

U
n
 

e
e
 

e] 
Ce

e 
S
e
m
a
n
 

el
e 

ho
es
 

Ve
a 

lo) 
OG)

 
On
a 

lne
cen

\nc
eed

) 
ce
a 

ll
ma
ea
l:
 

a
i
a
 

Doe 
oe

ee
st

 
|
 

tare
| 

wee
! 

Fo
ee

: 
leeiza

l 
veen

al 
te
 

ZU
G 

hs
e 

me
 

a 
CU
CM
 

ee
 

eee
 

em
s 

re
ac
 

le
ek
 

O
M
e
 

leon
 

\so
er 

IoO
m 

esenlt
e 

e
o
n
s
:
 

de
e 

al
 

a
 

="
) 

eT.
 

|
 

99.
 

-|
 

9p
¢ 

|
 

18t7
| 

ce
r 

|
 

29
 

1
 

11 
QE
sn
s 

y
m
 

ve
er

: 
I 

OOSc
etg|

 
ce

le
 

sl
 

se
r 

sa 
ca
ls
aa
s 

D
e
s
 

Nga
n 

Pas
a 

|
 

me
e 

Pra
g 

he
e 

pee
 

el
es
 

cp
ee

be
 

ic
ed
: 

L 
|
 

69
 

|
 

ce
p 

|
 

op
p 

|
 

Ge
e 

|
 

go
r 

|
 

tor
 

Go
Qi

 
a 

al
an
 

cae
 

01 
ha
 

lie
r 

le
 

e
e
e
 

fae 
Pres 

aGoh
 

al
e 

Or
al

 
eco

n 
arO

em 
mee

ce 
ll

 
mi

a|
: 

aa
el

ia
eo

 
st

an
 

T 
|2 

|p
 

|
 

91e
) 

Tz
e 

|
 

en
e 

|
 

Tor
 

|
 

86’
 

t
h
 

ae
 

a
e
 

6 
G7
0 

ra
e 

k
e
e
 

ep
ee
 

a 
Z
e
 

|
 

99
 

|
 

9n
1:
\0
rz
 

|
 

e0
g 

||
 

a
 

Pe 
al
ge
re
| 

Ca
la
 

a 
€ 

|
 

02
 

|
 

28
1 

|
 

o6
z 

|
 

29
2 

|
 

za
t 

|
 

80
 

as
ia
 

Se
e 

le
er

 
ea
e:
 

8 
ji

st
 

cl
er
ic

al
 

as 
Fe
e 

a 
Re
t 

a 
ear

 
ee

 
cc
s 

e
e
 

II
E 

so
e 

se
en
 

c
a
r
e
s
s
a
 

ea
e 

te
ul
et
ee
 

la
a 

Wer
e 

We
e 

ae
 

Go
i 

a
t
e
 

ee
 

; 
re
 

ee
r 

ee
e 

Oe
 

ee
 

ee
e 

e
r
e
 

Ba 
ae
 

a
 

ec
 

es
e 

Oi
se
 

el
l 

pr
es
 

ea
e 

ep
s 

|
 

eon
 

sa
re
 

er
 

nie
 

eos
 

eee
) 

re
al

er
te

d 
oa
t 

Se
r 

e
e
 

: 
po
m 

e
 

e
e
t
e
r
e
 

tr
es
| 

e
e
 

ee
 

li
s 

mea 
ee

l 
pe
el
s 

re
re

 
en
 

d
o
 

Be
es
 

e
a
l
 

a
 

an
es

. 
eral

 
fei

 
ee
e 

clan
een 

ee
e 

i
e
 

ce
 

: 
re
 

e
e
e
 

ee
l 

ea 
ga

el
ig

a 
Mo

re
 

i
e
n
e
 

per 
pa 

bmeh
lee 

ic
 

li 
ce

le
 

S
t
e
l
 

e
a
l
 

Fw 
(Ge

 
ce
er
at
nc
e 

ti
es

 
fe

e 
ae

 
(
e
e
e
 

: 
Te
s 

to
, 

Sa
ee

d 
PR

 
a
s
 

ae 
e
a
n
 

Bed 
S
a
t
e
 

el
it
es
 

st
ew

 
Sl
ee
 

aa
 

Pi
 

t
e
d
 

ra
gl
ie
we
li
ge
 

si
ue
tu
le
na
e 

Pe
e 

a
c
e
 

: 
Sa
n 

be
 

ew
er
 

ce
t 

ee
e 

ea
e 

Seo
n 

e
a
 

ao
a 

ai
e 

Ba
st

e 
te

al
 

re
el

 
ect

 
E
N
 

oe 
ce
s 

e
a
n
,
 

ne
va
 

oa 
|e 

ee
li

ge
y 

gr 
ea
ea
e 

Sea
l 

e
o
 

: 
ae
 

e
e
e
 

s
 

Pe
rr
 

et
s 

[Ms
aee

e 
me
n 

ee
e]
 

Mmm 
al

at
a 

le
e 

te
nn

 
To

me
r 

gid
 

ul
at
e 

| s(
t 

ma
ck
 

i
e
 

li
e 

eee
 

|
 

ee
 

ee
 

et
n.

 
Ba
le
s 

Oe
 

e
t
e
r
 

—
—
 

=
)
 

—
—
—
 

—
 

=
=
 

o
s
 

—
 

—
 

—]
| 

B
U
S
O
U
 

eet
 

|
 

Oral
 

iia|
 

Oth
 

061, 
erie 

2 
l
e
 

Ol 
cu 

a
 

T
e
 

ign
 

Myr
 

lser
 

|
 

cry
 

|.
 

11 
(507

 
|
 

6 
8
 

lee 
a9 

eS 
ak
e 

-
-
—
_
_
_
_
—
_
.
 

-
 

S
I
N
G
U
V
 

N
O
T
L
V
 

O
L
B
 

T
A
L
 

* 
o
[
B
U
L
O
 

L
O
 

U
a
 

N
Y
 

-
U
a
N
a
y
)
 

S
S
 

G
H
I
L
S
T
a
 

g
d
 

N
V
A
 

ON
IN
dS
HA
O 

LO
 

WA
AN
WA
N 

WT
LS
IU
VE
 

I 
WI
dv
Vi
l 



Variations and Selection Payne 

Os[e 
4] 

oY} 
LOZ 

vyep 
oy, 

"UOT}V.1DUIS YOVI UL SOT] JO LoqUINU [V40} OY} SOAS 

‘SUOTJVIBUIG 

UAVS 

SAY 

OY} 

UL 

SoTVUOy 

puv 

SoTeUL 

[VULIOU 

OY} 

JO 

UOTZdIdxe 

OY} 

YIM 

o}VIedos 

Jdoy 

91B 

SoxXOS 

OMY 

SC
T 

pu
e.
 

P
l
 

e
h
 

a
 

L
E
O
 

<6
. 

e
h
o
 

Om
 

G
 

U
N
D
 

A
N
 

L
o
q
u
i
n
u
 

oy
} 

‘
(
A
N
O
F
)
 

T
o
q
u
I
N
U
 

o]
4S
TI
G 

[V
UL

LO
U 

oY
} 

Y
Y
I
A
 

UO
Tz
V.
10
 

-u
ad

 
Y
O
R
 

UL
 

S
O
T
 

JO
 

1o
qu
in
u 

o
y
 

os
Te

 
‘u
oT
Va
i9
Ue
d 

Aq
 

UO
TI

V1
OU

NS
 

Sy
Ud

Ie
d 

oY
} 

FO
 

TO
qU
IN
U 

O]
}S

TL
IG

 
U
O
 

JY
} 

SE
AT
S 

T 
I[
QV
I,
 

G
Z
P
'
 

0
¢
 GT
P 

9¢
2 

VI
P 

L8
G 

L9
G 

G6
8 

80
2 

PO
E 

06
6 

10
6 

69
6 

oD oD oD 1d _— re ho 

ret N 
oD ri E~ © 
cS! i) el 

ee eens 

OT 

098 6 999°6 OFS 6 

00 

OT 

991° 

OT 

0SL°6 

Poy OL 

7 1248 = 



Indiana University Studies 

8
1
%
 

L9
°6
 

8E
 

2G
 

C
6
1
8
 

¥6
 

GZ
 

1
0
9
 

6G
 

I 
V8
0 

6
 

PS
V 

OT
 

e
g
e
t
 

2S 
O
N
G
 

WE
 

Pe
e 

ee
 

li
t 

ec
 

er
e 

ee
l 

i\
ta
th
 

tu
n 

cr
au
ar
aw
ei
l 

aw
so

me
 

e
e
e
 

a
e
 

r
a
r
e
 

91
°9
 

8
1
0
2
 

10
°0
8 

8
2
 

99
°T

 
Ie

: 
6
2
6
8
 

z
z
"
 

Ol
 

P
r
e
e
 

e
 

n
e
 

e
g
e
 

Sy 
at 

O
A
R
 

RS 
I 

o
n
 

e
c
o
 

m
a
y
 

7¢
° 

90
°¢
 

19
°8
1 

9o
° 

22
 

9
9
9
8
 

0¢
°6
 

16
°]

 
ey
: 

1
1
2
8
 

00
0°

 
OI

 
n
e
s
 

P
I
 

S
e
y
 

f
s
 

c
o
e
 

| 
T
L
 

C
L
P
 

09
° 

OT
 

0%
 

GZ
 

19
° 

9§
 

10
°8
1 

69
° 

9 
TZ
’ 

G
c
 

8
 

CG
G'

6 
Se 
O
e
 

92
 

O
l
 

Pet 
Pe
e 

de
ni
er
 

so
y 

li
Pa
ee
 

to
at

e 
Ne

 
ee

e 
oc
 

O
g
 

8
7
 

9
8
2
 

OL
 

PS
 

OF
 

OE
 

PI
 

Lt
 

86
° 

OL
 

O
l
y
 

7
9
0
8
 

0S
9'

 
6 

Re
t 

o
r
a
?
 

CA
M 

ee
 

Wy
) 

PH 
oi
e 

te
as
 

dl
 

ea
e 

i 
ni

a 
80
° 

(S
om

 
|
 

18
°9
 

P8
 

€Z
 

6
°
 

9€
 

£
9
0
6
 

6
&
8
 

19
 

T 
86

6°
 

2 
(N
O 

Ol
 

=
 

Jo
es

 
ee

s 
on

o 
oo

. 
VZ

 
Sp
ee
d 

Gd
ah

s 
he
e 

Se
at

in
g 

sa
s 

Ra
t 

re
 

ar
es
 

ap
na
 

k
e
 

la
r 

S
L
 

C0
'%
 

69
 

TT
 

10
°9

2 
86

 
'8
E 

€&
 

GT
 

86
° 

P 
L8

° 
90
6 

°$
8 

LI
T 

OT
 

goer 
an 

4a
e7
 

ab
er
 

ea
d 

li
n 

ae
 

wo
 

as
 

la
te
 

ee
r 

a 
et 

OT
’ 

0
°
 

(1
9)
 

(5
 

OF
 

6 
GL
 

GZ
 

Gl
 

GE
 

OF
 

02
 

LE
 

L
 

el
k 

P8
I'
8 

P9
L'

6 
Sa

 
sa
a 

aa
a 

Ad
 

L
o
 

Be 
ta

 
hi
ng
 

e
s
e
 

oc 
ha
e 

de
e 

Si
a 

c
y
 

O
F
T
 

98
°9
 

LL
 

1G
 

99
° 

$e
 

GV
 

Ss
 

£E
°6
 

v1
 

@ 
G6
8"
 

2 
O
S
E
 

Gi
e 

e
m
 

|
 

ve
ao

n:
 

ti
n:
 

ie 
ca 

Br
 

(O
XO
) 

os
 

2
 

Re 
i 

ic
e 

em
 

ea
 

eg 
aR
 

Se 
ta
e?
 

|
 

DR
 

ac
a 

e
a
l
 

e
l
 

£9
" 

10
°9
 

L9
° 

LT
 

60
°9

8 
SP

 
&Z

 
90
° 

TT
 

86
'°

§ 
(h
ey
a,
 

74
 

H
W
A
 

2
 

Se
 

ES
 

O
E
S
 

be
se

 
(7
, 

(O
))
 

ha
r 

Sh
ea
 

S
I
M
 

e
a
s
 

(0
) 

ag
es

s 
ri
e 

|
i
 

ce
 

S
t
e
 

OG
" 

OP
 

I 
L
G
 

16
°6
1 

G
1
8
 

8
6
S
 

£
6
6
 

02
 

1 
61
6 

2 
GL

 
OI
G 

te
rr

ai
n 

e
n
t
s
a
n
e
 

ac
k 

ue
 

ne
ss
 

6T
 

(4
 

Re
e 

it
is

 
|
 

ae
 

ge 
ge
nc
e 

bo
ie
at
et
 

ah
a 

Ma
ge
n 

oak
 

er
he

e 
be
e 

(G
ia

 
Wa
nt
 

LV
'8
 

IZ
 

02
 

TP
 

8é
 

60
° 

61
 

91
°6

 
G8
 

I 
8
8
6
2
 

Sk
el

i 
O
k
a
 

pe
er
ee
co
es
 

a
o
n
 

D
S
 

ap
rc

se
s 

|
 

va
nt

 
ae
 

as 
sa
n 

|i
 

t
e
i
n
 

Ot
el

 
ic
 

at
e 

a
l
a
 

$2
" 

6G
 

I 
ve
 

9
 

89
° 

0G
 

99
° 

8¢
 

IT
 

02
 

8%
 

6
 

GO
'€
 

BL
L 

2
 

Pr
o 

6 
E
t
e
 

LY
 

s
h
]
 

V
s
o
 

|
 

ha
la

l 
te
et
a 

or
ic
e 

“f
t 

Ri
ca

rd
 

A 
Ba
ca
 

ai
ct

ie
 

47 
v
s
 

6G
 

T 
08
 

P 
ST
 

ST
 

C6
 

62
 

99
° 

€%
 

66
° 

ST
 

69
 

2,
 

9E
P 

2 
O
X
O
N
 

9
 

pe
er
s 

mo
o 

E
O
 

L
T
A
 

es
s 

I 
ge 

Ma
ce
 

te
a 

ec
 

a
 

A 
aa
a 

10
° 

ro
 

Pi
es
 

GS
 

GI
 

99
° 

0§
 

eh
 

a 
68
 

LT
 

P
9
6
 

S
o
T
L
 

LO
LL
S 

Gt
 

iz
ee

a|
 

|
 

se
nc

e 
PO

NC
E:

 
Cy

 
C
A
S
T
 

(0
) 

bo
na

 
or 

n
e
a
 

Te
a 

te
e 

ro
ng

 
a
e
 

en
 

i 
WL 

St
 

AC
 

0¢
" 

G8
 

T 
[H
EB
 

Gl
 

GT
 

82
 

1%
 

60
° 

ZS
 

16
° 

FI
 

66
9 

9
 

O0
8 

2
 

D
e
e
r
e
 

2 
ti

g 
| 

G
O
R
 

Ci
 

re
te
 

li
am

 
eh
 

re
 

<i
ai

ec
 

as
ia
 

A
N
S
 

Ce
dt
 

on
an
 

i 
ea
t 

ee
e 

re
ge
n 

al
l 

ne
ma

 
ar
ea
 

ay 
68
 

I
 

L
V
 

Li
se
Si
L 

G6
 

3%
 

81
°6
6 

69
°9

1 
OP

E 
9 

CO
) 

4)
 

iy
 

sp
a 

cr
y 

be
ss

 
go
 

Se 
ec
 

So
 

eT
 

AS
CO
) 

Mi
e 

ye
 

e
a
e
 

ll
 

a
 

a
 

a
g
 

80
° 

19
° 

L
L
G
 

€Z
 

81
 

69
 

13
 

88
° 

FZ
 

10
°6

1 
6
r
E
 

9
 

|, 
Ch
Gi
c 

L
a
e
 

al
Se

ee
te

ls
 

Seo 
At
 

C
T
O
 

ON
 

M
R
 

co 
=
 

ta
r 

ap
ro
ns
. 

Re
 

Sl
e 

a
e
r
a
 

ha
l 

(
t
e
 

S
e
 

ae
 

od 
e
a
 

ae
 

a
 

IR 
pe 

Se
 

Iv
 

TI
 

p
9
'
g
 

8
6
°
3
3
 

L
6
°
1
%
 

£0
° 

22
 

I
T
s
 

L
9
G
°
9
 

(
O
L
S
 

Sh
a 

n
e
 

S
e
e
r
 

So
ma
 

OD
 

Tt
 

C
O
V
A
 

A
s
s
t
 

cc
 

he
ct

ic
 

ee
e.

 
| fi
rs

 
eA
 

|e 
Re
Na
Me
 

Ac
 

Si
e 

A 
ca
es
ia
r 

aa
a 

at
l 

Na
e 

ea
ve

s 
a
o
e
 

P
o
 

L
Q
G
 

89
 

LT
 

CT
 

6S
 

16
° 

1G
 

TL
 

02
 

9¢
T'
9 

Q
O
 

oi
e 

ay
ia
 

se
y 

ae
ca

ta
le

es
 

OL
 

2 
e
e
t
 

pi
e 

[a
be

 
ei
na
i 

aT
 

mc
a 

sa
te
 

Po
y 

PO
AT

 
he 

TY 
Wa 

NT
R 

S
h
e
e
 

a
p
e
 

at
a 

gh
ee
 

(o
om
 

P
O
T
 

92
 

9T
 

68
 

IZ
 

68
 

FZ
 

18
°8

1 
T
I
 

9 
P
O
L
 

i
i
o
 

|
 

Se
ss
 

a
e
s
 

i
G
 

I 
Gh
ee
 

Te
ee

 
|
 

pe
e 

re
ed

s 
| 

e
e
 

ar
y 

re
e 

md 
Pt
e 

e
I
 

ee 
ck

 
i 

68
 

1 
O
F
T
 

09
° 

ZZ
 

§¢
 

LZ
 

06
° 

LI
 

T9
6°
¢ 

OG
 

Gi
s)

 
ia
 

[N
er

el
er

pa
te

at
sl

ee
 

as
 

io
) 

CO
V 

D
E
 

S
o
 

CU
P 

Ra
 

ea
d 

ia
l 

SA
T 

RA
G 

Ra
st
 

4A 
Pi
e 

ei
 

W
c
 

Kn
 

e
s
 

A 
ele

 
Mc

a 
an

e 
a 

he 
ae
 

ny
 

a
 

po
" 

IG
’ 

p
 

Vo
 

CI
 

PL
 

St
 

PL
 

9G
 

cr
s 

¢
 

00
0°
 

2 
O
e
 

Oo
 

l 
a
)
 

A
 
(
n
n
 

c
n
 

e
e
e
 

12
° 

£
6
 

68
°9
 

Pe
ar

at
 

1G
 

22
 

18
8°

F 
ai

se
. 

|(
en
ca
cs
na
s 

n
e
n
 

9 
Z
R
1
Q
 

or
ri
rt
rt
tt
 

fe
ct
s 

te
t 

el
e 

e
e
c
t
 

el
e 

te
ct
s 

e 
sl
at
es
 

ee
e 

e 
ls

c 
re
ne
e 

[t
ee
s 

sr
ee
 

ee 
P
P
 

L
Z
 

28
'8
 

PL
 

02
 

99
) 

F 
P
E
O
 

U
C
M
 

c
e
c
e
 

e
 

¢ 
(
c
r
e
 

|e
) 

ta
co
 

o
o
]
 

as
o 

-o
ib
o 

n
D
 

is
n 

pi
dy

 
io
c 

S
e
e
]
 

U
n
e
 

nt
 

Sl
ad

e 
pe

te
 

e
n
e
m
a
s
 

IZ
" 

0
0
°
 

1¢
°9
 

66
°6

1 
90
8 

'F
 

Gg
re
) 

|
 

le
t 

aa
as
 

a
c
r
e
 

; 
D
O
R
 

f
l
r
s
 

er
ie
 

ci
ca
ri
et
ge
re
ie
ng
 

ln
ln

eg
ie

 
ea

l 
e|
lo
u 

Py
le
 

ci
st
eo
u[
io
te
lo
le
ls
\e
ti
e|
in
ic
ia
na
 

te
nn
 

(e
ll

en
 

Ma
jo

 
ne

ll
e 

ne
r 

on
si
s 

OF
: 

96
°T
 

C
1
6
 

S
E
L
F
 

L8
1°
¢ 

Aa 
a
e
 

¢ 
z9

° 
G6
 

Teeter 
de

cd
 

ol
l 

cog
epe

tic
h 

cee
iGh

.og
 

ca
l 

ee
e 

ch
ek

 
Se

ss
 

Gi
s 

Po
le

n 
US
SR
 

aE 
| 

ac
t 

eo
 

ek
e 

Tu
re
 

cy
] 

Pe
 

Ge
ce

, 
Se
e 

ee
 

Me
ee
 

SI
P 

RC
TS

 
te 

ln 
al
l»
 

AN
E 

B
e
s
 

OF
: 

96
° 

¢ 
SF

0'
F 

er
a”

 
i
s
 

n
a
a
r
 

H
e
e
 

A
T
T
 

l
e
 

r
e
n
 

[
O
o
 

DO
DD

 
[E

DI
ES

D 
In
n 

nn
] 

[R
ID

IC
In

IE
IS

In
n 

In
) 

(D
na

 
pi
ni
Si
nn
n]
 

(p
IM

ei
c 

os 
in
it
io
! 

(n
n 

ni
c 

nr
in
in
n]
 

(P
em
rn
ni
nn
in
 

(e
en
s 

nn
en

in
| 

I
n
n
e
r
 

99
° 

80
0°

F 
(h
y 

di
et

 
oa
ae
ne
. 

m
y
 

| 
W
O
 

N
O
 

|S
oP
PS
ug
 

ET
 

|S
so
ps
ug
 

pl
 

|S
op
si
ug
 

eq
 

|s
op
st
ag
y 

S
L
I
S
O
P
S
U
G
 

T
T
|
S
o
p
s
u
g
 

OL
} 

S
o
p
s
t
r
g
 

6 
|
 

So
py
st
re
’ 

8 
|
 

So
py

st
ag

: 
J 

|
 

So
pp
st
ag
 

9 
|
 

s
o
p
s
i
r
g
 

G 
|
|
 

O
N
I
M
a
s
S
a
I
O
 

L
N
G
 

L
E
H
T
O
N
 

P
d
 

I
S
O
S
 

E
L
 

ST
IS
 

ea
t 

e
s
 

HO
 

so
 

N
O
I
L
V
U
A
N
A
Y
)
 

H
L
I
M
 

N
O
I
L
L
V
U
A
N
G
A
D
 

H
O
V
E
 

N
I
 

O
N
I
Y
U
d
S
W
I
O
 

A
O
 

L
N
U
W
O
 

W
a
d
 

N
V
a
J
 

N
V
a
 

AL
 

10 

i
 

a
 

N
S
 

e
e
e
 

Il HTaV.L 



iat Variations and Selection Payne 

‘SOTJSLIQ 
GT 

03 
dn 

uo 

OS 
puv 

‘SopISTIG 
XIS 

‘SopISTIQ 
VAY 

YALA 
‘(INOF) 

SopyST1q 
JO 

JoquinuU 
[VULIOU 

IY} 
Y
U
M
 

UOT}VA1oUNd 
Y
O
R
 

UL 
Sely 

Fo 
0.32} U00.10d 

oy} 
SOAIS 

OsTe 
JJ 

‘“UoTZe1OUes 
A
q
 
UOT}V1OUNSs 

S
u
U
I
I
d
s
y
o
 

oy} 
p
u
e
 
s
y
u
s
r
e
d
 

oy} 
JO 

T
o
q
u
i
n
u
 

o[jSLIq 
W
v
o
U
 

ot} 
SOALS 

[J] 
I[QGeVy 

v
y
 I
 

98 
T 

9
8
S
 

69° 

8g T 

16° 

88 '€ 08% 

90°% 

96
° 

OT
 

€1
°8
 

8
6
9
 h
e
)
 

4
 

8
6
8
 

0
9
7
 

1
&
9
 

6
6
 

6
9
8
 

OF
 

GS
 

GL
\G
G 

GE
 

61
 

69
 

6
 

£9 66 06 €& 

TL 16 

88°16 

GI GE 93 66 

GP 

9G 
TL 82 00° SZ 69 LZ 

OT 

08 

DTH NAN ban 

8
6
0
 

6
 

1
4
0
6
 86

8°
8 

O
F
6
 

8
 

6
6
1
 

6
 

0
6
4
 

8
 

18
06
 

P
1
6
 

8
 

6
1
0
 

6
 

0
9
8
 

6
 

9
9
9
 

6
 

6
F
8
 

6
 

00
€ 

OT
 

99
T 

OT
 

0
G
1
 

6
 

bo
p 

OL
 

00
0°

 
TT
 

Go
o 

“O
T 



Indiana University Studies 12 

‘O
UT

T 
Pa
z 

V[
OS
 

OY
} 

JO
 

UO
I}
V.
1O
UN
S 

YA
US
AS
TO
 

OY
} 

W
O
L
F
 

PO
zL
BI
S 

OU
T]
 

WO
TZ
IT
OS
 

Yo
uq
 

oY
} 

JO
 

Y
Y
}
 

ST
 

PA
TN

I 
TO
MO
] 

O
Y
,
 

“Y
Zu
IU
-A
QU
EM
Y 

9
}
 

07
 

Y
I
T
Y
-
A
u
e
M
y
 

oy
} 

W
O
T
}
 

PA
ly
y 

oY
} 

PU
B 

“Y
ZU
22
}Y
.S
1o
 

OY
} 

04
 

Y}
US
0}
IN
OJ
 

oY
} 

W
O
I
Z
 

pu
od

es
 

oY
} 

‘s
uO
Ty
R.
1O
UD
S 

YJ
US
AV
[O
 

OY
} 

0}
 

JS
IY
 

VY
} 

W
O
A
F
 

S
A
Y
 

oY
} 

‘a
Ar

no
 

oY
} 

UL
 

SO
ST
L 

oj
VA
tv
do
s 

od
1Y
} 

oY
} 

AT
IV

eT
D 

aT
oU
L 

N
O
 

SU
LI
g 

0}
 

UM
VA
pP
 

SI
 

OU
T,

 
Ud

Yy
OI

G 
O
U
,
 

‘S
OT
JS
LI
Q 

BI
ZX
O 

1O
J 

po
yo
oo
s 

ou
l]

 
oy
} 

UL
 

S
u
L
I
d
s
y
o
 

p
u
e
 

s
j
u
e
r
e
d
 

94
} 

JO
 

UO
T}
WV
10
eU
Ns
 

Yo
vs
 

UT
 

T
o
q
u
I
n
u
 

o[
}S
II
q 

UB
SU
L 

oY
} 

WO
T 

po
zy

o[
d 

si
e 

se
Ar
nN
d 

O
M
 

r
0
d
d
n
 

o
y
,
 

G Gund 

! 
su
01
} 

8
1
9
0
0
3
 

e
e
t
 

ze
} 

+9
61
} 

Se
l}
 

p
e
+
 

ee
t}
 

c
e
t
t
e
:
 

+
 

o
e
+
 

6
2
+
 

8
2
,
 

rd
 

v
o
 

88
 

8e
+H
iz
t 

o
s
 

el
t 

e
n
 

a
i
o
 

pi
 

er
t 

a
i
t
 

on
 

e
H
 

v
i
t
e
 

oA
 

7 
O
U
I
)
 

ve
g 



13 Variations and Selection Payne 

‘q
ue

. 
o
d
 

9¢
°0

T 
pu

ok
eq

d 
sj

as
 

1a
A0

U 
p
u
v
 

A
T
M
O
S
 

SO
SL

IE
 

P
U
B
 

U
O
I
Z
V
1
O
U
T
S
 

YY
UI
EZ
IN
OF
 

OY
} 

UL
 

SU
TS
9q
 

Us
AV

e]
o 

TO
F 

9A
IN

d 
O
L
 

“p
us
 

oY
} 

FB
 

ZY
ST

OY
 

UL
 

P
A
Y
}
 

SB
A 

JN
q 

AT
MO
[S
 

d1
OU
L 

BS
OL
 

U9
} 

TO
F 

OA
IN
D 

o
Y
,
 

‘[
[B

 
FO
 

JS
oy

st
y 

Sv
M 

pu
s 

oy
} 

7%
 

4n
qQ

 
A[
MO
TS
 

aL
OU

L 
9S
OL
 

OU
IU
 

O
F
 

V
A
I
N
 

OY
],
 

“Y
SI

Y 
po
ur
eu
la
t 

pu
v 

s.
1o
yj
o 

oy
} 

Jo
 

Au
e 

uv
y.
 

sJ
oy
st
Iy
 

pu
es

 
A[

pt
de

s 
os
o.
 

YY
SI
o 

LO
Z 

OA
IN
D 

O
U
,
 

‘s
to
qu
in
u 

oS
ey
} 

Y
I
M
 

S
o
l
 

Mo
z 

Jn
q 

21
9M
 

al
oY
y}
 

UO
TJ
II
eS
s 

JO
 

pu
s 

sy
} 

4V
 

[I
ZU
N 

po
UL

pP
ep

 
U
s
y
 

pu
B 

A[
pI

de
1 

os
o.

 
So
pS
LI
q 

Ud
AO

S 
pu

es
 

‘x
Is

 
“o
AY
 

O
F
 

So
AI
ND
 

oY
} 

YV
Y}

 
O
J
O
N
 

‘[
[V
UI
S 

d
1
0
M
 

S
o
s
v
z
U
d
d
I
0
d
 

oY
} 

SB
 

Y
O
N
W
I
S
B
U
T
 

po
z}

O[
d 

JO
U 

o
1
0
M
 

So
T}
SI
Aq
 

GT
 

p
u
v
 

‘P
T 

‘E
T 

‘S
L 

1O
F 

SO
AI

NI
 

OY
J,
 

“S
op

JS
tI

q 
Us

Ae
[e

 
07

 
dn
 

uO
 

Os
 

p
u
 

‘S
Of

AS
LI

G 
XI
S 

YJ
IM
 

od
e 

U
D
.
1
0
d
 

VY
} 

PU
OD
IS
 

9
}
 

‘S
oT
IS
LI
G 

O
A
 

YA
LA
 

UO
Tz
{e
 

-B
19
U9
68
 

YI
VE
 

UL
 

S
O
T
 

JO
 

od
ey
,U
dd
..
1e
d 

oY
} 

S
M
O
Y
S
 

V
A
I
N
 

S
A
Y
 

OU
T,

 
“[

][
 

Wq
ey
, 

UL
 

UB
AT
S 

vy
eE
p 

W
O
T
,
 

po
zO
T[
d 

a
8
 

So
AI
ND
 

o
S
O
U
 

J,
 

@ qYADdI 

s
u
o
!
}
e
u
a
u
e
d
 

S
C
N
 

Seecitsaag? 

wn 

Lau ef ral J 

cs 

I~ 

Youn 

~ 

im”, 

ips eee 

ae 

a 

oh 

ECE [ 

Zz 
a 

Sugngey7 sa Sene Seu 
ari 

ee e 
Pama Si 

7 

401 

Ni | 

N 

S r 
Pre ryPrerree Pts 

Poy 

abe ,Us0,ed 

SI 

ri 
tr : 

SES ene eeeeeee 
See Pees eeeeee el I H 

1 
cH 

TT 
1} 

im 

rit 
T T 
Lert U < - ~-+ 

D i 
mm 

Hd { 
BSR S Es SREP e Res eee eee 

T 
T 

peeues 
Sanes! 

of 

i im! 

tA 

SN 

van 
“2 

FEE 

tt 

Ti 

: 

cH 



14 Indiana University Studies 

continued thruout the experiment. For some reasons it would 

be desirable to give the complete data, but 1t would take up 

so much space that, instead, a summary generation by genera- 

tion is given (Table I). This table gives in each generation 

the total number of offspring, the number of offspring that are 

normal, i.e. those with four bristles, and the number with 

five bristles, six bristles, and so on as high as they go. 

The data for the males and females are kept apart with the 

exception of the normal males and females in the first seven 

generations. A glance at this tabie shows clearly that the 

number of flies having extra bristles has been increased until 

in the last generations no normal flies are found. It also 

shows that the number of extra bristles has been increased 

until the maximum, 15, is reached. Only three females, how- 

ever, Show this extreme number. Fourteen is the highest 

number reached in the male. In this connection it should be 

mentioned that the bristle number of the female is always 

slightly higher than in the males. MacDowell observed this 

same fact in his experiment and believed it was a question 

of size, the larger flies having the higher bristle number. In 

my work this suggestion has no support. Often the smallest 

flies have the highest bristle number. As will be shown later, 

there is present a sex-linked factor which when homozygous 

produces a more marked effect than when heterozygous. Table 

2 gives the mean bristle number of the parent and offspring 

in each generation, and also the percentage of flies having five 

bristles, six bristles and so on. The means of parent and 

offspring are plotted in Figure 2. The percentage of flies in 

each class is plotted in Figure 38. Table II and Figure 2 

show the rather remarkable fact that selection has not only 

been effective, but that it has been effective for 29 genera- 

tions. MacDowell reached his maximum results in six genera- 

tions. In most experiments on artificial selection the effect 

is immediate and lasts for only a few generations. Castle’s 

experiments on hooded rats is an exception, where he has pro- 

duced results up to the seventeenth generation and believes 

the end has not yet been reached. An analysis of the curves 

in Figure 2 shows, however, that the increase for 29 genera- 

tions has not been a gradual one, but that there are three 

separate and distinct rises. From the first to the eleventh 

generations there is a distinct rise, the mean reaching 6.567 in 

the eleventh generation. From the eleventh to the fourteenth 
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generations there is practically no change, at least not in the 

direction of selection. From the fourteenth to the eighteenth 

generations a second upward trend is shown, the mean reach- 

ing 7.988 in the eighteenth generation. From the eighteenth 

to the twenty-fifth generations there is again a standstill. 

Most of the time the mean is below eight, but in the twenty- 

second and twenty-third generations it is slightly above. In 

the twenty-fourth and twenty-fifth it is approximately eight 

again. From the twenty-fifth to the twenty-ninth generations 

the third rise occurs until the mean reaches 9.084 in the 

twenty-ninth generation. From the twenty-ninth to the 

thirty-eighth generation, or to the end of the experiment, 

the curve is again practically a straight line, with the excep- 

tion of the thirty-third generation when the mean drops con- 

siderably below nine. There has been, at least, no decided 

increase in this period. In other words, the curve forms a 

series of steps, a thing rather difficult to explain on the basis 

of selection acting on mere fluctuating variations. It looks 

more as tho a series of mutations had occurred during the 

course of the experiment. When a new mutation occurs the 

the curve goes steadily up until the race is homozygous for this 

factor. Then it remains on the same level until something 

else happens. As will be shown later, this is the conclusion 

I am forced to reach in this experiment. 

A comparison of the curves for the parents and offspring 

shows a close parallel. 

In order to see whether a return to the normal could be 

produced by mating low grade parents, a back selection line 

was started from the eleventh generation and carried for 25 

generations. In all matings except the first, the parents used 

had the normal bristle number (four). Table III summarizes 

these data by generations. The curve plotted from the mean 

of each generation is shown in Figure 2. With the exception 

of the first generation no return was produced. From the 

eighth to the twenty-fifth generation the curve is practically 

a straight line. It shows clearly, I think, that what has been 

done by selection cannot be undone. A mass culture bred in 

the laboratory for more than a year has not returned to the 

normal. : 

The data given in Tables I and IJ and in Figures 2 and 3 

show conclusively, I think, that selection has been effective, 

at least as far as the twenty-ninth generation. No one, it 
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seems to me, can deny this statement. Immediately, however, 

the question arises: What has been the method of selection 

and what is the nature of the variations on which selection 

has acted? The analysis which follows answers this ques- 

tion for this particular case. 

TABLE III 

Back SELECTION LINE 

All parents with normal bristle number except in first generation 

Number Mean ier Per Cent 
Generation of of Cent With Extra 

Offspring Offspring Normal Bristles 

A NS eh Re a ancl Seat 3211 5.548 21.18 78.80 

Pps ie Ay evan te ae Qn me 542 4.933 44.46 DOOD 

SRB PA te Nee Ss Reece nea 763 5.031 Analy 58.78 
ASIC, «Coe eR eh nO ke 770 ANS) S250% 67 .92 

LS Yogt Magnes sat S19 534: 25n03 74.98 
Gi e oe eee 933 5.486 20.47 71.92 
fears | ct iy eet 795 ONL Slit 68 .42 
SEEN Diane SON treyain 593 ALS 52.61 | 47.38 

OEE ice abana at 1583 4.728 52.87 47.12 
1K 0 Waa eer ie toe 1846 4.833 46.74. Doel 
Uy Kae eee one cp es = ew 1418 4.748 53.10 46.89 

| Leet Pie tS ih teRRA ees 491 4.782 50: “al 49.28 

lhe Recateeae, Rpereige ae LN 29 4.830 45.45 54.54 

PA POST I le a ree de 871 APA: AS .56 oleAas 
1S Wen BP Nosh tee i a lie A S27. AS ADE TAT 
ig eee ee 1177 4 863 46.04 | 53.95 
1 EF BSgS AONE seas As Hea 322 4.604 56.19 43 .80 
lhe fire lice ha mins oce. ete 921 4.741 48.20 51.79 

Oa era age al tara cat 538 4.628 56.68 43.31 
ter vase eres 80 4.675 47 .49 52 50 

Al Den ae Kea. Raw 435 4 662 51.02 48 .97 
ieee, Nee 605 | 4791 46.93 53.06 
Dir Rig cor Uae Rene ™ 341 4.747 48 :37 LOZ 

ZAPU i cae e a 151 4.993 38.40 61.59 
2 Natt Aas ox ell ea eh cies 381 4.716 48.81 51.18 

Table III summarizes the data for the back selection line generation 

by generation. It gives the number of offspring (total number is 19,322), 

the mean bristle number of the offspring, the percentage of flies with 

the normal number of bristles (four), and the percentage of flies with 

extra bristles. 

THE EFFECT OF THE ENVIRONMENT 

Since considerable variation appears in the number of 

extra bristles present in the offspring of a single pair of par- 

ents, it seems probable that the environment plays some role 

in their development. No critical attempt has been made to 
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analyze this effect or its cause. A few observations have been 

made, however, during the course of the experiment. Mac- 

Dowell believed that the quantity of food influenced the num- 

ber of bristles on the thorax. The first flies which hatched 

from any given bottle had more bristles than those which 

hatched later. He believed temperature to have but little 

effect. In my work food seems to play only a minor role. It 

is possible by starvation to produce small weak flies. Such 

flies have fewer extra bristles, but where the food is kept in 

good condition, the last flies to appear in a bottle have as many 

bristles as the first. My experiment has been conducted at 

room temperature, and this means considerable fluctuation. 

While I have not made definitely controlled experiments, my 

observations indicate that low temperature is more favorable 

for the production of extra bristles than a higher tempera- 

ture. How it produces its effect, I do not know. 

THE ANALYSIS OF THE RESULTS OF SELECTION 

By a comparison of the males and females in Table I it 

is noticeable at a glance that the females have a higher num- 

ber of extra bristles than the males. As previously stated 

MacDowell (15 and ’17) obtained similar results in his 

experiments on Drosophila, and thought this difference due 

to a difference in size. The females are larger than the males. 

In my own experiments this difference in bristle number in 

the two sexes is not due merely to a difference in size. Dur- 

ing the course of my observations it was often noticed that 

the smaller flies had more bristles than the larger ones. This 

led me to doubt the applicability of MacDowell’s conclusion to 

my own work. The mean bristle number of the males and 

females from the eighth to the thirty-eighth generations has 

been plotted in Figure 4. The two curves show a marked de- 

gree of parallelism and remain about one unit apart. Since the 

difference is a sexual one it seemed to me that it might be due 

to a sex-linked factor which when homozygous produced a 

more marked effect than when heterozygous. MacDowell tested 

this possibility in his experiment by crossing extra males and 

females to the wild. In both cases there was a dominance of 

the normal in F, and in F, the ratios of the normals to extras 

were the same and the distribution of the extras was similar. 

I have used a different method in making my test. In fact, 

3—12487 
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I have used two methods. The first was to get rid of the 

X-chromosome by outcrossing and inbreeding to produce a 

strain with both members of the second, third, and fourth 

chromosome pairs from the selection line and the X-chromo- 

some from some other line. This was done by crossing the 

selection line male to a bar-eyed female. The F, males from 

this cross get their X-chromosome from the bar line ard will - 

get one member of each of the second, third, and fourth 

chromosome pairs from the selection line and the other 

member of each of these pairs from the bar line. These 

TABLE IV 

OFFSPRING 

Extra Mean 
Normal Beetles Total | Bristles 

ai Number 

Selection line male x bar female.......... 168 70 238 4.436 
F, male x bar female from stock.......... a1) 12 387 4 033 
VS DR LANs LS oa 985 206 1192 A 20 

IPs 36 Pasi oo. 2) ee eee ee 454 252 706 APTS 
Be 36 Pa Os a ee 196 267 463 5.066 
1's 36 solo 2 a eee ee 163 237 | 400 5.260 
lg 3 [Page es er A417 680 | 1097 5.188 

-Table IV gives the data from the cross of the selection line male to 

a bar female. The F; bar male was mated to a bar female from stock. 

The flies with bristles were inbred and, in the next three generations, 

flies showing the highest number of extra bristles were used as parents. 

The table gives the number of flies in each generation which have the 

normal bristle number (four), the number of flies with extra bristles, 

the total number of flies, and the mean bristle number of all the flies. 

F, bar males (bar is dominant) were mated out to bar females 

from stock. All the F, flies thus produced would have 

X-chromosomes from the bar line. They might get one mem- 

ber of each of the second, third, and fourth chromosome 

pairs from the selection line, or they might get only two or 

one or none at all from this line. If there are factors for 

extra bristle number in any of the chromosomes other than the 

first, and if they are dominant to the normal, some of the F, 

flies should have extra bristles. Twelve of the females did 

have extra bristles. These were mated to their normal F, 

brothers. Of the F, offspring, 986 were normal and 206 had 

extra bristles (for the number of extra bristles and the mean 
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bristle number in each generation see Table IV). The extra 

bristled flies were mated and the line was thus continued for 

six generations to see whether the mean bristle number could 

be raised to what it was in the selection line. If so, there 

certainly could be no factor for extra bristles in the X-chromo- 

some. If not, it would at least be indicative, if not conclusive 

TABLE V 

Selection line male < eosin miniature female 

Normal Flies, Wild Type Eosin_ Miniature 
Males 

Normal | 5 6 | 8 | 9 Normal 5 
Bristles | Bristles | Bristles | Dill: Bristles | Bristles | Bristles | Bristles 

A ee 1 ou 

F, female x eosin miniature male from stock 

Nee 5 Br. | 6 Br. | 7 Br. | 8 Br. | 9 Br. |Total |Mean 

Hosin miniature.........| 249 |. ,-60 18 3 I ads oc 331 | 4.329 
HOSIne tenet ee eee 190 55 21 + Des Le eects 271 | 4.416 
Miniature. meee essences ov teee bl 40) 83 ol 9 dere 270 | 4.888 
Normal, w ild type pet 139 | 1138 75 +t 16 4) 391 | 5.222 

In Table V the selection line was crossed to eosin miniature, and the 

F, females were back-crossed to eosin miniature males. The table gives 

the F, and the F, data. Four types of flies appear in F, as crossing-over 

occurs in the F, female. Eosin miniature and normal (wild type) are 

non-cross-overs, and eosin and miniature are cross-overs. Of the non- 

cross-overs, eosin miniature has a low mean bristle number (4.329), 

while the mean bristle number of the normal is 5.222. Of the cross-over 

type, eosin, the mean (4.416) approaches that of eosin miniature, while 

the mean of miniature (4.888) approaches that of the normal. 

proof, that there was such a factor in the X-chromosome. As 

can be seen in Table [V, the mean in the fourth, fifth, and 

sixth generations was practically the same. The highest 

point was reached in the fifth generation when the mean was 

5.26. This experiment then proves conclusively that there 

is one or more factors outside the X-chromosome and makes 

probable the presence of a factor in the X-chromosome which 

influences bristle number. A second test was made by cross- 
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img the selection line to eosin miniature, and to eosin ruby 

forked, and back crossing the F, females to eosin miniature 

and to eosin ruby forked males. These characters are all 

sex-linked and according to Morgan and Bridges (17) are 

located in the chromosome as follows: eosin 1.1; ruby about 

6; miniature 36.1; forked 56.5. This is the linkage test. The 

TABLE VI 

Selection line female x eosin ruby forked male 

F, 

Normal 5 6 7 8 9 
Bristles Bristles Bristles Bristles Bristles Bristles 

3 12 52 52 37 ; 3 

= 

F, female x eosin ruby forked male 

Nor- Total 
mal |5 Br.|6 Br. | 7 Br. | 8 Br. | 9 Br. |Mean | num- 
Br. ber 

Normal, wild type..... 64 62 ad 57 32 See on (9) lee 290 
Eosin ruby forked...... 148 58 24 6 {PA eee 4°55 | 232 
Bocsmenuiov ss 25......2.| 118 63 23 8 Dice ls eae. 4.65 | 214 
HRC Ui ss Se. 56 63 54 38 18 Pe SWS tisk. | 8 
Evdbyeionkedee 0.0... .. 9 8 8 1 Ae AMl Ss fay eee 5.25 28 
IR TIONT 6's Ses Ae nee 11 8 5 PA al tang ote as me 4.92 26 
Brosimetorked: |. 0... ©. 7 3 Die eRe tah ete | eine sit 4.58 12 
| S/O 2 Aen eee ee 6 4 3 Dil | eke oer Etat se 5.06 15 

In Table VI the selection line was crossed to eosin ruby forked, and 

the F, females back-crossed to eosin ruby forked males. The table gives 

the results in both generations. It shows the distribution of the bristles 

and the mean bristle number of each class which appears in F.. Here 

the mean of eosin ruby, 4.65, approaches that of the non-cross-over, eosin 

ruby forked, 4.55, while the mean of forked, 5.58, approaches that of 

the normal, 5.79. 

results of the eosin miniature cross are given in Table V. 

If crossing-over occurs between eosin and miniature in the F, 

females, and if there is a factor for extra bristle number in 

the X-chromosome nearer one of these loci than the other, 

then one of the cross-over classes should show a higher bristle 

number than the other. Such is the case. The mean bristle 

number of the miniature flies is 4.888, approaching that of the 

normal (5.222) one of the non-cross-over classes, while the 
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mean bristle number of the eosin flies is 4.416, very near to 

that of the other non-cross-over class, eosin miniature, which 

is 4.329. This demonstrates quite clearly, I think, that there 

is a factor for extra bristle number in the X-chromosome 

somewhere near the eosin end. The cross of the selection 

line to eosin ruby forked brings out the same fact. The 

cross was made in the same way as with eosin miniature. 

The results are given in Table VI. Since eosin and ruby are 

only about five units apart, there is very little crossing-over 

between them. Of the non-cross-over classes, normal and 

eosin ruby forked, the mean bristle number of the normal 

is much higher, being 5.79 while it is only 4.55 in the eosin 

ruby forked flies. Of the cross-over classes, eosin ruby and 

forked are of most interest. The number of flies in the other 

classes is too small to be of much significance. The mean 

bristle number of the eosin ruby flies is 4.65, which is very 

close to the mean of the non-cross-over type, eosin ruby 

forked. On the other hand, the mean of the forked flies is 

5.58, approaching that of the normal. Here again, of the 

cross-overs, one has a much higher bristle number than the 

other. The evidence in this case corroborates that of the 

former in demonstrating the presence of a factor for bristle 

number in the X-chromosome near the eosin end. All the 

facts then point to the presence of a factor for extra bristle 

number in the X-chromosome, and my conclusion can be none 

other than that there is such a factor present. ~ 

The experiment in which the X-chromosome was eliminated 

by crossing the selection line to bar demonstrated the presence 

of a factor or factors outside the X-chromosome. The next 

problem was to locate them if possible. In an attempt to 

do this, the selection line was first crossed to black, pink, bent 

stock. The gene for black is in the second chromosome, that 

for pink in the third chromosome, and that for bent in the 

fourth. The easiest method would be to mate the F, females 
from this cross back to black, pink, bent males. I have mated 

F, to F,. Itisa little more laborious this way, but the results 

show the same thing. The data are given in Table VII, a 

study of which shows that the pink flies when compared to the 

normal, to black, and to bent have fewer extra bristles. Fur- 

ther, 85 per cent of them have the normal bristle number, 

while in the case of the black it is only 37 per cent, in the 

normal 33 per cent, and in the bent 26 per cent. The highest 



Payne: Variations and Selection dees, 

number of extra bristles which any of the pink flies have is 

two, while among the normal flies there may be as many 

as six extra bristles, among the black, five, and among the 

TABLE VII 

Summary of datafrom the cross. High selection line x black, pink, bent 

Normal Bristles 

1s: 

5 Bristles | 6 Bristles 7 Bristles | 8 Bristles 9 Bristles 

197 241 | 182 | 72 | 17 2 

Normal 5 6 7 8 
Bristles | Bristles | Bristles | Bristles | Bristles 

Normal, wild type..... 585 460 337 244 110 
IS SG CS ae 201 154 112 44 18 
Pilly. 23 515 76 ibe [Rn eae Nee a 
TESTI oe ee ere 122 106 114 70 19 
baeke nike oe. . . 123 30 (ae cll Re on Ae is elt AD 
Black bent... 2........ 37 29 9 4 3 
Pile lei ae 39 6 1 Lets pe Eee at 
Black, pink, bent...... 5 if Niet eee ce Se (ems eee Ss 

Mean _ | Per Cent 
9 10 11 Bristle of flies 

Bristles | Bristles | Bristles | Number |Wild Type 

Normal, wild type..... 23 See hg tea ah ee ce 55327 33.20 
LLG Oo 5 alias esa ea |e elZ 37.78 
Rpera re (rere | oe ee EL ee 4.153 85.97 
oii) or 19 2 129) 5642 26.93 
EGE, [TUNE no 2 ee ae Ee este ra (er ete (rere ee 4.275 76.87 
raeke bent. 6. 0.2... 1 Gb iotp ests rade | Pine ae 4.915 44.57 
etme =. oe et Ae eS. 4.234 82.97 
Pea mMIMKOMDEM rr sR ics esc ts [ae we dae asifeee cae hed 4.428 71.42 

Table VII gives a summary of the data from the cross of the selec- 

tion line with black, pink, bent, both in F; and in F:. 

bution of the extra bristles and the mean bristle number in the different 

types in F,». 

It shows the distri- 

tion with any other character have few extra bristles. 

bent, seven. 

It also shows that pink flies and flies with pink in combina- 

The same results are shown when pink is in 

combination with any of the other characters. Since pink 

is in the third chromosome and is recessive, all F; pink flies 

must get both third chromosomes from the pink line. This 
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TABLE VIII 

Selection line x sepia spineless kidney sooty rough 

FEMALE MALE 

mal =|) abr Oebre | ere solos mal 15 Bro .6 (Bieeiebresl eS ior 

By x By 

Normal, wild type 
= 

FEMALE 

Normal Br. |5 Bristles |6 Bristles|7 Bristles|8 Bristles | 9 Bristles |10 Baistles 

900 272 38 94 28 10 oe 

MALE 

Normal Br. |5 Bristles|6 Bristles | 7 Bristles | 8 Bristles|9 Bristles |10 Bristles 

1042 126 ol | 22 8 6 2 

F, x F, (Continued) 

Sepia spineless kidney sooty rough ee 

Female Male Female Male 

Normal | 5 Normal 5 | 6 Normal | Normal 
Bristles Bristles | Bristles | Bristles | Bristles }} Bristles | Bristles 

343 12 250 | 2 2 4 
| ae 

F, x F, (Continued) 

Sepia Spineless 

Female Male Female ae 

Normal Bristles |Normal Bristles 5 Bristles Normal Bristles- 

2 3 Se 2 2 

In Table VIII the selection line was crossed to sepia spineless kidney 

sooty rough and the F,’s inbred. The table shows a summary of the 

data. Practically no crossing-over occurred. 4 
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means, of course, that neither of the third chromosomes 

from the selection line is present in a pink-eyed fly. As the 

pink flies have few extra bristles, and as they get both third 

chromosomes from the pink line, the probability is that there 

is a factor for extra bristles in the third chromosome. 

An attempt was made to test this by means of linkage. 

The selection line was crossed to the combination, sepia spine- 

less kidney sooty rough. The genes for these five charac- 

ters are located in the third chromosome. The F,’s were 

inbred. If crossing-over occurs, and if there is a gene for 

extra bristle number in the third chromosome, it would be 

possible to link it with one of these five. To my surprise, 

however, practically no crossing-over occurred (see Table 

VIII). I have not as yet tested out the possibilities for this 

unexpected result, but presumably it is due to the presence 

of some factor which modifies crossing-over. Factors of this 

type have been listed by Morgan, Sturtevant, Muller, and 

Bridges in their textbook as ‘‘little-cross-over” and ‘“low- 

cross-over’. So far as I know, a description of their behavior 

has not appeared in print. This cross again brought out 

the fact that all flies which get both third chromosomes from 

a line other than the selection line, in this case, sepia spineless 

kidney sooty rough, have fewer extra bristles. The analysis 

of the cross between these two lines made a little differently 

is suggestive. A female from the selection line was mated 

to a sepia spineless kidney sooty rough male. The F, males 

were back-crossed to sepia spineless kidney sooty rough 

females. The offspring of this mating are normal (wild type) 

males and females and sepia spineless kidney sooty rough 

males and females. Some of the normal males and females 

have extra bristles. Also some of the sepia spineless kidney 

sooty rough females have extra bristles, but none of the sepia 

spineless kidney sooty rough males have extra bristles (see 

Table IX). When the origin of the chromosomes of these 

four groups of flies is studied, the following facts come to 

light. The F, male gets his X-chromosome and one member 

ofeach of the second, third, and fourth pairs from the selec- 

tion line. The other member of the second, third, and fourth 

pairs comes from the sepia spineless kidney sooty rough line. 

In the formation of the germ cells of this male there will be 

two classes of spermatozoa so far as the X-chromosome is 

concerned. One class will get it, the other will be without 
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TABLE LX 

Selection line female x sepia spineless kidney sooty rough male 

Botile Bristle BristLE NUMBER OF OFFSPRING. 
NiGune Number 
hes of Female 
© Female 

Parent Normal |5 Bristles|!6 Bristles|7 Bristles|8 Bristles 

2370 12 63 28 11 Page et look Cae nema 
2560 8) OL 11 POE IRR os I. ccs he ae 
2676 it 20 23 3 9 2 
2693 10 tT Rel ae eee 2 PRACT). || <> Raha eee 

Bristle BristLeE NUMBER OF OFFSPRING 
pou Number |—— 
ae of Male 

Female 
Parent Normal |5 Bristles|6 Bristles |7 Bristles|8 Bristles 

2370 12 30 33 17 yt eat ch ee Sea 
2560 9 19 15 5 I eel ie a oe teghen Aes 
2676 11 11 9 li eg |e RS 
2693 Le ceeeied ail eerie Catena 2, 2 2 2 

F, male (from the cross, selection line female x sepia spineless kidney 
sooty rough male) x sepia spineless kidney sooty rough female. 

Witp Typr, NoRMAL 

Female Male 

Normal | 5 Bristles |6 Bristles|7 Bristles|8 Bristles| Normal |5 Bristles 

38 15 =o) Pal Se ee ee See ee Dy A eh aha ies eae toh Be 
ipl El ea SS alll? Rae hae |e DiS is Metres |e tee gies 
36 17 11 3 1 55 3 
oo 10 2 ject i pen Seer ae) 5, il 

19 11 6 2 1 Dil egal eee te 
45) 22 6 2 1 Icio Cee eee 
26 15 Giri Ree ee sei | cere See AS piel wee nek ae. 

Sepia spineless kidney sooty rough 

Female Male 

Normal 5 Bristles 6 Bristles Normal 

54 Ge ee aC a eee se ere a 54 
20 7 2, Al 
17 7 3 24 
20 ik 1 20 
1, LSTA Mm Seas Waar a ean Cah i ea. 15 

41 2 I 36 
28 Ga areay Well ec tr oa. ca er vena 28 
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In Table IX the selection line female was crossed to a sepia spineless 

kidney sooty rough male, and the F,; male back-crossed to a sepia spine- 

less kidney sooty rough female. Four types of flies appear in F.. The 

distribution of the bristles in these four types is given. 

it. The distribution of the other three chromosomes from the 

selection line is a random one. It is possible for all of them, 

or any two of them, or any one of them, or even none oi 

them to pass into the same cell with the X-chromosome. All 

the eggs of the sepia spineless kidney sooty rough females 

will be alike. Taking up each class of flies which appears in 

F, and analyzing it separately, we find the normal females get 

one X-chromosome from the selection line and one from the 

other. They may get one member of each of the second, 

third, and fourth pairs from the selection line. Of course, 

they may get none of them or any two or any one. The sepia 

spineless kidney sooty rough females also get one X-chromo- 

some from the selection line and one from the sepia spineless 

kidney sooty rough line. They must get both third chromo- 

somes from the sepia spineless kidney sooty rough line, but 

may get one member of each of the second and fourth pairs 

from the selection line. The normal males will get their 

X-chromosome from the sepia spineless kidney sooty rough 

line, but may get one member of each of the second, third, 

and fourth pairs from the selection line. The sepia spineless 

kidney sooty rough males get their X-chromosome and both 

third chromosomes from the sepia spineless kidney sooty 

rough line. They may get one member of each of the second 

and fourth chromosome pairs from the selection line. The 

interesting fact is that the normal males and females and the 

sepia spineless kidney sooty rough females have extra bristles, 

while ail of the sepia spineless kidney sooty rough males have 

the normal bristle number. In these maies the X-chromo- 

some and both third chromosomes come from the sepia spine- 

less kidney sooty rough line. In the other three classes either 

one of the X-chromosomes or one member of the third pair 

from the selection line may be present. Since extra bristle 

number is partially dominant to the normal, extra bristles. 

would be expected in these classes if the genes for extra 

bristles are in the first and third chromosomes. On the other 

hand, if these genes are present in the X-and third chromo- 

somes, no extra bristles would be expected in the sepia spine- 

less kidney sooty rough males. Ido not mean to say that this 
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test is an absolute demonstration of the presence of a factor 

for bristle number in the third chromosome, since extra bristle 

number is only partially dominant to the normal. I think 

it is indicative, however, and when taken in conjunction with 

the fact that the F, pink-eyed flies in the cross of the selec- 
tion line to black, pink, bent, have very few extra bristles, 

it becomes even probable that there is a factor for extra 
bristles in the third chromosome. Crosses of the selection 

line were made to sooty by itself and also to spineless. The 

F, sooty and spineless flies were similar to the F, pink-eyed 

flies in bristle number. 

The selection line was also crossed to black purple curve 

plexus speck, the genes of which are in the second chromo- 

some. The F,’s were mated inter se and also the F, females 
were mated back to black purple curve plexus speck males. 

Crossing-over occurred in this case, but no significant differ- 

ence in the bristle number of the various types of cross- 

overs was observed. The selection line was also crossed to 

another mutant provisionally called “star’’, a lethal which 

affects the arrangement of the ommatidia of the eye. The 

gene for this character, according to Sturtevant, is near the 

zero end of the second chromosome. The F,’s were inbred. 

The distribution of the bristles was practically the same for 

the two types which appeared in F,. 

A further test for the fourth chromosome was made with 

eyeless. The F, eyeless and normal flies, however, were simi- 

lar when compared with respect to bristle number. 

In all of the crosses of the mutant races to the selection 

line, with one exception, the normal or wild type flies in F, 

had a slightly higher bristle number than those of the mutant 

race. In the case of bent, as shown in the cross of the selec- 

tion line with black, pink, bent, the mean bristle number of 

the bent flies is slightly greater than the mean of any of 

the other types. Also the percentage of normal flies is less. 

It is possible, of course, that the gene for bent influences 

bristle number. 

While my main conclusion that multiple factors are opera- 

tive in the production of extra bristles agrees with the con- 

clusion of MacDowell, yet some of the other conclusions do not 

agree. In the development of his interpretation, MacDowell 

assumes the presence of a primary inhibitor which keeps the 
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number down to normal. In order to account for the fact 

that ‘‘extra bristles’? at the beginning of his experiment 

behaved as a Mendelian recessive, he assumed that this pri- 

mary inhibitor had been eliminated. By continued selection 

he increased the number of extra bristles. In order to ac- 

count for this increase, he further assumed the presence of 

a series of secondary inhibitors which keep the extra bristle 

number reduced, and that when in the course of selection 

these secondary inhibitors are eliminated the number of extra 

bristles increases. The difficulty in this explanation, it seems 

to me, is in getting rid of the inhibitors. This MacDowell 

does not discuss. In fact, I see no way of getting rid of them 

except by mutation, if the strain is homozygous for them. If 

the strain is heterozygous for such inhibitors, then we ought 

to find many more flies in the wild and in our mass cultures 

with extra bristles. In this connection it is interesting to 

speculate whether there are also primary and secondary 

inhibitors which keep the number of bristles from going below 

normal. Such an assumption would be as logical as the one 

MacDowell makes. It would give, however, a complicated 

mechanism for keeping a character constant and seems awk- 

ward and cumbersome. 

Occasionally flies are found with only two or three bristles. 

I have made an attempt at a minus selection from a male 

with three bristles on the thorax. This male was mated to a 
wild female. In F, there were 194 normal flies, four with 

three bristles, and two with two bristles, or three per cent with 

a reduced number. The flies with the reduced bristle number 

were mated and gave in F, 690 flies, 16 or 2.31 per cent of 

which had three bristles. The others were normal. Again 

the flies with the reduced bristle number were used as 

parents. In F, there were 2,688 normal flies, 93 with three 

bristles, and three with two. This was 3.44 per cent show- 

ing the reduced number. This strain was carried on for 

six generations without any further increase in the reduction. 

The per cent of reduced flies in F, was 2.21, in F, it was 2.69, 

and in F,, 2.10. Unfortunately, at this time the strain died 

out, all attempts to keep it going proving useless. Six genera- 

tions may not be long enough to produce results in this case, 

but I am of the impression that even if the strain could have 

been continued, no marked results would have been produced. 
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It is interesting tho that the number of flies with the reduced 

bristle number is greater than in stock cultures. I! hope to 

be able to repeat such a test. 

In the sixth generation of the line selected for extra 

bristles (parent number 113) appeared a male with only one 

bristle on the scutelum. Males with two and three bristles 

on the scutellum had appeared before in other strains, and 

when paired with normal females the minus condition showed 

no indication of being inherited. However, the male with 

only one bristle was mated to a normal female. In F, all 

flies (8328) were normal. Five pairs of the F,’s were mated 

and gave in F, 1,634 males and 1,594 females. All the 

females were normal. Of the males, 834 were normal, but 

804 or approximately one-half of them showed a reduced 

bristle number. There was no definite number of bristles 

among these “reduced” flies. Two hundred fifty-five of them 

had no bristles, 296 one bristle, 219 two bristles, and 34 three 

bristles. From this and further tests it was evident that this 
reduced condition was a mutation and behaved as a sex-linked 

Mendelian character. The character was transferred to the 

female line by mating “reduced”? males to F, females. The 

line was then made pure by inbreeding reduced males and 

females. In this reduced stock, selection has been practiced 

in two directions, one to produce a strain with no bristles and 

the other to raise the strain to normal again. These two 

lines have been subjected to selection for more than 21 genera- 

tions and the experiment is still in progress. In the minus 

line the number of bristles has been gradually reduced until 

in the seventeenth generation 99.52 per cent of the flies had 

no bristles, and the flies which did have bristles seldom had 

more than one. In the plus line the number of bristles has 

been gradually increased until in the twenty-first generation 

47.77 per cent of the flies had the normal number, four. Most 

of the other flies had two or three bristles and in the later 

generations of selection a fly with no bristles rarely occurred. 

The normal flies, however, are not normal genetically, for 

when mated to wild stock they throw the characteristic sex- 

linked ratio. Occasionally a fly with five bristles appears in 

this line. The two lines have thus been gradually pulled apart 

until they are no longer the same, and sufficient tests have 

been made to show that they are not the same genetically, 

but just what this difference is I am not prepared as yet to 
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say. The necessary tests will be made and the results pub- 

lished later. It was thought best not to delay the publica- 

TABLE X 

Summary of data of a series of outcrosses of the selection line to the wild 

| | | 
; : Per Cent | | 
iS ae Number | of Flies | Mean | Mean 
Nariuval | With With | Bristle | Bristle 
ap cile Extra | Normal | Number | Number 
N ~~ | Bristles | Bristle | of all | of Extras 
22 umber | N b eat } 

{lez umber 

| | | 
-Frrst Outcross | | 

Female, selection line x | 
THLG tol Ce rn 227 329° | 40.82 4.89 5.51 
6 [eee 346 381 | 47.59 5.08 6.07 

Seconp Outcross | 

F. female from first out- 25 | 
thOSSi.. 4 ee 56 a2 3.63 4.45 | 5.34 

po? [oe | 431 428 SOEL7 | 5205— | 6.11 

Turrp OuTcRoss | 

F, female from second | 
TUIGIC Se sae HO | (7 SolOl 4.18 D225 
2 DS ASA | 25 65.5 4.53 ESD 

FourTH OUTCROSS | 

F. female from third out- 
TlISS.- 2 Gea | a70 269 66.67 4.51 5.96 

2 y So LL eee | 407 508 44 48 5.13 6.04 

Firtu OUTCROSS | 

F, female from fourth) | 
TOSS: Dias a re | 602 | S(2--|' 612 80 4.60 | 5.59 

T, ie | 24a 37O) | e47ecoe | 5600. | 5.01 
| 

Table X gives a summary of the data of five outcrosses to the wild. 

Females from the selection line were outcrossed to wild males. The F,’s 

were inbred. F, females with extra bristles were crossed to the wild 

again. The F,’s were inbred and the F. females with extra bristles were 

again crossed to the wild. This was continued for a fourth and a fifth © 

outcross. The table gives the number of flies with the normal bristle 

number (four), the number with extra bristles, the percentage of flies 

with the normal bristle number, the mean bristle number of all flies, 

and the mean bristle number of the extras. 

tion of the results obtained in the line selected for extra 

bristles. 
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One point of interest concerning Castle’s work may be 

briefly discussed inasmuch as I have made an experiment 

which bears directly upon the same question. Castle found 

that when he crossed either of his selection lines to the wild, 

the extracted hooded animals obtained in F., showed a regres- 

sion toward the mean of the hooded race before selection 

was begun. As this fact suggested the presence of multiple 

modifying factors, he outcrossed the extracted F.’s again to 

the wild, and obtained twice extracted hooded rats in the 

second F, generation. Castle believed he should obtain a 

further regression if modifying factors are the cause of the 

regression in the first extracted rats. However, he did not 

find a further regression, but found that the movement of 

the mean, mode, and range of variation was in the reverse 

direction. From these results Castle concludes, “‘So the 

hypothesis of modifying factors to account for the regression 

and for the progressive changes observed under selection 

becomes untenable.”’ 

I have repeated this same experiment with my flies, where 

I have demonstrated the presence of multiple factors. Instead 

of stopping with twice extracted flies, the outcross has been 

made five times. The results are given in Table X. This 

table shows the number of flies in each generation with the 

normal bristle number (four), the number of flies with extra 

bristles, the percentage of flies with the normal bristle num- 

ber, the mean bristle number of all flies, and the mean bristle 

number of the extra bristled flies. These data are given for 

the F’,’s as well as the F,’s. In each case it was the female 

which was outcrossed to the wild, and in each ease this female 

had extra bristles. In the first outcross females with nine, 

ten, and eleven bristles were used. In the others the females 

had either seven, eight, or nine bristles. The parents used in 

the first outcross were taken from the twenty-second, twenty- 

third, and twenty-seventh generation of the selection line. 

The mean bristle number of these three generations is 8.41. 

The mean of the first F.’s is 6.07. This is a marked regres- 

sion toward the normal. In the second F,’s as in Castle’s 

rats, there is a slight swing in the opposite direction, the 

mean reaching 6.11. This difference, however, is hardly 

enough to be of any marked significance, especially when the 

percentage of normal flies increased from 47.59 in the first 

I’, to 50.17 in the second. In the third F.,’s there is a further 
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regression toward the normal, the percentage of normal flies 

going to 65.58 and the mean of the F, extra bristled flies to 

5.55. In the fourth and fifth outcrosses, the percentage of 

normal flies and also the mean of the extras come back to 

approximately what they were in the first and second out- 

crosses. The percentage of normal flies in F., of the fourth 

outcross is 44.48 and in the fifth outcross 47.36; the mean of 

the extras in these two generations is 6.04 and 5.91 respect- 

ively. The question might be asked whether the second 

regression is of any significance or whether it is due to the 

effect of the environment. It is certain that the environment 

does affect bristle number, but to what extent and in what 

way is problematical. I admit that the second regression in 

the third F.,’s might be interpreted as an effect of the 

environment, altho conditions at all times were as nearly alike 

as they could be made under room conditions. If this be 

granted, we would have a regression in the first outcross, and 

. then no further change. But this would not satisfy Castle’s 

demands if multiple factors are present, as he holds that 

there should be a further regression. On the other hand, the 

second regression could as well be interpreted differently. fi 

will be noticed that the F, flies in this outcross showed a nigh 

percentage of normals (85.10) and the mean dropped to 4.1838. 

This is a marked change from the preceding and also from the 

following F,’s. It seems to me very probable that in select- 

ing the female parents for this outcross, individuals were 

chosen which were not homozygous for the same factor or 

factors which were present in the preceding and following 

outcrosses. If such were the case a regression would be 

expected in F, and F,. Some homozygous flies would appear 

in F,, and in selecting the parents for the next outcross these 

homozygous flies were chosen. Hence the percentage of nor- 

mal flies and the mean bristle number of the fourth F,’s 

come back to what they were in the first and second F,,’s._ It 

is a matter of interpretation then whether we accept the ac- 

tuality of the second regression. If we do not accept it, then 

there is no further change after the first outcross. As stated, 

this does not satisfy Castle’s demands of multiple factors. 

If we do accept the second regression as an actuality, then 

we have results similar to Castle’s, except we have two 

regressions and a swing back in the direction of selection. 

I can see no significant difference, however, in the two cases. 
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Castle says his results show the multiple factor hypothesis 

to be untenable, yet in our work we know there are multiple 

factors present. 

DISCUSSION 

The theory of natural selection is rightly attributed to 

Darwin, as he was the first to develop it to a point where it 

was a recognizable and acceptable theory. Darwin supported 

his theory by a large mass of facts drawn largely from the 

production of domestic plants and animals, and in the collec- 

tion of his data relied mainly on the statements of breeders. 

His theory was very generally accepted inasmuch as no one 

questioned his data and the theoretical discussion seemed very 

plausible. It was really the first sound piece of logical reas- 

oning backed by an accumulation of facts presented in favor 

of evolution and the method of evolution. The evidence 

seemed overwhelming and the explanation so simple that many 

wondered why they had not thought of it themselves. At 

any rate, the people accepted the theory, partly perhaps, 

because the time was ripe for the acceptance of an evolution 

theory, but primarily, because of the forcible manner in which 

Darwin presented his argument. 

No one seriously attacked the evidence and offered some- 

thing to take its place until Galton (’89) compared fluctuat- 

ing variations to the oscillations of a polyhedron on one face, 

and discontinuous variations to the overturn of the poly- 

hedron on to a new face, and suggested that species may 

arise from such discontinuous variations. Bateson (794) in 

his “Materials for the Study of Variations’, argues for the 

fixity of species. While he is cautious as to his generalizations, 

yet, I think, he means to imply that the evidence for evolu- 

tion by means of fluctuating variations is far from satis- 

factory, and that discontinuous variations may give a more 

plausible and acceptable explanation. 

Following the work of Galton and Bateson a number of 

things happened in rapid succession. Mendelism was redis- 

covered in 1900. DeVries developed his “‘Mutationstheorie’”’ 

in 1901, and Johannsen the pure line theory in 1903. Kor- 

schinsky (’01), in a review of the horticultural literature, 

showed that where the origin of a variety is known and 

recorded, the origin, in most cases, was sudden. The work 

of Nilsson and Burbank demonstrated that, from their own 
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experience, cultivated plants are not improved by selection 

but by hybridization and mutation. These discoveries and 

discussions have caused biologists in general to take an invoice 

of their stock in trade. !t has caused them to question 

whether the small fluctuating variations of Darwin are of suff- 

cient advantage to the individuals possessing them to cause 

such individuals to be preserved while neighboring individuals 

not possessing such minute imperceptible variations are 

destroyed. The more detailed study of heredity has also 

caused most biologists to believe that these fluctuating varia- 

tions are in the main merely somatic variations and hence not 

inherited. In fact, Pearl (17) goes so far as to say that 

“The differences upon which natural selection directly oper- 

ates are somatic differences by hypothesis and in fact.” 

Whether this is the exact meaning which Darwin meant to 

convey is difficult to say from his writings. He realized 

clearly that all fluctuating variations are not inherited, as in 

the Origin of Species he says, “These individual differences 

are of the highest importance for us, for they are often 

inherited.” Again, however, he makes it very emphatic that 

“Under the term of ‘variations’ it must not be forgotten that 

mere individual differences are included.” He does not dis- 

cuss why some individual differences are inherited and others 

not, nor did he seem to realize clearly that the moment such 

a difference is introduced, the two things would no longer be 

the same. 

Since these doubtful points concerning the action of 

natural selection have arisen, several experiments on the 

effect of artificial selection have been designed and carried 

out. It is not necessary to review these papers in detail, but 

a brief summary is desirable to lead up to a discussion of 

the two main interpretations of the effect of selection. The 

experiments have been made on two different types of mater- 

ial. Some have been patterned after Johannsen’s, i.e. to test 

the effect of selection in pure lines. Others have worked on 

bisexual forms. The conclusions reached from these recent 

investigations depend in no way upon the material used. It 

has been said by some and may be said by others that selec- 

tion in bisexual forms is beset with difficulties and is not 

comparable to selection within a pure line. This is in part 

true. Castle maintains, I believe, that a bisexual strain which 

is homozygous for any particular character is a pure line 
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with respect to that character. This is my own belief, but 

the difficulty arises in knowing when the strain is homozy- 

gous, particularly when there may be so many modifying 

factors which influence it. 

Since the formulation of the genotype concept by Johann- 

sen (03), a number of papers have given corroborative evi- 

dence. Jennings (708) isolated a number of pure lines from 

a culture of paramecium and was unable by selection within 

these lines to produce anything new. He later concluded that 

the only method of change within the genotype is by muta- 

tion. Calkins and Gregory (713), however, have found dif- 

ferences within the four lines descended from the first four 

cells resulting from the first two divisions following conjuga- 

tion. They hold this to be direct evidence in favor of varia- 

‘tion within pure lines. Jennings (716) does not accept it as 

such, primarily because the two divisions following conjuga- 

tion are different from the others. They are the ones in 

which the eight nuclei formed by the division of the micro- 

nucleus after. conjugation are redistributed. . Jennings him- 

self, earlier in the same year, had shown that, following con- 

jugation, inherited variations may occur within a single 

stock. While the work of Hanel (08) and Lashley (715) on 

Hydra might be more convincing, their conclusions support 

the pure line theory. It is further supported by the work of 

Woltereck (09) upon Daphnia, of Kast (10) upon the potato, 

of Love (10) upon peas, of Shull (11) and East (11) upon 

maize, of Agar (14) upon Simocephalus, of Ewing (14 and 

716) upon Aphis, of Surface and Pearl (15) upon oats, and 

of others. ; 

In biparental forms we have the work of Pearl (15, ’16, 

and ’17) upon egg production in the domestic fowl, of Mac- 

Dowell (15 and ’17) upon bristle inheritance in Drosophila, 

of Zeleny and Mattoon (715) and May (717) upon bar eye 

in Drosophila, and a brief abstract by Sturtevant (16) on 

the effect of selection in a mutant race, “‘Dichaete’’, of Droso- 

phila, and also a brief abstract by Morgan (716) upon selec- 

tion in another mutant, ‘‘Notch”, of Drosophila. All these 

experiments give positive evidence of selection. They were 

interpreted, however, in favor of the pure line hypothesis by 

assuming the presence of two or more factors which influence 

the character subjected to selection. The effect of selection 



Payne: Variations and Selection 37 

was for a few generations only and then the race became 

stabile. What selection did according to these experiments 

was to isolate a homozygous strain. 

Opposed to the multiple factor eed ee is the work 

of Castle and Phillips (14) and Castle (15, 716, and 717). 

In the hooded rat they have selected plus and minus strains 

for 16 and 17 generations respectively, and have produced 

marked differences in the two lines. Instead of assuming the 

presence of several modifying factors, Castle believes that the 

single gene or factor which stands for the hooded pattern 

varies. MacDowell, Morgan, and Pearl, in particular, have 

attacked this interpretation of Castle’s and have attempted 

to show that Castle’s data can be interpreted in favor of the 

multiple factor hypothesis. These criticisms are well known 

and need not be repeated here. 

Goldschmidt (18) extends his ideas of the heredity of 

sex to all characters. Fluctuating variations, as with Castle, 

are expressions of the genes which stand for those charac- 

ters. In addition, however, he maintains this variation to be 

a quantitative variation. ‘The modifying factor, according to 

Goldschmidt, is superfluous and hence put into the scrap heap. 

I am willing to admit that a gene may vary, possibly quanti- 

tatively and certainly qualitatively, but I also wish to make it 

emphatic that the modifying factor cannot be so easily buried, 

as we have demonstrated its action in the case of extra bristle 

production. 

Three interesting experiments have recently been made 

which show that selection, even in pure lines, may produce 

results. One of these is by Middleton (715) on Stylonychia, 

in which he is able to isolate lines differing in division rate; 

another by Stocking (15) on Paramecium, where she sepa- 

rated strains differing in hereditary abnormalties; the third 

by Jennings (716) on Difflugia in which he finds a marked 

effect of selection on the number of spines on the shell, the 

depth of the shell, the number of the teeth surrounding the 

mouth, and the diameter of the mouth. Jennings does not 

state in plain terms that he rejects his former conclusions 

based on Paramecium and accepts those obtained from his 

study of Difflugia. He gives one the impression that he does, 

however, when he says: “As set forth in our introduction, the 

present work was designated as a test for the adequacy of the 
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results hitherto reached in a study of uniparental inheritance, 

a test that would meet the criticisms hitherto made, by em- 

ploying an organism not open to these criticisms. In this 

favorable organism, as we have seen, the results are opposite 

to those commonly reached; gradual hereditary differentia- 

tion occurs. The direct, simple, and natural conclusion is 

that the experiments have supplied precisely the test they 

were designed to supply and have given clear results. By 

working with clearly marked characters, and by excluding 

growth stages and environmental modifications; by basing 

selection entirely on congenital characters, and continuing it 

through a great number of generations, we have found that 

in these organisms the genotype is not constant, but changes 

by slow gradations, such as would not be revealed by imper- 

fect selection for a few generations.” 

The facts in these cases seem clear, but the interpretation 

of Jennings’ results have been questioned py Morgan ('16) 

and Pearl (17). Morgan says: “If through sexual union 

the germ plasm of these wild types has in times past been 

recombined, then selection would be expected to separate cer- 

tain types again, if, at division, irregular sampling of the 

germ plasm takes place. Until these points are settled the 

bearing of the general problem on heredity is uncertain.” 

Pearl suggests that when Jennings changed his method of 

selection at the end of the sixth generation in family No. 326 

and based it to a considerable extent on past performance, 

he changed his basis of selection from the soma to the germ. 
In the first six generations, selection produced no results, 

but after the basis of selection was changed, selection was 

effective. | 

And so the question still remains an open one with the 

balance of evidence, I think, in favor of the multiple factor 

hypothesis. 

Perhaps some of the differences of opinion are due to 

misunderstandings as to terminology and meaning, and if 

some of these differences were cleared away we might be a 

httle nearer to a common viewpoint. Jennings (17b) has 

attempted to clarify the atmosphere and I think has done it 

remarkably well, except that he leaves one with the general 

impression that there still exist two enemy camps, Castle and 

himself on one side and the mutationists on the other. 
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These two hypotheses as I see them may be briefly stated 

as follows: The mutationists hold that natural selection can 

do nothing more than preserve favorable heritable variations. 

They believe, in addition, that all heritable variations are 

mutations. They further believe that selection can modify 

a given character only by bringing in or getting rid of factors 

which influence it, or by another mutation occurring in the 

same direction in which selection is operative. This is the 

multiple factor hypothesis. 

Castle’s view, backed by his own experimental evidence 

as he interprets it, is that fluctuating variations are expres- 

sions of germinal changes and that these germinal changes 

are variations of a single gene. 

Jennings has tried to bring these two different views 

nearer together. First he uses the series of multiple allelo- 

morphs of eosin eye color in Drosophila ampelophila. Here 

are six variations or mutations of a single gene. Jennings 

holds such variations comparable to Castle’s hypothetical 

fluctuating variations of the gene. Secondly he discusses the 

seven modifiers of eosin eye color as described by Bridges 

(16), and which are located in chromosomes other than the 

first. According to Jennings this set of modifiers of a single 

character, in this case eosin eye color, could be used by the 

adherents of the multiple factor hypothesis as an explana- 

tion of the effect of selection. They might be brought to- 

gether or separated in the course of selection. On the other 
hand, Castle could use the six allelomorphs of eosin eye color 

as an illustration of the variation of a single gene. Jennings 

believes such differences are mere differences of expression 

and that it matters not so far as selection is concerned 

whether the variations which do occur are variations of a 

single gene or of several genes. The essential fact is, accord- 

ing to Jennings, that we have here two series of almost imper- 

ceptible gradations in eye color, and he can see nothing more 

for the selectionist to ask. The two viewpoints are essen- 

tially one, except that Castle thinks of the changes as continu- 

ous while the mutationists think of them as discontinuous. 

However, this 1s again a question of detail .according to 

Jennings. 

Jennings meets one serious difficulty which, it seems to 

me, he fails to meet squarely. This is the fact suggested by 
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Morgan that these graded series of mutations in eye color 

have not occurred in the order in which they are graded. 

White eye color occurred at a single change from the red and 

not thru the series of intergrades from red to white. Of 

course as Jennings says, “There. is nothing to prevent a pas- 

sage from one extreme to the other by minute changes, just 

as is held to occur by -the paleontologists and selectionists, 

although change by large steps occurs also.” Certainly this 

statement is true, but the chances that the changes will occur 

in this way are rather small. The only way Jennings at- 

tempts to meet this objection of Morgan is by saying that the 

mutations which have been described in Drosophila are retro- 

gressive, and that it is doubtful whether they are the kind of 

variations by which the complex structures were built up in 

phylogeny. If we are to believe this and throw away this 

much of the data from Drosophila, why not throw all of it 

away and not use part of it to support the theory of natural 

selection ? 

I have presented my own evidence and my own conclu- 

sions. The evidence was beyond a doubt in favor of the mu!ti- 

ple factor hypothesis. Yet I do not wish to generalize and say 

that the results of selection are always accomplished in this 

way. It seems to me it is possible that there may be some 

truth in both of these interpretations and that there may be 

evolution by more than one method. In fact, it has been 

suggested by several writers recently that we are farther from 

a constructive process of evolution than we were fifty years 

ago. The reason is that we are not so easily satisfied now 

as then. Bateson, in his Silliman lectures (713), says, “When 

we contemplate the problem of evolution at large the hope at 

the present time of constructing even a mental picture of that 

process grows weak almost to the point of vanishing.” Pearl 

(17) approaches this viewpoint when he says, “The great 

outstanding need in research on the problem of evolution in 

general, and of selection in -particular, is more and more 

searching investigations as to the cause of genetic (factorial) 

variation.” 
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SUMMARY 

1. Selection was effective in increasing the number of 

bristles up to a maximum of 15 in the female and 14 in the 

male and until the mean bristle number was 9.123. 

2. The increase in bristle number was not continuous, but 

there were three distinct rises, the first from the first to the 

eleventh generations, the second from the fourteenth to the 

eighteenth generations, and the third from the twenty-fifth 

to the twenty-ninth generations. 

3. A back selection line started from the eleventh genera- 

tion of the selection line and carried for twenty-five genera- 

tions did not return to the normal. 

4. The females have a higher bristle number than do the 

males. This difference in bristle number is not due to a dif- 

ference in size but to the presence of a sex-linked factor for 

extra bristles. 

5. The linkage tests demonstrate a factor for extra 

bristles in the X-chromosome, somewhere near the zero end. 

6. When the X-chromosome is eliminated by crossing to 

“bar’ and the line inbred, extra bristles are still present, 

demonstrating the presence of one or more factors for extra 

bristles outside the X-chromosome. Since the bristle number 

cannot be raised to what it was in the selection line, this 

experiment also indicates the presence of a factor. in the 

X-chromosome. 

7. In F, of the cross of the selection line with black, pink, 

bent, the pink flies have very few extra bristles. This indi- 

cates the presence of a factor for bristle number in the third 

chromosome. The same result is obtained by crossing to any 

other third chromosome mutant. 

8. When the F, males of the cross of the selection line 

female with a sepia spineless kidney sooty rough male, are 

mated back to sepia spineless kidney sooty rough females, 

the F., sepia spineless kidney sooty rough males have no extra 

bristles. These males get their X-chromosomes and both 

third chromosomes from the sepia spineless kidney sooty 

rough line, indicating further that there is a factor for extra 

bristles in the third chromosome. 

9. There are at least two factors for extra bristles on 

the scutellum. There may be more if the three rises in the 
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curve are significant. One of them is in the first chromo- 

some and the other is probably in the third. 

10. While the evidence from my own experiments sup- 

ports the multiple factor interpretation, I do not wish to say 

that a gene is a fixed thing incapable of variation. In fact, 

the numerous multiple allelomorph systems already described 

show that genes do vary, but they further show that these 

variations are mutations. 

11. One of the factors for extra bristles was no doubt 

present at the beginning of the experiment. The others 

probably occurred as mutations during the progress of selec- 

tion. 

12. “Extra bristles” is partially dominant to the normal. 
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Foreword 

SINCE the departure of Professor Melvin E. Haggerty no 

permanent director of the Bureau of Codperative Research 

has been appointed, but the Dean of the School of Education 

has in the meantime had general supervision of the work ot 

the Bureau. W.S. Gray, Dean of the College of Education 
in Chicago University, and author of the Gray Oral and Silent 

Reading Tests, prepared the interpretation of the data and 

the conclusions and recommendations contained in this publi- 

cation. Mrs. Cecile White Fleming and Mr. W. EK. Uphaus 

assisted in the organization and tabulation of the data. 

H.- 4. SMe: 

Dean of the School of Education. 
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A Cooperative Study of Reading in Sixteen 
Cities of Indiana 

INTRODUCTORY STATEMENT 

DURING the winter of 1916-17 the Bureau of Cooperative 

Research of Indiana University conducted an investigation of 

the results secured thru reading instruction in sixteen school 

systems of Indiana. Reading was chosen for investigation 

because teachers and supervisors alike recognize that it is a 

subject of first importance in the elementary school cur- 

riculum. In the lower grades, ability to read is frequently 

accepted as the most important factor in determining pro- 

motion. In the upper grades, ability to read content sub- 

jects independently and intelligently is prerequisite to rapid 

progress. At the same time that increasing recognition has 

been given to the importance of reading, numerous questions 

have been asked by progressive supervisors and teachers of 

Indiana concerning the specific outcomes of reading instruc- 

tion. The following questions are typical: Do the pupils 

develop as rapidly as they should in the acquisition of read- 

ing ability? Which phases of reading are well taught and 

which are poorly taught as judged by the results secured? 

Which phases of reading instruction receive most emphasis? 

What changes should be made in present methods of instruc- 

tion to improve the character of the results? The investi- 

gation which is reported in this study was undertaken to 

determine partial answers at least to some of the questions 

which progressive teachers are asking in regard to the results 

of their own teaching. 

The distinction between oral and silent reading which 

has been emphasized in numerous recent investigations of 

reading was observed in this study. It is sufficient to state 

here that this distinction is one of first importance. In the 

primary grades of the elementary school special emphasis 

has usually been given to oral reading. This type of read- 

ing is appropriate and economical during that period in 

which the pupil is mastering the fundamental steps in read- 

ing. In the intermediate and upper grades pupils are fre- 

2—12529 (3) 
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quently called upon to read orally in connection with many 

class exercises. On the other hand, the pupil soon learns to 

use reading as a means of securing ideas for himself, and he 

substitutes silent study for oral reproduction. During the 

larger part of his school life the progress which a pupil 

makes depends primarily on his ability to read independ- 

ently, rapidly, and intelligently during periods of silent study. 

Furthermore, in most ordinary situations of life one reads 

silently for the purpose of gathering ideas and not for the 

purpose of oral exhibition. With this recognition of the large 

importance of silent reading in mind, it is clear that a thoro- 

going investigation of reading must be based on the results 

of instruction both in oral reading and in silent reading. 

The facts upon which this report is based were secured 

thru reading tests which were given to 4,780 pupils in six- 

teen school systems of Indiana. In nearly all cases the tests 

were given during February, 1917. In one or two cities, 

however, the tests were not completed until the first week 

in March. A list of the cities which engaged in the study, 

together with the name of the superintendent in each case, 

is given below. The cities are classified in three groups on 

the basis of population. Group I includes small towns rang- 

ing in population from 200 to 2,000; Group II, small cities 

from 2,000 to 10,000; and Group III, larger cities from 10,000 

to 70,000. 

In the discussions that follow the cities will be referred to 

by number. Below is given the list of cities and the name of 

the superintendent thru whom the work was carried on: 

ASGErSON! KF ohos aco. wos seece ee «ee eee W. A. Denny 

Brookville. 2 tvatvcs3e cinta ee eee A. J. Reifel 

Gaya. ese esl eh Se ee oe eae BH. Be Stahl 

Connersville ac oe eae to eee E. L. Rickert 

Hast: Chica@oms ck asso a ee eee E..N. Canine 

Fort aWayne CNormal))= 2 eee Flora Wilbur - 

GYEeEn wood oes see ink sels emevaciere eave ee H. W. Marshall 

Metaiioranseee sno ee oie enn A. Lawrence Clark 

Noblesville ers seg tae eee A. C. Payne 

RichMOMGe se skh ba chee oe ene eed 

SOV INOUE ict Sis ese ha no Scten AR eeeitees T. A. Mott 

Souths Wihttley W2n-ke +e. eee H. L. Humke 

Valley Malis tnt atc ea ee ee ore Everett Davis 

Wabash er cen .c taes cae cotercn Rar mech ieee eae O. J. Neighbors 

Waveland sc) 0 ec eee eae N. J. Lasher 

WieStpOnt see ines hia ep ioe O. W. Holmes 
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The total number of pupils tested is 4,780. The number 

in each grade above the first is as follows: 

Sec omoponad em Gee. Bins. Seeg ee Pe see es OOO) 
Third gr sO ae ar Oy et 913 
LEO UUD Gti: S21 (0 (Senate aaa emi, Mey ae nee. See eee 990 
JEEVAN BEW0 SU! a aa as Ga a ate Se 974 
ix OMA eretag hen eae, ets oe Ue Boers 881 
Sewenthwona deme scchak 0s cee eh tee 269 
Eighth erade star irae a ant Sear tay PET ea aS 253 

DESCRIPTION OF THE TESTS 

The materials used in this study of reading were the 

standardized oral reading paragraphs and the silent reading 

tests which were used in connection with the surveys in 

Cleveland, Grand Rapids, St. Louis, and in a large number 

of investigations carried on in other cities. The derivation 

and validity of these tests have been discussed in detail in a 

number of articles and reports. Those who are interested in 

such problems are referred to the Supplementary Educational 

Monograph Vol. I, No. 1, entitled “Studies of Elementary- 

School Reading through Standardized Tests” (University of 

Chicago Press). A double advantage arose thru the use of 

material which had been carefully rated and used in previous 

investigations. In the first place, the reading selections were 

standardized, that is, their relative difficulty was known. In 

the second place, the earlier studies yielded results which 

could be used in making productive comparisons. 

The oral reading test consisted of a series of twelve short 

paragraphs arranged in the order of increasing difficulty. 

These passages had been carefully selected from readers, text- 

books, and current literature. The arrangement of the pas- 

sages and the steps of difference of difficulty had been deter- 

mined after several thousand pupils had been tested. The 

passages of the test are reproduced below, except that in the 

original test sheets the type of the first three paragraphs was 

larger than in the others: 

A boy had a dog. 
The dog ran into the woods. 

The boy ran after the dog. 

He wanted the dog to go home. 

But the dog would not go home. 

The little boy said, “I cannot go home without my dog.” 

Then the boy began to cry. 
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Once there was a little pig. 

He lived with his mother in a pen. 

One day he saw his four feet. 

“Mother,” he said, “what can I do with my feet?” 

His mother said, “You can run with them.” 

So the little pig ran round and round the pen. 

3 

Once there were a cat and a mouse. They lived in the same house. 

The cat bit off the mouse’s tail. ‘Pray, puss,” said the mouse, “give 

me my long tail again.” 

“No,” said the cat, “I will not give you your tail till you bring me 

some milk.” 

4 

Once there lived a king and queen in a large palace. But the king 

and queen were not happy. There were no little children in the house 

or garden. One day they found a poor little boy and girl at their door. 

They took them into the beautiful palace and made them their own. 

The king and queen were then happy. 

5 

One of the most interesting birds which ever lived in my bird-room 

was a blue-jay named Jackie. He was full of business from morning 

till night, scarcely ever still. He had been stolen from a nest long 

before he could fly, and he had been reared in a house long before he 

had been given to me as a pet. 

6 

The part of farming enjoyed most by a boy is the making of maple 

sugar. It is better than blackberrying and almost as good as fishing. 

One reason why a boy likes this work is that someone else does most 

of it. It is a sort of work in which he can appear to be very industrious 

and yet do but little. 

fi 

It was one of those wonderful evenings such as are found only in 

this magnificent region. The sun had sunk behind the mountains, but 

it was still light. The pretty twilight glow embraced a third of the 

sky, and against its brilliancy stood the dull white masses of the moun- 

tains in evident contrast. 

8 

The crown and glory of a useful life is character. It is the noblest 

possession of man. It forms a rank in itself, an estate in the general 

good will, dignifying every station and exalting every position in society. 

It exercises a greater power than wealth, and is a valuable means of 

securing honor. 
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9 

He was approximately six feet tall and his body was well pro- 

portioned. His complexion inclined to the florid; his eyes were blue 

and remarkably far apart. A profusion of hair covered the forehead. 

He was scrupulously neat in his appearance; and, although he habitually 

left his tent early, he was well dressed. 

10 

Responding to the impulse of habit, Josephus spoke as of old. The 

others listened attentively but in grim and contemptuous silence. He 

spoke at length, continuously, persistently, and ingratiatingly. Finally 

exhausted through loss of strength he hesitated. As always happens 

in such exigencies he was lost. 

iat 

The attractions of the American prairies as well as of the alluvial 

deposits of Egypt have been overcome by the azure skies of Italy and 

the antiquities of Roman architecture. My delight in the antique and 

my fondness for architectural and archaeological studies verges onto 

a fanaticism. 

12 

The hypotheses concerning physical phenomena formulated by the 

early philosophers proved to be inconsistent and in general not uni- 

versally applicable. Before relatively accurate principles could be estab- 

lished, physicists, mathematicians, and statisticians had to combine 

forces and work arduously. 

The directions for giving the tests and for scoring the 

results are given in detail in the following paragraphs. In 

most schools the tests were given by the principal or super- 

intendent after a period of preliminary training. In a few 

cases, however, the tests were given by classroom teachers 

after they had been carefully trained by the principal or 

superintendent. 

DIRECTIONS FOR GIVING THE ORAL READING TESTS 

1. The pupils should be tested individually in a quiet place where 

they will be free from distraction and where the remainder of the pupils 

to be tested will not hear the reading. 

2. When everything is in readiness to begin, hand the pupil a copy 

of the standardized paragraphs and give the following directions: “I 

Should like for you to read some of these paragraphs for me. Begin 

with the first paragraph when I say ‘Begin.’ Stop at the end of each 

paragraph until I say ‘Next.’ If you should find some hard words, read 

them as best you can without help and continue reading.” Pupils above 

the fourth grade should begin with paragraph 4. If two or more errors 

are made in this paragraph, ask the pupil to read the preceding para- 

3—12529 
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graphs also. In case pupils in the first two grades hesitate several 

seconds on a difficult word, pronounce it for the pupil and mark it as 

mispronounced. 

3. While the pupil is reading, record two sets of facts in regard to 

the reading: the time required to read each paragraph and the errors 

made. 

(a) The time record is secured by noting the exact second at which 

the pupil begins reading a paragraph and the time when he completes 

it. The number of seconds required to read the paragraph should be 

recorded in the margin to the right of the paragraph. 

(b) In order to illustrate clearly the character of errors and the 

method of recording them, the following paragraph is inserted: 

The sun pierced into my large windows. It was the opening of October 

and one was @f)a dizzling blue. I looked out of my windowG@nd)down 

the street. The white house§of the long, st@aight street were @most painful 

to the eyes. The clear atmosphere alldwed full play tothe sun’s brightness. 

If a word is wholly mispronounced, underline it as in the case of 

“atmosphere.” If a portion of a word is mispronounced, mark appro- 

priately as indicated above: “pierced” pronounced in two syllables, 

sounding long a in “dazzling,” omitting the s in “‘houses” or the al from 

“almost,” or the r in “straight.” Omitted words are marked as in the 

case of “of” and “‘and”’; substitutions as in the case of “‘many” for “my”; 

insertions as in the case of “clear”; and repetitions as in the case of 

“to the sun’s.” Two or more words should be repeated to count as a 

repetition. 

It is very difficult to record the exact nature of each error. Do 

this as nearly as you can. In all cases where you are unable to define 

clearly the specific character of the error, underline the word or portion 

of the word mispronounced. Be sure you put down a mark for each 

error. In case you are not sure that an error was made, give the 

pupil the benefit of the doubt. If the pupil has a slight foreign accent, 

distinguish carefully between this difficulty and real errors. 

4. Each pupil should be allowed to continue reading until he makes 

seven errors in each of two paragraphs. 

DIRECTIONS FOR SCORING THE RESULTS 

1. Score the results for each paragraph through the use of the 

following table. The numbers in the left-hand column refer to the 

number of seconds required to read a paragraph. The numbers in the 

horizontal line at the top of the table refer to the number of errors 

made in reading. The numbers in the horizontal line to the right of 

40 mean that if a paragraph is read in 40 or more seconds with no 

errors a credit of 4 is given; with 1 error, a credit of 4; with 2 errors, 

a credit of 8; with 38 errors, a credit of 2, ete. 
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ERRORS 

SECONDS | | | if 
(Oe a PERS eee P| 5a 36 or 

More 

.] ch inGiGe een AB Ase alee ld (Ola |,-20 
aS 2. £o Se ieee eee 4 4 one ieee 1 1 1 0 
LEW sc beeen ee + 4 ona Ee 2 1 1 0 
21-2. 5 6b eee ore 4 + Al ete 2 1 1 0 
Le CP GSS ese ke eel ae ee ee Beeler! Ae Neo dee 1 SA reat 

To find the score for a given paragraph, note the time required to 

read it and the number of errors made. For illustration, paragraph 1 

may be read by pupil A in 34 seconds with 38 errors. 

In the left-hand column of the table find the time unit which cor- 

responds to 34 seconds. Evidently it is the time unit 30-39. 

Follow the horizontal line of numbers to the right of 30-39 to the 

column which represents 3 errors. The score indicated there is 2. 

Enter this score on the score sheet in the column for paragraph 1, 

opposite the reader’s name. 

The score for each paragraph should be determined and entered in 

the same way. Make no entry on the score sheet if the score is 0. 

2. Proceed as follows to find the average class score: 

(a) Find the sum of the scores for each paragraph separately 

and enter each total score at the foot of the appropriate column on the 

score sheet. 
(6b) Enter the total score for each paragraph in the column under 

“Score,” in the following table: 

Paragraph Score xX Value | Product 

Le cig coe Ear Bae ee ae 
hw te el 5 
2. LT ee ees 5 ‘VALUE FOR PARAGRAPH I 
gs ee eee 5 Gross. : 55 
$. 22 eee 5 
6 5 Pie s: 30 
7 CiGiegem=t tie) 2 eee « ee «ii, = ¢ v © se 5 | TIL Ronen 30 

8 Milajlaliellgiiie’ eles, ete" a © e..e|\ 5 «.0.° « « 5 | LV i ae 25 

9 Mal of alien (ehe ssi oe @=-\s.6 |] c le «- «|e « 5 WW) rae S. 20 

10 Seen eal es es olla « «-'c.7- s/f o «0. 'e « 6 5 val ae A 15 

1 Witte ini eia v.) «cee, 7 of» © «-a-e) oe 10 \aul Bek 10 

2... oe 5 WAN eee 2 

Mena prOGUCt st)... 2g a- | 

Average class score.........-. | 

(c) The value or credit given for the successful reading of para- 

graph 1 varies with the grade. These values are given in the column to 
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the right of the table. Enter the appropriate value for paragraph 1 in 

the blank space in the column under “Value.” Thus, the appropriate 

value for paragraph 1, for the third grade, is 30. The values for all 

other paragraphs remain the same for all grades. 

(d) Multiply the score for each paragraph by its value and enter 

the result in the column under “Product.” 

(e) Find the sum of the products and divide by 4 times the num- 

ber of pupils in the class. The result is the average class score. 

3. Individual scores may be found as follows: 

(a) Do as directed in (b), (c), and (d) in the directions for find- 

ing the average class score. 

(b) Divide the sum of the products by 4. The result is the indi- 

vidual score. 

(c) The average class score may be found by finding the average 

of the individual scores. 

No estimate of the quality of oral reading was made in 

this investigation for two reasons. In the first place, previ- 

ous investigations have shown that it is very difficult to define 

the various elements which make up quality of oral reading 

on a basis which is acceptable to a large number of teachers; 

in the second place, it has been found that the scores given 

to pupils by the methods employed in this study correspond 

very closely to the teacher’s estimate of the relative quality 

of the reading of the various pupils. For illustration, the 

principals who gave the oral reading tests in connection with 

the Grand Rapids survey were asked to make a record of the 

quality of the reading in terms of A, B, or C. If the read- 

ing was very well done, this fact was indicated by placing an 

A before the paragraph. If, on the other hand, the reading 

was very poorly done from the standpoint of expression, the 

fact was indicated by placing a C before the paragraph. 

These records of quality showed that the time records and 

records of errors can be relied on as satisfactory measures 

of the pupil’s reading ability. In nearly every case a pupil. 

received a quality mark of A if the paragraph was read at 

a normal rate with not more than one or two errors. On 

the other hand, as the number of errors increased and as 

the rate of reading decreased the quality mark recorded was 

B or C. These results suggest that when pupils read very 

poorly the reason may usually be sought in the fact that they 

have been assigned material which presents too many diffi- 

culties for them. 
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THE SILENT READING TESTS 

At the time that the pupils were tested in oral reading, 

other tests were given to determine how rapidly they read 

silently and to what extent they understood what was read. 

The materials used in the silent reading tests consisted of 

three short selections, each less than three hundred words 

in length. These selections formed a series of increasing dif- 

ficulty. The first was appropriate for second and third grade 

pupils; the second for fourth, fifth, and sixth grade pupils; 

and the third for seventh and eighth grade pupils. 

The selections used for the tests were printed on cards so 

that they could be easily handled. Each selection was printed 

in three sections. The middle section contained one hundred 

words in the case of the easiest selection and two hundred 

words in the case of each of the two more difficult selections. 

The section at the left of the middle section serves a double 

purpose: first, it gives the pupil something to read by way 

of preparation for the test part of the passage; secondly, the 

tester can readily determine the moment at which the reader 

moves his eyes from the bottom of the card to the top of the 

card where the words upon which the time record is based 

begin. In the following passages the ends of sections are 

indicated by the short horizontal lines. The passages used 

are as follows: 

TINY TAD 

(FOR SECOND AND THIRD GRADES) 

Tiny Tad was a queer little fellow with only two legs and a short 

tail. He was nearly black, too, and much smaller than most tadpoles 

in the big pond. He could hardly wait for his front legs to grow. 

“When I have them all,” he said, “I’ll leave this dirty water and 

go up into the orchard. What fun it will be to hop and hop and hop. If 

only I had a little brother to hop with me, I should be so happy.” 

It wasn’t long before his legs began to grow. He moved about and 

kicked around until his legs were quite strong. “I am going out on 

the bank to see if I can hop,” he said one night when he was just six 

weeks old. 

The sun was hardly up the next morning when a 

little toad jumped 

out of the water and hopped up on the bank. He was very small, but 

none too small for the little legs that wabbled under him. It was Tiny. 

the young toad. 
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THE GRASSHOPPERS 

(FOR FOURTH, FIFTH, AND SIXTH GRADES) 

The grasshoppers were among the worst enemies of the early set- 

tlers of Nebraska. Their homes were on the high plains and among the 

hills at the foot of the great mountains in the West. Here they lived and 

raised their families. 

In dry seasons there were more children and less food at home. 

Then they assembled and flew away in great swarms to the east and 

to the south. They traveled hundreds of miles. Sometimes on clear, 

warm, moonlight nights they traveled all night. More often they set- 

tled down late in the afternoon and fed, and then continued their way 

the next day. 

The great grasshopper raid took place in September, 1874. Sud- 

denly along the frontier states the air to the west was filled with grass- 

hoppers. There were billions of them in the great clouds which dark- 

ened the sun. The noise of their wings filled the air with a roaring 

sound like a rushing storm, followed by a deep hush as they dropped 

to the earth and began to devour the crop. 

All the corn was eaten in a single day. Where cornfields stood at 

sunrise nothing remained at night but stumps of stalks swarming with 

hungry hoppers struggling for the last bite. They stripped the garden 

patches bare. They gnawed great holes in the rugs and carpets put 

out to save favorite plants. The buds and fruit of trees were con- 

sumed. They followed the potatoes and onions into the ground. 

When 

they finished the garden and green crops, they attacked the wheat and 

oats in the shock and the wild grass in the unplowed fields. Only two 

green crops escaped them, broom corn and sorghum cane. They did 

not seem to have a sweet tooth. 

ANCIENT SHIPS 

(FOR SEVENTH AND EIGHTH GRADES) 

There is no more interesting study to marine architects than that 

of the growth of modern ships from their earliest form. Ancient ships 

of war and of commerce equally interest them; but as they study the 

sculptures and writings of the ancients, they find records of warships 

far outnumbering ships of commerce. 

Among ancient nations the Greeks and Romans were the best ship- 

builders. Judging from the description of their works their crafts 

must have been elegant, swift, and seaworthy. This is more than can 

be said of many of the more showy productions of the shipyards of 

Britain, France, and Spain even so late as the Middle Ages. 

There is no question now that the ships of the ancients made ex- 

tended voyages urged by oars alone. A thousand oarsmen were some- 
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times required to man the sweeps, besides a crew of five hundred sol- 

diers and sailors. Written descriptions give us splendid pictures of 

fleets of these ancient ships moving swiftly along the white villa-dotted 

shores of Greece, or majestically sweeping into some mirror-like harbor 

and with sounding trumpets saluting the setting of the low, western sun. 

We are able to make from old records very fair models of these 

ancient warships. One writer describes the great galley of Philopator 

as propelled by forty banks of oars. His description is questioned, for 

however plain the description of these warships may be, no one has yet 

shown the precise manner in which forty banks could be arranged. A 

bank of oars means a 

row on one deck, and while there are many pic- 

tures of galleys they show nothing more than a trireme, which is a 

ship of three banks. A ship of forty banks puzzles our imagination. 

After the pupil had read the selection appropriate for his 

grade he was given a sheet of printed directions. On one side 

of the sheet the directions state that the pupil should write 

thereon all he could remember of the story which he had read. 

As soon as he completed his reproduction he turned the sheet 

and answered the ten questions which were printed there. The 

questions for each of the selections are as follows: 

ENG aer AD 

1. How many legs did Tiny Tad have at the first of this story? 

2. How did Tiny compare in size with most of the other tadpoles 

in the pond? 

3. Which legs did Tiny wish would grow? 

Where did Tiny say he would go when he got all his legs? 

What did Tiny wish he had to hop with him? 

What did Tiny do to make his legs grow strong? 

How old was Tiny when he decided to leave the pond? 

What part of the morning did Tiny choose for leaving the pond? 

How did Tiny get upon the bank? 

What size was Tiny at the end of the story? SS Ie eb aS A 

THE GRASSHOPPERS 

1. In what western state were the grasshoppers enemies to the 

settlers? 

2. What effect did dry seasons have on the number of grasshoppers? 

3. On what kind of nights did the grasshoppers sometimes travel 

all night long? 

4. When the grasshoppers were making their long journeys, what 

would they often do late in the afternoon? 

5. In what year did the great grasshopper raid take place? 

6. Like what did the great groups of grasshoppers look as they 

traveled through the air? 
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7. What sort of noise did they make when flying through the air? 

8. What change was brought about in the appearance of the corn- 

fields by the grasshoppers between morning and night? 

9. What did the settlers do to protect their favorite plants? 

10. Why didn’t the grasshoppers eat the broom corn and sorghum? 

ANCIENT SHIPS 

1. To whom is the study of the growth of modern ships interesting? 

2. How do the records of warships compare in number with the 

records of the ships of commerce? 

3. What peoples were the best shipbuilders among the ancient na- 

tions? 

4. How did the ancient vessels compare in elegance and swiftness 

with the more showy productions of the Middle Ages? 

5. What kind of voyages were sometimes made by ancient ships 

when propelled by oars only? 

6. What was the total number of men required on some of the 

ships? 

7. Explain clearly what a ‘white villa-dotted shore” means to you. 

8. From what source do we secure the ideas which enable us to 

make models of the ancient warships? 

9. What does a “bank of oars” mean? 

10. Why do we question the statement that the great galley of 

Philopator had forty banks of oars? 

The directions for giving the tests as individual tests and 

for scoring the results are reproduced below: 

DIRECTIONS FOR GIVING THE SILENT READING TEST 

1. Grades II and III are tested on “Tiny Tad’; Grades IV, V, and 

VI on “The Grasshoppers”; Grades VII and VIII on “Ancient Ships.” 

2. The teacher then hands the pupil a card with. the selection 

appropriate for his grade printed on it, with these directions: ‘Read 

the story on this card silently. Read the story from beginning to end 

without stopping or repeating any of it. Read the story rapidly but 

carefully. Do not stop reading to ask about difficult words; read such 

as best you can. Be prepared to tell the story or to answer any ques- 

tion about it when you are through. Do you understand?” Make the 

directions clear to the pupil before beginning the reading. 

8. Secure the time record as follows: When the pupil shifts from 

the bottom of the first column to the top of the middle column, note 

the position of the second-hand. When he shifts from the bottom of the 

middle column to the top of the third column, note the second-hand 

again. Record the number of seconds required to read the middle 

column. Be sure that your record indicates the time for reading the 

middle column only. If possible, use a stop watch. 

4. If the pupil has been reading “Tiny Tad,” ask him to tell you 

the story of Tiny Tad as well as he can. In the meantime write as 

rapidly as you can just what the pupil says. Ask the pupil to tell it 
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sentence at a time if he talks too rapidly. When he discontinues speak- 

ing ask him if he remembers anything else. Following this, ask him 

the questions and record his answers. 

5. If the pupil has been reading “The Grasshoppers” or ‘“‘Ancient 

Ships,” hand him the report blank to fill out. Ask him to write the 

story which he has read as well as he can. Impress upon him the fact 

that he should not look at the questions on the opposite side of the 

sheet until he has finished writing his story. 

7, 

DIRECTIONS FOR SCORING THE RESULTS 

Rate of silent reading— 

1. Enter the number of seconds required by each pupil to read 

100 words in the column under “Rate” on the record sheet. The time 

record for pupils who read “The Grasshoppers” and “Ancient Ships” 

was based on 200 words. Divide the time record for these pupils by 

two before entering the rate on the record sheet. Drop fractions. 

2. Find the average number of seconds required by the pupils of 

a class to read 100 words. 

3. Express this average in terms of the number of words read 

per second. To do this divide 100 by the average number of seconds 

required by the class to read 100 words. 

Quality of silent reading— 

1. Score the reproductions as follows: Check from the pupil’s re- 

production all wrong statements, all irrelevant statements, and all 

repetitions. Count the remaining words. Find the percentage that these 

words are of the total number of words in the selection. Enter the re- 

sult in the column under ‘‘Reproduction” on the record sheet. 

2. Give a credit of 10 points to each question answered correctly. 

Enter the total grade for each pupil for questions answered correctly in 

the column under ‘‘Questions.” 

3. Average the reproduction grade and the grade received for cor- 

rect answers to questions for the quality score. Drop fractions. Enter 

the quality score in the appropriate column on the record sheet. 

4, Find the average quality score for the class by finding the sum 

of the individual quality scores and dividing by the number of pupils 

in the class. 

In order to economize time in giving the silent reading 

tests, the following supplementary suggestions were offered 

at the time the tests were sent to the schools: 

The silent reading tests can be given as follows in the grades 

above the third: The grade teacher assigns a study period to the pu- 

pils of her room. She then gives the test by having a pupil come for- 

ward to her desk and read silently the selection which is appropriate 

for him. As soon as the reading has been completed, the pupil takes 

the sheet to his seat where he writes his reproduction and answers 

to questions. In the meantime the teacher tests other pupils. The 

teacher should instruct each pupil carefully concerning whai he is to 

do before sending him to his seat. 

4—12529 
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RESULTS OF THE ORAL READING TESTS 

The oral reading tests were scored under the immediate 

direction of the Bureau of Cooperative Research. The scores 

which are used in this report were calculated on the basis of 

the time required to read a paragraph and the numbers of 

errors made. The reduction of each child’s record to a simple 

numerical statement is based on a system of scoring which 

turns into quantitative terms the fact that a paragraph should 

be read in a certain amount of time with a limited number 

of errors. If the pupil exceeds the amount of time which has 

been found in earlier investigations to be common and if the 

number of errors increases, the amount of credit which he gets 

for reading a paragraph should be proportionately reduced. 

The final score for an individual is found by calculating the 

total amount of credit due the pupil on all paragraphs which 

he reads. The average class score is found by calculating the 

arithmetical average of all individual scores in the class. 

The scores for fifteen cities are presented by grades in 

Table I. The arabic numerals from 1 to 16 which appear at 

the left of the table refer to the various cities which codper- 

ated in the study. The cities are arranged in groups on the 

basis of population. In connection with the report for each 

grade the number of pupils which were tested is indicated. 

In many cases a minimum of ten pupils was tested. Ina 

majority of the cases, however, a much larger number of 

pupils were tested. The average score for Indiana appears 

at the foot of the table. The entries in the table reveal the 

fact that the results varied widely in different schools. In 

the second grade, for illustration, the scores varied from 21 

to 46. These scores indicate that the class which made the 

highest score had progressed more than twice as rapidly as 

the class which received the lowest score. The schools which 

rank low in each grade, particularly in the lower grades, may 

legitimately question the adequacy of their instruction in oral 

reading. The average scores show that the schools of Indiana 

make steady progress thru the second, third, fourth, and fifth 

grades, and that there is an apparent decrease in the rate of 

progress beyond that point. 

The average oral reading scores for Indiana are compared 

with the average scores which were secured in a number of 

other investigations in Table II. The investigations have 
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been listed in the order in which they were given during the 

school year. The tests were given in Indiana at about the 

same time in the school year that the tests were given in 

Grand Rapids. If all the other factors involved were compar- 

able we should naturally expect to find the scores in Indiana 

and Grand Rapids approximately equal. The entries in the 

table indicate that Grand Rapids secured distinctly superior 

results. 

TABLE II 

AVERAGE ORAL READING SCORES 

CITIES Date Gr. |Gr. |Gr. |Gr. |Gr. Gr. |Gr. 

2, 3 4 5 6 7 8 

Twenty-three Illinois 
SCHOOLS) ire escent Sept., 1914 20 |~28 | 39 | 43 | 45 1°46 |... 

Northern Illinois. .;.........| October, 1916 |-28 | 42°) 48°) Av A471)" 465045 
Indiana. tons, one ree February, 1917| 34 |40.5/48.4/44.5} 46 | 44 |42.8 
Grandihiapidsss 2 ae eee March, 1916 44 | 47 | 49 | 50 | 47 | 48 | 48 
@leveland 0. 22 ens sate see June,:1915 42 | 46 | 47 | 48 | 49 | 47 | 48 
Use SOUIG ia im eget en June, 1916 AG; | 507: 527) ol aon eon ei 

Many of the facts of Table II are represented graphically 

in Diagram 1. A word of explanation is necessary in order 

that the diagram in which the results are presented may be 

readily understood. Ability to read a certain paragraph with- 

out errors means less on the part of a pupil in the upper 

grades than on the part of a pupil in the lower grades. Grades 

must be compared with each other, therefore, by recognizing 

different levels of achievement. These different levels, as 

determined from previous tests, can be expressed graphically 

by the vertical lines in Diagram 1. Each vertical line repre- 

sents the scale for a grade and begins below at the point 

where a score of 10 should be recorded. Higher scores can 

be represented by appropriate distances along the vertical 

line above 10. Each vertical line ends above where a score 
of 70 belongs. The oblique lines in Diagram 1 represent the 

average scores for Indiana, St. Louis, Grand Rapids, and 

Northern Illinois. 

The diagram shows clearly that the scores for Indiana 

were distinctly inferior to those for St. Louis and Grand Rap- 

ids, and were slightly inferior to those for Northern Illinois, 

excepting in the second grade. Inasmuch as the tests were 

given in Indiana and in Grand Rapids at about the same time 
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during the school year, we should naturally expect that the 

scores would be approximately the same. The diagram shows 

that Indiana is more than one-half year behind Grand Rapids 

in oral reading achievement. This situation should challenge 

the attention of every teacher and supervisor of Indiana. If 

the teachers of Indiana are devoting as much time and energy 

to instruction in reading as are the teachers in Grand Rapids 

and St. Louis, or even in Northern Illinois, it is evident that 

the results secured per unit of time are distinctly inferior. 

Expert supervisors and teachers should make careful and con- 

tinued studies of the reading problem in order to determine 

the real cause of the slow progress in Indiana. 

Diagram 2, on the other hand, shows clearly that excel- 

lent results are possible. The diagram presents the average 

oral reading scores for Indiana and for two selected cities; 

also the highest and lowest scores for each grade. The scores 

for City 14 are uniformly high. They approximate, and in 

some places even excel, the scores for Grand Rapids. The 

scores for City 10 are uniformly low. The wide difference 

in the results secured by these two cities is evidence that 

there are fundamental differences within these cities which 

should be investigated. Investigations of this type enable the 

teachers in a given state or section to locate the cities in which 

superior results are secured. Special studies should be made 

of the reading material and methods of teaching in such 

cities in order that the less successful cities may profit thru 

the use of more effective methods. In a number of recent 

investigations of reading it has been found that an abundance 

of interesting and appropriate reading material is a factor of 

greatest importance in securing superior results. Each city 

which ranks below Grand Rapids should study its own needs 

carefully and should take steps immediately to improve its 

instruction. A limited number of constructive suggestions 

will be found in the recommendations which are given at the 

end of the report. 

The average oral reading scores for Indiana and for three 

selected cities are presented in Diagram 3. The interesting 

fact in connection with this diagram is revealed by the curve 

of progress for City 6. In contrast to the uniformly high 

scores which are made by City 9, City 6 starts at a very low 

level in the second grade and makes but little progress dur- 
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Cooperative Study of Reading A) 

ing the third grade. From the third to the sixth grade, how- 

ever, progress is unusually rapid. Beyond the sixth grade 

progress is distinctly irregular. Results of this type suggest 

the need of frequent tests in reading. Undoubtedly the sec- 

ond and third grades do not assume their full share of the 

responsibility in securing rapid progress in reading. Altho 

the results secured by the intermediate grades are commend- 

able from several points of view, it is probable that these 

results were secured at the expense of time and energy which 

might have been devoted to other phases of school work. Fre- 

quent measurements of progress in reading will reveal 

whether or not the various grades are directing the appropri- 

ate amount of time and energy to reading instruction. 

The data which were secured make it possible to study one 

possible cause of the differences in the achievement of schools. 

The cities which cooperated in this investigation were grouped 

together on the basis of population to determine whether the 

size of school system was an important factor in progress. 

All cities were included in Group I which had a population 

between 200 and 2,000, in Group II between 2,000 and 10,000, 

and in Group III between 10,000 and 70,000. Inasmuch as the 

number of cities included in each group is small, no final con- 

clusions can be drawn in regard to the questions under con- 

sideration. The results may indicate a general tendency. 

Table III presents the average oral reading scores in each 

grade above the first for Groups I, II, and Jil. The same 

facts are presented in graphical form in Diagram 4. The 

diagram shows that the average scores made by each of these 

groups are similar to the average scores for Indiana. The 

one noteworthy exception to this general similarity is found in 

the seventh and eighth grades in Group III. This variation 

is explained by the fact that results were secured from only 

one school in these grades. In general it may be said that the 

scores for the cities of Group II average highest, that the 

scores for the cities of Group I average lowest, and that the 

scores for the cities of Group III are intermediate. 

The facts revealed by the results of the oral reading tests 

may be summarized as follows: (1) The average oral read- 

ing scores for sixteen cities of Indiana are lower than the 

scores in many other cities in which the tests have been given. 

(2) The wide variation in the results secured in different 
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schools suggests the need of a careful study of the methods 

and materials which are used in successful cities by repre- 

sentatives of the cities which secured inferior results in order 

that the latter cities may profit thru the use of more effective 

methods. (3) The irregular progress made by some schools 

reveals the need of frequent objective studies of progress in 

reading in order to avoid misspent time and energy in read- 

Words per 

4th Sth 6th 7th 

St Louis ===" GrandeNap ld saa. 
Indians ——— Northern ai asimontchoeicoas 

Thirteen Cities 

DIAGRAM 5. AVERAGE SILENT READING RATES FOR INDIANA, NORTHERN 

ILLINOIS, GRAND RAPIDS, ST. LOUIS, AND THIRTEEN CITIES 

ing instruction. (4) A study. of the relation between popu- 

lation of city and progress in reading showed that small cities 

made most rapid progress, that villages and towns made 

slowest progress, and that large cities were intermediate in 

rate of progress. 

RESULTS OF THE SILENT READING TESTS 

At the same time that the pupils were tested in oral read- 

ing, other tests were given to determine how rapidly they 
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read silently and to what extent they understand what is 

read. The material used in the silent reading tests consisted 

of three short selections, each less than three hundred words 

in length. These selections formed a series of increasing 

difficulty. The first was appropriate for second and third 

grade pupils; the second was appropriate for fourth, fifth, and 

Words per | 

second 

8th 

City 6 —— — 
Ging, aA, ee Lowest Score —-— 
Indiana —m—— }Highest Score------ 

DIAGRAM 6. AVERAGE SILENT READING RATES FOR INDIANA AND TWO 

SELECTED CITIES; ALSO HIGHEST AND LOWEST SCORES FOR 

EACH GRADE 

sixth grade pupils; and the third was appropriate for seventh 

and eighth grade pupils. The tests were given as individual 

tests according to the directions which were included in earlier 

paragraphs of this report. While the pupil read, the teacher 

who gave the test noted the number of seconds required to 

read the middle column of the selection. When the pupil 

had finished reading, he was given a sheet of paper upon which 

to write all he could remember of what he had read. After 

completing the written reproduction, he wrote the answers 
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Cooperative Study of Reading 29 

to ten specific questions in regard to the content of the selec- 

tion. 

The average rate at which a class read was determined by 

finding the average number of seconds required by the class 

to read one hundred words. This result was then expressed 

in terms of the number of words read per second. The aver- 

age rates of reading for each of fifteen cities are presented in 

Table IV. The average rates for Indiana appear at the foot of 

the table. The cities vary widely in rate of silent reading. For 

illustration, in the third grade the pupils of City 6 read at 

the rate of 1.38 words per second, and the pupils of City 8 

read at the rate of 3.91 words per second. Granted that the 

pupils of City 8 comprehend what is read as well as do the - 

pupils of City 6, it is evident that the pupils of City 8 are 

capable of advancing three times as rapidly during periods 

of silent study as are pupils of City 6. This is an advantage 

which every class should strive to gain. 

Diagram 5 represents the average silent reading rates for 

Indiana, Grand Rapids, St. Louis, Northern Illinois, and 

Thirteen Cities. A word of explanation is necessary in order 

that the diagram may be readily understood. Since three 

selections were used in the test, two readjustments have been 

necessary in the diagram. ‘The points of these readjustments 

are between the third and fourth grades and between the 

sixth and seventh grades. In Diagram 5 dotted vertical lines 

are drawn at each of these points. The numbers at the left 

of the diagram indicate the numbers of words read per second 

in the easy selection. The numbers on the line between the 

third and fourth grades indicate the equivalent rates when the 

second selection was read. The numbers on the line between 

the sixth and seventh grades indicate the equivalent rates 

when the most difficult selection was read. 

Diagram 5 shows that the average silent reading rates for 

Indiana are below those for Thirteen Cities and for Grand 

Rapids, particularly in the intermediate grades. The rates for 

‘ St. Louis are distinctly superior thruout the grades and the 

rates for Northern Illinois are noticeably low in the primary 

and intermediate grades but reach a high level in the upper 

grades. It is evident that the cities of Indiana make a good 

start in rate of silent reading in the second grade but that they 

fail to progress as rapidly during the intermediate grades as 
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Cooperative Study of Reading all 

do several cities with which they are compared. Hence there 

is need for more emphasis on rate of silent reading beginning 

with the third grade if the cities of Indiana are to approxi- 

mate the achievement of other progressive cities. 

Diagram 5 reveals other significant facts. It should be 

noted that progress in rate of reading is rapid in the lower 

and intermediate grades and approaches a high level in the 

Words.per 

second 

2 3a 4th 5th 6th 7th 8th 

Group I ——-— Group IIT —-- — 
(Creole) IIS be So Indiana 

DIAGRAM 7. AVERAGE SILENT READING RATES FOR INDIANA AND FOR 

Groupes I, II, AND III 

seventh and eighth grades. Altho the different cities vary 

widely in rate of reading during the lower grades, they ap- 

proach the same level of achievement in the upper erades. 

Since much of the information which the pupil secures in the 

intermediate grades is gained during periods of silent study, 

it is evident that the pupil who learns to read rapidly and 

intelligently during the third and fourth grades will be able to 

progress much more rapidly than the pupil who does not 

develop this ability until he reaches the upper grades. In 
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view of these facts, it is evident that the cities of Indiana 

should consider seriously the advisability of emphasizing rate 

of silent reading in the intermediate grades. 

Diagram 6 presents in graphical form the average silent 

reading rates for Indiana and for two selected cities, also the 

highest and lowest scores in each grade. The diagram empha- 

St. Louis —--— Grand Rapids —-—- 
Indiana ——— Northern Tilinois---- - 

Thirteen Cities 

DIAGRAM 8. AVERAGE QUALITY SCORES IN SILENT READING FOR INDIANA, 

NORTHERN ILLINOIS, ST. LOUIS, GRAND RAPIDS, AND THIR- 

TEEN CITIES 

sizes the fact that schools vary widely in rate of reading. The 

average rates of reading in some classrooms are three times 

as high as the average rates in other classrooms. In numer- 

ous recent investigations it has been found that emphasis on 

silent reading instruction, together with abundant opportunity 

to read simple selections silently, is prerequisite to rapid pro- 

gress in rate of reading. The diagram shows clearly the need 

ot a careful scrutiny of the methods and materials employed 

in reading instruction in many cities of Indiana. 
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Table V presents the average rates in silent reading in 

each grade above the first for Groups I, I], and III. The 

facts of the table are presented in graphical form in Diagram 

7. The diagram shows that Group I ranks lowest in rate of 

sient reading, Group II ranks second, and Group III ranks 

highest. It is generally recognized that the schools of larger 

cities are more amply provided with appropriate reading ma- 

terial than are the smaller cities and towns. Hence it is in 

harmony with natural expectation for the larger cities to rank 

highest. Furthermore, the fact that the larger cities rank 

only second in oral reading achievement indicates that rela- 

tively less time is given to oral reading and relatively more 

time to silent reading than is given in smaller cities and towns. 

The results of the study of rate of silent reading should sug- 

gest to each city the need of studying carefully the emphasis 

which it gives to this phase of reading and the opportunity 

which it provides for quantitative reading of appropriate se- 

lections. 

In order to determine the quality of a pupil’s reading the 

reproductions and the answers to questions were scored as 

follows: All wrong statements, all irrelevant statements, and 

all repetitions were checked from the pupil’s reproduction and 

the remaining words counted. The percentage of the entire 

selection that these words formed was adopted as the repro- 

duction score. For each question answered correctly a grade 

of ten points was given. The average of the reproduction 

grade and the grade received for correct answers was then 

found. This average grade was adopted as the quality score 

for silent reading. The average quality scores for fifteen 

cities of Indiana are presented in Table VI. 

Diagram 8 presents in graphical form the average quality 

scores for Indiana, Grand Rapids, St. Louis, Northern Illinois, 

and Thirteen Cities. The diagram shows that the cities of 

Indiana rank low in the comprehension of what is read. In 

this connection it should be stated that the scores for the inter- 

mediate grades are no lower than those for Grand Rapids. 

In order to compare favorably with the average for Thirteen 

Cities and with St. Louis it will be necessary for the cities 

of Indiana to give more effective emphasis to the content of 

what is read. 

Diagrams 9 and 10 present the records for a number of 
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selected cities. The general impression which one secures 

from these diagrams is that results of a widely different char- 

acter are secured. City 8 makes an unusually good record 

and City 10 is uniformly low. The irregular progress which 

is made by some cities such as City 5 and City 6 leads one to 

question the consistency of reading instruction in some 

City 8 -—-—-— 

City 10---- --- Lowest Sccre — —- 
Indiana ————_ Highest Score —--— 

DIAGRAM 9. AVERAGE QUALITY SCORES IN SILENT READING FOR INDIANA 

AND Two SELECTED CITIES; ALSO HIGHEST AND LOWEST 

SCORES FOR EACH GRADE 

schools. It has only been in recent years that questions have 

been raised in regard to the achievement of pupils in silent 

reading. The investigations which have been made recently 

are raising a large number of questions in regard to present 

methods of instruction and in regard to the changes which 

should be introduced in public schools in order to improve 

the quality of the results. Diagrams 9 and 10 reveal the 

presence of similar problems in the cities of Indiana. A 

limited number of constructive suggestions concerning silent 
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reading instruction will be given in the final section of this 

report. 

Table VII presents the average quality scores for Indiana 

and for Groups I, II, and III. The same facts are presented 

in graphical form in Diagram 11. The results are not so uni- 

form as they were in the two earlier comparisons of the scores 

for these groups. In general, however, it may be said that 

city 5 ——— City 14 -------- 
City 6 —--— Indiana 

DIAGRAM 10. AVERAGE QUALITY SCORES IN SILENT READING FOR INDIANA 

AND THREE SELECTED CITIES 

Group I ranks lowest, Group II ranks highest, and Group III 

is intermediate in quality of silent reading. The relative posi- 

tions which these groups hold in quality of silent reading cor- 

respond with the results which were secured in the study of 

oral reading achievement. 

The objective study of reading in Indiana may be sum- 

marized as follows: 

1. The cities of Indiana rank relatively low in achieve- 

ment in the three phases of reading which were measured. 
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There is need of a general reorganization of instruction in 

reading in order to improve the quality of the results which 

are secured. Oral reading should be emphasized more effect- 

ively in the lower grades in order to give more time for silent 

reading instruction in the intermediate and grammar grades. 

2. The wide variation in the results secured in different 

cities justifies the recommendation that a careful study be 

| 

| 

| 

| i 
| pee 

50 38 !o ig 

Group I — — — Groupe =e. 

Group II-------- Indiana eb ee Sees 

DIAGRAM 11. AVERAGE QUALITY SCORES IN SILENT READING FOR INDIANA 

AND GROUPS I, II, AND III 

made of the methods and materials employed in the success- 

ful schools in order that effective changes might be introduced 

into the less successful classrooms. 

3. The irregular progress made in some cities suggests 

the need of frequent objective studies of achievement in read- 

ing in order that the character of the progress which is made 

may be determined, and in order that additional emphasis may 

be given to those phases of instruction where emphasis is most 

needed. 
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A Phe study of the records for Groups 1, Il, and Il 

showed that small towns rank lowest in oral reading and in 

rate and quality of silent reading, that small cities rank high- 

est in oral reading and in quality of silent reading and rank 

second in rate of silent reading, and that large cities rank 

second in oral reading and quality of silent reading and high- 

est in rate of silent reading. 

RECOMMENDATIONS 

It is the purpose of this section of the report to outline 

a limited number of definite suggestions in regard to reading 

instruction in the various grades. In order to direct attention 

to the important stages in the acquisition of reading ability 

and in order to center attention on specific problems in read- 

ing instruction, the discussions which follow have been organ- 

ized about the problems of the following periods: (1) the 

initial periods in attaching meanings to printed words (first 

grade) ; (2) the development of fundamental habits and asso- 

ciations involved in fluent oral reading (second and third 

grades); (3) the broadening of experience thru extensive 

silent reading (fourth, fifth, and sixth grades); (4) the inde- 

pendent application of reading ability to all phases of school 

work (seventh and eighth grades). The discussions of the 

problems of these periods will be very brief, but they will point 

out some of the major issues in reading instruction in the 

elementary school. 

The first grade is unquestionably an initial period in the 

acquisition of reading ability. Since reading is primarily a 

process of securing information or experience, attention 

should be directed from the outset to the content of what is 

read. Like every other highly developed art, reading has its 

technique or skill side which must be developed effectively, 

if the pupil is to utilize his reading time economically, intelli- 

gently, and efficiently. The foregoing statements make it 

clear that the problem of reading in the first grade is a unique 

one inasmuch as the pupil must be introduced to reading exer- 

cises before he has developed skill in the art of reading. First 

grade teachers are confronted with the problem of presenting 

interesting reading exercises which will stimulate pupils to 

put forth effort to find out what is contained in the passages. 

Only exercises which stimulate this type of activity are read- 
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ing exercises in the real sense of the word. In addition, it is 

necessary, particularly during the second half of the first year, 

to conduct special drill exercises in order to develop independ- 

ence in the recognition of words. Drill exercises should not 

be substituted for reading exercises, otherwise the pupil may 

interpret reading as word pronunciation rather than thought 

getting. 

The tests which were given in Indiana showed that the 

pupils of the second and third grades had developed consider- 

able ability in oral reading. The tests showed clearly that fur- 

ther progress in oral reading depended on the permanent 

establishment of the simpler habits and associations which 

had been only partly formed and on the development of ability 

to read and interpret selections of increasing difficulty. Re- 

cent investigations of reading reveal the fact that progressive 

school systems carry on two types of reading exercises in the 

second and third grades in order to provide for the establish- 

ment of those habits on which effective reading depends. In 

one exercise each day pupils are asked to read at sight simple, 

interesting selections. Jn such exercises attention is directed 

primarily to the content of what is read. If difficulties are 

encountered the teacher quickly renders the necessary help 

and the reading proceeds. Thru quantitative reading of the 

type just described those habits and associations are estab- 

lished which are prerequisite to fluent reading. In the second 

reading exercises each day pupils are assigned selections 

which are more difficult. During periods of silent and super- 

vised study the pupils are introduced to problems of increas- 

ing difficulty and more or less responsibility is imposed on 

them for the solution of the problems encountered. Under 

the guidance of a skilful teacher the pupils develop rapidly in 

ability to read intelligently and independently selections of 

ordinary difficulty. It is recommended that the cities of Indi- 

ana organize their instruction in reading during the second 

and third grade to secure corresponding results. Quantita- 

tive reading of interesting selections and skilful instruction 

are prerequisite to rapid progress. 

By the time the pupil of average ability enters the fourth 

grade he is able to read simple, untechnical selections with 

a high degree of comprehension and at a rate equal to or 

greater than his rate of vocalization. When the pupil has 
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reached this stage in his development his interest in what he 

is reading leads him to proceed as rapidly as he can and hence 

he substitutes silent reading for oral expression. It has been 

shown in recent investigations that many pupils in the fourth 

grade have developed more power in the pronunciation of 

words than in ability to interpret what has been read. Fur- 

ther progress in the acquisition of reading ability requires 

that the pupil extend his field of experience in order to gain 

a broader background for more comprehensive and critical 

interpretations. Hence the intermediate grades should be 

devoted largely to quantitative reading of an informational 

character. Inasmuch as silent reading is a more rapid pro- 

cess than oral reading, most of this material should be read 
silently by the pupils during periods of independent study. 

In order to secure the results which are desired the schools 

must provide an adequate number of interesting books for 

pupils to read. One of the first steps which should be taken 

by the teachers and supervisors of Indiana is the reorgani- 

zation of the work of the intermediate grade to provide abun- 

dant opportunity for silent reading. In this connection pro- 

vision should be made for an adequate supply of appropriate 

books. 

In order to illustrate at least one method of conducting 

silent reading exercises the following quotation is inserted. 

It is presented at this point because it describes a type of 

silent reading lesson which secures a large amount of infor- 

mation and which trains in effective methods of silent study. 

The teacher was conducting a series of information lessons con- 

cerning Holland. She had secured a large number of books which con- 

tained relevant chapters. The pupils were given two reading periods 

in which to read as much as they could silently and to make notes in 

regard to the interesting points which they discovered. At the end of 

this period the teacher and the class made a list of the most important 

prcblems relating to Holland. Each pupil chose a problem from the 

list and made it the basis for further study. He read carefully but 

rapidly all of the references which he could find relating to his problem. 

Pictures were secured, illustrative materials of various types were col- 

lected, and the facts which were secured through reading were organized 

in good form. After two days of intensive study of this type each pupil 

reported to his classmates the results of his reading and study. When- 

ever necessary, references were read to the class to illustrate an im- 

portant point or to give support to a judgment expressed by the pupil 

in regard to some phase of life in Holland. 
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It is recommended that the teachers of Indiana substitute 

productive silent reading exercises similar to the one de- 

scribed above in place of some of the stereotyped oral read- 

ing exercises which prevail in many schools. 

In connection with the discussion of the results of the 

silent reading tests two facts were pointed out which are 

significant at this point. In the first place, Indiana ranks 

relatively low in rate of silent reading in the intermediate 

grades, and in the second place the investigations which have 

been made in various other states show clearly that progress 

in rate of reading is particularly appropriate for these grades. 

It is fair to conclude that the teachers of Indiana should give 

added emphasis to rate of reading. Scientific studies have 

shown that the reader of average ability uses only a part of 

the possibilities of recognition which are supplied by his field 

of clear vision. An enlargement of the units of recognition 

demand broad experience which makes possible the compre- 

hension in a single act of meaningful phrases, freedom from 

the difficulties which new and unfamiliar words present, and 

freedom from the limitations of vocalization. It is evident 

therefore that pupils of the intermediate grades must be given 

frequent opportunity to read silently material which is rela- 

tively easy for them, if the eye is trained to perceive and 

comprehend wide units of the line at each fixation. Occa- 

sional exercises may be assigned to advantage in which the 

pupil will be required to complete a given selection within a 

relatively short time. It is recommended at this point that 

the teachers of Indiana consider the advisability of frequently 

introducing silent reading exercises in which relatively easy 

material is read in order to enlarge the units of recognition 

and to increase the rate of reading. 

By the time the pupil reaches the seventh grade he should 

be able to read independently with ease and intelligence. He 

has reached that stage in his development when he can apply 

the ability which he has developed in reading to the wider 

fields of interest which develop at this time. Asa rule, read-- 

ing in the upper grades is restricted to the intensive study 

of a limited number of literary selections. No objection is 

offered here to the study of classical literature in reading 

classes. The point of importance is that reading should not 

be limited to selections of this type. A pupil should be given 
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opportunity thru wide reading to interpret the broader signifi- 

cance of the content subjects which he studies. He should 

be trained to discover and appreciate the valuable contribu- 

tions which reading makes to his vocational interests. He 

should develop a permanent interest in current events and he 

should establish the habit of reading newspapers and period- 

icals regularly. On the technique side two problems are ap- 

propriate for this period. The first is the development of 

effective and appropriate habits of study, and the second is the 

development of more comprehensive and critical interpreta- 

tions. The latter should be developed by building up an ex- 

tensive background of experience rather than by the intensive 

study of a limited number of selections. 

In conclusion it should be said that the teachers of Indiana 

are confronted with the following reading problems: (1) 

the development of fluent oral reading ability in the first 

three grades so that pupils can read independently and intelli- 

gently selections of ordinary difficulty; (2) the development of 

a wide background of experience thru extensive silent reading 

and the enlargement of units of recognition in the fourth, 

fifth, and sixth grades; (3) the independent application of 

reading ability to various fields of experience in the seventh 

and eighth grades. This includes an increase in a pupil’s 

ability to make comprehensive and critical interpretations. 
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Pretatory Note 

THIS study, the third of its kind to be made by the Bureau 

of Codperative Research of Indiana University, is devoted to 

a general investigation of the arithmetical abilities of the 

school children in 27 Indiana cities. As in the 1914 and 1915 

investigations, the Courtis Standard Research Tests, Series 

B, were used to measure the abilities of the children in the 

fundamentals of arithmetic. The first part of the study is 

concerned with a general review of the 1917 achievements. 

Following that, comparison is made of the 1917 achievements 

with former Indiana standards as well as with standards de- 

termined for Iowa and Kansas. In addition, the following 

questions are briefly discussed: (a) How do the abilities of 

children in schools of different size compare? (6b) Since 

achievement in the state as a whole seems to be somewhat in- 

ferior in quality, what can children in the best five systems 

out of 27 do? (c) Do the scores of the only city that has 

cooperated in all three investigations show any growth? (d) 

How do the medians found by a general distribution of all the 

pupils of the state differ from those determined by taking 

the average of the medians of the individual towns and cities 

as units? (e) How do the classes in the different systems 

range in ability, and to what degree is their work dependable? 

Acknowledgment is due to the numerous school superin- 

tendents, principals, and teachers for their services in giving 

tests and doing the initial work in scoring the test papers. 

Credit is also due to a number of students and assistants who 

helped in the final work of arranging the comparative tables 

and planning the figures. Among these are Mrs. Cecile White 

Fleming, instructor in philosophy, who supervised the correc- 

tion of the class and city score sheets, and Mr. Willard E. Up- 

haus, assistant in education, who supervised the making of 

the distribution tables, and the construction of the various 

graphs and figures. Mr. Clyde Henks, a student in the Uni- 

versity, did the mechanical drawing. 

The present Director of the Bureau of Codperative Re- 

search is entitley to no credit for this report. The manu- 

(3) 
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script, except for a final editing, was “inherited” at the time 

of his appointment, September 1, 1918. Dean H. L. Smith, 

who was Acting Director prior to that date, originally edited 

the study and deserves the credit for it. 

WALTER S. MONROE, Director, 

Bureau of Codperative Research. 

October 24, 1918. 



Third Report on the Measurement of Arithmetic 
in Indiana Town and City Schools 

The Cities which Cooperated. The third report on the 

measurement of certain arithmetical abilities is based on the 

Courtis Standard Research Tests, Series B, which were given 

in January and February, 1917. Twenty-seven town and city 

school systems sent in returns for all or a part of their pupils. 

The following are the names of the towns and cities with the 

superintendents and principals who cooperated with the Bu- 

reau: 

TE LETMIOID 5 5c c)c S ASS CRE RE eae repre re Supt. P. A. Allen 

TE SOTETLL SS ely SEE eR ee eee Supt. C. E. Clarke 

PE TEC thle. Sea eae ga A Supt. A. J. Reifel 

CAILIS LE. os oe .5 Oe ee are eran eee er Supt. O. H. Greist 

Pe MAEMO PO ey conse Ev. cach akocp oun Sledaunard wei e te Supt. H. E. Stahl 

PALIT DS GD SS = ener ner Supt. L. J. Gates 

DUESSE 2 5 cE Se er Supt. W. C. Wilson 

OWED o 3 66 010-6 Oe ee ae eee Prin. C. T. Fewell 

2ST) STE BATA is oc ES ae Prin. G. R. Smith 

LEC TTT) DETSES 2 ose CP Supt. A. D. Montgomery 

Sa en Se ce en lS hee ee eee ss Prin. R. E. McLucas 

2 [SSD GESTS ees De ae Prin. W. E. Lennel 

EUG GUR 2 2 0 che ERR ara eee ee Prin. W. J. Wakefield 

MAPA PREL OUR ORE co ts 5b hai sess gas ao aa Soe eoa es Supt. N. F. Hutchison 

2 EG STAVGLLG Se Sie Seep Nee eS gee Pe County Supt. Harry Evans 

LD EGIIO 6 2 o HSE iS ee a aa ee eran aap ae Supt. C. V. Haworth 

LEAST, o.2 ic ole Ee one ea eae ra Prin. E. P. Smith 

“ALUS DAW By RB) Sis pe BRIE es Ee nS a ae a rae Supt. D. W. Horton 

LT ITLL o cus a Os eee REA gee lO ara A Supt. J. M. Leffel 

"UST SETS TR STIET U2 ak Nee aaa Prin. Mortimer Lewis 

Emer Village... . es ta NS ro eee Stag Se Oe eo County Supt. Harry Evans 

LGPL, (CIPI STES Se Eee II Re a ec nee ee Ce Rene gree Supt. F. G. Neel 

SALT eo: SES eee a meee Prin. Elen Trimble 

SOTTO WE g'2'5 Bp ateiS aie aa ee ern, Aan St eae Ore a ares Supt. 2. Ay Mott 

STP STLIG ETE iG, Bs Se Se ae Supt. W. O. Holman 

BRRCSrmm CW ANOMN ts as bois oe eS Lie es Se County Supt. H. Evans 

PR BAUBU CATAL Oi eus ie ere Bis oe eh ee ties EE vic SiO County Supt. H. Evans 

In the tables, figures, and discussions that follow, these 

cities are indicated by number, each city retaining the same 

number thruout the study. But the order is not alphabetical 

2—13791 (5) 
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as in the above arrangement. All 27 systems reported in the 

seventh and eighth grades in the four tests, the total number 

of the children being 1,017 and 919 respectively ; 26 systems 

reported the fifth and sixth grades in all four tests with a to- 

tal of 1,826 and 1,194 children respectively, whereas only 18 

systems reported the fourth grade in addition, subtraction, 

and multiplication, and only 14 in division, all having a total 

of 1,016. Thus the grand total of children reported in the 

investigation is 5,472. The scarcity and irregularity of the 

data for the fourth grade has caused the omission of this 

grade from some parts of the study. 

Checking the Class Record Sheets. As in the two earlier 

studies, 1914' and 1915’, the tests were given and scored by 

the local school officers, the results tabulated on the Class Rec- 

ord Sheet No. 1, and sent to the Bureau of Codperative Re- 

search. 

When this material was examined considerable corrective 

work was found necessary. 

Student assistants who were assigned to this work were 

given the following instructions: 

1. Count the individual test sheets for each class, e.g. 7B, Central 

School, Bluffton. 

2. Check number of pupils indicated for each class on the Class 

Record Sheets. See if this number tallies with number of individual test 

sheets. If it does, O.K. with your initials and date; if not, go thru the 

individual sheets comparing scores with those recorded on the Class 

Record Sheet and correct all errors. Then O.K. with initials and date. 

5. Total the number of pupils and throw together the records for 

all classes within a given grade, for each city; e.g. Bluffton may have 

three 7B’s and four 7A’s. Throw together all these records to get the 

record in speed and accuracy for the seventh grade in Bluffton. 

Calculation of City Scores. Following the correction of the 

class tabulations, median scores for both rate and accuracy 

were calculated for each city. Class Record Sheet No. 1 for 

use with Series B yields distributions of the scores for rate or 

number of examples attempted and for accuracy or per cent of 

examples done correctly. For cities having only one class 

for a grade the city medians for attempts and accuracy were 

calculated directly from the class record sheets. In the case 

of cities having two or more classes to a grade, the corres- 

G Slie ok Iseseeraare “Arithmetic: A Codperative Study in Educational Measurements’’ 

(Indiana University Studies, No. 27). 

2M. E. Hageerty: ‘Studies in Arithmetic’ (Indiana University Studies, No. 32). 
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ponding frequencies of the several distributions were added 

together for a total distribution for that grade and the city 

medians were calculated from this distribution. The city dis- 

tributions for seventh grade division are given in Table I. 

The median number of examples right was obtained by multi- 

plying the median number of attempts (rate) by the median 

accuracy. 

It will be remembered that Class Record Sheet No. 1, 

which is with Series B, does not provide a distribution for the 

per cent of accuracy when it falls below 50. In all cases 

where the median accuracy of a class fell below 50 per cent 

the original test sheets were distributed according to rights 

only to obtain the median for rights. This latter median was 

divided by the class median in attempts to get the per cent of 

accuracy or dependability. In some cases it was not pos- 

sible to compute the median rights and accuracy because a 

few schools did not send in the individual test sheets. For 

example, in Tables II to VI, this is the reason why no scores 

are given for City 4 in the sixth grade addition, fifth grade 

addition and division, and the fourth grade in all the funda- 

mental operations. 

Calculation of State Scores. The calculation of state 

scores was similar to that of the city scores. The frequencies 

of the several city distributions were added to form a state 

distribution. The median of this distribution is the state 

score. The method is illustrated in Table I. 

Importance of This Method of Calculating City and State 

Medians. Sometimes the median of two or more distribu- 

tions is found by averaging the medians of the several dis- 

tributions. The validity of this method is based upon the as- 

sumption that each of the distributions contain the same num- 

ber of pupils. When this is not the case, the ‘average’ me- 

dian is not the true median. The difference in the results ob- 

tained may be illustrated by the addition medians for num- 

ber of examples attempted. Carried to two decimal places 

they are 4.97, 6.33, 7.01, 7.67, and 8.60 (see Tables II to VI), 

whereas the “average” medians are 5.05, 6.27, 7.16, 8.03, and 

8.65. In four cases the “average” medians are larger. 

The reason for these differences is that when city medians 

are averaged, each city contributes equally to the “‘average’ 

median. When the distributions are combined, each city con- 
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TABLE II—SuHow1ne Mepian Scores: Atremprs, Ricguts. AnD ACCURACY 

IN GRADE IV 

ADDITION SUBTRACTION MULTIPLICATION Drvision 

City NuMBER = 2 = 2 g rs = 

= a 5 5 oe 5 a2 = 5 5 = 
< fat = < laa = < [amy < < (aw 

Group I 
Leah, oe a ee ee Mee deog os SPS RSG Ss 2 
De ros ae Oh oe eee ee oer eee eres ee pe Ses | a 
Se ain cena \ 4.6 12.3) |-50.1°6.7.)-3-9°1)) 58 1-620 4S eo end 
7 Reis Se AVGe lees. ies | Presi seuc ian see feel eee AD |i eo | Tae an ea | se 
Dae See Deon leans Bye Son ae cae eee Bi Siu a eal ee Sk 
Oi. re cee | ae aie Aen er re a 
ic eee 5.01 4.351 85.1 625 | 5.5. 1.85: 1-623 Se Sri oii anes 
SA nee ASS aii, EN Ae 22361 250 sown eee eee 2 Olen 
Oe h tote a 4.3 1.223715 53: )-3.0° | 1.6.4°53 158") 02 SF 435 eee eee 

TO. Peer eer era nie Peres eee Were secre ee ft 
iL es tes ny es 4.9 1° 2-5) 50-} 620.) 3.6>| 605| 42358 123) Bonen Om anes 
120. ce) 628 [2a ©! 43" | Och 40 | 704)" 820 15.6 708 Paes 
TSE Ss cso eel pas Se Sl fay acre pe lee Von ss): ae a a ee 
14s eee ee Se | 
5 tete ees 5203 eee 6.1 |-382 1) 502) 24.5 27 Gee eee eee 
LOR eee hoes. [Beier (earch) bread eres ieee ere eee ilo ss 3 wis a 3 

Total AM Sra tae Se Bcd Oita. 404 dae oe he Aen tats Sees 

Group II 
i yi aetre a Moen ete 4.9°|.2-5 | 52 1 5.55) 42044-7314 254 256 eaSa eam nes 
LS Se aes Ad) |. 1205) 22 | 55>) 1-3 (-244-3..9) Or aie eon 
LOR Mee eet gene Sane eee 1 64 BUT | 5971): 5 134 eee ee 
DOS e eats 622>+-4.7 175°) 6.6-| 426° | 704: 4-6. 123208 BGs ieee 
Dil aes ce 4°3.4°2.2 | 50-1 4.8. |-128-)) 365163: 9 1 Sal esSa eee amel) 
22 Dues ie © o “07 10t, web te? (ote le calvatia ne seh! fell eria! ate =P POS STON Sa Gy PSeot se Fest ett ee te) PS CA ap oP) Lert iar oh etcelnes Guy salts -ser 

Totals Gleonlee 57 300. | 53 | Aol 3.0 

Group ITI 
Dxerh Neer ete 5.1 13:9) 76) °6.4-) 520) | 82546553224 eee 
PLE UR CIER SRM PY code te etal hed (as (coat Oe SS AL | ee 
WAS nite. cei Fe 516°) -3.9°) 701.526 14.2 1274514. 62 S62 eee eee 

Total: 2..4°5.4 | 329°) 72-1.5.9 | 4.64 78 | 45655320 166 ieoecnleceo 

Group I\ 
26...25......) 4.8 | 2.2°|-47 15:37 |-2-8 | 50423 4417 O29 a2 eee on 
Dh eee es | &.1 | 2.65) 521-527 328.4661 425 | 2e2 aie aleaesean a0 ae 

Totalicee e+ Onna Ge Tees etapa eS - QE e sree. 

State Total..| 5.0 | 2-61 52 56] 34 60] 41 oe | Se 
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Division MULTIPLICATION 

IN GRADE V 

| SUBTRACTION 

Studies in Arithmetic, 1916-1917 

ADDITION 

TABLE IIJ—Suowine Mepian Scores: Attempts, RIGHTS, AND ACCURACY 
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AND ACCURACY TEDIAN SCORES: NG INV TABLE IV—SxHow1 Atrempts, RIGHTs, 

IN GRADE VI 
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ATTEMPTS, RIGHTS, AND ACCURACY 

IN Grape VII 

Studies in Arithmetic, 1916-1917 
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= 
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ATTEMPTS, RIGHTS, AND ACCURACY TABLE VI—Suowi1ne MeEp1IANn SCORES: 

IN GRADE VIII 
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tributes according to its size. For example, in the seventh 

grade division test, Cities 10 and 26 have approximately the 

same medians (see Table I). Taken as units they affect the 

average about equally. Taken as parts of the distribution for 

all the seventh grade pupils in the state, this is far from the 

case. City 10 has 11 pupils against 304 in City 26. These 

304 pupils pull the median downward, for the heavy fre- 

quencies are the ones that have the low scores in the attempts, 

and produce a difference of .98 between the results of the 

two methods. 

A General Review of the 1917 Achievements for Twenty- 

Seven Cities. The results of this part of the study are pre- 

sented in Tables II to VI. The median scores for attempts, 

rights, and accuracy for Grades 4 to 8 in all the 27 systems 

are given in these tables. For the purposes of comparison, 

the medians for Indiana, in 1914 and 1915 studies’, those 

for 52 towns and cities in lowa (1916), those for 24 towns 

and cities in Kansas (1915)°, and the Courtis Standards® are 

also given. 

Table II is read as follows: The median scores for City 3 

are 4.6 examples attempted, 2.3 right, and 50 per cent of ac- 

curacy for addition; 6.7 examples, 3.9 right, and 58 per cent 

of accuracy for subtraction and similarly for multiplication 

and division. ‘The blank spaces in this and other tables in- 

dicate either that the tests were not given in those grades or 

that reports were not made in such a way that the median 

could be calculated. | 

The cities are grouped according to population. Group 

I includes cities and towns having a population of less than 

1,000; Group II, those having a population from 1,000 to 

3,000; Group III, those having a population from 3,000 to 

10,000; Group IV, those having a population of 10,000 and 

over. The median scores for each of these groups are also 

given. 

; ?See notes 1 and 2 on page 6. 

4 Ashbaugh, E. J.: ‘“‘The Arithmetical Skill of Iowa School Children’ (Bulletin 

No. 24, Extension Division, University of Iowa). 

° Monroe, W. S.: “Report of the Use cf the Courtis Standard Research Tests in 

Arithmetic in Twenty-Four Cities.’’ Kansas State Normal School, Emporia, Kan. 

(Bulletin, New Series, Voi. 4, No. 8). 

® Folder D, Courtis Standard Tests. (Courtis has issued more recent standards. See 

“Third, Fourth, and Fifth Annual Accountings.’’) 
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A Superintendent’s Use of These Tables. The superin- 

tendent of a city which is included in this report may use 

these tables as a means of comparing the achievements of the 

pupils in his system with the achievements of the pupils in 

other cities of the same population group. Better still, he 

may compare his median scores with the standards proposed 

by Mr. Courtis, the author of the tests, and with the state 

medians and the median scores for other states. In making 

these comparisons two cautions must be kept in mind. First, 

the medians scores of other cities and even state medians 

are not necessarily satisfactory standards. This is probably 

true even of the standards set by Courtis’. However, they do 

show what resuits are being obtained in the other states and 

what results Courtis thinks should be obtained. As _ such, 

these median scores are valuable for comparative purposes 

and if a superintendent finds that the median scores of his 

city differ greatly from them he has a situation which needs 

investigating. Secondly, small differences in median scores 

should not be treated seriously. The performance of pupils 

is variable, i.e. 1f a pupil repeats his performance, for ex- 

ample, takes the addition test a second time, his results are 

frequently not identical. Also there may have been slight 

differences in the method or manner of giving the tests in the 

different cities which affected the scores. Thus small differ- 

ences in median scores, particularly in the case of small 

groups of pupils, are not significant. 

Large Differences in Achievement of Cities are Shown. An 

examination of the scores in Tables II to VI reveals the same 

wide variation in achievement in the different systems as has 

been found in former studies. City 18 ranks first in eighth 

grade addition with 11 examples attempted, whereas City 7 

ranks last with 6.5 examples attempted. - Cities 20 and 7, the 

best and poorest in subtraction, differ in attempts by 6.3 ex- 

amples. The same thing is seen in the case of rights and ac- 

curacy. A difference of 50 per cent in accuracy is not uncom- 

mon, and an extreme case is found in the fifth grade division 

where the best and poorest cities, 23 and 14, differ by 71 per 

cent. In the same grade we find the striking example of City 

9 getting a median score of only .7 of an example right on a 

meager effort of 3.2 attempts, whereas City 23 realizes 4.1 

“See his “Third, Fourth, and Fifth Annual Accounting.” 
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examples right from 4.4 attempts. Nine cities in the fifth 

grade subtraction are inferior to City 12 in number of ex- 

amples attempted in the fourth grade which has a median of 

6.7. Fourteen of the 18 cities reporting fourth grade sub- 

traction attempts are superior to City 10 in the fifth grade 

subtraction attempts. Fifteen cities fail in the sixth grade 

multiplication to reach the median score for attempts of City 

12 in the fifth grade. The median accuracy for all cities in 

the fifth grade is only 56 per cent, yet there are 6 cities in the 

sixth, 10 in the seventh, and 7 in the eighth grade that fall 

below this per cent of accuracy. In the eighth grade the range 

of the median scores in addition attempts and in accuracy is 

from 6.5 to 11.0 and 50 to 80 respectively; in subtraction it 

is from 8.7 to 15.0 and 67 to 100; in multiplication, from 

7.0 to 12.0 and 54 to 88.5; and in division from 6.8 to 11.0 and 

“70 to 100. 

The Significance of These Differences. These differences 

are significant. They mean that different cities are obtain- 

ing widely different products from the instruction in arith- 

metic which is provided in their schools. If those cities whose 

median scores are low are securing a product which is satis- 

factory, then we may ask if the cities which have the high 

medians are not placing too much emphasis upon the opera- 

tions of arithmetic. On the other hand, if the higher median 

scores represent a satisfactory product, then those cities which 

have the lower median scores are allowing a majority of 

their children to advance from grade to grade and even to 

leave school without a satisfactory equipment in the funda- 

mental operations of arithmetic. 

Whenever the median score of a class or a city differs more 

than one example from the standard, the cause should be stud- 

ied. It may be that there is some satisfactory explanation. 

If not, an adjustment in the instruction should be made which 

will bring the median scores within the ‘‘zone of safety’. It 

should be noted that we are referring to the scores which 

are above standard as well as those which are below. Al- 

tho the situation probably is not as serious, it should be rec- 

ognized that median scores which are distinctly above stand- 

ard are unsatisfactory as well as those which are below. 

Since 24 of the 27 cities gave these tests for the first time 

in 1917, we have here an illustration of the need for measur- 
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ing the results of teaching with standardized tests. Without 

doing this, a superintendent or teacher cannot know whether 

they are securing results above or below standard, and when 

a group of cities are given the same test for the first time 

there has always been found a diversity of practice. 

The Achievements of Some Cities Not Uniform. The 

tables reveal striking differences in achievement among not 

only the various cities, but also within any one system. The 

eighth grade in City 6 ranks first in speed in division but 

seventeenth in speed in addition. The seventh grade in City 

8 ranks first in accuracy in division, but only sixteenth in ad- 
dition. In the sixth grade City 2 ranks first in number of 

division examples correctly solved, and nineteenth in addi- 

tion examples correctly solved. Two other cities afford strik- 

ing examples of irregularity. City 24, that ranks fourth 

when speed alone is considered, ranks fifteenth in all points 

and twenty-first in accuracy. This is a clear case of sacri- 

ficing accuracy for speed. 

Again, a system may be strong in certain grades and weak 

in others. In City 20 the averages of the rankings in all 

points in the fifth and sixth grades are 15 and 16, whereas the 

average for the seventh and eighth grades is 4. There are 

many conditions which contribute to this state of affairs, some 

of which might be differences in the amount of time devoted 

to the subject, in the quality of the teaching, or in the extent 

and quality of the supervision. 

This non-uniformity of achievement is evidence that the 

product of instruction in arithmetic is not a single ability 

which functions for all types of examples, but a group of 

specific abilities. There may be and probably are certain 

abilities which function in the doing of examples of different 

types, but a pupil is not satisfactorily equipped until each of 

the necessary specific abilities have been engendered in the 

required degree. This makes it imperative for each teacher 

to be conscious of the different specific abilities and definitely 

train pupils in each of them. 

Individual Differences. The wide range of achievement in 

both speed and accuracy is clearly seen by referring to the dis- 

tributions given in Tables VIIA to XB. These distributions 

are the result of reducing to per cents the frequencies found 

in the total distributions for each grade. Table VIIA, for 
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example, gives the per cent of pupils in each of the grades 

scoring each number of attempts. It gives the rate distribu- 

tion in addition and should be read as follows: .2 per cent ot 

the 1,011 fourth grade pupils finished 0 examples in the al- 

lotted time; 2.2 per cent finished 1 example; 8.5 per cent fin- 

ished 2 examples, etc. The mode, that is, the largest single 

croup, is given in bold-faced type. The speed distributions 

for all grades are read in the same manner. Table VIIBb 

gives the accuracy distribution for addition and should be 

read thus: 48.3 per cent of the 1,011 fourth grade pupils made 

an accuracy score of 0-49 per cent; 10.3 per cent made score 

of 50-59 per cent; 11.5 per cent made score of 60-69 per cent, 

etc.; 12.4 per cent made a perfect score in examples at- 

tempted. Here again the mode is given in bold type. 

Tables VIIIA to X B give the speed and accuracy distri- 

butions in subtraction, multiplication, and division, and are 

read in the same manner as Tables VIIA and VII8 for addi- 

tion. 

Further examination of Table VII A shows a wide range in 

adding ability. In all five grades there are some pupils who 

attempted as few as 0 or 1 example. In the fourth grade one 

pupil attempted 13 examples, in the fifth one pupil attempted 

21 examples, in the sixth two attempted 17, in the seventh 

one attempted 18, and in the eighth there were pupils who at- 

tempted from 20 to 24 examples. In the eighth grade .2 per 

cent finished 0 examples and .1 per cent attempted 24 ex- 

amples, and 22 different rates of speed were shown. 

The data in Table VIIA are not subject to adverse criti- 

cism only. They reveal the fact that there is a gradual 

growth in rate of work from the fourth to the eighth grade. 

Refer, for example, to the third column. They decrease grad- 

ually from 8.5 per cent to .15; i.e. there is a gradual decrease 

from the fourth to the eighth in the number of pupils who at- 

tempted so few as 2 examples. The same thing may be said 

of all the columns up to the modes. Now note the column to 

the right of the modes. The same growth is revealed. Here, 

however, the per cents naturally increase from the fourth to 

the eighth grade. Thus, in the column headed 9, we find that 

1.5 per cent in the fifth attempted 9 examples and so on until 

in the eighth we have 15.4 per cent attempting the same num- 

ber. This evidence of growth characterizes the columns to 

the right of the one in question. 



24 Indiana University Studies 

The figures in Table VII B also show an improvement from 

grade to grade in accuracy, altho it is not so marked as in 

the rate. The modal score in all grades is below 50 per cent, 

but the per cent decreases from 48.3 in the fourth to 26.1 in 

the eighth. There is a slight irregular improvement in the 

columns 50 to 90, but a decrease in the percentage of pupils 

making perfect scores. 

The Significance of Individual Differences. Individual dif- 

ferences are characteristic of nature. They are always shown 

by the measures of a group unless that group does not repre- 

sent a random sample. Thus we must expect individual dif- 

ferences. The pupils in a school are “graded” and pupils are 

failed or permitted to skip a grade in order to reduce the in- 

dividual differences of classes toa minimum. In spite of these 

provisions it is significant to note that the individual differ- 

ences in general increase in Tables VII to X from the lower 

to the higher grades. This condition suggests that our pres- 

ent methods of teaching and our plan of school organization 

are yielding unsatisfactory results in this respect. A re- 

classification of these pupils is suggested. A large per cent of 

the pupils could be promoted one or more grades and yet their 

achievements would be above standard. However, reclassifi- 

cation involves many difficulties, and it might not be possible 

for a large number of pupils. 

The facts of these tables also suggest that many mipils 

(those whose scores are below standard) are not satisfactorily 

responding to the instruction which is now being provided. 

The instruction may be excellent for some pupils and not 

reach others. Thus there is a group of pupils, the lowest 

third, whose instructional needs should be studied carefully by 

the teacher. Then the teacher will be in a position to plan 

wisely in attempting to adapt the instruction to the needs of 

his pupils. In doing this the scores which the pupils make on 

a standardized test, such as Series B, are very valuable. 

Accuracy or Dependability. Few cities reach the high re- 

quirement of 100 per cent set by Mr. Courtis. Cities 1 and 

18 in the sixth grade subtraction get 100 per cent. There 

are 10 other cities that reach this perfect standard of accur- 

acy, 6 of them being in eighth grade division. These per- 

fect median scores do not mean that every pupil worked all 



Studies in Arithmetic, 1916-1917 2 

the examples without error. This is not necessary for a me- 

dian accuracy of 100 per cent. It is only necessary that haii 

or more of the pupils do all the examples that they attempt 

correctly. The standard of 100 per cent set by Courtis is a 

theoretical one. In using it for comparative purposes one 

should keep in mind the significance which he attaches to it. 

For this reason we quote the following: 

The question of proper standards is not so simple as that for speed. 

In the first place, children of all ages attain perfect accuracy, so that 

100 per cent would seem to be the only standard possible. Certainly no 

inaccurate work is of value. On the other hand, “to err is human” and 

the most precise mortal will make mistakes at times. Should the stand- 

ard be 90 per cent on straight ahead work, with the teaching of habits 

of constant checking, or should one aim for perfect accuracy, with check- 

ing as an activity to be used only in cases of doubt? 

It seems to the writer that such questions should be settled, not on 

the basis of opinion but by experimentation. It is possible to determine 

by actual measurement how many children, under the present conditions, 

attain standard speed and 100 per cent accuracy; also how many can 

be brought to this level. Certainly 100 per cent accuracy is better than 

90 per cent accuracy, unless the time cost of the training should prove 

to be too great. Accordingly, for his own work he has adopted 100 

per cent accuracy as a working standard, but he wishes to emphasize 

the fact that this is done with an open mind and a full realization of 

the possible necessity for change. A better statement would be that he 

has adopted no standard for accuracy, but is now trying to ccllect data 

that would enable a standard to be set intelligently, and that he is par- 

ticularly interested in finding ovt the number of children who can work 

at standard speed and with perfect accuracy. 

There appears to be as much fluctuation from city to city in 

accuracy as in the rate of work. An extreme case of this 

variation is seen in fifth grade division where there is a range 

from 22 per cent to 93 per cent. A range of 40 per cent is 

not uncommon. Compared with Kansas and Iowa, the Indi- 

ana accuracy median scores without exception are lower. 

Compared with the Indiana 1914 and 1915 scores, the 1917 

scores are higher than the former in fifth grade subtraction, 

in sixth grade addition and subtraction, in all the operations 

in the eighth grade, whereas they are lower than the latter in 

all instances except in seventh grade addition and multiplica- 

tion, in eighth grade multiplication, and in eighth grade addi- 

tion, in which they tied. 

8 Courtis, S. A.: “Third, Fourth, and Fifth Annual Accountings’” (Department of 

Cooperative Research, Detroit, Mich.) pp. 29-30. 
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The Indiana 1917 Achievement Compared with 1914 and 

1915 Achievements. In Tables II to VI the Indiana achieve- 

ments for 1914 and 1915 are given for comparative purposes. 

These scores together with the Iowa and Kansas scores are 

represented in Figures 1 to 4. 
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FIG. 1. SHowInG INDIANA 1914, 1915, 1917 MEDIAN SCORES IN CoM- 

PARISON WITH OTHER STATE MEDIANS. ADDITION. 

FIG. 2. SHowING INDIANA 1914, 1915, 1917 MEDIAN SCORES, IN Com- 

PARISON WITH OTHER STATE MEDIANS. SUBTRACTION. 

In practically every grade in every fundamental opera- 

tion the 1917 records of achievement are distinctly lower 

than those of the years 1914 and 1915, especially those of 

1915, which compare more favorably with the Courtis stand- 

ards and the standards of other states. The explanation of 

these differences, of course, will be one of the significant prob- 

lems to be worked out in the future. As suggested in another 
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part of the study, it may be that the 1915 increase over 1914 

may be partially accounted for by the fact that 9 of the cities 

included in the 1915 test were also included in the 1914 test, 

and doubtless had attempted during the interval to bring up 

the work in arithmetic. The 1917 returns are from a wholly 

FIG. 3. SHOWING INDIANA 1914, 1915, 1917 MEDIAN SCORES IN COM- 

PARISON WITH OTHER STATE MEDIANS. MULTIPLICATION. 

FIG. 4. SHOWING INDIANA 1914, 1915, 1917 MEDIAN ScoR=S IN COM- 

PARISON WITH OTHER STATE MEDIANS. DIVISION. 

different and smaller group of towns and cities. Only Bluff- 

ton is included in all three studies. Two other cities, Misha- 

waka and Seymour, gave the tests in 1915. A future analysis 

of the conditions in these cities compared with conditions in 

the cities furnishing returns for 1914 and 1915 may reveal 

some probable specific causes for the low results this present 

year. This very fact, however, is a clear instance of the pos- 



28 Indiana University Studies 

sibility of error in estimating the achievements in arithmetic 

for a state as a whole on a basis of the returns from a com- 

paratively few cities that furnish the tests upon request. It 

is not at all clear that the Iowa and Kansas Standards are 

truly representative of the achievements in those states or 

that the Indiana returns for either of the three years are rep- 

resentative of Indiana. 

The Indiana Scores for 1917 Compared with the Courtis 

Standard and with the Scores for Iowa (1916) and Kansas 

(1915). In addition the Indiana achievement, as far as num- 

ber of examples attempted is concerned, is distinctly lower 

than the Courtis standard in all grades and noticeably lower 

than the Iowa and Kansas standards in all grades. As far 

as the number of examples worked correctly is concerned, 

the Indiana 1917 achievements are lower than the Courtis 

standards or other state standards. 

In subtraction the Indiana 1917 achievement is distinctly 

lower than the Courtis or other standards in all grades in 

number of examples attempted, and in number of examples 

correctly solved. 

In multiplication the Indiana 1917 achievement in number 

of examples attempted is lower in all grades than the Courtis 

standard and other state standards, and in number of exam- 

ples correctly solved the same thing is true. 

In division the Indiana 1917 achievement in number of 

examples attempted is lower in all the grades. In examples 

correctly solved it is lower in all grades. 

It may be argued that the data obtained are not represen- 

tative of the state, because only 27 cities are included in the 

study. Consider the scores for 1914 and 1915. Only one of 

the 20 cities in 1914 gave the tests in 1917, and whereas 80 

per cent of the cities and towns reporting in 1917 were under 

3,000 in population, all but one of the 20 reporting in 

1914 were over 3,000. Despite the fact that there was a dis- 

tinctly different type of school represented in 1914, the 1914 

medians fall far below those of lowa and Kansas. By actual 

count from Tables II to VI, where all the medians are collected, 

it is found that out of twenty-two chances in attempts and 

rights together, one Indiana 1914 median exceeds a Kansas 

median by .1 and another just equals an Iowa median. In 
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all other cases Indiana in 1914 falls distinctly below Kansas 

and Iowa. The Indiana medians (1915) are generally above 

those of 1914. Nine of the 20 cities that gave the tests in 

1914 continued their use in 1915 and presumably in the mean- 

time attempted to bring up the work in arithmetic. Consid- 

ering the effect that these 9 cities might have had on the re- 

sults, the Indiana 1915 medians are still below the other state 

standards. In this connection it will be interesting to examine 

Figures 1 to 4, pp. 26, 27, which set forth these comparisons 

graphically. It will be seen in Figures 1 to 4 how the solid 

lines for Indiana 1917 scores in both attempts and rights fall 

distinctly below the other lines. No one should fail to see 

that in subtraction and division the Iowa line for rights runs 

above the Indiana line for attempts. Such a graph should 

challenge the attention of every teacher in the state. 

A Study of the Best Five Cities. Since the results for the 

state as a whole show that Indiana achievements are inferior 

to those of Iowa and Kansas, the question arises whether 

there are any cities in the state whose achievements equal or 

excel outside standards. To answer that question a brief 

study has been made of the 5 cities that rank highest. These 

cities are 5, 12, 138, 19, and 25. Of these five cities, City 25 is 

first with 5, 18, 12, and 19 following in descending order of 

achievement. City 6 really ranks fifth, but since it has only 

the seventh and eighth grades represented, City 19, ranking 

sixth, was selected instead. The medians for each of the Best 

Five Cities, the medians for the group, for the Indiana 1914 

and 1915 studies, and for other states have been collected in 

Table XI. A graphic representation of the results is given 

in Figures 5 to 8. An examination of these figures reveals a 

characteristic common to all four fundamental operations. 

The solid lines representing the number of attempts and 

rights for the Best Five Cities assume the same general shape. 

This is particularly noticeable in the case of the eighth grade. 

It invariably fails to show the growth that should be expected, 

considering the advanced positions that the sixth and seventh 

grades hold. This same thing is true of the seventh grade in 

addition. 

At this point compare the Indiana lines in Figures 1 to 4 

and 5 to 8. This tendency to move downward characteristic 
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of the lines for the Best Five Cities is not so evident in the 

lines for the entire state. At seven of the possible eight 

points where the lines of achievement for speed in Figures 5 

to 8 cross the vertical grades lines, these lines of achievement 

AG 

FIG. 7. SHOWING MEDIAN SCORES OF BEST FIVE CITIES IN COMPARI- 

SON WITH INDIANA, IOWA, AND KANSAS MEDIAN SCORES. MULTIPLICATION. 

FIG. 8. SHOWING MEDIAN ScorES OF BEST FIVE CITIES IN COMPARI- 

SON WITH INDIANA, IOWA, AND KANSAS MEDIAN Scores. DIVISION. 

refract downward, whereas the same lines in Figures 1 to 4 

refract downward at only six of the twelve possible points, 

and at three of these the lines are practically straight. In 

the lines for rights the same distinction holds. Do these facts 

mean that growth from grade to grade in the systems that 

rank highest is the least consistent and the most irregular? 
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A little closer examination of the achievement in each 

gerade might be helpful. Figure 5 may be interpreted as fol- 

lows: In fifth grade attempts in addition the Best Five Cities 

start with the Courtis and Kansas standards, excel the In- 

diana 1914 achievement, but fall below those of Indiana 1915 
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FIG. 9. SHOWING GROUP MEDIANS IN COMPARISON WITH STATE 

MEDIANS AND COURTIS STANDARD. ADDITION. 

FIG. 10. SHowING GROUP MEDIANS IN COMPARISON WITH STATE 

MEDIANS AND CoURTIS STANDARD. SUBTRACTION. 

and Iowa 1916. In rights they are superior to all except 

Iowa, which is slightly above; in the sixth grade the Best 

Five Cities are superior to all other standards (except the 

Courtis) in both attempts and rights; in the seventh grade in 

attempts they excel the Indiana 1914 and Kansas scores, equal 

those for Indiana 1915, but fall slightly below those for Iowa, 

while in rights they are only slightly excelled by Iowa. The 
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achievement of the eighth grade in all the operations has al- 

ready been emphasized. In Figure 5 we find the Best Five 

Cities strikingly inferior in both attempts and rights in this 

grade. The remaining three figures may be interpreted in 

similar fashion. 

N N N < R : N N 5 

WR ‘ \ 

A- Artevapy. 

R-P19 Ais 

FIG. 11. SHOWING GROUP MEDIANS IN COMPARISON WITH STATE 

MEDIANS AND COURTIS STANDARDS. MULTIPLICATION. 

FIG. 12. SHOWING GROUP MEDIANS IN COMPARISON WITH STATE 

MEDIANS AND COURTIS STANDARDS. DIVISION. 

Another question arises. Do the Best Five Cities that 

rank highest in all points rank equally well in speed, variabil- 

ity, and accuracy? Table XII has been arranged to present 

the facts in this connection. These cities are given to the 

left with their order numbers. Then reading to the right 

you will note the order number of each city in the three fac- 

tors mentioned above. Obviously the answer is in the af- 
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firmative, particularly in the ranking for speed. City 5 ranks 

only one point lower, and City 13 five points lower, while the 

other three rank as high or higher. The relation is fairly 

good in variability and accuracy except for Cities 12 and 19 

in accuracy. 

TABLE XII—Comparison or RANKINGS oF Best Five Cities In ALL 

Points, with THEIR RANKINGS IN SPEED, VARIABILITY, AND ACCURACY 

Cry, RANK RANK IN SPEED RANK IN VARIABILITY Rank IN ACCURACY 

TAD zeae if 1 6 3 
OMB 2 3 ) 6 

UB aie 3 8 8 5 
1D Aae ene 4 2 8 16 
LOR Ree 5 3) 3 15 

Another general condition is noticeable in Figure 5. 

A mere glance is sufiicient to show how Indiana achievement 

keeps falling farther below the Courtis Standard and other 

state standards as the lines move from left to right. Com- 

pare Figure 5 with 6, 7, and 8, and it will be seen at once 

that accuracy is much lower in addition than in subtraction, 

multiplication, and division. The same condition is presented 

in Figures 1 to 4 for the state as a whole. 

Comparison of the Achievements of Population Groups. 

The cities and towns that gave the arithmetic test in 1917 

have been divided into four groups: (1) those cities and 

towns with a population of less than 1,000, of which group 

there were 16 school systems; (2) from 1,000 to 3,000, of 

which there were 6; (3) 3,000 to 10,000, of which there were 

3; (4) 10,000 and above, of which there were 2 (see Tables 

II to VI). In connection with these four groups comparison 

has been made in regard to the number of examples done cor- 

rectly. The median scores for each of the four groups are 

represented in Figures 9 to 12. 

, In the addition test, results show that in number of ex- 

amples attempted in Group III (3,000 to 10,000) the achieve- 

ment is above the Indiana median in all points. Group I 

(less than 1,000) is below in all grades except sixth and 

seventh; Group II (1,000 to 3,000) is above in seventh and 

eighth grades, equal to in the sixth, and below in the other 
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two grades; whereas Group IV (10,000 and above) is below 

in all grades. In number of examples done correctly, Group 

III (3,000 to 10,000) is distinctly above the state median in 

all grades; whereas all other groups are below, except Group 

II (1,000 to 3,000) in eighth grade and Group I in fourth 

gerade. 

In subtraction tests, results show that in number of ex- 

amples attempted, Group I (1,000 or less) is above the Indi- 

ana standard in all grades except the fourth and fifth. Group 

II (1,000 to 3,000) is above in all grades except the fifth. 

Group III (3,000 to 10,000) is above in all grades, particularly 

in the fifth grade. Group IV (10,000 and above) is below in 

all grades. In examples done correctly, Group I (1,000 or 

less) is below in the fourth and fifth grades, equal in the sixth, 

and above in the seventh and eighth grades. Group II (1,000 

to 3,000) is below in the fourth and fifth grades, and above in 

the sixth, seventh, and eighth. Group III (3,000 to 10,000) 

makes the best showing and is above from one to two points 

in the fourth, fifth, and sixth grades. Group IV (10,000 and 

above) is below in all grades. 

In the multiplication test, results show that in number 

of examples attempted, Groups I (less than 1,000) and III 

(3,000 to 10,000) are above the 1917 state median, and Group 

II (1,000 to 8,000) is above in every grade except the fifth, 

whereas Group IV (10,000 or above) is below in all grades. 

In number of examples done correctly, Group III (3,000 to 

10,000) in all grades is above the 1917 Indiana median; 

Group I (less than 1,000) in all grades except the fifth, which 

equals the state median; Group II (1,000 to 3,000) is below 

in the fourth and fifth, equal to in the sixth, and above in the 

seventh and eighth, whereas Group IV (10,000 and above) is 

below in all grades. 

In the division test, results show that in number of ex- 

amples attempted, Group I (less than 1,000) is above the In- 

diana 1917 standard in every grade, and Group III (3,000 to 

10,000) in every grade. Group II (1,000 to 3,000) is equal 

to or above in all grades except the fifth. Group IV (10,000 

and above) is above in all grades. In number of examples 

done correctly Group I (less than 1,000) is above the stand- 

ard in all grades, except the fifth, which is below. Group 

Ill (1,000 to 3,000) is above in all grades except the fourth 

and fifth, which is below. Group IV is below in all grades. 
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Figures 9 to 12 depict the situation more clearly than by 

means of words. In each figure the line for Group III (38,000 

to 10,000) stands out distinctly above those for the other 

groups. In subtraction the fifth grade in cities of Group Ill 

gets more examples right than those in Groups II and IV at- 

tempt. In this same figure, however, Group II stands above 

all others in the eighth grade in both attempts and rights. 

The lines for Group I (less than 1,000) hold about an average 

position in all figures, while those for Class IV (10,000 and 

above) as a rule fall distinctly below. 

These results are in general agreement with the results 

found in Iowa and Kansas, particularly Kansas. It appears 

that the type of supervisory and instructional organization 

which a city of 3,000 to 10,000 permits secures results supe- 

rior to those now secured both in cities smaller and in cities 

larger. If this inference is correct, it would be profitable 

to study the supervisory organization in the schools in cities 

of 3,000 to 10,000. 

Variability. Two types of variability are of particular in- 

terest. One is a variability in achievements in the different 

schools systems, a kind of variability that has been empha- 

sized in other parts of this study. We have noticed not only 

widely different scores in different cities, but we also found 

widely different results within some of the individual sys- - 
tems. This marked variability cannot be justified satisfac- 

torily on the grounds of difference in mental endowment, for 

population of the state and of any city is too homogeneous for 

that. It must be due rather to environmental conditions, to 

differences in amount of time devoted to the subject, or to dif- 

ferences in the quality of teaching or supervision. 

The second type of variability is that within a single class 

itself. This is computed by the directions given in Folder D. 

This rule is, “Multiply the median deviation (M.D.) by 109 

and divide by the median.” A low per cent of variability is 

the resuit of having the most of the cases clustering around 

_the median of the distribution, whereas a high per cent is due 
to a wide range represented by scores scattered at a great dis- 

tance in either direction from the median. 

The teacher and supervisor of a class should strive then to 

accomplish two things: to increase the median achievement 

of the class, and to reduce the per cent of variability. Sev- 
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eral methods have been suggested to accomplish the latter aim. 

The brightest pupils might be promoted to a class that equals 

them in ability, while those at the other end of the scale might 

be demoted or given special attention until they approach me- 

dian ability. All should receive the benefit of supervised 

study. There is quite as much waste from inattention to the 

superior pupil as from the retarded state of the inferior one 

in ability. 
The variabilities for the 27 cities are given in Table XIII. 

For attempts in the column for fifth grade addition the per 

cent of variability ranges from 12 in Cities 5 and 14 to 36 

TABLE XIII—Vartasmitiss: TwEenty-SEvVEN Towns anp Crrims; Four 

GRADES, Four Tests. Autso Ciry AND INDIVIDUAL VARIABILITIES 

GRADE 5 GRADE 6 

Addi Sub- Multi- | piv Nelaae Sub- | Multi- ee 

ton | Bae? | BRE) stom ion | een 
City 

a4/4}/4)/4)/<|4)/2/4 |) 4/4)/2/4)/2/4/24)|4 

Tea are ieee 17] 27| 25| 36] 26) 31| 32]... || 15] 29| 13 16| 23] 18] 27 
Tee a ae en 17| 23] 19) 17) 12 16} 23], 21] 17] 14) 20| 17| 22) 27)... 
Be eee ys ena 33| 19| 20] 21! 27| 25] 30) 18|| 15| 15) 12] 33) 21| 27) 21] 19 
Aree deny cya 29| -..|-18| 18} 21) 28] 19]. .|| 14). a7 s20e 7 19)=30) 21 
Ser Pere oes 12|...| 13} 16] 16| 28) 25) 19] 19] 14] 15] 20; 18) 20} 23) 16 
Giline oo tase en eee ee egereiat i |i... pili oe: 
{ener Sige 19| 25] 19] 13] 18] 25} 29] 23)| 26) 31) 20) 22] 29| 25) 30 
one eue Mas ae, 17| 21) 13] 37] 22} 24| 21] 20)| 22) 29] 18) 36] 28) 25| 24) 36 
OAs eens e 23\ 33) 23) 22) 44) 3 17), 15) 1Ole2ull 3i1233\724 

LOE toes 23) 36|...| 36].-.| 40] 50} 23|| 16] 41] 37) 30) 23] 39) 40) 31 
des) eee a es 37| 15] 24) 24] 19) 17] 37] 18|| 21) 22) 13] 25) 17) 26) 26| 23 
LO Gy ee 31| 19| 18| 22] 28) 33] 34| 37|| 10) 14] 19] 28) 17/ 19] 19) 15 
LOR spent eee 30| 14] 16] 28] 18] 19] 21)... |] 19} 27] 12) 27| 23} 17| 15) 27 
Arce ge aa ea 12] 18) 20) 28] 20),..| 28}... |) 18) 26)-19le2 aaa oe noD 
Loe en eS 19| 21 7| 30) 23)| 13) 22) Wem ea sig) 27 
Gs pacha ate 23| 19] 17| 22) 27| 17 16|| 19] 37] 14)/...| 21) 20} 20) 39 
17; ee oes 17| 25} 18| 23] 18] 15) 23]... || 18] 20) 15] 21) 17| 29) 30! 25 
Sean edie ee 16|.. .| 26} 19] 30]...| 37|...|} 16] 19] 16] 24) 18] 29) 23) 21 
10 ieee ee 22) 21} 19] 23} 19] 21] 31]... || 16] 19] 17) 18) 23) 19) 27| 19 
OO rae ee ce 26|.. .| 23| 28] 21|°28| 30)... |] 24} 16] 20):17| 19] 23) 36] 21 
DA a ae ry a 18/20/2210) 21) 87h) a4 Fag 16| 23] 18) 26] 41) 35 
DON: Seen any: 36] 23| 20| 20] 21] 40] 27| 19|| 21] 23] 25) 24) 25) 23) 30) 32 
OB eRe ge eae 25| 24| 19] 19] 26] 21) 28) 14/| 23| 22) 20) 20] 25) 28] 32) 25 
ON Sa tea pe 14]. .| 49] 26) 17)... .| 21) .|)- 16) QI Ais igen 76 
Date ve were ak 17| 25] 21] 19] 19] 19) 36|-23|| 17| 23) 25] 16] 23) 17) 31| 21 
D6 eee ee 93) 22! 20| 31) 29].71 85|=. || 20) 20) igi 28ie23 eam 28). 99 
Di Sure aN ontiae 19] 21] 19] 23) 25) 25+ 32} 21]| 16] 24! 19] 22) 21] 19) 25) 31 
Individual. 29.) 22| 21| 20] 26) 24] 21) 32]... || 20, 20) 18] 24] 25) 26) 28|. 29 
Oliv 7 eee 29) 22| 14] 23] 22} 25] 29) 21|| 18 2 18} 21] 22) 23) 27| 23 

i 
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TABLE XIII—Continued 

GRADE GRaDE 8 

Adai- | Sub- | Multi- | ivi. |] Adai- | Sud | Mult | pivi- 

tion | ee | Plice | “on || “ton | Re | Pilea | “ion 
Crry GE oe Ss I ee | ae eee eee Crecona 

es ef | a el alzlalsl4ale 218 
Seah Sales lester Ste iit s suleres e| eet [ieee le ee [hs | cs 

4)/2/2)24)/2|4|=2/4]/ 4/4|/4|4/=4/4/<4|< 

i. Se | 15) 24! 16} 20! 20} 25) 17| 29]) 15} 18} 12] 11) 15) 19} 29} 22 
Lio. a 1 44 27| 26| 21| 16] 30} 22)! 24) 25) 15} 17] 21) 15] 19) 22 
22 eee 14 18! 17| 17| 16} 33} 22|| 13] 17| 12] 16) 12: 22) 22) 22 
Lo ae 12| 25) 17| 16} 9} 15] 10} 22|| 17] 24| 19} 19] 15) 21} 33! 21 
Ri 2. eae 17| 14) 15) 26) 16) 13) 21) 15}) 15] 19) 12] 11) 12} 14) 32] 23 
Ci Se ee 19} 17| 24) 12| 31) 18] 13] 13|| 15] 21) 27| 17; 11, 9} 20 
"(hb 14| 20) 29] 19} 25| 17| 26] 20|| 23] 14) 6 21), 29) 30) 17 
2.3 ee 9A| 97| 13) 13} 13) 15| 17| 15]| 25] 23] 20] 13] 15).. .| 22] 13 
2 oe ee 16 14} 23) 11] 24] 15] 19|| 21] 24) 16] 17} 14) 14} 22) 14 

(Ces 21) 27| 18} 17} 24| 22) 40]| 19] 33] 14] 15] 19| 29] 14) 16 
i a er 19) 21} 16] 20) 26| 22) 42} 20]) 17) 23] 18} 19} 20) 27| 29) 15 
ie er 35| 20] 15| 20) 14) 17| 23) 13] 14] 17} 22] 18) 30} 15] 18] 15 
iS 14) 15} 17) 22) 16] 31] 18}| 21] 22) 18] 16) 23} 16} 23) 9 
ho a 32; 19| 10] 19| 19| 31} 28] 11|| 15) 20) 15] 19) 19| 19] 31! 15 
ee 20 17| 21| 20}; 17} 36] 18] 14} 12) 14) 23) 13 
(Go 27\ 14| 12 20} 13) 26) 11] 19) 19} 11) 16] 15) 15] 3 
Va 16| 33] 15] 24) 18] 14! 13] 18}| 20] 22) 16] 19} 12) 18) 16 
igs ae al 18} 23| 16] 21| 17| 24] 26) 18)| 15] 19} 11)-17| 11) 20] 16) 14 
Oye eee 15} 13} 16} 12} 15| 17| 21] 17), 17| 22] 17| 14| 19) 15| 28 12 
Libs ae 14} 20|.16| 19) 16] 17) 23)... || 18] 18) 13) 14) 19) 11) 22 
Die 3s 17) 19] 13] 24) 18] 21) 19] 19) 18) 18} 15] 25] 15} 21) 24° 23 
i 2 P1| 21) 30} 20) 23) 15} 36] 12)} 9) 25] 11] 20) 18} 18} 23, 17 
pe 9A! 29) 21) 21) 21| 22) 35] 23]| 18] 15) 15] 15] 16] 13] 21 
De oe 18} 20) 18| 18) 26] 24, 25! 241) 19] 27| 18] 19} 15} 24] 26, 19 
oS So) 18} 20} 20} 13} 16] 20) 18] 13|| 13} 21) 12] 14! 13] 15] 19 15 
LS ae 20; 21) 19} 21} 20) 25) 27| 26|| 17| 19} 17| 18] 17] 25) 31} 21 
Te 21; 27| 17; 20) 15| 19} 21} 20}; 19) 18} 16] 13] 19} 19) 26 12 
Individual........ 19| 27| 19] 20) 20} 21) 29| 23]| 17} 25] 18] 18] 18] 19| 27 21 

16| 17| 17) 24 14 Ci ar 17) 21) 17| 18) 18) 19} 24) 19}| 18) 21) 15 

in City 22 and 37 in City 11. In the same table, in the col- 

umn for accuracy in eighth grade addition, it ranges from 17 

in Cities 3 and 12 to 33 in City 10, and 36 in City 15. 

According to Mr. Courtis’ standard, Indiana still has much 

to accomplish. He believes variabilities of 12 per cent to 15 

per cent represent good work under present conditions. Out 

of the 816 possible per cents of variability there are 124 that 

range from 12 to 15, 11 are 11 per cent, 3 are 9 per cent, and 

1 is 6 per cent. In several cases the per cent is zero, but the 

distributions for these cases are so small that they are not 

generally reliable. Haggerty in his 1914 study places the 
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maximum variability from 20 per cent to 25 per cent. This 

lower standard would include many more of the total num- 

ber of per cents of variability in the present study. There 

are, however, many cases left where there is room for im- 

provement in class organization. Some way must be found to 

administer more successfully both to the individual child that 

is behind the standard for his grade, and to the brightest 

child who should be placed in a different class or given useful 

things to do along lines in which he is not so proficient. 
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Foreword 

THE data upon which this study is based were collected 

under the direction of Dean H. L. Smith during the year 

1917-18. The details of gathering the data were planned by 

Mr. W. E. Uphaus and some preliminary tabulations were 

made by him. The present Director of the Bureau is respon- 

sible only for the final form in which the data were arranged 

and the interpretations which are given. It was originally 

planned to make the study much more complete by including 

a larger number of cities, but several superintendents who 

expected to codperate were prevented from doing so. It is 

hoped, however, that the results of these partial studies of 

certain phases of school organization will prove suggestive 

and helpful. 

WALTER S. MONROE, 

Director, Bureau of Cooperative Research. 



Progress and Promotion of Pupils in Certain 
Indiana City and Rural Schools 

How the Data were Secured. The portion of this study 

which deals with the relation between the age of pupils and 

their progress in school is based upon data from twenty-eight 

(28) city and town school systems and one county school sys- 

tem. The total number of children included is 29,932. 

For the purpose of reporting these data, the usual age- 

grade blank form was used. It provided for listing the num- 

bers of pupils separately by sex for each half-year age and 

for each half-school grade. The data called for were based 

upon the number of pupils ‘“‘belonging on December 18, 19, 

20, 21, 1917” (depending upon the day the study was made). 

The following directions were printed upon the blank: 

2. In securing the number belonging, the following should be construed 

to terminate membership in school: 1. Death. 2. Withdrawal 

on notice. 38. Suspension or expulsion. 4. Transfers to other 

schools, or departments in the same system. 5. Six consecutive 

half-days’ absence. 

In order to obtain fair and impartial information about con- 

ditions in the state, it is imperative that pupils in special classes 

for retarded and defective pupils be included in the age-grade 

report. Whenever pupils in such classes can be classified with 

reasonable accuracy on the basis of entrance of one or other of 

the several regular grades, they should be included in the gen- 

eral report. Whenever they cannot, they should be reported on 

a separate form arranged by the school. 

1 The Bureau of Codperative Research is glad to acknowledge its indebtedness to the 

following superintendents for furnishing the data upon which this study is based: 

School systems having semiannual promotions—Supt. Harry Nixon, Dunkirk; Supt. 

E. N. Canine, East Chicago; Supt. N. F. Hutchison, Huntingburg; Supt. F. H. Kinney, 

Ligonier; Supt. C. H. Douglass, Logansport; Supt. L. E. Kelley, Montpelier; Supt. 

F Homer Long, Madison; Supt. J. F. Nuner, South Bend; Supt. O. J. Neighbours, Wabash. 

School systems having annual promotions—Supt. Chas. A. Boss, Avilla; Supt. L. B. 

Job, Boswell; Supt. A. W. Hines, Cambridge City; Supt. H. E. Stahl, Cayuga; Prin. 

EK. L. Lindsall, Ellettsville; Supt. H. C. Clausen, Grovertown; Supt. J. M. Haigerty, 

Loogootee; Supt. J. H. Thomas, Medora; Prin. Mortimer Lewis, Montmorenci; Supt. 

I. S. Hahn, Middletown; County Supt. A. B. Oswalt, North Manchester; Supt. J. A. 

Yager, Owenville; Prin. C. W. Odell, Oxford; County Supt. Harry Evans, Pine Village; 

County Superintendent Floyd M. Annis. Plymouth, for Marshall County; County Supt. 

Lee L. Driver, Ridgeville; Supt. O. H. Greist, Union City; Supt. J. M. Leffel, Warsaw ; 

Supt. F. G. Neel, Winamac; Supt. E. B. Rizer, Worthington. 

(3) 
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3. How to record ages. First find the date of the birth of the pupil 

from the school records. Then refer to the table given below. 

The age of the pupil will be found opposite the dates on which 

or between which the date of birth falls. 

Mareh 2,.1902, tovany later date. > 222-5 2 oe Under 5% years 

Sept. -2, 1911, to March 1, 1912). ice eee dle years 

March: 2,1914, to-Sept. 41,4191). 322222} eee 6 years 

Sept. _2,.1910;, to Mareh 4, 1911... 3222 ee eee 642 years 

March 2, 1910, to Sept. 1, 1910... 4-35-2222 eee 7 years 

Sept... 2,. 1909;: to: March 1, 1910220... Ae eee 72 years 

March 2; 1909; to Sept... 1,. 1909.23. ee eee 8 years 

Sept: 2, 1908, to March 1).1909- 1.223222 eee 8t2 years 

March 2, 1908; to Sept. 45.1908 .-.-.- eee 9 years 

Sept: 2, 1907, to March 1, 19082...) 2) eee 94% years 

March -2, 1907,.to0 Sept. 4; 1907... 22320 eee 10 years 

Sept. 2; 1906, to March 1, 1907 . 222) 232 eee eee 10% years 

March: 2; 1906; to’ Sept. “41, 1906.2... 2-2 eee 11 years 

Sept, ~2;.1905,: te March 4, 1906 eee 1142 years 

Mareh 2, 1905;-to-Sept.. 1519055. eee 12 years 

Sept. 2; 1904, to March<t, 190b:2 se Se eee 12% years 

March 2; 1904; to Sept. 15 1904-2.2 4. eee eee eee 13 years 

sept.. -2;,1903; to March. 4, 1904.2. 22 eee eee ee 13% years 

March 2,-1903>to: Sept. 1,-1903....2 22 eee ee 14 years 

sept. -25-1902;-to March 151903 252-2. eee 14% years 

March 2, 1902; to: Sept. 1, 19022 :%. 2-3 See 15 years 

sept. 2; 1901, to March 1, 1902.4 53.322 eee 15% years 

March 2,1901, to Sept. 1,°390L..:. 2.22222 eee 16 years 

sept. 2, 1900, to March 1, 1900) 222.255 264- eee 16% years 

March 2, 1900, to Sept. 1, 1900... 22222222 eee 17 years 

Sept. 2, 1899; to March 15 1900: 22... eee 17% years 

March 2, 1899,. to: Sept. 41, 18992... eee 18 years 

Sept. -2, 1898; to March 1,:1899-.). 2-3 Se eee 18% years 

March 2, 1898, to Sept. 1, 1898... 2... 33-2 19 years 

Sept.:° 2; 1897, to March 1, 1898). 3.1.3.2) ee eee 194% years 

March 2, 1897, to. Sept. ‘1; 1897... 5.4. eee 20 years 

pept. 2, 1896, to March 1, 1897. . 22.322 Je ee eee 2042 years 

March 2,.1896, to Sept: -1,.18962.... ..22 2 cee 21 years 

sept, 2; 1895, to March 1, 1896... 22 220-22 eee 21% years 

sept. 1, 1895; to.any ecarliersdates<2. 2 2. Over 21% years 

4. Those schools that do not promote semiannually will use only the 

1B, 2B, etc., spaces on the table, leaving 1A, 2A, etc., vacant. 

5. How to assign pupils: 

a. In the First Six Elementary Grades and in Grammar Grades 

where promotion is by grade. Here pupils will simply be 

assigned according to the ages and grades in which they are 

found. Schools that promote by subject below 7B should 

use the standard for junior high school and grammar grades 

in (bd). 
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b. In Junior High Schools and Grammar Grades where promotion is 

by subject. 

7B all pupils having 2 or more subjects of grade 7B and 

who are not carrying more than one subject in work 

of a grade below 7B. 

7A. all pupils having 2 or more subjects of grade 7A and 

who are not carrying more than cone subject in work 

of a grade below 7A. 

8B all pupils having 2 or more subjects of grade 8B and 

who are not carrying more than one subject in work 

of a grade below 8B. 

8A all pupils having 2 or more subjects of grade 8A and 

who are not carrying more than one subject in work 

of a grade below 8A. 

c. In High Schools. Assign pupils to the grades indicated below if 

they have completed the number of credits indicated before 

the beginning of the present school year. 

9B all pupils who have completed 0 to 2 semester credits 

of ordinary high school work, inclusive. 

9A all pupils who have completed 3 to 6 semester credits 

of ordinary high school work, inclusive. 

10B all pupils who have completed 7 to 10 semester credits 

of ordinary high school work, inclusive. 

10A all pupils who have completed 11 to 14 semester credits 

of ordinary high school work, inclusive. 

11B all pupils who have completed 15 to 18 semester credits 

of ordinary high school work, inclusive. 

11A all pupils who have completed 19 to 22 semester credits 

of ordinary high schcol work, inclusive. 

12B all pupils who have completed 23 to 26 semester credits 

of ordinary high school work, inclusive. 

12A all pupils who have completed 27 to 31 semester credits 

of ordinary high school work, inclusive. 

d. Those schools, having yearly promotions only, should consider a 

semester credit complete if the pupil has satisfactorily passed 

the half year’s work in a subject. The pupil should then be 

classified as indicated above. 

6. Since 6 years to 6% years is considered the normal age for enter- 

ing the 1B grade, all pupils recorded in the heavy rectangular 

figures of the age-grade table are considered normal in age and 

progress. Those of any grade recorded above this rectangle are 

accelerated; those below the rectangle are retarded. The degree 

of acceleration or retardation may be determined by noting the 

number of half-years any individual or group is from the rec- 

tangle. Spaces have also been allowed for tabulating the total 

number of normal, accelerated, and retarded pupils for each 

grade. 

7. Record sexes separately. 

2—16697 
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General Summary—Age-Grade Tables. Of the school sys- 

tems reporting, nine have semiannual promotion and twenty 

have annual promotion. The returns from these two groups 

of school systems were compiled separately so that in the 

tables and figures which follow it is possible to make com- 

parisons between these two types of school organization. 

In the group of twenty school systems having annual pro- 

metion there is included one county system with the excep- 

No. of pupils 

1100 

1000 

900 

100 

8 9 10° 11-2213 14° 15 AG ie SOR 20 2 

Age 

Ou er) ba | 

Fic. 1. Showing the distribution of the number of boys and girls in. 

each age-group on the basis of 1,000 in the average of the age-groups 7 

to 12. The first line for each age-group represents boys and the second 

line girls. Systems having annual promotion. 

tion of one city and three towns. The number of children 

reported is approximately 3,000; or one-third of the total 

number in this group. Of this total about 2,000 are from 

rural schools. However, to avoid awkward statements, we 

shall not specify this fact each time this group of school 

systems 1s mentioned in the following papers. 

Tables I to VI inclusive give a general summary for these 

two groups of school systems of the age of the pupils “belong- 

ing’ on December 18 to 21, 1917, recorded as of September 1, 
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in relation to their progress in school. In the original tabu- 

lations the ages were given by half-year intervals but, since 

this finer grouping did not appear significant, an interval of 

one year is used in this report. 

Table I should be read as follows: In Grade I, there were 

78 five-year-old boys, 303 six-year-old boys, 87 seven-year-old 

boys, etc. The total number was 511. The facts for the 

other grades are read in the same way. The “total” column 

No. of pupils 

1100 

1000 

900 

800 

700 

600 

500 

400 

300 

200 

2 

Cra oon Oe lO) sailor Qi de: Ge 1S 19 2205 20 

Age 

Fic. 2. Showing the distribution of the number of boys and girls in 

2ach age-group on the basis of 1,000 in the average of the age-groups 7 

-0 12. The first line for each age-group represents boys and the second line 

zirls. Systems having semiannual promotion. 

at the right gives the number of pupils in the successive 

grades and will be referred to as the “grade distribution’’. 

The “total” line at the bottom gives the number of pupils in 

' the different age groups. It will be referred to as the “age 

distribution”. Tables II to VI are read in the same way. 

Problems Studied. The facts presented in Tables I to VI 

make possible the study of two fundamental educational 

problems. 

3—16697 
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I. Elimination. To what extent do the schools hold chil- 

dren after they pass beyond the age of compulsory attend- 

ance? This is important because if a child starts to school 

when six and makes regular progress he has only finished 

the eighth grade at the age of fourteen. If he leaves school 

at this age he has failed to take advantage of the high school 

opportunities which the community offers. This, however, is 

the most favorable case. At fourteen, only 44 per cent of 

No. of pupils 

1100 

1000 

900 

800 

700 

600 

500 

400 

300 

200 

100 

5B. 6-7 ~8 —9 10. AL 12 4185 14° 15> 108 Weasel 

Age 

Fic. 3. Showing the total number “belonging” in systems having semi- 

annual promotion and in systems having annual promotion in each age- 

group on basis of 1,000 in the average of the age-group 7 to 12. For each 

age-group the left line represents systems having seMiannual promotion 

and the right line represents systems having annual promotion. 

the children in the schools studied had completed the eighth 

grade and for the remaining 54 per cent, their leaving school 

at fourteen means that they have not obtained even a “‘com- 

mon school” education. 

II. Progress. The other problem concerns the progress 

of those pupils who are in school. It is important that chil- 

dren be in school, but it is even more important how they 

respond to the instruction which the school offers. In case 
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they fail to respond satisfactorily and the school asks them 

to repeat the work of the year, the expense of the instruc- 

tion for that year has been largely wasted, and, more impor- 

tant, pupils’ time and efforts have also been largely wasted. 

The extent to which children respond in a manner which 

the school considers satisfactory is indicated by the progress 

of the children thru the several grades. 

I. THE ELIMINATION OF PUPILS 

Legal Provisions for Compulsory Attendance. The school 

laws of the state of Indiana provide for compulsory attend- 

ance as follows: 

1. It shall be the duty of every parent, guardian, or other person, 

in the state of Indiana, having the control or charge of any child, to 

cause such child to attend regularly a public, private, or parochial day- 

school, or two or more of such schools, during each school year for a 

term or period not shorter than tnat of the common schools of the 

school corporation in this state where the child resides. This section 

shall apply to every child not physically or mentally disqualified as 

hereinafter provided, who shall be of the age of seven years and of not 

more than the age of fowrteen years, and shall apply to every child of 

fourteen years or more and not more than sixteen years of age, who 

is not actually and regularly employed, during the hours of the common 

school of such school corporation, in a useful employment or service, or 

is not lawfully employed in a gainful service agreeably to the provisions 

of this act concerning the employment of children in gainful occupations. 

2. No child under sixteen years of age who under the provisions of 

this act would otherwise be required to attend school, shall be employed 

in any occupation during hours wherein the common schools at the 

residence of the child are in session, unless the child shall have attained 

the age of fourteen years and shall have procured a certificate from 

the executive officer of the common school corporation of which the child 

is a resident, or some person designated by him, showing the age, date 

and place of birth, if known, or ascertainable, of such child and showing 

that the child has passed the fifth grade in the common schools, or its 

equivalent.’ 

Upon the basis of these provisions we may expect that 

from the age of seven up to the age of fourteen all children 

who are physically and mentally fit will be in some school. 

From fourteen to sixteen a certain per cent will be excused, 

and after a child becomes sixteen his attendance is entirely 

voluntary. 

2“Taws of Indiana relating to the Public School System,’ 1917, pages 263 and 264. 
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The extent to which children remain in school after they 

become sixteen becomes an index of the holding power of 

the school. From the point of view of its social function it 

is a measure of the efficiency of the school. Other things 

being equal, that school is serving its community best which 

is holding the largest per cent of the children until they com- 

plete the work of the high school. 

Two Methods of Studying Elimination. The elimination 

of children from the schools may be studied in two ways: 

(1) on the basis of the number of children in each age group; 

(2) on the basis of the number of children in each grade 

group. The first method will enable us to say at what age 

children leave school. The second leads to a statement of 

the grades which the children reach before leaving school. 

Both methods will be used in studying the facts of Tables | 

to VI. 

(1) Age Distributions of Children. The age totals in 

Tables I to VI show that some children, about twenty per 

cent, start to the public schools at the age of five, and about 

seventy per cent enter at six. From seven up to fourteen the 

number of pupils in the different age groups is reasonably 

constant, but beginning with the age of fourteen there is a 

marked decrease in the numbers. In those systems having 

a semiannual promotion, the age of fourteen appears to be 

anticipated because there is a noticeable decrease in the num- 

ber of the thirteen-year-old pupils. 

A Common Basis of Comparison. Before we can compare 

the several age distributions, they must be reduced to a com- 

mon basis. The most satisfactory method would be to ascer- 

tain the total number of children of each age and calculate 

the per cent “‘belonging’’ in school. Unfortunately, this infor- 

mation is not at hand. 

We may, however, assume that the age groups, seven to 

twelve inclusive, represent approximately the actual number 

of children of the respective ages. Four factors, (1) tem- 

porary termination of school membership, (2) physical or 

mental unfitness, (3) attendance at private or parochial 

school, and (4) non-enforcement of the compulsory attend- 

ance law, tend to reduce the number of pupils slightly. We 

have no data to show the effect of these factors. 
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The effect of the first two is probably constant for all 

ages and consequently negligible for this purpose. Attend- 

ance at private and parochial schools is variable between 

cities and in some cases affects certain ages more than others. 

Violations of the compulsory attendance law probably affects 

the older group more than the younger. On the other hand, 

the attendance of children from outside of the school district 

tends to increase the number of older children. 

The population factors of death and normal increase in 

population affect the relative size of the successive age groups. 

The normal increase in population makes each age group 

slightly larger than the preceding. Thus in general there 

are more eight-year-old children than are children nine 

years old, more seven-year-old children than are children 

eight years old, etc. The factor of death adds to this con- 

dition. Hence, we should expect to find a slight decrease in 

the number of children from the younger to the older grade 

groups. 

In order to have a basis of comparison we have used in 

this study the average of the six age groups, seven to twelve, 

as the most probable number of children of each age. While 

this may be considered the most probable number, it is neces- 

sary to bear in mind that it is only approximate and that 

many factors affect the age distributions. 

Table VII gives the number of children in each age group 

on the basis of 1,000 in this average age group. It should 

be read as follows: Out of 1,000 five-year-old boys, 195 were 

in school in the systems having semiannual promotion. On 

the same basis there were 199 five-year-old girls and counting 

both boys and girls, the number was 197. In certain of the 

groups there are more than 1,000. Theoretically this is not 

possible, but it results from the shght lack of uniformity of 

the age groups of which the average was taken. Most of 

these variations are probably due to chance. The eleven-year- 

old group presents an interesting variation, which appears to 

. be due to a cause which this investigation does not reveal. 

The facts of Table VII are represented graphically in 

Figures 1, 2, and 3. Figure 1 shows the'distribution of the 

boys and girls according to age in the systems having annual 

promotion. For each age group there are two vertical lines. 

The left one represents the number of boys and the right 
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one the number of girls. Figure 2 represents the same facts 

for the other group of school systems. In Figure 3 the 

“totals” for the two groups are shown. The left line is for 

the systems having semiannual promotion. The right line is 

for the other group of school systems. 

Sea Differences. The sex adiiierences for the systems 

having semiannual promotion (Figure 2) are slight. There 

is an indication that the girls stay in school a little better 

than the boys. In Figure 1, which is for the other group of 

school systems, this condition is more pronounced. 

TABLE VII 

DISTRIBUTION OF Pupits AccoRDING TO AGE REpUCED TO Basis oF 1,000 IN 

AVERAGE OF 7 To 12 AGE GRoUPS 

SYSTEMS HAVING SEMIANNUAL SYSTEMS HAVING ANNUAL 
PROMOTION PROMOTION 

Age Boys Girls Total Boys Girls Total 

Dx clea 195 199 197 181 22k 203 
Or ote 935 934 934 873 985 937 
(inne 1,085 1,097 1,091 928 1,007 977 
opie we 1,040 1,058 1,049 983 1,034 1,019 
QU ae 1,069 1,050 1,061 1,045 972 £021 

LOL rect 1,003 943 972 1,082 975 1,042 
tp hice aes 913 931 921 942 895 930 
PIP oe 892 916 904 1,018 1,124 1,081 
Leone see 814 846 830 1,089 1,079 1,096 
Hae: zen 598 606 602 844 902 882 
LS neha 431 469 450 614 CEL 697 
LGe aaa 270 371 320 428 485 461 
teeta 180 206 193 PET) 368 324 
Se eee 86 51 690 137 142 141 
LOE cee: 30 13 22 52 37 46 
2 Osis. 4 1 3 16 9 lets 2 
A eel 1 0 0.4 2 4 3.5 

Group Differences. Figure 3 is the most significant. It 

it clear that above the age of eleven the school systems having 

annual promotion have relatively more children in school. 

This probably means that they are holding the children bet- 

ter, altho we cannot be certain because of the influencing 

factors mentioned above, particularly that of nonresident 

attendance. 

One should not conclude that this difference is due to the 

difference in the organization of the two groups of school 

systems, since a number of other factors enter into the situ- 
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ation, such as the social and economic conditions, the per 

eent of foreign children, the size of the school systems, etc. 

This study shows only the condition which exists. It does 

not reveal the cause. The determination of the cause is a 

problem for future study. Its solution should be of spe- 

cial interest to superintendents in cities having semiannual 

promotion. 

(2) Grade Distributiens of Children. The same question 

(the elimination of children from the public schools) can also 

be studied by considering the distribution of the children in 

the several grades which are given in the column marked 

‘total’? in Tables I to VI. It is more important that a child 

reach a certain grade in school than that he remain in school 

until a specified age. Our public school course is twelve years 

in length. If a pupil enters at the age of six, which is the 

most frequent age, and progresses regularly, he will be 

eighteen when he completes the course. If he drops out be- 

tore this age, he has failed to take advantage of the educa- 

tional opportunities which the community offers him, unless 

he either started to school before he was six or has made 

rapid progress. Relatively few cases come under these two 

heads. On the other hand, a large per cent of children 

fail and take more than twelve years to finish the course. 

Hence, the age of a child is not a reliable index of the progress 

he has made. This is very obvious in Tables I to VI. Chil- 

dren of every age except the youngest are to be found in 

several different grades. 

Table VIII gives the number of children in each grade 

for both groups of school systems reduced to the basis of 

1,000 in the first grade. The most noticeable thing is the 

very rapid decrease oi the number of children in those 

systems having semiannual promotions and that the de- 

crease is much greater than that for those systems having 

annual promotions. In the systems having semiannual pro- 

motions the table suggests that out of 1,000 pupils who enter 

the first grade, 819 reach the second grade, 808 reach the 

third grade, 354 reach the last year of the elementary school, 

and 135 reach the twelfth grade. This table, however, is not 

subject to such simple interpretation. The number of pupils 

in the first grade consists of those who started to school in 

September, 1917, plus those who were not promoted from the 
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first grade in May, 1917, and those who have been dropped 

to enter the first grade, less those who were dropped before 

December 19 to 23. The number of pupils in the fourth grade 

consists of (1) those of the 1,000 who started to school in 

September, 1914, and who have made regular progress; (2) 

those who were in the fourth grade in May, 1917, and were 

not promoted; and (3) those who started to school after Sep- 

tember, 1914, and who have made rapid progress, i.e. have 

skipped a grade without being retarded at any time. Thus, 

the fourth grade includes several pupils who started to school 

before September, 1914, and some who entered at a later 

date. On the other hand, not all of the 1,000 remain in the 

TABLE VIII 

NUMBER OF CHILDREN BELONGING IN EAacH GRADE FOR BotH GROUPS OF 

Systems, ReEpucED To Basis or 1,000 In First GRADE 

SYSTEMS HAVING ANNUAL PROMOTION 

Grape | I | IE | WE} IV | V | VI | VI|VIII| IX | X | X0| Xt 
Number | | 

Children 1,000 see 960} 881} 878) 887) 631} 399) 369) 321 

SYSTEMS HAVING SEMIANNUAL PROMOTION 

Number ee | | | a 

Children 1,000, 819 s03 761) 705) 578 494 304} 331 204 151) 135 

fourth grade. Some have become retarded and are now 

counted in grades below the fourth, while others who have — 

been permitted to skip a grade are found in grades above the 

fourth. A small number have died or did not “belong” on 

the date the census was taken. 

Still another factor must be taken into consideration. 

Because of the increase in population, the number entering 

school in these cities in 1914 was larger than the number 

which entered in any preceding year. If all other factors 

affecting the grade distribution were eliminated this one 

would cause a slight decrease in the number of pupils from 

grade to grade. 

Thus there are four factors affecting the distribution of 

pupils in the several grades: (1) termination of member- 
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ship in the school, (2) increase in population, (38) retarda- 

tion, and (4) acceleration. The termination of membership 

in the school occurs in several ways: (a) by death, which 

is a relatively small factor; (b) by temporary absence of 

more than “six consecutive half-days’ absence’; (c) by sus- 

pension or expulsion; and (d) permanent withdrawals. This 

last cause becomes the most dominating one after the age of 

thirteen is reached. Theoretically, it should not occur until 

after fourteen is reached, but as Tables I to VI show some 

children anticipate the age of fourteen by leaving school when 

only thirteen. 

An additional factor should be included when data from 

public schools only are considered. Some children attend 

parochial schools during a portion or all of their school career 

below college. If they attend during all of the period, the 

grade distribution will not be affected, but when at certain 

grades a transfer is made to or from parochial schools, the 

grade distribution is affected. 

TABLE IX 

GRADE DISTRIBUTION AS INFLUENCED BY DEATH AND INCREASE OF POPULATION 

GRADE PUPILS 

Pires, (GHEiG © «See a Ba ete te eR ae ge a ae 1,000 
SeeaiaG, (GHee yale Fr ae ee ea a cree a Rc a 985 
rantcouale, tee] way te ae tk ee ae, tee eg es Ee i es 964 
Teoma alg CAP BUSS yh ae es set ona aor gee core Tata ee SR cee ea 938 
Te quMela, (Goeeey Ges. one Bee atl ea aa IR ee eee a ae a 920 
Stomiln, Coed ye o 2 2 peal meets eee Mae, Se) aR ar ea er A 904 
Sees, (Gap ERS wb ees ea rine cal de on oa teeters 889 
VEGETA, (Gray I ce, eee Rage See PN eT tan a aaah vel 

The effect of the termination of membership on account 

of death and the increase of population has been calculated 

by Ayres for the first eight grades. Table IX shows the 

number of pupils which we would find in each grade if only 

these two factors affected the grade distribution. This would 

be the case if all pupils were promoted, none accelerated, and 

none left school. 

Number of Pupils Entering School. Before it will be pos- 

sible to interpret the facts of grade distributions it will be 

necessary to know the number of pupils who enter school 

each year. This information was not collected. Incidentally, 

it may be remarked that it is seldom available in superin- 

tendents’ reports. Therefore, it is necessary to compute the 
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probable number entering. Three methods of calculating this 

number from the age-grade data have been proposed. Thorn- 

dike*® proposed that the average of the enrollment in the first 

three grades, less certain corrections, be taken as the number 

of pupils entering the first grade. Ayres‘ proposed that the 

average of the age groups from seven to twelve be taken. It 

will be noted that these are the years during which attend- 

ance is required by law in most states. Strayer’ took the 

largest age group. In this study Ayres’s method has been 

used. 

Grade Distributions Reduced to Basis of 1,000 entering 

the First Grade. Table X shows the number of pupils in 

each grade for 1,000 entering for both groups of Indiana 

school systems and for certain cities and other groups. This 

shows that in the systems having annual promotion there are 

1,161 children in the first grade. We have assumed that 

1,000 entered. Hence, 161 are repeating the year’s work. 

If there were no eliminations and all children were promoted 

regularly, there would be 1,000 in each grade. Up to the 

elghth there are more than this number in each grade. In 

the eighth there are 972, and in the twelfth there are 373. 

Disregarding the factors mentioned on page 21, we may say 

that in the systems having annual promotion out of 1,000 

pupils who enter school, 972 reach the last year of the ele- 

mentary school and 373 reach the last year of the high school. 

The facts for the other systems are to be read in the same 

way. 

Figure 4 represents graphically for the systems having 

annual promotion the number of children belonging in each 

grade (1) upon the basis of 1,000 in the first grade (Table 

VIII), (2) upon the basis of 1,000 entering, and (8) con- 

sidering only the populations factor. Figure 5 shows the 

same facts for the other group of systems. It shows in an 

effective way the rapid decrease in the number of pupils 

from grade to grade. This is very much more rapid than in 

Figure 4. 

3 Thorndike, E. L. ‘“‘The Elimination of Children from School,’’ U.S. Bureau cf 

Education Bulletin No. 4, 1907. 5 

* Ayres, L. P. Laggards in Our Schools: a Study of Retardation and Elimination in 

City School Systems. New York Charities Publication Committee, 1909. 

° Strayer, G, D. ‘Age and Grade Census of Schools and Colleges.’”’ U.S. Bureau of 

Education Bulletin No. 5, 1911. 
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According to Table X the population factors reduce the 

number of children in the eighth grade to 871. In the sys- 

tems having annual promotion there are 972 in the eighth 

1600 
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I le = ed IV My Wie VEE Va xX NOT Xs sl 

Fic. 4. Showing the number belonging in each grade on the basis of 

1,000 entering school (upper line), on basis of 1,000 in the first grade 

(lower line) and the distribution as it would be if affected only by popu- 

lation factors (dotted line). Systems having annual promotion. 
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grade. This unexpected situation may be due to the popula- 

tion’s not having increased in the estimated way, but it is more 

probable that it is caused by nonresident attendance. How- 

1600 
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1400 

1300 

1200 

1100 

1000 

900 

500 

400 

300 
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Fic. 5. Showing the number belonging in each grade on the basis of 

1,000 entering school (upper line), on basis of 1,000 in the first grade 

(lower line), and the distribution as it would be if affected by only popu- 

lation factors. Systems having semiannual promotion. 
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ever, it is probable that the schools of this group hold most 

of their pupils as far as the eighth grade. It is significant 

that nearly two out of three fail to reach the fourth year of 

the high school. In the other group of systems only a little 

more than half of the children reach the eighth grade, and 

only one in five reach the fourth year of the high school. 

Comparison with Other Systems. When we compare these 

data with similar data from other systems, it appears that 

the elimination in Indiana systems having annual promotion 

is less than in other systems. In the other group it is slightly 

greater. Comparisons, however, must be made with reserva- 

tions because the facts for the other cities are for different 

years and were not collected at the same time of the school 

year. In the case of the “fourteen Kansas cities” the num- 

ber entering was taken as the average of the four age groups, 

eight to eleven. In this case, also, the figures represent the 

number of children “actually in attendance some time during 

the last month of the school year” instead of the “number 

belonging’ on a certain day in December. However, it is 

safe to say that the elimination in these Indiana cities is dis- 

tinctly less than Ayres found it to be in fifty-nine (59) cities 

in 1907. It is also less than Thorndike’s determination (80 

out of 1,000 reaching the fourth year of the high school) 

and Strayer’s determination (150 out of 1,000 reaching the 

fourth year of the high school). 

Comparison of Systems. Grade Distributions. In Table 

XI the grade distributions for the systems having semiannual 

promotion are given. It is significant that with the excep- 

tion of two systems (the extremes) there is a high degree of 

uniformity in the number of children in the first grade. In 

fact, uniformity is more significant than the differences. 

There are, of course, certain conspicuous variations from the 

general tendency. These are doubtless due for the most part 

to certain peculiar local conditions in the cities in which they 

occur. For this reason no interpretation is attempted in the 

report. Because the number of children in each grade is so 

small, the corresponding table for the other groups of school 

systems is not given. 
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Il. PROGRESS 

Evidence of Progress other than Normal. Evidence that 

some pupils have not made normal progress, i.e. have not 

been promoted each year or have skipped grades, is con- 

tained in Tables I to VI. Consider, for example, Table III 

which is typical. In view of the fact that the provision of 

the compulsory attendance law requires that children attend 

school between the ages of seven and fourteen, the age dis- 

tribution of the first grade children is evidence that some 

must be retarded. It is safe to assume that with very few 

exceptions all children in this grade who are eight years of 

age or over have failed of promotion at least once. Probably 

a number of the seven-year-old children are retarded. 

In the first grade the largest age group (601) is the six- 

year-old which is what is to be expected, since most children 

start to school at this age. In the second grade the largest 

age group is the seven-year-old but has decreased to 486. If 

this “normal” group is traced thru the successive grades we 

find that in the eighth grade the largest age group is the 

thirteen-year-old which has 351 children. The population 

factors would tend to reduce this “normal” group slightly, 

but not to this extent. Thus we have here additional evidence 

that some pupils do not make normal progress. 

Methods of Computing the Amount of Retardation and 

Acceleration. For computing the amount of retardation 

(overage) and of acceleration (underage) from age-grade 

tables such as Tables I to VI, two methods have been used. 

The first method is to consider that six years is the normal 

age for the first grade, seven years is the normal age for 

the second grade, etc. According to this method, the nor- 

mal age for IB is from six to six and a half; TA trompsix 

and a half to seven, IIB from seven to seven and a half, ete. 

Children who are older than the “normal” age for the grade 

are counted as overage or retarded. Those who are younger 

than the “normal” age are counted as underage or accelerated. 

According to the second method, six or seven years is the 

“normal” age for the second grade, etc. When the progress 

of pupils is expressed in half-grades, a modification of allow- 

ing a year for each half-grade is sometimes used. 
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Criticism and Limitations of These Methods. In 1909 L. 

P. Ayres stated with reference to the second method “These 

ages have been accepted by common consent as the ‘normal 

ages’ for these grades by nearly all school men who have 

interested themselves in the problem.’® Some school men 

have pointed out that this popularity of the second method 

was due to the fact that it gave a much lower amount of 

retardation than the first method. The difference in the 

amount of retardation for the two groups of Indiana school 

systems is shown in Table XII. The magnitude of this dif- 

ference is striking. 

TABLE XII 

PeR Cent oF RETARDATION BY Metuops I anp II 

SYSTEMS HAVING ANNUAL SYSTEMS HAVING SEMIANNUAL 
PROMOTION | PROMOTION 

GRADE I ial: | I | Tf 

| 
Js Re ae ae Zl 6 Bo 9 

II 28 9 A2 15) 

III 35 13 50 22 
1D\ Wise eae AO 19 oil 25 
en era 38 17 55 28 

AW] SA ee 55 28 54 PAS 
WAC De eae 44 7 50 18 

AV ATTN ae ok Sih 14 Al 15 
IDS 36 15 Ad il 

xX 32 10 42 16 

XI 30 8 38 12 

2S ae 36 10 Be il 

The true per cent of retardation is probably between the 

amounts obtained by the two methods. The superintendent 

of one city reported that a study of the pupils who have 

actually failed to be promoted at least once showed that 39.2 

per cent were retarded. The first method gave for this city 

a retardation of 59.5 per cent and according to the second 

method it was 14.8 per cent. This is probably representative, 

_ but, in the absence of additional data, no method is available 

for the accurate calculation of the amount of retardation. 

When dealing with age-grade tables it is, therefore, necessary 

to employ one of the above methods or a slight modification 

of them. In this study the second method has been used pri- 

S Ayres, L. P, Laggards in Our Schools, p. 38. 

4—16697 
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marily because it appears to be more generally used and 

hence more data are available for comparative purposes. The 

reader should bear in mind that the amounts of retardation 

and acceleration given in the following are computed by this 

method and not actual. 

The Computed Quantities Represent Overage and Under- 

age rather than Retardation and Acceleration. Strictly speak- 

ing, these quantities do not represent retardation and acceler- 

ation but overage and underage. They are, however, gen- 

erally spoken of as representing the former. Thus, a sig- 

nificant distinction is lost sight of. If an age-grade table 

is studied with respect to the grouping of children for in- 

structional purposes, one is primarily concerned with the 

homogeneity of the grade groups, for it is assumed that the 

more nearly alike the members of the group are the more 

favorable the conditions are for teaching. One character- 

istic of children is their chronological ages. When a grade 

group 1s made up of children of widely different chronological 

ages as is the case in Tables I to VI, the groups lack homo- 

geneity in that respect and thus the most favorable condi- 

tions for instruction do not exist. Some have gone so far 

as to state that the age of a child is more imvortant from 

this point of view than the number of years he has spent in 

school... That from the instructional point of view there is 

some truth in this assertion one cannot deny. However, the 

mental age of a child frequently does not agree with his 

chronological age and it is the former factor rather than the 

latter which produces the non-homogeneity of the groups in 

ability to learn. Thus, from the instructional point of view. 

the overage and underage of pupils have a certain significance. 

Their computation from age-grade tables is definite when we 

have defined the age or ages for the several grades. 

From the point of view of the economical organization of 

the school, one is primarily interested in the progress of the 

pupils, i.e. the per cent who are promoted regularly, the per 

cent who fail, and the per cent who are permitted to skip a 

grade. Repeating the work of a grade or a half-grade rep- 

resents a financial loss to the school and a time loss to the 

child. Thus, the per cent of retardation has been called a 

measure of the efficiency of a school system. 

‘ Ayres, L. P. Laggards in Our Schools, pp. 39-42. 
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Limitations of Retardation and Acceleration as the Meas- 

ure of School Efficiency. The per cent of retardation and 

acceleration is only a very crude measure of the efficiency of 

the school system. The efficiency of a school system is the 

ratio of the achievements of the pupils to the expenditures 

of time, effort, and money. That school system is most effi- 

cient which is obtaining the largest relative returns upon its 

investment. The giving of standardized tests has made very 

evident that some school systems are securing very much 

greater outcomes than others. Thus, it might happen that 

a school system which showed a very small per cent of re- 

tardation and a large per cent of acceleration, indicating an 

efficient system, was actually less efficient than another sys- 

tem which showed a higher per cent of retardation and a 

lower per cent of acceleration, because of the difference in 

the achievement of the pupils in the two systems. For this 

reason if one wishes to secure an absolutely trustworthy 

index of the efficiency of the school system, he must take into 

consideration the achievements of the pupils as well as their 

rate of progress. 

Relation between Overage and Retardation. As was pointed 

out above, the amount of retardation is not the same as the 

amount of overageness, no matter what method is used. We 

can only assume that the per cent of overage pupils approxi- 

mates the per cent of retarded pupils. Data are not at hand 

for showing the closeness of the approximation by either of 

the above methods for the Indiana school systems studied. 

They are available for three cities when a modification of the 

method of computing the amount of overageness and under- 

ageness was used. The normal age of IB was six or six and 

a half, the normal age of IA was six and a half or seven, etc. 

Using this method we have the following facts: 

Retarded Overage Difference 

Dituogwe, LOwat ... 0. e k 26 32 —6 

mochester, IN. ¥.2 oa oe. 33 42 9) 

Wleveland, Ohio® ...6...0... a2 29 +83 

1 Harris, J. H., and Anderson, H. W. ‘An Investigation of the Progress of Children 

Through the Elementary Schools of Dubuque, Iowa.”’ 

° From an unpublished report by Assistant Supt. J. P. O’Hern. 

3 Ayres, L. P. ‘Child Aecounting in the Public Schools’? (Cleveland Survey Report). 
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The approximation is closest for Cleveland, but even in this 

case the difference is large enough to make close comparisons 

misleading. 

The Progress of Children in the Systems Studied. The 

per cent of retardation (overage) and acceleration (under- 

Retardation Acceleration 

Grades 10 20 30 40 50 60 70 80 90 100 

ee 
Pies i 
en ge 1 

DD 
Ms  —<“i‘“—sC—s a | 

nnn 
——— 

Pare SS 

é (as ee eee Le ies end 
EO 

= re 
eee ae ee 

a=. ne 

Ms Sense tea ee 

XT ig [tees Stes NE Se Mie oe a ee eee = i 

Av. ee ee eee men 

Fic. 6. Showing retardation and acceleration of boys (upper) and 

girls (lower) in systems having semiannual promotion. 
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age) have been computed from Tables I to VI by the ‘second 

method”. The former is shown in Table XIII and the latter 

in Table XIV. Figure 6 shows the per cent of retardation 

and acceleration for both boys and girls in systems having 

semiannual promotion. In the first grade there is practically 

Retardation Acceleration 

Grades 10 20 30 40 50 60 70 80 90 100 

__ EE ee 

SE ee ae 

eee ee 

—- | 

X 

Fie. 7. Showing per cent of retardation and acceleration in systems 

having semiannual promotion (upper) and in cities having annual pro- 

motion (lower). ° 
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PER Cent oF Pupits IN Hacw GRADE WHO ARE RETARDED ‘OR OVERAGE. 

Indiana University Studies 

TABLE XIII 

6 OR 7 

Years NormMau AGE FoR GRADE I, 7 oR 8 YEARS NORMAL FOR GRADE II 

SYSTEMS HAVING SEMIANNUAL PROMOTION 

Ill Vil | Vili 1x |x. (xa pcmeerees 

GRADE 

I AVE EWA 

28 .0/29.9/30.0/21.7) 15.9/21.2/21.8 
21 .5125.2)/22 8105.0 13 aHil3- SiOns 

24.8/27.5|24.6)18.3] 14. 7/17. 2116.3 

SYSTEMS HAVING ANNUAL PROMOTION 

ies 
1 men 

— 

QW orer) | 

15.7/20.0)19.1)27.9)24.2| 14.4/23 
10.7|18.0/15.6)28.2)14.0} 14.2) 6.6 

13.4)19.0)17.3)28.0)17.4) 14.4)15 

TABLE XIV 

LOO: ~I 

.C{10.3}/12.9)12.1 
9.2) 4.0} 8.9 

50 OS 20 LORZ 

21.4 
159 

18.5 

Se wn ok 

— os Leo) 

Per Cent or Puprts IN EAcH GRADE WHO ARE ACCELERATED OR UNDERAGE. 

SYSTEMS HAVING SEMIANNUAL PROMOTION 

GRADE I, 6 oR 7 YEARS; GRADE II, 7 on 8 YEaRs, Etc. 

GRADE 

JOR ENO WYSE AE INAD EN WIG ET 2S X | XI |XII| Average 

8.2) 8.3] 9,6)12 1/13.0) 17. 5/11. 5|12, 8/21, 2124.5 sa 
9.4/12.7/11.8/11.3]12.9| 18.7|16. 4/16. 6/25. 5/48. 7 13.8 

9.1/10.4/10.7/11.6)12.9 eee 2 1225 

SYSTEMS HAVING ANNUAL PROMOTION 

15.1)14.3/14.2/11.2/18.0 18.3 24.023.4 25.3 25.2 16.7 
Die rile AleZ A ONeill 22 a a0 ee tee teem 20.0 

18.2}15.7/16.2 8.7/20.0 ZOE PSD. 2 >? 18.4 
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no difference in the amount of retardation, but after this 

grade the girls are noticeably less retarded than the boys. 

However, there are only slight differences in the amount of 

acceleration until the ninth grade is reached. In the twelfth 

grade we find the largest amount of acceleration. The in- 

crease in the per cent of acceleration from the ninth to the 

twelfth grade is produced by two causes: (1) actual accelera- 

tion in the high school by carrying five subjects; (2) rela- 

tively more overage and normal age children than underage 

children leaving school. The increase of retardation up to 

the fifth grade and its decrease after the sixth is evidence 

of the tendency of overage children to leave school in larger 

numbers than the normal or accelerated children. The slight 

increase from the eighth to the ninth grade may indicate the 

presence of nonresident children or children from parochial 

schools. It may, however, be due to an actual increase in 

retardation produced by the large number of failures in the 

first and second year of the high school. 

Figure 7 represents the acceleration and retardation for 

the two groups of school systems. In general there is more 

retardation in the systems having semiannual promotion than 

in those having annual promotion. This difference is espe- 

cially noticeable in thé first five grades. As has been pointed 

out in other places in this report where the two groups of 

school systems are compared, this does not necessarily mean 

that the plan of annual promotion is superior to semiannual 

promotion. Other factors, such as the economic and social 

conditions, nationality, public opinion, etc., make the situ- 

ation a complicated one. However, those superintendents who 

are using the plan of semiannual promotion should study care- 

fully the effect of its operation upon the progress of pupils. 

There is a possibility that when failure means the repetition 

of only a half-year that is given more frequently than when 

it means the repetition of the work of a whole year. 

Comparison of Systems. Figure 8 represents the retarda- 

tion and acceleration in each of the ten cities in the group 

having semiannual promotion. The average for twelve Kan- 

sas cities* and Cubberley’s standard® are given for compara- 

tive purposes. These Indiana cities show a more satisfactory 

’ From an unpublished study by Dean F. J. Kelly. 

» From Cubberley’s Public School Administration, 



EK 15.4 

J 23.6 

Kan. 30.6 

Cubs 15.0 
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condition than the group of Kansas cities and compare favor- 

ably with Cubberley’s standard. The extremes are City A 

with 10.3 per cent of retardation and City J with 23.6 per 

cent. The extremes for the twelve Kansas cities are 12.8 

and 48.2. Ayres’s study and others have shown even greater 

variability among cities. Hence we may say that this group 

of Indiana cities shows a low amount of variability. 

Retardation Acceleration 

10 20 30 40 50 60 70 80 90 100 

Fig. 8. Showing average retardation and acceleration in cities having 

semiannual promotion. 

34.9 

AN/aA 

17.8 

12.8 

19.7 

18.1 

15.9 

6.7 
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In Table XV there is given the average retardation and 

acceleration for the school systems having annual promotion. 

Here the variability is somewhat greater but probably less 

than we should expect. The average retardation for this 

group is 14.9 per cent, almost identical with Cubberley’s 

standard. 

TABLE XV 

AVERAGE RETARDATION (OVERAGE) AND ACCELERATION (UNDERAGE) IN 

ScHooL Systems Having ANNUAL PROMOTION 

SYSTEM RETARDATION ACCELERATION 

Bs og oe 3-200 ge ent a 6.6 2on6 
OP ee ee a ee 6.7 20.9 
OP ho gt lb ck Tt 30.3 
WP 1084 (0) 
ee eke eS Opt 22.6 
ree ee eS 10.4 30.0 
CPU re a ee 11.3 Zorn 
TS eee ere 11.3 | 18.2 
[Lovee os 5 aust elles aa oa 11.6 | 22.6 
Ve ic oe abs oe er Hake} 2603 
Ee eS 14.9 
We ee SL. Way 16.2 
Witpee Or ie 6 a ee ci 14.2 Le o2 
IN) of cis a 6 ee 14.9 24.0 
OmMiarshallCounty) ....2......°. 17.4 15.0 
ee eee 16 27, 

@ (Township School System)...... 17.9 | foe 
1 2 sb ph BES ee eee ee 18.6 | 16.4 
ee a 1). 222 
Wr ae a hee IO 7 16.4 
POM CMe ey Oe i 14.9 18.4 

Comparison with Similar Data from Other States. A com- 

prehensive study for the elementary school of 227 cities in 

Michigan’® according to the same method of computing the 

retardation showed 24.0 per cent of retardation and 6.5 per 

cent of acceleration. This study was based on data collected 

in December, 1915, but the age was taken on the day the re- 

port was made instead of September 1, as in the present study. 

This would tend to increase slightly the amount of retarda- 

‘tion, but certainly not enough to account for this difference. 

Thus, we are justified in saying that altho Tables I to VI 

show that conditions are not satisfactory, this group of In- 

10 Berry, C. S. “A Study of Retardation, Acceleration, Elimination, and Repetition 

in the Public Elementary Schocls of Two Hundred Twenty-five Towns and Cities of 

Michigan, 1915.” 
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diana cities show a better condition than similar cities in 

Kansas and Michigan. 

In Table XV-A the retardation and acceleration data from 

Marshall county are compared with similar data from 54 per 

cent of the one-teacher rural schools of eleven counties in 

Kansas.'' These two sets of data are not entirely comparable. 

In the first place, the data from Marshall county includes 

not only one-teacher schools but all schools in the county with 

the exception of certain cities and towns. Also for the eleven 

Kansas counties we do not have any data with reference to 

acceleration. However, it appears that there is much less 

retardation in Marshall county than in the eleven Kansas 

counties. The differences are so large that it is not probable 

that it is due to the reasons suggested above. On the average 

Marshall county approximates Cubberley’s ideal standards. 

In certain of the grades, notably the fourth and sixth, the 

amount of retardation is too large to be satisfactory. 

Promotion Rate in the Elementary School. In May, 1918, 

four cities (South Bend, Michigan City, Kokomo, and Mount 

Vernon) '* reported for the second semester of 1917-18 the 

following facts for the pupils enrolled in each grade of the 

elementary school: (1) number enrolled during the semester, 

(2) number dropped to leave city, (8) number dropped to 

enter lower grade, (4) number dropped to enter higher grade, 

(5) number dropped to leave school, (6) number remaining 

at end of term, (7) number of remaining failed, (8) number 

remaining promoted on trial. From a summary of these facts 

for the four cities Table XVI was derived by computing the 

per cents for all items except the first and sixth. The first 

was used as the base for items from two to five and the 

sixth was used as a base for the last two. 

Pupils who are promoted on trial seldom fail to make good 

because a small fraction of 1 per cent are dropped to enter 

a lower grade. (Grade VIA is an exception to this state- 
ment.) We may, therefore, disregard the conditional promo- 

tions in considering the promotion rate. The per cent of 

failures varies from 16.6 in IB to 1.5 in VIIIB. The average 

11 The data for the eleven Kansas counties are taken from an unpublished report by 

Dean F. J. Kelly, of the University of Kansas, Lawrence, Kan. 

17 One other city, Oxford, having annual promotion instead of semiannual promotion 

also reported. It is omitted from this tabulation for this reason. The Director of the 

Bureau of Codperative Research is glad to acknowledge his indebtedness to the superin- 

tendents who furnished these data. 
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is 9.2. About 1 per cent of the pupils enrolled were dropped 

to enter a higher grade during the term. Altho the blank 

did not specifically call for the information, the assumption 

is that no double promotions were made at the end of the 

year. This being the case, the average promotion rate is 

9.2 per cent of failure or retardation and about 1 per cent 

of double promotion or acceleration. 

TABLE XV-A 

SHOWING RETARDATION AND ACCELERATION IN THE Rurat Scuoots (2,000 

CHILDREN) AND SMALL Towns (1,000 CuiLpREN) or MarsHatt County, 

INDIANA, IN CoMPARISON WiTH Sruiuar Data FRoM 54 PER CENT OF THE 

ONE-TEACHER RURAL SCHOOLS IN ELEVEN CoUNTIES oF Kansas EN- 

ROLLING 10,298 CHILDREN 

GRADE 

ie eas SSeS SEV Vie Vet WATE Wes |S TEX +) OX SX TT Ay: 
MarRSHALL | | | | | | | 

County | | | | | 
Petandaigon..| 5) 12\ 17) . 27) 46) 32) - 23) 16) 13) 10) 21 7 
Meceleration..| 11] 18) 19} 12) 18) 7| 16) 16; 24) 19) 34) 30) 15 

“I —_ ~ 

ELEVEN KANSAS 
CouUNTIES | | 

Retardation | | | | | | 
—Boys..... 26 \ ed 39) TAG) SS bd) AQ). 54) C4 =. sole a. |) 42 

Retardation | | | | | | 
—Girls..... 19}. 26) 30) 34] 40) 37) 40) 42) 40)..../....J....] 33 
Mopalee ole... |... Ze, Ald fell ee ell ae a ea eae poeineee Beeueee se ey 

Acceleration | | | | | 
LOU) a yee Sere eee jee ea (So teees [clever agian | heated ea Stetecen] iter nee eae rua! 

| | 

For a promotion rate of 9.2 Ayres'® has computed that 

the per cent of retardation is 24.0 and that the average num- 

ber of years required to complete the elementary school is 

8.69, provided there is no elimination. 

Variations in Promotion Rate. The relatively high per 

cent of failures (16.6) in IB indicates that there is a tendency 

to hold pupils in this grade. This condition was found to 

exist in those school systems having semiannual promotion. 

(See Table X.) The per cent of failures varies only slightly 

‘from grade to grade until the sixth grade. The decrease in 

the number of failures in the “A” divisions of the sixth, 

seventh, and eighth grades is only partially balanced by the 

increase in the per cent of pupils promoted on trial. Prob- 

13 Ayres, L. P. ‘The Effect of Promotion Rates on School Efficiency,’ Bulletin E130, 

Russell Sage Foundation. Also in American School Board Journal, May, 1913. 
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ably the decrease in the per cent of failures is primarily due 

to those pupils leaving school, who would fail. It is signifi- 

eant that the per cent of promotion on trial increases with 

considerable regularity from grade to grade. This suggests 

that in the upper grades there is a tendency on the part of 

the teacher to give pupils a chance to make good in the work 

of the next grade. The fact that a negligible per cent are 

dropped to enter a lower grade shows that pupils promoted 

on trial make good. The increase in the per cent dropped to 

quit school is, of course, what we should expect. In the sixth, 

seventh, and eighth grades there are a number of pupils who 

have passed beyond the age of compulsory attendance and 

many of these leave school. The decrease in the per cent 

dropped to leave the city in the upper grades may be due to 

to two or three causes. It may be that accurate information 

was not obtained in every case and that a number were classi- 

fied as “dropped to quit school’, who were leaving the city. 

Another factor may be that as children become older, families 

move less frequently. In general the parents of the children 

in the upper grades are older than the parents of the children 

in the lower grades. 

South Bend is the only city which furnished data for 

both studies and thus we have no basis for comparing this 

per cent of retardation calculated from the age-grade tables. 

Considerable elimination is known to exist and in general 

retarded children leave school to greater extent than others. 

Sex Differences in Promotion Rate. In Table XVII the 

per cent of failures of those remaining are given for the 

boys and the girls separately. This table is significant in 

that it shows that in almost every grade more boys than 

girls fail. In some grades the difference is relatively large. 

The determination of the cause of this condition would be 

an interesting problem. There are a number of possible ex- 

planations which occur to one at once. Some of these are 

rather improbable. Perhaps the most reasonable one is that 

‘our courses of study are better suited to girls than to boys. 

This same condition is revealed in the high school in Table 

OVE: 

Four Indiana Cities Compared with Eleven Kansas Cities. 

In the last column of Table XVI there is the per cent of 
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failures of the number enrolled during the year for eleven 

Kansas cities. Since these per cents are computed on the 

basis of the total number enrolled, they are less than they 

would be if they were computed on the basis of the number 

remaining at the end of the term. Thus, the difference be- 

tween these per cents and the ones of the four Indiana cities 

is really greater than it appears. In the cities considered, 

fewer children in Indiana fail in the elementary school than 

do in Kansas. 

Promotion Rate in the High School. Table XVII shows 

the enrollment, withdrawals, and promotions by subject and 

grade in the high school in four Indiana cities for both boys 

and girls. This table is interesting from several points of 

Fic. 9. Showing the shape of a normal distribution. 

view. First, a comparison of the per cent of failures and 

conditions in the successive grades of a subject; second, a 

comparison of boys and girls; third, a comparison of different 

subjects. 

In general we find that the per cent of failures and con- 

ditions decrease as we pass from a lower to a higher grade. 

This probably is due in part to the elimination of the less 

able pupils. In case there is a definite sequence in the sev- 

eral divisions of a subject, such as is the case in English 

or Latin, the reason for the fewer failures and conditions in 

the upper grades might be because the pupils have become 

acquainted with the subject. In the case of mathematics, 
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there is an increase in the per cent of failures from algebra 

to geometry altho usually geometry is taken after algebra. 

There is little logical sequence between algebra and geometry 

and the increase in the per cent of failures is probably due 

to the newness of the field. 

When we compare the boys with the girls we find that the 

boys are much less successful than the girls. The difference 

in the per cent of failures varies for the different subjects, but 

in practically all instances the per cent of failures and also 

the per cent of conditions is noticeably higher for the boys 

than for the girls. In many cases it is more than double. 

Even in mathematics the girls show a slight superiority. 

TABLE XVII 

SHOWING THE PER CENT oF FAILURES OF THOSE REMAINING FOR Boys AND GIRLS 

GRADE Boys GIRLS 

JOB) cg 3) he aa ee a .18 14 

WA eis ali 09 
eee ye ee 09 08 
[ELAN CE Pe Sk ie eer ee ee 10 05 

TOTES 2: ae ae rela O8 
MENG te he ie. .O8 O8 
TEN TRS 0 Seo ra nie ea PP 10 

TAWA: se eae ne ele O7 
Wileee es et dak 16 09 
WN ee ee ee 09 09 

WIEB 2) 22 st ean Leama 112 09 
VAS oo ce 06 O7 
Wes Ge Pts 11 07 
\WIUAN 9 06 04. 
VSL 2) < 2) ae Se 02 O1 
WHMIS eo ee a an nee 09 05 

EXSETEZIDS «5 5 yc Eid aR ee ae ge Oe ar ees gg cic ee 

When we compare subjects we notice very significant dif- 

ferences. In domestic science the per cent of failures is only 

a fraction above 1 per cent. In the sciences the average per 

cent of failures is 3.3 per cent. From these two subjects the 

,per cent of failures increases to 18.7 per cent for history. 

The reason for this large variation in the per cent of 

failures is not easily explained. The position has been 

taken by Judd in his Psychology of High School Subjects 

(page 19) that such variation is due to a difference in the 

mental processes which the several subjects require. That 
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the mental processes in the several subjects are different no 

one would deny. We do not, however, know that the basic 

abilities of these processes are distributed in fundamentally 

different ways among the same group of children. For 

example, we do not know that the distribution of mathe- 

matical ability in a given group is fundamentally different 

in shape from the distribution of linguistic ability or his- 

torical ability. Our best evidence is that both tend to con- 

form to the normal curve of distribution. This being the 

case it is difficult to understand how the variation in the 

per cent of failures can be explained by the difference in 

the mental processes which the subjects call out. 

Success in any subject depends upon several factors. The 

first factor, of course, is the ability of the pupil)” Ay very. 

important factor is the effort which he exerts in his pursuit 

of the subject, or, as we commonly say, the interest which 

he takes in it. The degree of interest which the pupil exhibits 

in turn depends upon several factors: the teacher, the moralc 

of the class, the textbook, the equipment, and so forth. The 

pupil’s success also depends upon a number of factors, such 

as the order in which the subject is taken up, the assistance 

which the textbook affords him, and finally upon the standard 

of success. This standard for most subjects, particularly in 

the high school, is generally an arbitrary one fixed by the 

teacher. This makes it subjective and indefinite. 

In view of the fact that success in any subject depends 

upon such a large number of factors, it 1s not possible to say 

that any one is the cause of failure. It is possible that the 

variation in the per cents of failure between the several sub- 

jects is due largely to differences in standards in the different 

subjects. It is, however, probable that this is not the only 

case and there is no way of knowing the extent of its con- 

tribution to the condition which exists. The determination 

of the reason for these variations woul make interesting and 

valuable study. 

Relation of Course of Study in Elimination and Progress. 

Several writers have given the course of study as a funda- 

mental cause of elimination and the retarded progress of 

school children.'? That the character of the course of study 

is an important factor in the holding power of the school 

14 See Cubberley, E. P. Public School Administration, p. 295. 
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after children pass the limit of compulsory attendance, prob- 

ably no teacher or superintendent who has had experience 

with such children will deny. However, it is certain that a 

number of other factors affect elimination and the relative 

importance of the course of study is a problem which is 

worthy of study. 

In the case of the progress of children in school the course 

of study is not a determining factor unless it is thought of 

as including standards of promotion. Standards of promo- 

tion constitute a fundamental item of school policy. As they 

are grouped for instructional purposes children differ widely. 

There are a few who have relatively little ability and a few 

who have exceptional ability. Those having average ability 

are much more numerous. In general the distribution of 

children according to their ability (both general and specific) 

is represented by the normal curve which is shown in Figure 9. 

The general shape of the curve is maintained thruout all the 

grades. The most significant change is a slight flattening of 

it as we advance thru the grades. 

Fundamentally, standards of promotion specify what per 

cent of those children at the lower end of the curve shall be 

called failures and asked to repeat the work of the grade 

and what per cent at the upper end shall be permitted to 

skip a grade. 

Teachers and superintendents probably do not think of 

standards of promotion in these terms but they are the only 

logical and defensible ultimate bases. What the per cent of 

failures and the per cent of accelerations shall be is an item 

of educational policy and should be treated as such. Ayres? 

has pointed out that from the standpoint of equipment and 

cost of instruction the greatest economy is secured when the 

per cent of failures is equal to the per cent of accelerations. 

Maintaining this balance, the standard should be set at the 

point where the most favorable conditions for instruction will 

be secured. It appears reasonable that the most favorable 

conditions will not exist if retardation and acceleration are 

reduced to zero and all children promoted. It is equally 

reasonable that they would not exist if 40 per cent were failed 

and 40 per cent were accelerated, leaving 20 per cent normal 

% Ayers, L. P. “The Effect of Promotion Rates on School Efficiency,’ Bulletin E130, 

Russell Sage Foundation. Also in American School Board Journal, May, 1913. 
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promotions. Somewhere between these extremes is the point 

at which the most favorable conditions will be found. 

It will be recognized that the setting of standards of pro- 

motions in the way just suggested raises the whole question 

of marking systems. Space does not permit a consideration 

of this topic. Those who may be interested will find a good 

account together with a bibliography, “‘Teachers’ Marks and 

the Reconstruction of the Marking System’, by H. O. Rugg 

in Klementary School Journal, Vol. 18, pp. 701-719. 

It is possible to use several different ‘“‘policies of promo- 

tion’ with the same course of study content. Thus a group 

of twenty cities having identical course of study content, chil- 

dren of equivalent ability and teachers equally efficient might 

exhibit twenty different rates of promotion simply because 

they had different promotion policies. In one city it might 

be the policy to promote practically all children. In another 

city it might be the policy to fail a large per cent. 

Thus, we must not conclude from Table XVI that the 

Indiana cities have better courses of study or more efficient 

teaching than the Kansas cities. This may be true but the 

data presented here are not sufficient to show that it is. The 
facts simply show that a larger per cent of the pupils are 

promoted in Indiana. This may be due to any one or a com- 

bination of these causes: (1) promotion policy, (2) quality 

of instruction, (3) ability of pupils, and (4) indirectly the 

course of study. 

Age, Years-in-School Progress Tables. It has keen 

pointed out that an age-grade table is an unsatisfactory basis 

for computing the retardation of children unless we interpret 

retardation in terms of overage rather than progress. No 

method of computing “overage” and “underage” will give 

results which can be considered to represent a true statement 

of actual retardation and acceleration. Therefore, if one wishes 

a reliable basis for computing retardation and acceleration 

one must have a table which shows the relation between the 

, years in school and the grade reached. Such a table would 

be similar in form to Tables I to VI, the years in school taking 

the place of the ages. From such a table the computation 

of retardation and acceleration would give true results. 
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A Modified Method of Tabulatine Progress Data. A num- 

ber of school systems are now using a combination of the 

age-grade table and the age-years-in-school table. For each 

grade group there are three divisions: slow, normal, and rapid 

progress. Thus in any age-grade table such as shown in 

Tables I to VI there would be three lines for each grade group 

and three distributions of the pupils in each grade. The slow 

progress pupils would be those who had failed one or more 

times. The normal progress pupils would be those who had 

never failed or who had both failed and been accelerated. 

The rapid progress pupils would be those who had skipped a 

grade. From such a table one can compute both the actual 

per cent of retardation and acceleration and the overage and 

the underage. For this reason it is a much more valuable 

table. It makes clear the distinction between retardation and 

acceleration on the one hand and overage and underage on 

the other. Table XIX illustrates this method of tabulating 

progress data. It represents conditions in the first grades 

of Rochester, N.Y., September, 1916. 

Summary. With reference to the particular cities studied 

we may mention the following points by way of summary: 

1. The age-grade tables show that the pupils in any grade 

vary widely in age and that the pupils of any age are to be 

found in a number of different grade groups. 

2. In studying elimination by means of the age distri- 

bution, we find that most pupils start to school at the age 

of six. Altho attendance at school is required by law up to 

the age of fourteen, there is a tendency in the school systems 

having semiannual promotion to anticipate the age of four- 

teen by leaving at the age of thirteen.. Relatively few pupils 

stay in school beyond their eighteenth year, which means that 

relatively few retarded pupils complete the high school. 

3. Girls stay in school better than boys. 

4. Systems having annual promotion hold pupils better 

than systems having semiannual promotion. 

5. In the school systems having annual promotion prac- 

tically all the pupils reach the eighth grade, but only one out 

of three reach the fourth year of high school. In systems 

having semiannual promotion a little more than half reach 

the eighth grade and one out of five reach the fourth year 

of high school. - 
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6. In a comparison with similar data from other systems 

conditions in these Indiana school systems are shown to be 

somewhat more satisfactory. 

7. In comparing the different systems studied in either 

of the groups there is only a moderate amount of variation. 

8. In studying the progress of school children it is neces- 

sary to distinguish between overageness and retardation. 

Only overageness can be computed from age-grade tables and 

when we infer the amount cf retardation from the amount 

of overageness, it is necessary to bear in mind that we are 

dealing with two different things. Different methods of com- 

puting overageness yield different results. 

9. In Indiana school systems studied, boys are more re- 

tarded than girls. 

10. There is a greater per cent of retardation in systems 

having semiannual promotion than in systems having annual 

promotion. 

11. The variation between school systems is not great. 

12. In comparison with similar data from other states 

these Indiana systems exhibit less retardation. 

13. The average promotion rate is about 91 per cent. Of 

this 91 per cent about 4 per cent are promoted on trial. In 

general these make good. The promotion rate for girls is 

higher than for boys. 

14. In the high school the per cent of failures decreases 

from the lower grades to the higher grades. The per cent 

of failures is higher for boys than for girls. The per cent of 

failures varies from 13.1 per cent. | 

15. A number of factors contribute to the promotion — 

rate. One is not justified in attributing a high per cent of 

failures to a poor course of study. The standard of promo- 

tion is believed to be a determining factor. It appears that 

different standards of peomn on are held by the teachers of 

different subjects. 

16. For studying the progress of pupils a modification 

of the age-grade tables is recommended. 
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