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A STUDY OF ACHIEVEMENT AND SUBJECT MATTER IN GENERAL SCIENCE 

CHAPTER I 

INTRODUCTION 

1 
In 1864 when Fisher attempted to establish some standards 

1 

by which the achievement of school children in different elemen-

tary school subjects could be me~eured objectively , he started 

a nev era in scientific school administration . The public , how-

ever, as not ready to receive Fisher's suggestions , so for ap-

proximately forty years nothing was done towards their fulfill-
2 

ment. Later, in 1894, when Rice start l ed even the more progres-

sive school men with hi s facts regarding the insignif icance of 

such factors ae (a) the amount of time , (b) the social statue 

of the school or of the pupil , and (c) the time of day at which 

the subject was taught , ae related to the success of the pupil 

in a given subject , the ~ ork of Fisher gained impetus. During 

the t~enty-five years following Rice's monumental work , the 

American elementary and secondary s choole have been the ground 

for many standardization , measurement, and curriculum studies. 

Today the status of the subject matter of elementary and 

secondary school subj ects varies anywhere from the practically 

established state of Latin to the moat exp erimental state fowid 

in some of the vocational subjects . Standards in subject mat-

l. "See Jr. of Ed . Pay ., vol. 4, pp . 551 . A quotation from The 
uaeum, a Quarterly Magazine of E ucation , Literature , and 

Science, vol ill, 1864, is reproduced a a communication" -
Thorndike. 

2 • Rice , J . L "The Futi 11 ty of the Spelling Grind" . The Forum : 
23 :163-172 . pp 409-419 , 1897. 
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ter range anywhere from the well established four fundamentals 

in arithmet ic to the rather aubjectlve standards used in General 

Science. Methods of measurement of achievement in the various 

subjects range anywhere from the scientifically established test 

and scales, as in spelling and reading, to practically none at 

all, as in manual training and civics. 

In spelling, for instance, we have the work of Ayres, Thorn­

dike and Buckingham, all of whom have attempted not only to as­

certain what words in the English language are most necessary in 

the average adult's vocabulary but also to ascertain which of 

those necessary words the school children of different ages are 

capable of mastering. That information, once scientifically 

established, can be made the basis of selection of subject matter 

for each school grade, of method of presentation of subject mat­

ter, and of measurement of achievement in the subject. Such 

studies would serve to show what words can be moat economically 

and usefully taught in different school years and what words the 

child will master in the natural course of events as the result 

of other similar words previously mastered. They would also 

serve to sho\/ the relation of achievement in subject matter to 

abilities, either special or general, and to other subjects 

simultaneously or previously pursued. It is clear that a study 

of this kind thoroly and completely carried out in any school 

subject, once that school subject is itself located in the school 

curriculum both as to time and place, would serve to secure maxi­

mum achievement and maximum usefulness with a minimum of effort. 
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The subject of "General Science 11 . is a comparatively recent 

addition to the secondary school curriculum and as a result of 

its comparative youth is as yet unstandardized and undefined 

3 

both as to subject matter and achievement. In spite of its new­

ness and the generalized nature of its content, ho1ever , General 

Science has aroused a volume of popular interest sufficient, not 

only t o warrant its place among the secondary school subjects 

but a lso t o place it among the required subjects in numbers of 

secondary schools. Consequently, to the writer -- himself a 

teacher of General Science and keenly aware of the lack of stan­

dar ds and the lack of information regarding the relative values of 

different elements in the subject -- a scientific analysis of 

the subject matter of General Scieno:e seems distinctly wo rth while. 



CHAPTER II 

PURPOSE 

4 

In general, the purpose of this study is the development of 

a measure of achievement in General Science in order to ascertain 

the relative amount of General Science subject matter possessed 

by school children, both that hich is already common knowledge 

to the pupils thru "experience" and that which is acquired speci­

fically thru instruction in General Science or in other science 

courses. It would also serve to measure amount of information 

retained and would indicate factors which limlt and mo ify the 

acquisition and retention of General Science subject matter . 

More specifically, the purpose of this study has been dif­

ferentiated as follows. 

(1) To ascertain to what extent the material supposedly taught 

in the General Science course is already possessed by pupils be­

fore taking the course. It has been the experience of the writer 

that pupils in a given section, purposely selected for its homo­

geneity of ability, came to the class at the beginning of the 

year with various amounts of the subject matter already in their 

possession. In other ords, certain portions of the generalized 

subject matter of General Science appear to be common knowledge, 

whether one has or has not taken the subject of "General Science". 

(2) For this reason a diagnostic test is to be developed which 

will serve to place pupils into sections homogeneous as to the 

point at hich their General Science course should begin and as to 

w t it should include. 



(3) To find out to what extent the subject matter of General 

Science has been mastered sufficiently by pupils , who have had 

General Science, to enable them to state it objectively. 

(4) To ascertain how much of the material once mastered wa re­

tained one year, t~o years and three years later. 

5 

(5) To study the differences between boys and girls , both as to 

the common knowledge of and as to the acquisition of the subj ect 

matter of General Science . 

(6) To investigate the relative difficulty of different items 

of the subject matter of General Science for boys and girls . Thi s 

is important in order to determine hether there is any real dif­

ference in difficulty which would justify the popular belief that 

General Science is easier for boys, or that some parts of General 

Science are best mastered by boys. 

(7) To compare achievement in General Science for different school 

grades, as determined by General Science test scores. The compari­

sons in General Science achievement of 8th grade pupils and of 9th 

grade pupils would be especially desired by Junior High School ad­

vocates. 

ta) To ascertain what General Science information is acquired by 

pupils who do not take General Science . For this purpose control 

groups of pupils, who had not taken General Science, ere used. 



CHAPTER III 

SURVEY OF LITERATURE ON GENERAL SCIENCE 

A. History of General Science 

The teaching of Chemistry as a college subject began i n 

the United States as early as 1767 at Columbia College . As a 

secondary school subject Chemistry made its debut in 1819 at 
1 
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H es Private Academy, North Carolt na . Since then other sc i ences 

have appeared in the secondary school curricula . These sciences 

in the main tended towards such high specialization that about 

half a century later there began to be felt a ead for a kind of 

cience teaching hich did not h ve as its goal specialization 

in sciance, but hich did fill an immediate and perhaps even a 

local need. 
2 

Such a "reform" course as offered in 1869 by Thomae H. Huxley 

ho gave a series of illustrate lectures to London children at 

the Royal Institution and later published the course in a book 

entitled "Physiography" . In this course Huxley dealt with the 

immediate vicinity of London ana the Thames . Hie subject matter 

embodied the hyeiography · d geology of the Thames' Basin and · 

the activities of the London people . T e course as informational 

and soarcely suited for the pupils of Edinburgh or Boston, but it 

filled a desired end . 

1 . Po era , S. R. 11 A history of the teaching of Chemistry in the 
secondary schools of the United States previous to 1850" . 
Research Publications of the University of !i nneeota . No . 13 , p . 16 . 

2 . T i a, G. R. "A textbook in the principles of ecienoe teaching" . 
The acmillan Co . N. Y. 1921 .pp. 411-435 . 



It is interesting to note that Huxley gave as hi e aims 

of the introductory science course much the same objectives 

as are outlined today for General Science . To quote,-
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1. "To furn i eh in the f i rat year of the high schoo l the i nf or­
mat ion and the training i n thinki ng that are fundamental to the 
special sciences and are necessa ry to the successful pursuit of 
these sciences later on in high school or college. 

2 . To impart information from the scientific standpoint about 
the useful and i nteresting things th~t are all about us , especially 
for the benefit of those who will not go on to collge and may not 
go farther in high school , and who therefore would ot herwise re­
main ignorant of scientific facts and of the scientific ay of 
deC::1.ling .d t tha materia,ls and fo rces that are everywhere available 
for our use . 

3 . . .. .... One 11 ri ter regrets the f a ilure of the schools to 
produce the crop of amateur scientists which is essential for 
keeping alive the popular interest i n science so necessary t o 
scientific progress in the nation . I t would seem to be a worthy 
aimof a general science course to stimulate and foster such ama­
teur interest in science . 

4 .•••••... He is free to organize these materials with reference 
to these interests and these needs and to make voluntary problem­
solving and purposeful information-getting the proximate a i m of 
the upila . He may thus hope to train the youngsters in methodi-
o lly gC::1.thering information and app lying systemat ic thought t o 
the things in the environment that they desire to comprehend and 
manage. 

5 . It is thought by some that a general science course may serve 
to sr.o~ something of the relation s of the sciences to one another , 
of t~e order r l unity that exist in natur e, and of the essential 

ity of the scie tific method, and thus th t it may app eal to 
irn~gin tion , contribute to a state of mental po i se or balance, and 
erha a devel some o er of interpretation that could no t t so well 

be g~ined by separ~te courses in the special sciences ." (pp . 415-417)1 

From 1869 to the present, es ec i ally since 1900, an elaboration 

of Huxley ' s 11Physi grd. hy" h s been idely taught under the name 
1 

of General Science . Few of these course ~ according to T iss , aur-

as that of Huxley in rganiz tion and general loca l me ri t , be -

e use there are fe v "Huxleys" to teach them . From about 1912 to 

date , ho.:ever , there have beer.. i;i y serious atte ts to outline 

• T ii s s , G • R • Ibid . 



objectives for Gene~al Science thich vould satisfy the long felt 

need of a science course in high school which id not aim at 

developing Ediaone, but r a ther at teaching youthful citizens ho 

to make use of Edison ' s work . Typical of ~ ritere in this vein 
1 2 3 4 

are Barber, Eikenberry, Hessler, and Downing. 

B. Objectives of General Science 

8 

Because there have been f ew 11 Huxleys 11 to teach and to organize 

the courses , Genera l Science has undergone numerous experimental 

changes , most of hioh have been for the better. At the present 

time courses of study and textbooks vary widely. In a recent 
5 -6 

study Webb found t4~t on classifying the subject matter of eighteen 

of the most commonly used textbooks of General Science tha t it 

could be divided among e i ght basic secondary school sciences as 

follovs. 

Subject o . of Topics 
Physics . . . . . . . . . . . . . 56 
Physiography ........ 22 

Chemistry . . . . . . . . . . . . . 33 
Domestic Science ...... 13 

Botany . . . . . . . . . . . . . . 22 
Zoology ............. 17 

Astronomy ............. 10 
Mscl . . . . . . . . . . . . . . . . . 9 

Physiology .......... 24 Total: 206 

1. B rber, F . D. "Fundamental considerations in the reorganization 
of High School science" . School Review 24:724-734. 1916. 

2 . Eikenberry, . L. "Facts about the General Science situation". 
School Review 23 : 181-191. 1915. 

3. Hessler, J.C. "Genera l Science in the first year". School 
Science and athematics . Vol. XVI. . 407-411, 1916. 

4 · Do ning, E. R. "What standard. tests in science should do". 
School Science and athematica. Vol. XIX. pp . 651-654, 1919 

5. ebb, H. A . "General 0 cience instruction in the grades". George 
Peabody College for Teachers Contributions to Education , #4, 
fc uiddy Printing Co. ashville, Tenn. 1921. 

6. Webb, H. A. "Q.uantit tive analysis of General Science". School 
Science and Mathematica . Vol. XVII. pp . 534-45. 1917 



Because of the wide range of ubject matter which might be 

included. in a course of General Science, there has been a growing 

feeling among science teachers that fairly co crete and definite 

objectives ought to be formulated, Hhich could. be used as guides 

for limiting or extending the work in General Sci'ence . Therefore, 

at the instigation of the Science Section of the North Central 

Association of Science and Mathematics Teachers, Mias Phili ine 
1 

Crecelius prepared a report on the ob jectives of General Science . 

9 

Mias Crecelius sent out a uestionnaire formulated by S. R. Powers 

a.nd fro the retur:is 1as able to evaluate opinions of about 100 

science teachers regariing the rel tive im ortance of 14 objectives 

f Gener~l Science . Thee ob jectives are given belo1 in the order 

of the v~lues assigned . 

" 1. To provide o portunity for ac uaintance with such element ry laws 

of nature as are necessary for the health of the individual and the 

c mm1.l:l i ty . 

2 . To give children information abo~t those a pliances whi ch science 

has developed and wh ich are useful in making for greater comfort and 

convenience in the home and community . 

3 . To provide o .. ortuni ty for ac uaintanoe ·.ii th the simpler applica­

tions of science in public utilities in order that the individual 

may more adequately fulfill the duties of citizenahi . 

4 . To rovide opportunity fo r ac ua.intance with the elementary laws 

of na ure hich aid in understanding those citizens~ip problems 

hich arise in connection with such topics as cor-servation of our 

natural resources, smoke elimination etc . 

1 . Crecelius Phili ine 11 A re ort on objectives of General Science 
teaching": School Science and Mathematica . Vol 23 : 313-319.1923. 
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5 . To contribute such specific ideals, habits , and concepts as those 

of accuracy, persietance, open-mindedness , honesty , cause and effect 

which are essentia l to the study of science. 

6 . To give to pupils a broad and genuine a preciation of what the 

devel pment of science means in modern social , industrial, and 

na tiona l life. 

7 . To provide opportunity for the student to explore the fields of 

sci ence for the purpose of educational and vocational guidance . 

8 . To satisfy the natural inte~ests in the things and forces of 

nature with ~ Thich men are surrounded and with which they must deal; 

to give informa tion interesting purely for its own sake. 

9 . To develop sistem, order, neatness, and possiblyother attributes 

to the end tha t they ill function in the ordinary affairs of life. 

10. To afford in some measure an o portunity to shov the importance 

of scientific research and to stimulate the spirit of investigation 

and i n vention on part of student . 

11. To make upils able to read more intelligently and ith greater 

interest, articles on science in mag~zinea and scientific books of 

a opular character and to read , 1th greater understanding l iterature 

containing scientific allusions . 

12 . To correct common au e stitions and i gno r ant practices. 

13. To give children a full o .ortunity to indulge in the l ayful 

m ~ nipulation of toys , tools, chines etc., in order thdt they may 

exp lore the world of re lity as eeply and wi dely as possible . 

14 . To give such training as will result in i ncreasing respect for 

the work of recognized experts . 
~ 
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It may be worth while to note that while these objecti. ves 

.rnre not available when this study was begun, the writer used a 

somewhat similar set of objectives in the construction of the 

original test and final Scale Forms for the measurement of achieve­

ment in General Science. The writer tried to make each item 
1 

satisfy one or more of the Cardinal ~rinciples of Bducation, namely, 

1. Heal th 
2 . Worthy use of leisure 
3 . Vocation 
4 . Citizenship 
5 . Wo rthy home membership 
6. Command of the fundamental processes 
7. Ethical character. 

Recognition of the value of properly selected ~rinciples and 

facts of science for im ediate, everyday use, has led to the devel­

opment of courses in "Nature Study" for the elementary grades. 

Some of these courses in "Nature Study" are adapted for pupils as 

far down as the first ct.nd second grades. With the motto "Study 
2 

Nature First ~ then Books about Her", Miss Conover of the Detroit 

city schools hae organized a "Nature Study" dourse for pupils in 

the first and second grades . ;his course of study is well worth 

the attention of General Science teachers as well as of first and 

second grade te· chers. It is an excellent illustration of what 

c n be accomplished in the construction of a course of study around 

specific objectives . 

1. Cardinal Prine plea of Second ry Education. U. s. Bureau of 
Education Bulletin, 1918, No.35. 

2 • Conover, Lenora "Course in Nature Study". Board of Education . 
Detroit Public Schools , 1922. 



C. Achievement tests in General Science 

In the interval between the work of Rice and the present 

time , a time which has been characterized in Education by the 

development of tentative standards of achievement in school 

subjects and of tentative measuring devices for measuring the 

achievement of these standards, men in the field of secondary 

sohool science have contributed or attempted to contribute 

12 

to the current teat movement. To be sure the preliminary at­

tempts ere handicapped by the same conditions which character­

ized the preliminary attempts at measurement in the other sub­

jects, that is, lack of consideration of the many factors in­

volved in the development of a statistical l y accurate measuring 

instru ent. They were also handicapped by the fact that teachers 

of science in colleges and secondary schools were trained more 

or less only in the field of the specialized science hich they 

taught. A Physics teacher v as trained in Physics and a Chemistry 

teacher was trained in Chemistry. Usually neither of them had 

any training in Educational practices and technique. This has 

frequently resulted, as stated under "History of General Science" 

in this Cha ter, in a desire on the part of the teacher to em­

phasize the teaching of a specialized subject, Chemistry or Physics, 

as a reparatory course for pu ils all of whom ~ere assumed to 

be beginning a prolonged and specialized course of training in 

that science. In contradiction to this assumption is the common 

kno ledge that a very limited percent of pupils taking ~ science 

course in the high school continue their work in science even to 

the extent of taking an additional course in college, much . less 
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cooming speoi 11 ta in that p rticul r field. Because of this 

co ition som of the ttem t ma to mea ure eoieno ohieve-

ment h ve not endure the effects of an lytioa l educational cri-

ticis . 

For inetande, in 
1 

recent article by Doctor Foley of the 

University of Indian i evere criticism of the achievement of 

high school pupils in Phy ice. Doctor Foley bases his criticam 

on a ten item test hich he gave to about 700 students entering 

the Uri verei ty d who presented high school credit in Physic . 

Doctor Fol-Y 's ork is open to er tioie itself because he a y 

nothing bout the difficulty of t e ten items d their be ring 

on high school course is ~ot te . D ct r Foley does not 

t te ether or not students ho h ve t ken hie U iversity course 

i P ysice ould, one or t o ye re 

t t t di · the hig achoo upile. 

In the field of Physic 

ter, o y better on hie 

four other teat besides 
2 

OC 4 0r Foley ' s my be mentione . D ie St re pre red te t 

of P yaics ooneisting of 75 ueations, rob em incom lete 

t temente differentiate ong mec ioe, heat, lig ~. eoun , 

gneti m lectrici ty. On the b ei s of a compar tively a 11 

ber o_ pu ils be then .re red st r d score in e ch of t e 

1ff renti te e ects of P ysio . T i t t of c L .. ement in 

Ph ice i o en to t o m in cri tioieme, namely ( ) 11 the it me 

r given equ 1 value and (b) the stand rd scor a ere eoured 

L. 'T e c of high 
Sc 1 ol 1 2, . 7 

2 . 
. 
ie 'E uc~ti e re - ts . ~ cmil Co. "' • y. 
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on too few cases. 
l 

J. Crosby Chapman prepared a test of Physics in electricity, 

magnetism, sound, and light which consisted of 30 questions which 

~ere ans~erable by one word which the pu il as to write in. 

Criticism of this is that thirty words , the answers to the thirty 

questions, in the four fields of Physics mentioned , are a very 

small number of samples by which a pupil 's achievement should be 

judged. The test was standardized by giving it to 158 high school 

pupils just finishing the study of Physics. As the autho r sta tes, 

"This i e meagre evidence as to the sui tabi li ty of this type of test 

but from a large amount of evidence obtained when enguged in army 

work, the author is convinced th t tests of this kind are ell worth 

whi le (words underlined by writer) then employed for the limited 

ur o:e for !1.ich they are designed." 

The Randall , Chapman and Sutton "High School Physics Test" 

consists of 14 problems with spaces for the pupils to put the 

anewe~s . 

3 
Franklin T. Jones wo rked out a preliminary set of teats in 

Physics ("Union Science teats for practice and comparison"). 

2 

These consist of t enty-eight individua l tests of five to ten prob­

lems or questions each under different headings, such as "thermome­

ter ", 11 he t", "work", "light Au , "light B" , E oh of these 28 

l. Chapman, J. C. "The measurement of Physics information" . School 
Revie 27: 748-49 . Dec. 1919. 

2 . Randall, Chapman, and Sutton. "The place of the numerical prob­
lem in high school Physics" . School Revie 26: 39-43 . Jan.1918 

3. Jones, F. T. "Practice exercises in Physics and Chemistry". 
School Review 26 : 341-48. May 1918 
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tests could be better characterized as Chapter Test, to be given 

at the completion of each of the subjects mentioned . These teats 

. 
if properly evaluabed would be of much help to teachers. 

1 
Harold L. Camp of the University of Iowa produced in 1921 

some "scales for measuring results of Physics teaching". This work , 

a Doctor's thesis, is very well worked out with one exception, 

that in many items as few as sixty cases, in no case more than one-

hundred forty-nine cases, were used to secure standards. 
2 

L. L. Thurstone also has prepared a test in Physics for college 

freshmen and high school seniors which consists of 25 short problems. 

In Chemistry there are at least fi~ tests for measuring stu-
3 

dents' achievement. J. Carleton Bell has prepared a Chemistry 
4 

teat of 24 brief questions and 1 problem. Jones has a Chemistry 

test (Union Science Series) which is of similar nature to his 

Physics test mentioned above . 
5 

Haner A. Webb 's test in Chemistry consists of a series of 

names of Elements, Mixtures , and Compounds . The pupil's problem 

i s to label these names 11E", "M", or 11 C" as he judges them to be 

Elements , Mixtures or Compomnds. Tentative norms have been orked 

out. 

1. Camp, H. L. "Scales for measuring results of Physics teaching". 
Univ. of Iowa studies in Education . Vol. II #2. Pp.50 

2 • Thuratone, L. L. "Test V. Physic a". Carnegie Institute af 
Technology, Pittsburgh. 

3. Bell, J. C. "Study of the attainments of high school pupils in 
first-year Chemistry" . School Science & Mathematics.18: 425-432, 

ay 1918 
4. Jones, F. T. 
5 . ebb, H. A. 

10: 36-43. 

Ibid 
"A preliminary test in Chemistry". 

January 1919 
Jr . o~ Ed • P sy . 
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1 
B. J. Rivett's Chemistry test consists of (a) 31 elements, 

the problem being to label them ith the proper symbols, (b) a 

list of the 20 elements, the problem being to give their valence 

and 20 of their compounds with their formulae, and (c) 20 formulae, 

the problem being to give the namai of the compoun for which they 

stand and state whether the compound is an acid, base or salt. 
2 

The General Chemistry test by Henry L. Gerry follows a some-

what more scientific procedure, but this teat is still in its 

trial form and no results are available. 
3 

S. R. Powers' Chemistry test, now completed, is one of the 

moat elaborate and most scientific of all the science tests now 

being presented . It as constructed with consideration of the ob­

jectives of General Science, the items are evaluated, and the 

Scdle is standar~ized with preliminarynorma, now available, based 

on 1200 pupils . 
4 

A teat in Biology by Leo M. Coesman consists of a list of 

words w~ich the pupil is asked to define and of spaces where the 

pupil is asked to make drawing of a typical ''insect", a typical 

"fl er" etc . There is no ay of scoring the test objectively. 
5 

{. Grier has prepared an achievement test in Physiology 

1. Rivett, B. J. "Testing results in Chemistry". School Science & 
Mathematics . 19:742-745. Nov. 1919 

2 ·Gerry, H. L. "Tria l test in general Chemistry". Gra.daate Sch ol 
of Education, Harvard University. 

3. Po era, s. R. "Chemiatey !est" ( orld Book Co.) University of 
tinneaota. 

4. Coesman, L. M. "Biology". University of Oregon. 
5 . Grier, . . "Range of information teat in Biology". Jr. of 

Ed . Pay. 9:210-16, 388-93. April-September, 1918. 
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Botany and Zoolo~y, e~ch of hich conei ta of 100 orde of oh­

nic l n ture pertinent to those ubjeote . Pupils' in tr ction are 

11 1. Pl ce D before the terms you c de in as exactly a orda 
re ordin rily efine in the dictionary. 

2 . Place n before the term you OC1Il explain to one not f arnili r 
ith their me ning 

. Pl~o n F before the terms ith hioh you are r o hly f mili r 
4 . Place an before th term hich are ne to you 
5 . At the bottom rite out the definitions of the first five 

or a you marked D, 1 the first five you m~ rked E 
6. Count the number of 's, E's, F's, and 's d record the 

result at thv to of the page in the one inch ep~oe". 
1 

F . T. Ullrich has a similar test in Agriculture. The main objec-

tio s to the teat by Grier Ullrich re the difficulty of 

roperly scoring them d thv f ct t t the erson eval ting 

a er cannot kno , by a tudy of five lea of diction ry defini-

ti on hether a " mea s th t the u il putting do a 11 really 

0 the dictionary definition or not . urthe or t ere i 

u ion eth>r dictionary d finition re really hat one is 

ry1n to teach in science subj ct. 

lenn o ~rs• ere e erimenting 1th c.. eneral cienc 

+ t hi ch ill be disoueaed in the c pt er on e ... od . .. 

G. 
2 , 3,4 

Ruch, ter ex erimenting 1th imilar te t in 

nvr 1 ~ci nee, finally evolved v ry co en ble multiple an er 

test con 1 ting of 5 tatement of G eral oienoe f eta d 2 

lrich, . eats in gric .ture t te orm l ~chool 

Pl tteville, nein . 
2 · Rueb, G. . 'A r ge inform ti on te t in ener 1 

n r 1 ~oie ce uarterly : 257-62. ov. 1919 
a. ch, . nge of inform tion test in Gener 1 ci 

nary d ta on tandards . Gen.Sci. uarterly 5:15-19. 
c , . A n e ir. eneral ~cience . General 
rterly 7:188-197. rch, 1923. 

rl . Glenn , Teachers College , C 1 ia U iver ity 
e R. Po ere, U ivereity of iLneeota. 

Ci c 

ce; pr limi­
ov. 192 

Science 
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lettered diagrams . Concerning these diagrams are a number of com­

letion statements which the pupil is asked to complete with the 

proper diagram letter. 
1 2 

There a re also the Caldwell Science Teets, Downing 's Informa-
3 

tin fest in science, and Herring's test in Scientific Thinking. 

ith the exception of the teats by Powers , Ruch and Camp, 

the tests for secondary school science measurement mentioned in 

the preceding paragraphs , have not developed beyo d the prelimi-

nary steps of test construction . They are not , however, without 

value . They represent attempts in the scientific measurement of 

classroom pro ucts by men in the field of sec ndary school science. 

The writer has surveyed all this literature carefully and is~ 

indebted to the authors for valuable suggestions regarding pro-

' 
cedure and for a few of the items actually used in hie Gnneral 

Science teat . To Ruch he is es ecially indebted. 

l . Caldwell , O. W. "T e Gary public schoo ls: science teaching" . 
Te General Eduoation .Boar , N.Y . 1919 

2 . Downing, E. R. "A range of information tests in science" . 
S hool Science and Mathematic 19 : 228-83. March 1919 

3 · Herring, J. J? " eaeuren:ents in scientific thinking". Jr . of 
Educational Psych logy 9 : 535- 58 . December 1919 

' 



CHAPTER IV 

METHOD 

One of the first essentials in this study was to build up 

a preliminary measuring instrument of subject matter in General 

Soienoe. Since economy of time, accuracy, and objectivity were 

considered valuable oharaoteristios of this measuring device, 

the following criteria were considered in the construction of 

the preliminary test. 

(&) The material selected shouid cover the field. 

(b) The material should range from easy to difficult. 

(c) The arrangement of the teat should be such as to facilitate 

readability on the part of the pupils. 

(d) The arrangement should be such as to facilitate accuracy 

in scoring. 

(e) The items of the teat should be definite and olear. 

(f) There should be only one acceptable response to eaoh item. 

(g) The test should be given to as wide a range of pupils 

as possible in order to test its selective power. 

For the purpose of developing such a measuring instrument 

the write~ procured two unfinished studies begun simultaneously, 

the one by Earl R. Glenn, Linooln School, New York, and the other 

by Samuel R. Powers, University of Minnesota. These studies 

represented a partial oompilation of General Science material 

in the form of objective multiple answer statements, problems, 

and science vocabulary. To these the writer added material 

in the same subject matter which was pertinent but which was 

not included in the above compilations. This additional 

material was gleaned from various kinds of preliminary at-

19 



*** tempts in General Science measurement and from a survey of 

General Science textbooks. The resultant total number of in-

dividual items amounted to about six hundred. out of this 

total were selected three hundred items which seemed to be 

most definitely related to the subject, most objective in nature, 

and most justifiable in terms of the cardinal principles of 

education~ 

These three hundred items were then reduced to the multi­

ple answer type of statements. The list of three hundred state­

ments when completed was reviewed by two science teachers at 

the University Highschool, University of Minnesota, who agreed 

that the choice of the three hundred items was inclusive and 

well differentiated among the different kinds of subject matter 

which go to make up General Soienoe. In as much as the list 

of three hundred items was to be revised and worked over later 

on the basis of pupil achievement, it was deemed satisfactory 

when it passed the combined judgments of three University High­

school soienoe teachers. 

The three hundred items were arranged in as random an or­

der as possible. No one knew the order of difficulty of the 

different items. For each item the number of multiple answers 

was five. As will be shown later, this number of possible 

answers reduced successful guessing to a negligible amount. 

The General Science teat• of three hundred items and a list 

of instructions for the person giving the test•• were sent out 

to principals or superintendents of twenty-two school systems 

With whom arrangements for the giving of the tests had previously 

* See Appendix I *** See C apter III 
••see Appendix II 
l. Cardinal Principles of Secondary Eduoation. U. S. Bureau 

of Eduoation Bulletin, 1918, No. 35. 

2 



been made by personal letter. The liat of instructions was 

mimeographed but the test was printed in order to facilitate 

acouraoy and speed on the part of the pupils and accuracy and 

speed in scoring. The schools selected to give the test re­

presented large, medium and small school systems of Minnesota. 

All pupils in the 8th, 9th, 10th, 11th, and 12th grades of the 

twenty-two school systems, with the exception of the three 

largest school systems, were given the test provided they hap­

pened to be present at the particular hour on the day when the 

test was presented. The total number of pupils who took the 

test approximated eleven thousand. In each of the three largest 

school systems the 8th grades of two most representative grade 

schools and all the pupils in one highechool were given the 

test. All tests were taken by the pupils between ~he first 

and tenth of June, 1922. Table I shows number of returns of 

the test in terms of schools and grades. 

In order to carry out comparative studies, control groups 

consisting of several schools where no General Scienoe is taught 

were selected. One of these was the Johnson Highschool in 

St. Paul with about 800 pupils. 

The test was also given to 339 University of Minnesota 

students in Physics and Chemistry classes and to 33 Normal 

School students attending the summer session, 1922, at Moorhead 

Teachers Co~lege. 

In September, 1922, 140 pupils in the University Highschool 

ere retested with the same test. Results of the retest and of 

the original test were compared for purposes of securing some 

idea as to the stability or reliability of the measuring device 

21 



TABLE I 

TOTAL NUMBER OF RETURNS OF GENERAL SCIENCE TEST FROM 22 SCH OLS 

SCHOOL SYSTEM GRADES 
8th 9th 10th 11th 12th TOTAL 

Annandale ................ 25 3~ 18 26 9 111 

Alexandria .•............. 41 97 78 64 75 355 

Crookston ............... 80 87 74 50 46 337 

Duluth .................. 96 220 400 313 237 1266 

Excelsior ............... 29 44 25 14 17 129 

Ely . . . . . . . . . . . . . . . . . . . . . 109 105 63 62 57 396 

Fertile 

Glencoe 

Hibbing 

Hopkins 

Mankato 

................. 

................. 

................. 

................. 

................. 

25 

35 

151 

62 

115 

38 

25 

149 

68 

131 

22 

34 

131 

24 

168 

23 

20 

83 

26 

126 

9 

23 

78 

24 

128 

117 

137 

592 

204 

668 

Minneapolis ............. 65 730 588 414 380 2177 

Moorhead ................ 92 99 81 67 48 387 

New Ulm ................. 30 73 18 42 50 251 

Red ing ................ 93 138 89 79 61 460 

St. James ............... 34 73 50 40 

St . Paul . . . . . . . . . . . . . . . . 66 317 187 132 

Slayton . . . . . . . . . . . . . . . . . 23 27 30 30 

Swanville .. .. . .. . . . . . .. . 12 24 12 6 

University Highsohool ... 61* 57 59 37 

Virginia ................ 197 238 135 148 

orthington ............. 48 64 37 38 

32 

92 

27 

7 

48 

85 

36 

229 

794 

137 

61 

262 

803 

222 

Normal school atuden ts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 

University atuden ta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 347 

TOTALS ................... 1489 2837 2361 1840 1568 10475 

*Pupils who were examined in June as prospective University High­
acbool pupils. 
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in General Science with respect to a given group of individuals. 

Procedure in handling the data. 

{l) Fortunately a graduate student and science teacher, reli-

able and systematic, was enlisted as a paid assistant to sort 

and to score the entire set of approximately 11,000 tests. First 

all test papers were sorted for the purpose of eliminating those 

in which vital data, such as name, age, classification of pupil, 

and answers to questions about courses previously taken by the 

pupil, were omitted. Then the assistant scored each test by 

means of celluloid stencils, the use of stencils facilitating 

the scoring and increasing the accuracy, and entered the total 

score made by each pupil on the upper right hand corner of the 

first page of each test. 

{2) After the tests were scored they were sorted according 

to (a) name of school, (b) the five grades within each school -

8th, 9th, 10th, 11th and 12th, (o) sex of pupils in each of 

the classes, and (d) whether each pupil in each grade had or 

had not taken General Science. This meant that each grade 

might be divided into four groups e.g. boys and girls who had 

taken General Science and boys and girls ho had not taken 

General Science. This made it possible to have each school 

divided into twenty groups in order to facilitate the handling 

of data in the different group studies. 

Since experimental work with the test results of these 

groups occupies a large portion of this study, considerable 

time would be saved by the use of a few descriptive terms 

for naming each of the t enty groups. Therefore, since thie 
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study has to do with General Science achievement, it was decided 

to use the symbol "+" to characterize any group of pupils who 

had taken General Science, while any group of pupils who had not 

taken General Science was characterized by the symbol "-"· Then, 

by adding to the "+" or "-" the sex initial e.g. "G" or "B" for 

Girls or Boys respectively, and the grade number> e.g. 8th, 9th, 

10th, 11th, 12th, a complete, descriptive term for any one of 

the twenty groups was established. To illustrate, "-8B" is inter­

preted in this study to mean 8th grade boys who had not taken 

General Science and "+llG" is interpreted to mean 11th grade girls 

who had taken General Science. This system of nomenclature ie 

used thruout the study in te•t, tables, and figures. 

(3) Test score, age, length of time in school, time taken in 

doing the test, soienoe courses taken, whether or not the pupil 

liked science, and mental test score ( hen available) were then 

tabulated for the different schools in terms of the twenty dif­

ferent groups already described. 

(4) The frequency of correct responses for each of the 300 

items of the test was secured by actual count of errors for 

each item in 1760 oases. The percentage of correct responses 

and the relative order of difficulty were secured for a group 

of 500 8th grade girls and for a group of 400 8th grade boys 

who had not taken General Science. Similar data were secured 

for groups of 430 9th grade girls and for 430 9th grade boys 

Who had taken General Science. These data were then used as 

a basis for making three scales out of the original General 

Science teat of 300 items. The number of oases taken for this 
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part of the study was sufficient to give as accurate results 

as would be given by an infinite number of oases. In the study 

each group was divided in two parts and the peroent of correct 

responses for the first part was compared with the whole. Rank 

order correlations between the two distributions were over .99. 

(5) The distribution of scores and the median score in the 

General Science test were secured for each of the twenty groups 

of each of the twenty-two school systems. From a combination 

of the median scores and the distributions of scores for the dif­

ferent schools, tentative grade norms for the General Science 

test were secured. 

(6) Statistical evaluations. 

The following are some of the correlations worked out 

for the purpose of establishing the reliability of the 300 item 

test as a measuring instrument in General Science 

(a) The correlation between intelligence test results and the 

results of the General Science test. 

(b) The correlation between chronological age and the General 

Science test. 

(c) The correlation between time in taking the General Science 

teat and success in the test. 

(d) The correlation between general scholastic success and the 

General Science test, University Highschool. 

(e) The correlation between marks in General Science and the 

General Soienoe test, University Highschool. 
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(7) One hundred and sixteen pupils for whom both test and 

retest results •ere available were studied for stability in 

response. 

(8) The median scores and distributions for +groups of pupils, 

pupils who had taken General Science, were secured. The same 

data were also secured for the -groups of pupils, pupils who had 

not taken General Science. 

(9) Grade medians for 9th, 10th, 11th, and 12th grade pupils 

who had taken General Science were comp~ed with medians in the 

same grades for pupils who had not taken General Science in order 

to isolate success in the General Science test due to having pur­

sued a course in General Science groups under approximately 

similar conditions. 

(10) Norms for pupils who had taken General Science in the 8th 

grade were compared with norms for those who had taken General 

Science in the 9th grade. The greater or lese success of these 

pupils would tend to justify the placing df General Science up or 

down in the suhool curriculum, the latter being the tendency in 

junior high schools. 

(11) A measure of the persistence of General Science material 

and of its acquisition in later science courses was secured from 

a study of the achievement of University and Normal school stu­

dents, about 350 in number. 

(12) Beoauee not all of the pupils had been allowed sufficient 

time to complete the General Science test and because it was 

found that equally accurate comparisons oould be made on the 

basis of the first three pages (the first 221 items of the test) 
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of the test, all the usable papers - about 9,000 in number -

were resoored and retabulated on the basis of the 221 items 

and comparisons similar to those made with the 300 items were 

obtained. 

(13) When the Scales had been made, for the purpose of com­

paring Soale and teat scores for the same pupils and groups, 

a hundred of the original papers were selected at random from 

each grade for the + Boys and were resoored on the basis of 

only the items in the Scale. 

(14) Finally, two forms of the finished Scales were mimeo­

graphed and given to General Science pupils in three sohoole--

(a) Central Highschool, Minneapolis -250 pupils, (b) Stillwater 

Highschool -140 pupils, and (c) University Highschool -58 pupils. 

Two Scale Forms of equal difficulty were given to check up the 

reliability of the Scales themselves and to compare Scale achieve­

ment with marks in General Science, intelligence test cores. 

27 



CHAPTER V 

RELIABILITY OF THE GENERAL SCIENCE TEST 

It is needless to say that if the General Soienoe test 

were unreliable, any oomparisons or developments of that test 

would carry with them the same unreliability. Therefore, 

before proceeding further with the exposition of this study, 

statement will be made concerning the reliability of the ori­

ginal 300 item General Science test given to approximately 

11, 000 pupi le. 

Study of results has shown that the original test with 

its inherent faults of extreme length and of a few valueless 

items was highly reliable. Evidence of this reliability of 

the test is presented in terms of the following criteria. 

(1) Retesting 

(2) Permanency or tability of the pupils' correct and incorrect 

responses 

(3) High positive correlation with other criteria of known value 

(4) Correlation between a part and the whole of the test. 

(1) Retesting 

28 

In September, 1922, 116 pupils of the University Hi h­

school were retested with the same test. The majority of these 

pupils were beginning sophomores who had finished General Science 

the preceding June, a small number were freshmen who had been 

tested on June tenth as 8th grade pupils, and the remainder 

were juniors and seniors in science classes. 

For the purpose of ascertaining the stability of the 

achievement as shown by one testing, the results of the second 



test were compared with those of the first test given the pre­

ceding June. Since the first test had been given at the very 

end of the school year and the second test had been given at 

the beginning of the following school year, with only three 

months of vacation intervening, it would seem that rather ideal 

conditions were secured for establishing the reliability of the 

measuring instrument used. The three months of vacation were 

sufficient to allow the pupil to foregt enough of the details 

of the test taken in J'lme to make the scores secured in Septem­

ber fair measures of the pupil's achievement at that particular 

time. At the same time the three intervening vacation months 

added little to the pupil's fund of General Science information 

other than that which he had gained by simply living three 

oonaeoutive months outside of the schoolroom. 

When the first and second test papers were examined it 

was found that while all the retest papers were completed, among 

the June teats there were only 75 papers in which all 300 items 

had been marked and 41 papers in hich only the first three 

pages, or 221 items, or a little more were marked. Therefore it 

was deemed advisable first to compare the 75 completed papers 

With their 75 completed retests and then to resoore the whole 

116 papers on the basis of the first 221 items and to compare 

those 116 core with the retests for reliability. 

Both in the complete test and in the 221 item test corre­

lations with retests were very high, as can be noted on the 

following page. 



Number ~:!:&2ils Sigma l* Sigma 2•• r P.E. 

Comp l ete test ... 75 42.7 36.0 .877 .02 

221 i tem test ... 116 35.6 28.0 ~ .02 

Mean .......................................... . 85 (. 847) 

The se coeff icients of correlation would indicate that the a-

bility of the original General Science test to differentiate 

among pup ils was fairly constant, tha t is, a pupil who scored 

high on t he first test would also score high on the second test 

and a pupil who scored low on the first test would consistently 

score low on the second test. On account of the narrow range 

of the group tested, however, the correlations of .82 and .88 

(. 877) - mean .85 - are relatively high. 

(2) Pe rma.nency__£r stability of the pupils' correct and incorrect 

responses 

The papers of the 116 University Eighschool pupils who 

had been retested were subjected to another examination for the 

purpose of determining whether a pupil's responses to particu­

l a r items in June and in September showed variation. In other 

words, bow permanent were the responses made in ~une to the 

various items? 

It is conceivable, while not probable, tha t a pupil taking 

a 300 item test in June and making a score of 150, a score o! 

50% right, on taking the ea.me test in September might again 

make a score of 150 or 50% right. It is further conceivable 

that an examination of the actual items failed the first time 

and items failed the second time might show a variation from 

:~tandard deviation on first test. 
Standard deviation on retest. 
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a condition where the same 150 items were right in each trial 

to a condition where no item of the 150 originally correct was 

correct the second time. In either case a correlation between 

first and second scores would be 1.00, whereas the reliability 

of the items would be zero. As a measure of the relative amount 

of achievement such a condition might be eatisfaotory, for it 

gave the same total score each time, but as an indicator of the 

kind of material on which the pupil failed such a condition 

would be highly unsatisfactory. - It is to be understood that 

the above assumptions are only theoretical possibilities and 

not what was even probable. 

In the present study it was ascertained what percent of 

each of the 116 pupils' responses were identical in the two 

tests and what percent varied. This was done by taking note 

of all the individual errors made on the second test and all 

the individual errors made on the first test and then comparing 

the two sets to find out which errors were made both times 

and which errors were made only once. The method used in locat-

ing the errors as as follows. 

The scored original test was spr~ad over the scored retest 

paper, the two were clipped together securely and with a pencil 

point were punched thru on the item numbers where errors were 

marked on the original test. That is, on a retest paper, where 

an error persisted, the retest paper ould have both a marked 

error and a hole punched thru from the original. Where the 

original paper had an error which had not persisted only a hole 

would be found. Where the retest paper had an error which did 
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not appear in the original, only a marked error would be found. 

Results of actual count on the retest papers of holes alone 

and of marked errors alone showed that 1th the exception of a 

small percent the responses were uniform in both trials. In 

other words, an item correctly marked in June would be correctly 

marked in September and an item incorrectly marked in June would 

be incorrectly marked in September. The actual percents of pu­

pils' responses in two trials which were not identical ranged 

from 3.9% to 16.5% - median 8.7% (Standard Deviation of 1.5). 

Since a deviation from identical response on one item ould 

cause two counts of it to be taken, that is, if a pupil changed 
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a wrong response up or down one place from the place of that 

wrong response in the original paper, there would be a hole punch­

ed thru from the original where no error was f ol.md and a marked 

error on the retest where no bole had been punched thru from 

the original. Both were counted as variations. Apparently 

from 1.9% to 8.2% - median 4.35% - of the responses varied from 

June to September. In as much as the scores made on the t o 

teats varied from 57 to 256 or the number of "wrongs" varied 

from 243 to 46, it would seem that this &.35% represents the 

median number of variations due to guessing. Underlining of the 

correct response twice at intervals of three months, hen there 

are five possible responses, could not be attributed to pure 

guess. In short, the stability of the items, or their tendency 

to secure from the pupil the same response whether it be right 

or wrong, was such that uniform responses amounted to over 

nine~tY-five percent of the 300 items of the General Science test. 
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Th P. E. of e ti te, baaed on r t et oorr lation, ueing formula 

P. E. of estimate quale the P. E. times square root o! 1-r uare, 

waa 9 points. In other ords, the true eooree made b pupil if 

an infinite number of trials ere given ould not differ by more 

than 9 points from the oore obtained at the first trial. 

(3) High positive correlation 1th other oriteria 

It was first a oertained by retesting pupils ith the 300 

item General Soi noe teat that the teat had a tendency to give 

individual pupils relatively the ame ranking on its second teat 

as it did on its first. In other ords, the measurements of the 

original 300 item teat resembled measurements of a teel ruler 

a much as is indioated by a po itive correlation o! .es between 

two measurements. It a further a certained that thi positive 

correlation of .85 was made by identical r sponeea to over 95~ 

of the items. Just as the retest r ult eho ed that the teat as 

a hole poeeeased a !air ount of reliability, the oounting of 

aotu~l rrors on e oh ite show d the individual ite to 

be very reliable. A test, ho ver, might be reliable as a hol 

and also reliable in its p rte and still be no me ure o! aohieve­

ment in General Soi oe. That i , teat might al ay give the 

a e measurements but the measur ment might have no r lationship 

to the aohieve nt in the subject it a uppoee to me ure. 

To e oertain that the original teat as a ea ure of 

obievement in General Scienoe, it w further correlated 1th other 

criteria bioh are known to have some validity as ea urea ot Gen­

eral Soi oe achievement. For in tance, General Science aobievement 



is in part dependent on intelligenoe. Studies of the relation­

ship between marks in school subjects and scores in standard 

intelligenoe tests whow positive correlations ranging from about 

.30 to .70. That these correlations are not higher is usually 

explained by the fact that all pupils do not achieve in propor­

tion to their native ability because of the influenoe of other 

factors such as industry, interest, and so forth. Further, if 

pupils did achieve in proportion to their native abilit~ there 

would still be many variations, since studies of school marks 

have shown certain inherent weakness'.:ee in marks given by teachers. 

hen, however, scores in standardized achievement tests of school 

subjects are correlated with scores in intelligence tests, the 

result, while a little better, is still far from a perfect cor­

relation. A positive correlation bet een achievement test and 

mental test scores <:L .50 is quite usual. 

When achievement in the 300 item General Science test was 

correlated with mental test scores for the University High School 

pupils, results given on the following page were secured. Exami­

nation of the figures shows that when the achievement on the 

whole 300 item test was correlated with intelligence the rela­

tionship was relatively high. Further, when the achievement on 

the first three pages of the test (221 items) was used the re­

lationship was also uniformly high, and even slightly more valid 

because of the larger number of oases involved. Scores made by 

these pupils in the Miller Mental Ability Teet, Form A, and in 

a large number of oases for both Form A and Form B (in which oase 

the average of the two Forms was taken) were available as well as 

34 
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mental ages and intelligenoe quotients. For the juniors (tenth 

grade) an average of five mental teats given in the freshman year 

was seoured. 

Correlation between 

1. Miller Mental Teet scores 
& 300 item General Science 

test scores 

2. Miller Mental Test scores 
& 221 item General Science 

Teat scores 

3. Mental Ages in months & 
300 item General Science 
Teet scores 

4. Mental Ages in months & 
221 item General Scienoe 
Test scores 

5. Intelligence Quotients & 
300 item General Science 
Test scores 

6. Intelligence Quotients & 
221 item General Soienoe 
Test scores 

7. Ave. Five ental Tests & 
300 item General Science 
Test scores 

8. Ave. Five Mental Teets & 
221 item General Soienoe 
Test score 

Grade Pearson r 

8 . 70 
9 .43 

10 .585 
11 . 7..3 
12 .501 

8 .61 
9 .47 

10 .41 
11 .483 
12 .45 

8 .67 

8 .642 

8 .573 
9 .43 

11 .64 
12 .54 

8 .576 
9 .43 

11 .62 
12 .494 

10 .61 

10 .48 

P.E. No.Cases 

.055 39 

.116 20 

.07 31 

.067 26 

.08 38 

.06 52 

.09 34 

.075 56 

.085 36 

.08 45 

.06 38 

.054 52 

.072 39 

.106 27 

.098 15 

.075 38 

.062 52 

.075 54 

.09 20 

.075 45 

.09 18 

.08 40 



Examination of the pupils' achievement in General Science 

as indicated (a) by marks in General Science and (b) by an aver­

age of marks in all subjects and (c) in the oase of seniors also 

of honor points*, the latter two being taken as criteria of gen­

eral scholarship, also showed a decided degree of positive rela­

tionship. In the case of the 8th grade pupils, who had taken the 

General Science test on June tenth as a pa.rt of their preliminary 

examination before entering the University High~ohool, the scores 

on the General Science teat and only the first two quarters' 

marks ere considered. Therefore the correlation for these pu­

pils indicates the degree with which the original teat gave an 

accurate prognosis of what marks teachers gave those pupils after 

they had taken the course in General Science. In the case of the 

9th, 10th, 11th and 12th grade pupils, all of whom had taken 

General Science in the 8th grade, the correlation is between the 

average marks earned in their f reahman year in General Science 

and the achievement in the General Science teat taken June first, 

1922. In the case of 12th grade pupils, their contact with 

General Science as a subject was three years removed. 
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Correlation between Grade Pearson r P.E. No.Cases 

1. General Science marks & 
300 item General Science 
test scores 

2. General Science marks & 
221 item General Science 
Teet scores 

8 
9 

10 
11 

8 
9 

10 
11 

.61 

.835 

.76 

.47 

.62 

.60 

.64 

.44 

* lumerical basis for awarding schol rshi honors. 

.065 39 

.039 as 

.05 30 

.11 22 

.057 52 

.059 54 

.055 54 

.10 29 



Correlation between Grade Pearson r P.E. No.Case 

3 . Peroentile Rank, lat yr.' s 10 .59 .10 19 

Marks & 3 O item General 
Soienoe Teet scores 

4. Peroentile Rank,let yr.'s 10 .43 .085 40 

Marks & 221 item General 
Science Test score 

5 . Honor Points & 12 .40 .09 38 

300 item General Scienoe 
Test eooree 

6. Honor Points & 12 .46 .08 45 

221 item General Soienoe 
Test scores 

(4) Correlation bet een~ ~art and the hole of the ~ 

In the oaae of the University Highsohool pupils data 

ere available for 164 pupil hose papers er evaluat d both 

on the basis of their achievement on 3 items of the General 

Soience test and on the baa1 of their ohievement on the fir t 

221 items of the Gener 1 Boie ce teat. In a later p rt of th1 

study it as necessary to e comparison on the b i of th 

first three pages of the test only. Juatifio tion for doing o 

is to be found in results of this t Y of Univer 1ty Hi hechool 

pupils on the 300 and 221 item base . For instance, hen the 

re ults of the 3 0 an 221 item General oienoe teat of a group 

oonai ting of from 26 to 40 pupils er correlate by the r k 

or er method, the correlation as pr ctioally perfect. en 
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the achievement on a part and on the bole of the General ci nee 

test as correlated by the product-momenta method, the results 

.hile not perfect were very cloae to 1.00, as oan be noted in 
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the following figures. 

Correlation between Grade Pearson r P.E. No .Cases 

300 item General Science 8 .97 .003 40 

Test scores & 9 .90 .025 28 

221 item General Scienoe 10 .99 .002 31 

Test scores 11 .996 .001 26 

12 .995 .001 39 

From these figures it is evident that for purposes of 

group oomparison1 the first three pages of the General Scienoe 

test gave practically as accurate relative results as did the 

whole test. Thia of course was due to the fact that the items 

as arranged in the original teat were placed in absolutely ran­

dom order. 

In resume it might be said that the original General Science 

teat as a measure of achievement and information in General Sci­

ence was a fairly reliable measure. Its self-correlation by a 

retest of 116 pupils was .85. By the use of Brown's formula1 a 

desired r equals Nr when N equals the number of repetitions 
l+(N-l)r 

necessary to get a desired coefficient of correlation. If a 

self-correlation of .95 were desired1 then .95 equals N(S5) • 
l+{N-1).85 

Solving1 N equals 3.4. In other words1 another repetition of 

the same test would have given a correlation of almost .95. Or 1 

were two more repetitions given1 then r would have equalled 

4(.85) • Solving1 r would equal .96. When to this are 
1+(4-1).85 
added the facts that identical responses after three months 
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equalled 95 percent of all responses made by a pupil on t o trials, 
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the high correlations secured ith knolvn criteria, and also high 

correlations between a part and the whole of the teat, the pre­

liminary and original 300 item General Science Test was considered 

satisfactorily reliable . 
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CHAPTER VI 

DEVELOPMENT OF THE GENERAL SCIENCE SCALE 

In the preceding chapter it was made evident that the ori­

ginal 300 item General Science Teet was fairly reliable. In 

fact the teat proved more reliable hen compared with certain 

known criteria than are some achievement teats for various 

sohool eubjeota whioh have been standardized and plaoed on the 
1 

market today. 

It might have been possible, on the basis of the large 

number of pupils for whom data ere available, to establish 

norms and to use the test in its orude form. Thia original 

test, ho ever, had certain inherent faults - faults which are 

bound to occur in every test of its kind. In the first plaoe, 

in order to be inclusive, the test had 300 items. That i too 

many. The median time for doing this teat computed on 6 0 

oases was fifty-nine minutes with a range of thirty-five to 

one hundred ten minutes, and a quartile deviation of eleven 

minutes. Besides the fact that the test took longer than the 

average pupil is able to maintain interested effort, the ork 

of scoring and recording of results wa decidedly laborious. 

Efficiency in giving requires a shorter teat and one hich is 

also easier to score. Further, some of the items in the ori­

ginal teat turned out to be decidedly valueless. 

In the original test it was possible to find class, gr e, 

and school medians, but for purposes of comparison it was im-

1. Henmon, V.A.C. "Some limitations of educational teats". 
Jr. of Ed. Research. Vol. VII. No.3 arch, 1923. Pp.185-198 
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possible to tell whether a difference of twelve items between 

t wo medians was a real difference or due to chance, unless one 

entered into statistical procedure to ascertain the faot. This 

fact when ascertained was, however, still open to the question 

of quantity - How muoh of a differenoe is a difference of twelve 

items on the original test? A study of data presented later 

will show that this difference of twelve items might mean a dif­

ferenoe due to chance and therefore negligible when oocuring in 

one part of the scale, and a difference which might easily re-
. 

present the difference between the median and the seventy-fifth 

percentile when occuring in another part of the scale. A study 

of the value of individual items, which appears later, also 

shows that succeeding in twelve items in one part of the scale 

might be due to chance hereas suoceeding in t elve items in 

another part of the soale would represent ability of practically 

genius type. 

It as also found that the original General Science test 

contained enough material hich, if properly evaluated and ar­

ranged, would make a General Scienoe Soale composed of three 

Forms of known difficulty, which oould be used interchangeably 

with long or short periods intervening for purposes of check­

ing up progress of teaching and accuracy of testing. To be 

sure, if a test with a smaller number of items were to be used , 

in order to secure as accurate results ae those secured by the 

three hundred items, the lesser number of items would neoe sar­

ily have to be selected and evaluated accurately. ·Moreover, 
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as stated before, in the 300 item teat it was possible, owing 

to the large number of items of more or less equal difficulty, 

for two boys to achieve equal scores up to 150 items each and 

still leave no single item which had been done correctly by both 

of them or failed by both of them. From the standpoint of di­

agnostic quality this was a decided weakness, the remedy for 

which was the development of three or more standardized forms 

of the General Science test, each Form of known difficulty. 

Furthermore, were the original General Science test used, 

-ecause of varying difficulties of the different items the 
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various items represented various amounts of achievement. That 

is, the 300 item teat represented a measuring tape with 300 unite, 

very few of which were of equal length (difficulty). Succeeding 

in five items in one part of the scale as not equal to succeeding 

in five items in another part of the scale. These facts besides 

being annoying in the interpretation of results would be unknown 

to the person using the test, hence the necessity for developing 

scale Forms of known difficulty from the items at hand. 

There are at least three methods possible for developing 

a scale from a set of unselected items containing possible mate­

rial for the construction of a cale. The first of these methods 

is well characterized by the English Composition Scale developed 
1 

by Doctor Van a.genen In the construction of this So le 

Doctor Van agenen had English compositions on the same subject,-

1. Van agenen, M.J. English Com osition Scale. orl Book Co. 
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"Ho I earned some money", rated by numbers of competent judges 

on Structure, echanios, and Thought Content. The compositions 

were rated by judges simply by placing them in order of merit on 

the basis of each of these three criteria. The rating ot one 

composition was then secured by comparing the number of judges 

who decided that that composition was better, ithout any regard 

as to how much better, than the one of slightly poorer quality. 

Since the judges did not agree as to hich of t o compositions 

as better, the amount by which the better one was assumed to be 

superior to the poorer one as determined on the relative una­

nimity of the decisions. That is, f fifty percent of the judges 

decided that composition A was better than composition B and 

vice versa, the two compositions were assumed to be of equal 

merit. If 37f percent of the judge decided that composition A 
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as better than composition B and 62 percent decided that com­

position B was better than composition A, there was then a dif­

ference of 25 percent of the judges in favor of composition B 

which, according to the table of frequencies on a normal surface 

of distribution , represents a difference of l quartile or l P.E. 

and composition B was given a rating of l P.E. superiority over 

composttion A. It is evident, ho ever, that starting ith origi­

nal compositions , the ultimate values bile obtained by a tho­

roly reliable method would show various unequal intervals be­

tween individual compositions in the scale. Thie scale repre­

sents a steel tape in hich all lengths are kno and marked, but, 

instead of al aye starting at the end of one unit and at the be­

gi ning of the other - like 1,2,3 inches etc.-, it was divided 
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thus - 1,3~,3~,7 etc inches at the distances so indicated. 

In using this Scale the composition to be graded is first com­

pared with the different oompositione in the scale whose values 

are known. Decision is then made that the composition in question 

is like composition B in structure, rating 77 on Structure, like 

composition F in mechanics, rating 85 on Mechanics, and like 

composition H in thot content, rating 95 on Thot Content. While 

a scale of this form has certain merits it did not seem feasible 

for a General Science scale. 

Another method of scale development is that used by oody 
l 

in the development of the oody Arithmetic Scale. This method 
2 

bas also been used by Trabue in the Language Completion Scale 

-
and by Posey and Van agenen in the development of their Geogra-

3 
phy Scale. In this method the unit is the difference of diffi-

culty of an item which will cause the correct responses to that 

item to vary one-tenth of a P.E. (.1 P.E.) in a normal surface 

of frequency from the item one unit easier or more difficult. 

Stnoe this method as adopted for use in the development of the 

General Science scale, its description will be left to be given 

in detail for the various steps in the construction of the scale. 

1. oody, Clifford "Measurements of some achievements in arith­
metic". Teachers College. Columbia University. Contribu­
tions to Education, No.80. 1916. Pp. 1-63 

2. Trabue, 
Colleg:e. 
1916 

arion R "Completion-Teet Lan uage soales". Teachers 
Columbia University. Contributions to Education #77 

3. Posey-Van agenen "Geography Scales". Pu lie School Publishing 
Company, Bloomington, Illinois. 
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There is, however , another method for scale oonetruotion 

which consists in t~king a number of questions not necessarily 

related to fundamental elements or a subject (in this case the 

subject wouad be General Science), giving them to a considerable 

number of pupils who have just completed the subject (in this 

case General Science), and ascertaining for each question the 

number of pupils who succeeded in that question and who were 

rated "A" (in this case rated "A" in General Science), the number 

who succeeded in that question and were rated "B", the number ho 

succeeded in that question and were rated "C", and so forth. 

In this method the ability of the question to differentiate among 

pupils of varying abilities - its diagnostic ability - is ascer­

tained. A scale is then made up of a number of suoh questions 

hioh combined are able to differentiate among those pupils who 

receive grades of "A 11 , "B", "C" etc· Such a diagnostic test method 

was used in some of the army trade tests during the war. For 

instance, where questions ere selected to differentiate between 

an expert carpenter and a journeyman carpenter or an ordinary 

laborer ho desired to be a carpenter, oftentimes questions hich 

had little to do with the actual work of the carpenter but hich 

could only be ans ered by the expert were used to differentiate 

different levels of trade ability. 

A method of scale construction similar to this, if used for 

a General Science scale, would be dependent for its accuracy on 

the accuracy of the marks given in General Science. In view of 

recent studies of the unreliability of school marks this method 

would be far less accurate than the method whioh has been employed. 
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For some purposes it seems that while both the first and third 

methods desoribed, being the only methods available for oertain 

eubjeots, are more satisfactory than no method at all, they carry 

the weakness which is inherent in dealing with an unknown from 

the standpoint of another unknown. In the method adopted for 

the General Science scale there are at least two things certain, 

namely, that (a) the questions or items selected are from the 

subject to be measured and can be rated right or wrong, and (b) 

it is possible to ascertain what percent of any particular group 

or classification of pupils can do each item correctly. 

Derivation of the Scale 

hen the 300 item test for each pupil had been scored and 

the score clearly indicated on it, the test papers were divided 

according to the classification described in previous chapter, 

namely, according to grade, sex, and whether or not the pupil 

had taken General Science. Thie made in all twenty classifica-

tions. In Table II (DISTRIBUTION OF SCORES OF 5980 CASES HE 

300 ITEMS OF THE GENERAL SCIENCE TEST) are the distributions of 

the scores made by 5,980 8th grade and highsohool pupils in the 

22 school systems that had oo~operated in this study. From this 

Table it is evident that one 8th grade girl and one 9th grade girl, 

neither of whom had studied General Science, made scores between 

25 and 29 inclusive. It ie alee evident that the best scores 

secured by -8G were two between 180 and 184. A glance at the 

Table shows the gradual slope of the bulk of the f requencie to­

wards the lower right hand corner, indicating a gradual increas~ 

of the median. 
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TABLE II 

DI8TRIBUTION OF SCORES OF 5980 CASES ON THE 300 ITEMS OF THE 
GENERAL SCIENCE TEST . 

score -8G -SB +8G +SB -9G -9B +9G + 9B-10G-10B ~ lOG + lOB-llG + llG - llB+llB-12G+l 2G- 12B+l2B 

20- 24 . .. 
25- 29 1 1 

30- 34 
35- .39 
40- 44 . . 
45- 49 1 . . 1 . 
50- 54 3 3 l . 1 l 

b5- 59 2 1 . l . . 
60- 64 4 5 l l 2 . l 

65- 69 5 5 4 l 2 l 

70- 74 7 7 1 . 3 1 . 1 

75- 79 6 9 2 3 2 1 . . 1 l ' 
80- 84 23 7 7 3 2 5 3 1 l 2 l 

85- 89 24 10 1 9 3 2 3 3 2 2 1 

90- 94 27 9 l . 16 2 5 2 8 2 1 

95- 99 26 16 l 3 13 6 4 9 8 1 . 1 3 3 1 

100-104 33 21 l 29 9 4 3 13 5 2 6 3 1 1 1 

105-109 46 21 l 2 33 9 10 10 21 4 3 1 11 2 3 . 3 2 1 

110-114 48 19 2 1 24 19 13 4 27 6 3 3 13 5 3 1 4 . 
115- 119 49 25 4 38 16 18 13 46 14 2 4 16 8 3 ? 5 

120-124 39 25 2 4 49 17 18 16 29 17 13 6 15 3 5 1 8 2 1 

125-129 44 33 5 1 50 28 20 16 41 20 8 6 19 8 2 1 8 4 3 

130-1.:>4 25 39 5 1 41 28 28 11 46 11 12 10 28 7 10 1 12 3 l 

135-139 14 26 3 4 34 18 24 19 46 18 23 13 36 8 8 2 17 6 6 3 

14 -144 23 23 1 3 26 16 33 7 42 19 14 10 29 8 14 l 17 8 3 
145-149 24 32 3 3 26 19 .33 2 38 24 16 14 35 16 8 5 23 11 2 3 

150-154 7 19 1 2 29 19 34 22 33 18 19 10 30 1 7 10 6 25 7 . 
155-159 4 11 4 5 12 15 .31 2 21 21 29 14 29 17 14 6 30 7 8 5 

160-164 3 16 5 1 12 12 3d 24 19 20 22 14 34 17 21 2 24 6 9 6 

165-169 4 8 2 4 7 9 31 26 18 20 26 18 24 12 1 7 9 26 8 13 7 

170-174 4 4 3 6 9 z 21 10 10 12 15 30 9 21 8 19 19 15 5 

175-179 2 3 l 4 7 6 15 23 11 14 12 12 22 11 19 7 ?7 22 13 10 

18 -184 2 3 5 1 13 15 29 8 8 10 18 12 13 16 15 17 1 9 15 

185-189 1 3 3 1.3 17 4 4 9 8 15 5 17 8 1.3 16 9 2 

190-194 1 l 3 6 18 2 7 8 16 4 8 15 13 12 11 17 l 

195-199 1 5 6 22 2 6 9 13 10 5 11 8 11 10 24 8 

200-204 . 1 1 7 6 4 2 2 5 5 5 9 8 11 9 13 8 

2 5-209 3 3 8 1 3 2 4 3 2 9 7 15 6 

210-214 1 3 10 5 2 6 l 2 8 7 5 ? 16 _1 

215-219 3 6 3 1 4 2 3 6 7 3 9 4 

220-224 4 2 1 5 .. 3 6 7 2 1 3 

325-229 3 2 1 3 1 3 .3 2 9 

230-234 1 1 4 l 2.. 3 2 3 

235-239 1 1 . 2 4 1 

240-244 2 3 2 

245-249 . 2 2 3 

250-254 1 l 

255-259 l 1 

260-264 1 

Total 
Number 500 400 44 49 482 3 0 437 430 513 289 261 242 4 197 263 1 43 347 192 210 141 
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In as much as General Science is almost universally a 

9th grade or freshman subject in four year highachools and an 

8th grade subject in Junior highschools, it was deemed satisfac­

tory to take for the purpose of standardizing the items for 

the different Soale Forms (a) the 500 -8G and the 400 -8B and 

(b) 430 +9G and the 430 t9B. (Actually there were 437 +9G who 

had turned in completed papers) . All of these pupils had turned 

in papers in which all of the 300 items had been marked. 

At this point it might be explained th a~ the use of 900 

8th grade pnpils who had not had General Science for the purpose 

of standardizing a General Science Scale, while not at first 

self-explanatory will become clear hen it is considered that 

(a) the Scale was intended as a diagnostic test, (b) even with 

-8th grade pupils a considerable percentage exceeded the median 

achievement for +9th grade pupils, and (c)a pupil's success in 

General Science is to a certain extent quite as much dependent 

on what he knows before entering the course as it is on what 

he learns in the course. 

The unit of measurement in this So ale was to be that dif-

ference of difficulty of items hich would cause the correct 

responses to any item to differ one-tenth of a P.E. (.1 P.E.) 

on a normal surface of frequency from the items one unit more 

easy or more difficult. The next problem, therefore, was to 

reduce the difficulty of all items to P.E. values, all of hich 

were known to have normal surfaces of frequency. 

Having selected the four groups whicb were to form the 

basis f or the valuation of items, responses for the total of 

48 



49 

1760 papers were tabulated so as to secure the number in eaoh 

group that made correct responses to item 1, the number that 

made correct responses to item 2, and so on. The result of this 

tabulat ion is given in TABLE III (FREQUENCIES ITH RICH EACH 

OF THE 300 ITEMS WAS DONE CORRECTLY BY 500 EIGHTH GRADE GIRLS etc.). 

In this Table the items re not arranged in numerical or er because 

it was found desirable to arrange them in order of increasing fre­

quency for at least one group, hence the items are arranged in 

the or der of difficulty for the -SG. 

The number of pu ils in each group as found to be large 

enough to insure the stability of the item lacement. Thie was 

done by dividing each of the four grou into two arts ban count-

ing the number of correct responses, treating the first part a 

one diatamoe one distance and the .hole grou, the seoond art , as 

another distance . The rank order of e oh item of the 3 as 

then determined, first on the basis of the first art and then 

again on the basis of the hole group. The ran order correlation 

bet een a art and the hole grou in each ca e as over .98. 

Thus correlation between 

( ) 

(b) 

350 

300 

-8G 

-8B 

(o) 215 +9G 

( ) 215 +9B 

and 50 -8G 

" 400 -8B 

" 
n 

43 +9G 

430 +9B 

gave coefficient of 

" " " 

" " 
n " n 

.9964 

.9968 

.981 

.984 

The significance of these fi gures is clear,na ely, that for 

most urposee, had the selection of data stopped ith the 35 - 8G, 



TABLE III 5 

FREQUF. cn-:s ITH HICH EACH OF THE 300 ITEM AS DO E CORREC LY y 

500 EIGHTH GRADE GIRLS AND 400 EIGHTH GRADE BOYS 0 HA 0 HA 
GENERAL SCIE CE, AND BY 430 NI TH GRA E GIRL A D 430 I 
BOYS 'HO HAD HAD GENERAL QCIEJCF . 

Item -8G -BB -9G -9B Item -8G -SB -9G -9B cont' 

78 14 46 75 122 251 73 71 135 138 
27 16 20 23 28 149 74 52 115 80 
35 19 21 95 78 89 74 58 161 162 

128 19 29 87 108 9 74 41 86 110 
173 1 ~3 9Z 120 86 75 71 103 160 

1 24 67 24 152 191 76 64 152 162 
8 7 27 21 13 19 244 76 68 45 64 

228 27 15 32 18 11 78 62 156 202 
3~ 2~ 16 65 60 283 80 134 183 215 
57 31 39 27 36 4 81 94 57 137 

134 31 23 85 58 267 81 133 120 187 
67 31 63 28 70 194 81 8 236 214 
18 33 36 105 118 300 82 89 75 142 

143 .34 47 69 57 243 82 95 178 116 
144 37 45 53 71 92 83 90 129 193 
164 37 41 140 134 163 83 67 125 1 3 

81 38 56 166 192 214 84 52 83 82 
249 40 42 175 178 259 84 79 89 128 

28 44 59 144 179 50 85 73 192 196 
43 47 43 131 1 4 44 86 99 159 128 
58 48 37 32 38 177 86 9 168 166 

38 48 35 115 119 235 87 4 135 72 

6 9 36 51 40 210 88 75 157 141 

66 49 48 54 65 19 88 1 3 206 28 

224 5 44 9.3 108 6 88 56 126 123 

53 28 158 158 8 8S 1 2 1 150 

135 54 41 60 55 1 5 9G 1 102 100 

180 55 5.3 16 140 127 9C 83 12 118 

208 53 4J 116 100 207 93 84 185 157 

219 57 51 109 140 61 5 11 ~ 81 0 

273 57 45 176 166 47 96 85 1;,s 155 

15 59 117 153 262 171 96 96 114 49 

34 59 60 58 64 241 96 89 79 86 

9 59 57 88 111 5 98 117 315 :no 
280 61 172 162 288 85 105 1 6 116 

12 62 59 61 53 l-.12 115 93 1 

10 63 45 198 172 2 102 102 134 153 

217 63 55 75 72 253 102 8 11'.:; 139 

278 63 55 103 109 3 103 86 193 158 

Z7J 63 49 183 137 174 103 12" 273 283 

121 65 75 146 141 179 103 110 93 109 
258 65 51 89 98 20 1 86 117 110 
170 66 74 141 197 7 7d 8 88 

88 66 31 99 89 2 72 73 11 
110 66 62 27 4 0 1 96 158 1 7 
140 70 45 89 77 87 117 115 
290 70 63 79 116 1 3 201 23 
260 71 97 186 239 177 205 273 

56 72 90 149 145 81 110 2~2 

• .......... ~~~ ~------------------
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TABLE III CONT' 51 

Item -t3G -8B -9G - B Cont'd Item -8G -SB -9G -9B Cont'd 

159 115 103 173 134 162 159 147 168 230 
130' 116 85 199 175 84 162 . 143 298 275 

70 118 92 82 93 93 163 155 211 233 
284 119 87 138 158 152 164 152 192 196 
288 120 146 176 202 232 164 189 324 348 

52 121 99 171 169 291 165 264 127 337 
261 121 104 215 223 59 168 273 218 308 
206 122 111 111 154 158 168 199 223 254 

26 123 111 194 167 101 170 140 223 256 
7 123 92 94 126 264 170 146 251 233 

17 123 118 135 192 72 171 239 218 230 
266 124 91 234 204 181 171 137 165 185 

37 125 129 158 179 175 173 169 259 275 
327 126 103 108 114 155 177 146 154 159 

8 126 179 290 322 286 177 283 178 357 
73 126 86 118 113 75 182 169 228 264 
80 127 169 310 337 42 182 155 249 243 

12 127 100 226 201 71 182 268 188 220 
41 127 122 214 233 245 183 203 243 304 

276 127 79 169 174 151 185 169 205 199 
268 130 146 197 190 105 185 130 182 182 

226 132 88 189 141 139 187 130 129 163 

167 133 133 150 189 165 188 111 106 129 

22 134 134 239 357 176 190 189 232 240 

231 134 95 156 96 209 190 143 306 271 

77 135 137 236 245 . 281 191 159 223 216 

30 136 146 242 295 97 193 186 179 193 

146 136 109 115 117 272 193 244 207 207 

116 139 156 134 215 184 195 193 268 299 

29 139 116 218 214 
: 201 195 136 152 128 

157 140 136 156 157 239 195 123 157 167 

236 140 117 284 239 285 195 225 268 298 

293 140 126 244 303 252 197 201 243 293 

82 141 166 172 254 20 200 231 279 275 

218 143 155 199 213 187 200 197 324 318 

223 144 145 125 120 25 204 164 202 217 

193 145 201 142 259 199 205 158 201 191 

49 146 99 250 276 172 207 239 262 304 

46 147 100 80 113 277 207 271 330 370 

233 147 150 196 248 42 2 8 142 218 196 

289 147 154 135 172 271 208 173 223 200 

160 148 179 212 274 94 211 228 282 298 

31 149 141 248 268 95 214 146 214 167 

106 149 109 111 107 .all 214 184 319 ?.93 

45 150 141 185 229 119 217 186 256 278 

178 loO 132 202 221 255 218 234 275 324 

136 151 107 14 146 213 219 161 204 204 

2 151 112 356 316 13 220 204 159 216 

166 151 11 248 234 215 220 117 219 202 

33 152 130 167 216 63 222 162 206 201 

117 152 119 241 213 195 222 199 215 263 

182 152 142 166 169 216 222 244 330 344 

21 159 165 150 253 1 86 223 154 222 184 



TABLE III CONT'D 52 

Item - 8G -SB -9G -9B Cont'd Item -8G -8B -9G -9B Cont'd 

147 224 179 218 225 295 339 304 329 349 
262 228 335 363 363 234 342 297 334 363 
141 229 197 252 243 150 348 289 352 344 
265 229 19 7 263 269 129 349 246 307 269 

55 232 19S 312 339 192 352 295 387 367 
154 232 184 286 260 202 364 256 326 305 
115 233 215 255 277 248 367 305 360 352 
197 235 232 228 233 132 374 266 354 317 
274 240 209 234 248 183 374 264 383 337 
279 241 253 266 338 225 376 253 369 819 
99 244 211 270 260 98 377 264 370 312 

256 247 227 317 341 51 379 310 372 361 
200 248 238 216 253 107 385 294 397 377 
137 250 198 252 223 188 385 329 351 374 
263 251 236 279 278 230 386 277 407 359 
153 257 176 218 166 198 388 329 323 334 
238 258 212 263 273 250 389 334 356 384 
196 263 217 238 275 103 396 304 423 406 
297 263 244 308 318 76 398 268 351 301 
112 263 229 264 261 296 399 a36 366 356 

65 265 250 258 300 292 405 315 388 371 
240 269 195 283 235 100 411 343 383 368 

54 270 228 368 364 102 417 355 407 397 

ES 270 282 383 388 246 417 317 394 360 
287 273 243 216 306 123 418 341 420 409 

1 277 231 327 338 23 423 . 366 361 393 

113 278 231 269 264 126 423 338 396 389 

96 280 209 250 242 79 424 349 387 403 

14 284 259 252 2 3 104 429 311 394 372 

109 287 243 310 343 185 430 297 384 352 

222 288 300 232 390 229 433 328 420 376 

40 289 222 249 249 190 438 339 383 367 

220 291 216 239 218 83 445 369 374 403 

168 292 260 358 384 3 446 375 415 410 

161 294 294 257 338 254 448 350 402 392 

237 296 158 281 294 62 450 346 413 381 

299 296 251 292 311 133 459 338 418 390 

156 297 231 302 273 131 462 378 428 413 

120 298 258 349 319 122 465 361 413 415 

169 299 265 270 317 145 471 361 420 408 

60 301 208 329 306 24 485 396 424 422 

142 314 246 341 293 148 491 389 427 417 

247 315 276 310 305 
189 318 266 350 321 
111 319 305 324 328 
221 319 281 352 362 
114 325 297 386 390 

32 325 240 280 280 
269 328 291 348 364 
118 330 239 385 356 
257 330 304 316 327 
203 331 343 340 335 

48 334 279 311 324 
275 338 345 307 310 
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the 300 -BB, the 215 t9G, or the 215 +9B, the order of difficulty 

would not have changed enough to have made any appreciable dif­

ference as the P.E. of P with such high coefficients ·and large 

numbers of cases is negligible. 

It is in order at this time also to show that the combining 

of these four groups of data into a composite source of data for 

the Scale is not as lacking of homogeneity as would be indicated 

by the fact that pupils who have not had and pupils who have had 

General Science were used to standardize a General Science Soale. 

In Table XII (PERCENTILE SCORES ON 300 ITEMS MAD BY 6053 CASES) 

the medians for these four groups are 114, 127, 150, and 162 re­

spectively. An examination of the medians would indicate oon­

·siderable di epersion of results. Examination of the following 

data, however, shows that while the +9B whose median was 162 did 

as a group 48 items more than the -8G hose median was 114, the 

order of difficulty of items· for all four groups was relatively 

similar. This is indicated by the fact that the rank order cor-

relation of items for 

(a) 500 -SG and for 430 +9G as .87 with a P.E. of .007 

(b) 400 -SB and for 430 +9B was .916 With a P.E. of .005 

(c) 500 -SG and for 400 ~SB as .95 With a P .E. of .003 

(d) 430 -t-9G and for 430 +9B as ~with a P.E. of .005 
Mean ................................ .912 . ........... .005 

Reduction of freguenciee_.£f correct responses to percentages 

Having in Table III the number of times each item was done 

correctly by each of the four groups selected, the next step 

was to convert each of the frequencies into percent of the total 

group and into the P.E. value for that group. Reference to 



Table IV (COMPUTATION OF ITEM VALUE OR DIFFICULTY ORKED FROM 

TABLE III - See Appendix IV) will show that whereas the first 

item, number 78 in Table III, was done by 14 -BG, 46 -SB, 75 

+9G, and 122 +9B, in Column 2 of Table IV the 14, the number of 

correct responses in the -8G group, has been converted into 

percent by dividing 14 by 500, which gives 2 .8%. In Column 5, 

the 46, the number of correct responses in the -SB group, has 

been converted into percent by dividing the 46 by 400, which 

gives 11.5%. In Column 10, the 75, the number of correct res­

ponses in the +SG group, has been converted into percent by 

dividing the 75 by 430, which gives 17.4%. In Col~ 15, the 

122, the number of correct responses in the +9B group, has been 

converted into percent by dividing the 122 by 430, which gives 

28.4%, and so on for each itein. In Columns 2, 5, 10, and 15 

the first number is the percent of correct responses made by 

5 

each of the four groups on Item 78. Similarly, for each item 

the frequency of correct responses indicated in Table III divided 

by the number of pupils in that group, namely, 500, 400, 430 and 

430 respectively, for the -8G, -BB, +9G, and +9B respectivel y, 

is given in the columns of percents,- columns 2, 5, 10, and 15. 

Reduction of percents of correct responses to percent of deviation 

from median 

In as much as the unit of measure adopted was the P.E. from 

the median, the next task was to convert the percents of correct 

responses into P.E. values from the median. For this purpose it 

was fo'lmd convenient to use the Table of P.E. Va lues given by 
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l 
oody - See Table V(P.E. VALUES CORRESPONDING TO GIVEN PERCE TS 

OF THE NORMAL SURFACE OF FREQUENCY, PERCENTS BEING TAICT.:N FROM THE 
' 

MEDI AN ). In this Table are given the P.E. values corresponding 

to given percents of the normal surface of frequency, percents 

being t aken from the median. It was therefore necessary to as­

certa i n for the percent of each item the percent of deviation 

from t he median, or fifty percent, which the percent of correct 

r esponses represented. As stated in the preceding paragraph, 14 

correct responses for item 78 on the part of the 500 -SG repre­

sents 2.8% of correct responses. Two and eight-tenths percent, 

however, is 47.2% below the median (5010-2.8%). Forty-six correct 

responses on the part of the 4 0 -SB represented 11.5% of correct 

r esponses which was in turn 38.5% below the median (50%-11.5%). 

The 75 correct responses on the part of the 430 +9G represented 

17.4% correct responses which was 32.6% below the median, while 

the 122 correct responses on the part of the 430 +9B represented 

28.4% correct responses which was 21.6% belo the median. There­

fore in columns 3, 6, 11, and 16 are given the deviations from 

the median of each of the percents in columns 2, 5, 10, and 15. 

Reduction_.Q.f peroents_Q_f deviation from median to P.E. ~median 

To convert the deviations from the median was a matter of 

looking up in Table III each of the deviations from the median. 

Thus, 47.2% below the median , indicated by -47.2 in column 3, i 

equivalent to 2.834 P.E. below the median and is indicated in 

co l umn 4 by -2.834. In column 6 -38.5% is equivalent to -1.780 

l. Woody, C. "Measurements of some achievements in arithmetic". 
Page 37. Table x -("taken directly from B. R. Buckingham's 
Spelling Ability, Table XLVII. It is a modification of the 
table given in E. L. Thorndike's Mental and Social Measure-
ments (page 200)".) 
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P.E. Valued corresponding to given per cents of the normal surf oe of 
frequency, per cents bei g taken from the median. 

~ .o . 1 . 2 .3 .4 .5 .6 . 7 .8 .9 

0 .000 .004 .007 .011 .015 .019 . 022 .026 .030 .033 

1 . 037 .041 .044 .048 .052 ,056 .059 , 063 . 067 .071 

2 . 074 .078 . 082 .085 . 089 .093 .097 .100 .104 .108 

3. . 112 .115 . 119 .123 .127 .130 .134 .138 .141 .145 

4 . 149 .153 .156 .160 .164 .168 .172 .175 .179 .183 

5 .187 .190 .194 .198 .201 . 205 .209 .213 .216 .220 

6 . 324 . 228 . 231 .235 .239 .243 . 246 . 250 .254 .258 

7 . 261 . 265 . 269 .273 .277 .280 . 284 .288 .292 . 296 

8 , 499 .303 . 307 . 311 . 315 . 318 • ..3 .a .326 .33 .334 
g . .337 . 3~1 .345 . 349 . 353 . 357 .360 .364 .368 .372 

10 . .376 . 380 .38.3 . 387 . 391 • .3 . 3 .403 .407 .410 

11 . 414 . 418 .422 .426 .430 .434 . 437 .441 .445 .449 

12 .453 . 457 .461 .464 . 468 . 72 .476 .48 .484 .489 

13 . 492 . 496 .500 .504 .508 .512 .516 . 519 . 523 .527 

14 . 531 .535 .539 .543 .547 .551 .555 . 559 .563 . 567 

15 . 571 .575 . 579 .583 .588 .592 . 596 .600 . 603 .608 

16 . 612 .616 .620 .624 .628 . 632 .636 .640 .644 .648 

17 .652 . 656 .660 .665 .669 .673 . 677 ,681 .685 . 689 

18 . 693 . 698 .702 .706 .710 .714 .71 .723 . 727 .731 

19 .735 . 740 . 744 .748 .752 .756 .761 . 765 .769 . 773 

.ao .7 78 .782 .786 . 790 . 795 .799 . 803 .8 7 ' "12 . 816 

21 .820 .825 . 829 . 834 . 838 .842 .847 .851 . 855 . 860 

23 .864 . 869 .87 3 . 878 .882 . 886 . 891 . 895 .900 .904 

23 . 909 . 913 . 918 . 9t32 . 927 .931 .936 . 940 .945 .949 

24 . 954 . 958 .963 .968 . 972 .977 .982 .986 .991 .996 

25 1.000 1.005 1 .009 1.014 1.019 1.024 1.028 1.033 1.038 1.042 

26 1. 047 1.052 1.057 1.062 1.067 1.071 1.076 1.081 1 . 086 1.091 

27 1. 096 1.101 1.105 1.110 1.115 1.120 1.125 1.130 1.135 1.140 

28 1.145 1.150 1.155 1.160 1.165 1.170 1.176 1.181 1.186 1.191 

29 1.196 1.201 1.206 1.211 1.217 1.222 1.227 1.232 1.238 1.243 

30 1. 248 1. 253 1.259 1.264 1.269 1.275 1.279 1.286 1.291 1.296 

31 1. 302 1.307 1.313 1.318 1.324 1.329 1.335 1.340 1.346 1.351 

32 1. 357 1.363 1.368 1.374 1.380 1.386 1.391 1.397 1.403 1 .409 

33 1 .415 1.421 1.427 1.432 1.438 1.444 1.450 1.456 1.462 1.469 

34 1. 475 1.481 1.487 1.493 1.499 1.506 1.512 1.518 1.524 1.531 

35 1. 537 1.543 1.549 1.556 1.563 1.569 1.576 1.582 1.589 1.595 

36 l.602 1 .609 1.6161.622 1.629 1.636 1.643 1.649 1.656 1.663 

37 1. 670 1 . 677 1.685 1.692 1.699 1.706 1.713 1.720 1.728 1.735 

~8 1. 742 1. 749 1. 757 1. 765 1.772 1.780 1. 788 1.795 1.80 1.811 

~9 l.819 1.827 1.835 1.843 1.851 1.859 1.867 1.875 1.884 1.892 

40 1.900 1.909 1.918 1.926 1.935 1.944 l.9o3 1.962 1.971 1.979 

41 1.988 1.997 2 .007 2. 016 2.026 2.035 2 . 044 2.054 2.064 2.074 

42 2 . 083 2.093 2.103 2.114 2.124 2 .134 2 .145 2 .155 2 .166 2.177 

43 2.188 2.199 2.211 2 . 222 2. 234 2 . 245 2.267 2.269 2 . 281 2.293 

44 2.305 2.318 2.331 2.344 2.357 2.370 2.384 2 . 397 2.411 2.425 

45 2.439 2.453 2.468 2.483 2.498 2.514 2.530 2 .546 2.562 2.579 

46 2.597 2.614 2 .631 2 .648 2.667 2.686 2. 706 2 . 726 2.746 2 .767 

47 2.789 2.811 2.834 2.857 2.881 2.905 2.932 2.958 2 .986 3 . 015 

48 3.044 3.077 3.111 3.146 3.182 3.219 3.258 3.300 3.346 3.395 

1 49 3 .450 3.506 3.571 3.643 3.725 3.820 3 .938 .083 4.275 4.600 



P.E. from the median, indicated in column 7. In column 11, 

-32.6% is equivalent to -1.391 P.E. from the median, indicated 

in column 12. In column 16, -21.6% is equivalent to -.847 P.E. 

from the median, indicated in column 174 Therefore an examina­

tion of columns 4, 7, 12, and 17 will show that they represent 

the P.E. value of each of the percents of deviation from the 

median of correct responses for each group for each item. The 

direction from the median is indicated by positive an~ nega­

tive P.E.s . That is, any P.E. value for a deviation from the 

median of a percent of correct responses which is less than 50 

is indicated by a negative number. The P.E. value of deviations 

from the median for any percent of correct responses which ie 

over 50 is indicated by a positive number. 

Examination of the P.E. values for item 78, the first item 

in Table IV, shows that for the four groups selected this item 

had P.E. values of -2.834, -1.780, -1.391, and -.847. It is 

evident that this item was not of equal difficulty for each of 

the four groups, slnoe it has been seen that the percent of 

correct responses for the four groups ranged from 2.8% to 28.4~. 

A similar condition is to be found for each of the succeeding 

items. For instance, item 27 has P.E. values of ~2.746, -2.439, 

-2.397, and -2.245 (columns 4, 7, 12, 17) for each of the four 

groups. Obviously each item has four P.E. values instead of 

one, and unless some method of equating these P.E. values be 

found, four separate scales,-one for each of the four groups -

would be necessary . If eight different groups were to be meas­

ured and the same conditions were true, eight scales ould be 

necessary, etc. 
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Computation of average P.E. difference between groups 

This apparently confused state of affairs, ho 'ver, was 

easily adjusted . It was decided to ascertain the mean P.E. dif­

ference on all 300 items between each of the groups, then using 

this mean P .E. difference to convert each of the groups to the 

level of the lowest group. Therefore, in column 8 is the dif­

ference between the P.E. value of item 78 for -8B (-1.780) and 

the P.E. value of item 78 for -8G (-2.834), which ie 1.054 P.E. 

Since a greater number of the - 8B did item 78 correctly th 

did the -8G this difference is positive. In the next line, column 

8, is the P.E . difference on item 27 for -BB and -8G (-2.439) 

- ~.7.46) or .307 P.E. This process is repeated for each of 

the 300 items. At the bottom of the Table is to be found the 

algebraic sum of all the P.E. differences oocuring in column 8, 

which is equal to 49.295. This sum divided by 300, the number 

of P.E. differences in column 8, gives a mean P .E. difference of 

.164. In other ords, on 300 items the P.E. values of the cor­

rect responses of the 400 -BB exceeded the P.E . values of the 

correct responses of the 50 -8G by .164 P .E. 

In the same way column 13 is column of the P .E. differ­

ences between the P.E. values of the +9G and the -SB. Thus 

(~.391)- (-1.780) is equivalent to . 389 or the P.E . value of the 

superiority of the responses to item 7S of the 430 +9G over those 

of the -8B and (-2.397) - (-2 .439) or . 042 is the P.E. value of 

the superiority of the +9G over the -SB on item 27. Repeating 

the same process for each item one finds at the bottom of the 
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the -SB are .164 P.E. superior t the -8G, that the +9G are 

. 414 P.E . superior to the -SB, and that the ~9B are .086 P.E. 

uperior to the +9G. 

Reduotion of all scores to 8th grade level c • 

In order to haiie the items all evaluated to an average P .. 

value, the next step as to reduoe the aohievement of each group 

on each item to a common level. The necessity of this prooedure 

oan be easily illustrated by the follo ing hypothetical case. 

SUppose A, , C, and D ere each given a tape measure in hioh .. 

the units ere all of unifor~ length - inches in the case of 

the tape measure, P.E. amomite in the o ee of thi te t -. But 

suppose that A's tape measure began 1th the inches numbered at 

O, B's tape measure had 164 inches torn off, C's tape measure 

had 414 inches more torn off th B' , that is 414 plus 16 

inohes or 578 inches torn off, hile C's tape measure 86 inohea 

more torn off than had C's, that is 184 plus 414 plus 86 or 66 

inches torn off. Suppose th ta 1 f r me sured 

tance . Let us assume that this diet oe a 1, 

each began 1th his tape as it as n bered and 

at the farther end on hie tape, it is obvious th 

ould be 1, 0 inches since the ivieion on his 

oertain is-

inches. If 

took the re ing 

t A's reading 

tape ere n· bered 

beginning 1th zero. It would further be obviou that the read-

in~ on B' e tape would be 1164 inc e J einoe th nUJ bere on i 

tape began 1th 164. 11 e ise C's d D' readin ould be 1578 

and 1664 inches respectively, because their tapes be an 1th the 

numbers 578 and 664. Any mean evaluation hich these four indi­

viduals might make of the distance measured ould first require 



r 
that the four readings be reduced to a common basis. This 

oould be accomplished by reducing the readings to the level 

of any one of the four individuals, that is, reduced to A's 

readings by subtracting 164, 578, and 664 from B's, C's, and 

D's readings respectively. Or, readings could be reduced to 

B's reading by adding 164 to A's reading and subtracting 414 

and 500 (414 plus 86) from C's and D's readings respectively. 

In the same way the readings could be reduced to the level of 

C or of D. Once the readings were reduced to a common level, 

an average obtained, and account taken of the zero point, then 

the four readings on the four tapes, each of which began with 

a different number, would give a measure as reliable as would 

measurement with a steel tape in which the units began with 

zero. 

In the case of the General Science Scale it was decided 

to reduce the P.E. values made by each group to the level of 

the 8th grade girls ithout General Science. To do so it as 

necessary to subtract 164, the mean P.E. difference bet een 

-8G and +913, from each of the P.E. values given for -SB in 

column 7, .578, the sum of the P.E. difference between -8G 

and -SB or .164 plus the P.E. difference between -8B and +9G 

or .414, from the P.E. values given for +9G in column 12, and 

.664, the sum of the P.E. difference between -8G and -SB or 

.164 plus the P.E. difference bet een -SB and +9G or .414 plus 

the P .E. difference bet een +9G and +9B or .086 from the P .E. 

values given for +9B in column 17. In this ay columns 9, 

14, and 19 were secured. They are labelled "P.E. Value'" for 
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each of the groups. These columns represent the P.E. values 

on each item reduced to the level of the -8G. Thus, oolunm 4 
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is both "P.E. Value" and "P.E. Value"', since the -8G were-taken 

as the basis . Column 9 is the result of subtracting .164 from 

the va l ues given in column 7, column 14 is the result of sub­

tracting .164 plus Al4 from the P.E. values given in column 12, 

and column 19 ie the result of subtracting .164 plus .414 plus 

.086 from the P.E. values given in column 17. Whereas the re­

sults in columns 4, 7, 12, and 17 are the P.E . values computed 

from the four different medians of the four different groups, 

the results in columns 4, 9, 14, and 19 are the P.E. values 

made by the four different groups but computed in each case from 

a common point, namely the median of the 8th grade girls ithout 

Genera l Science. 

Weighted average E.:..!.:_ Value' 

Having the values in columns 4, 9, 14, and 19 for each 

item eo that they are in comparable form, that is, all computed 

from the same basis, the next step as to ascertain the average 

value of these four measures. Thus, for item 78, the "P.E. 

Values'" are -2.834 P.E., -1.944 P.E ., -1.969 P.E., d -1.511 

P.E. made by the four different groups. It is evident that a 

simple arithmetical mean of thesv four P.E. values might be used. 

It was thot advisable, however , to eight these values in the 

order of their reliability. That is, P.E. values are most ac­

curate in the middle fifty percent of a distribution, one P.E. 

on each side of the median, less accurate 2 p.E. a ay, still less 
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accurate 3 P.E. a ay, and more 80 when 4 p.E. a ay from the median. 

Therefore, in computing the averdge P.E. value of e oh item it 

was decided to use a multiplication f otor of 10 for values between 

0 and 1 P.E., of 6 for v luea bet een 1 and 2 P.E., of 3 for values 

between 2 and 3 P.E., and of 1 for values bet een 3 and 4 P.E. 

In e oh case the actual P.E. value of the item, not its recomputed 

value or P.E. Value', was used to find the multiplication factor. 

To illustrate, for item 78 the final, eigbted average P.E. Value' 

as computed as follo a. 

-2.834 3 (2.834 is bet een 2 d 3) equals - 8.502 

-1.944 x 6 (1. 78 is bet een 1 d 2) equals -11. 664 

-1.969 x 6 (1. 391 is bet een 1 d 2) equals -11.814 

-1.511 x 10 (0.847 is bet een 1) e uo.ls -15.110 
Total ts. 25 1 ........ - 7.090 

-47.090 divided by 25 eq 1 -1.88 , or the final wei hte average 

v 1 e of item 78 oo ted from the medi of th - 8G group . In 

lik m ner e ch of the 300 ite s ere eig t averaged to 

ecure the fin 1 eighted v r ge v lue !ro the me is.n of the 

-8G gro f otm in column 2 . er~ item n ar the middle of 

the scale ha both po itive and neg tive ~ 1 es, the tot 1 in 

the above computation as the lgebr io sum of the plus and minus 

values. 

Location of the value of each item 1th refe ence to the arbitr rl 

zero -
Thus far a final average P.E. v~lue has been secured for 

each item. Thia value, ho ever, is merelY a relative value in 
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It is obvious then that in order to compute the actual value 

in P.E. of each item above the arbitrary zero point, it would be 

necessary to bear in mind that the average P.E. value already com­

puted is computed from the -8 Girls' median, and that this median 

is .621 below the point which is 8 P.E. above the arbitrary zero 

point. In other words , the -8 Girls' median is 8.000 - .621 P.E. 

or 7.379 P.E. above the arbitrary zero point . To secure the actual 

P.E. value of each item above its zero point it was neasesary to 

recompute the average P. E. value, bearing in mind that the -8 Girls·' 

median is the point of reference for the average value and that 

this point of reference is 7.379 P.E. above the zero point. On 

this basis column 21 was computed. 

In the computation of the column, an item which is belo the 

median, tha t is, has a minus P.E. value, as does item 78, is an 

item Which was very hard since it as done successfully by lees 

than 50% of the pupils. An item having a negative P.E. value is 

then above the median in difficulty . Therefore, while item 78 

~ done successfully by an average number of pupils equivalent 

to an average P.E. value of -1.884, the difficulty of item 78 a 
, 

really 1.884 above the -8 Girls' median and its actual P.E. value 

was 7.379 plus 1.884, or 9.263 p.E. above the zero point. Like­

wise item 27 which had an average P.E . value of -2.8 8 from the 

8th grade girls' median, had an average difficulty which ivea 

it a value of 7.369 plus 2 .808 p.E. or 10.187 P.E. above the zero 

Point. Item 148 at the bottom of the Table as so easy that 

enough pupils _ an average of about 96% - did it sucoessf lly to 

give it ·an average P.E. value of positive 2.570. This item, there-



fore, was extremely easy. Its difficulty was really 2.570 P.E. 

below the 8th grade girls' median and its final value was 7.369 

- 2.570 P.E. or 4.809 P.E. above the zero point. In like man­

ner all 300 items were given a final P.E. value above the zero 

point in column 21 by adding the P.E. value in column 20, if 

negative, to 7.369 and subtracting the P.E. value in column 20, 

if positive, from 7.369. 

Figure I (GRAPHIC REPRESENTATION OF 

GROUP MEIIANS AND OF TEST ITEMS ITH REFER 

HE P.E. VALUES OF 

CE T THE ARBITRARY 

ZERO POINT) is a graphic representation of the relati e posi­

tions of the grade medians and of the range of difficulty of 

items in the teat. Reference to the two figures (Figure I and 

Figure IA) may help to simplify any obscurity in the preceding 

description. It should be borne in mind that figure IA is a 

magnification of that part on Figure I which lies bet een A 

Blld B. 

The range of the items as from about 4.5 P.E . to about 

10.2 P.E. above the arbitr· ry zero point. aturally eome uni­

form unit of difficulty should exist between items on the oale, 

just as uniform inohee exist on a footrule even if e ch en of 

the footrule has a part out off from it. The unit hioh ae 

a leoted as comparable to the inches on the f ootrule a one 

tenth of one P.E. (.1 P.E.). Therefore in column 21 the P.E. 

values above the zero point have been immediately converted into 

one-tenth P.E. values. Thus item 78, which has a value of 9.263 

P.E ., ie ritten as having a value of 92.63 points or one-tenth 

P.E. e ch above the zero point. Item 27 , which has a P .E. value 
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Fig.I GRAPHIC REPRESENTATION OF THE P.F.. VALUES OF GROUP 
E IANS AND OF TEST ITE!S ITH REFERENCE TO THE 

ARBITRARY ZERO .POINT 
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of 10.187 above the zero point, is ritten as having a value of 

101 . 87 points of one-tenth P.E. eao bove the arbitrary zero 

point. 

To ascertain the value in one-tenth P .E. (.1 P .E. ) above 

the zero point for any item, one should look in column 21 . To 

ascertain its value in P .E. above the zero point for any item, 

one should look in column 21, find the value in one-tenth P .E. 

points, and divide by ten. 
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In Table IV, column 21 give the relative value above the 

arbitrary zero in .1 P.E. The fact is obvious, however, that 

several it me ill be found at each . 1 P.E. level of difficulty 

if the 300 items range bet een 4.5 P.E. and 10.2 P . E. or between 

45 and 1 2 one-tenth 'P. E. points, in other or s over a range of 

5 .7 P.E. or 57 one-tenth P.E. o1nts. Table VI (DIF I LTY OF 

TH 3 

E EC 

I S I 

A D FI 

item numbers hioh represent th 

EST FI F 

POI ) gives the original 

otual item as they appeared 

in the original Gen_r 1 Science test and hioh occur at each 

one-tenth P.E . level of difficulty. 1th Table VI in hand, all 

that remaine to make up any soale or duplicate aoale forms 

s to eoide on the kind of items and the angea of items to 

a pear in e ch so le. 

Selection of oale items 

A survey of items, of the r ange of di ficulty, and of the 

number of items at each level of ifficulty sho ed that three 

For a of known value could be oonatruoted. Having in mind a 
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DIFFICJLTY OF HE 300 ITE S I THE GENERAL S IE CE T FIGTIB 

Difficulty 
No.P.E.s 

FRO - ~ THE SELECTE A D DEFINE AR ITRARY ZERO 0I T. 

~bove Zero* Item Numbers 

4.6 
4.8 
5.2 
5.4 
5.7 
5.8 
5.9 
6.0 
6.1 
6.2 
6.3 
6.4 
6.5 
6.6 
6.7 
6.8 
6.9 
7 .0 . 
7.1 
7.2 
7.3 
7.4 
7.5 
7.6 
7.7 
7.8 
7.9 
8.0 
8 .1 
8 .2 
8.3 
8 .4 
8.5 
8.6 
8.7 
8.8 
8 .9 
9.0 
9.1 
9.2 
9.3 
9.4 
9.5 
9.6 
9.7 
9.8 
l0.2 

24 
148 
131 
3,122,145 
123,254 
62,82,102,133 
79,229 
23,126 
100,103,190 
104,246,292 
185,250 
68,51,107,188 
114,192,230,248 
54,183,198,234 
118,150,168,221,269,296 
1,76,98,111,132,225,257,275 
48,189,202,203,295 
109,120, 161,222,247,262,277 
129,142,169,299 
32,60,156,216,256,297 
55,65,113,211,240,279 
14,59,94,112,172,187,237,255,263,287 
20,40,96,99,115,154,196,232,238,285,286 
80,119,137,141,184,197,200,209,220,245,252,265,274 
2,5,8,71,84,175,195,291 
22,30,42,72,75,147,158,176,215,272 
13,19,25,31,36,49,63,101,153,160,174,186,213,236,264,271,281,2 
77,82,93,95,97,151,166,193,199,233,242 
21,29,41,45,117,152,162,218 ,280,382,178 
12,33,105,116,181,261,266,268,288 
15,26,61,139,155,167,182,201,239,260,283,289 
17,37,50,52,53,130,157,226,276 
108,136,159,165,177,194,207,223,267,294 
10,11,16,44,81,91,92,106,138,146,170,205,206,231,284 
28,46,47,56,73,85,89,171,191,210,227,243,249,270,273,298 
7,64,86,121,127,163,179,180,204,212,251,253 
4,69,70,164,235,259,300, 
219,241,290 
9,38,43,74,88,90,125,149,208,214,258,278 
18,140,173,224 
78,128,217,244 
34,124 
35,66,67,110,135,143,144 
6,58,134 
39 
57 
27 ,87, 228 

*Figured to nearest tenth (.1). In Table IV these values are multiplied 
by lC (Column 21), which gives the difficulty in number of one-tenth 
P.E. (.1 P.E.) above zero. 



method of computing scale scores, which will be described l~ter, 

it was decided to construct a Scale having three Forms, each of 

which was composed of three groups of twenty items each. The 

range of difficulty of the items in any one group was to be one 

P.E. or ten points of one-tenth P.E. each. Thie meant that in 

each group there would be ten levels of difficulty with two items 

at each level. It also meant that the total range of any one 

scale would be three P.E. or thirty poinisof one-tenth P.E. 

It was found that the easiest scale Form could begin with 

items at 5.7 P.E. or 57 points and should end at 8.6 P.E. or 86 

points in difficulty. This scale Form, designated by "Form R-1", 

was divided into three groups of items, having two items at each 

tenth P.E. level of difficulty and ranging from 57 to 66, 67 to 

76, and 77 to 86 points of difficulty in each of the three groups 

respectively. The other two Forms, designated by "Rorm S-2" and 

"Form T-2",are also made up of sixty items each over a range of 

thirty points or 3 P.E., having t o items at each level of dif­

ficulty and beginning in both forms 1th item difficulty 67 and 

ending with item difficulty 96 and divided into three groups of 

items ranging from 67 to 76, from 77 to 86, and from 87 to 96 

points of difficulty for each of the three groups respectively. 

Reference to Table VII {ITEMS SELECTED T F SCALES R-1, -2, 

AND T-2 AND THE IFFIC LTY OR VALUE OF EACH IT f C T THE 

NEARE T TENTH (.1) P.E. FROM HE ARB! RARY Z POI T) shows 

the original item numbers hich have been used to make up the 

Scale and the difficulty of each item. ith the exception of 

t o items, which occurred alone at one level of difficulty and 

7u 



TABLE VII 71 

ITE 8 SELE TED T FOR 
OR VAL TE F EACH !'T''l7' 

FRO f THE ARB! RARY 

CALE -- R-1 

GROUP I 
(Average v lue 

61.5*) 

Scale item Test item Value in 
nurrbera numbers P .E. 

1. 

2. 

3 . 

4. 

5. 

6. 

7. 

8 , 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

1 . 

17 . 

18. 

19. 

20. 

123 

254 

62 ...... . 

102 

79 ...... . 

229 

23 •.....• 

126 

100 

103 

104 

292 

5.7 

5 .7 

5.8 

5.8 

5.9 

5.9 

6.0 

6.0 

6 .1 

6 .1 

6.2 

6.2 

68 ....... 6. 3 

185 6.3 

107 ....... 6. 

188 

114 

230 

54 ...... . 

234 

6.4 

6 . 5 

6.5 

6.6 

6.6 

R-2, A T-2 ATD HE I~ 

HF FAR ~T T (.1) 
y 

CALE -- S-2 

GROUP I 
(Average value 

71.5*) 

Test item V lue in 
umbers P.E. 

118 

269 

l ...... . 

275 

6.7 

6.7 

6.8 

6.8 

48 ....... 6.9 

295 

109 

222 

169 

299 

156 

297 

6.9 

7.0 

7.0 

7.1 

7.1 

7.2 

7.2 

65 ....... 7.3 

279 7.3 

187 ....... 7. 

287 ........ 7. 4 

0 ...... . 

115 

141 

209 

7.5 

7.5 

7.6 

7.6 

SCALE -- T-2 

GR I 
(Average value 

71.5*) 

Teet item Value in 
numbers P.E. 

168 

221 

111 

257 

189 

203 

262 

277 

129 

142 

216 

256 

....... 

....... 

. ..... . 

6.7 

6.7 

6.8 

6.8 

6.9 

6.9 

7.0 

7.0 

7.1 

7.1 

7.2 

7.2 

55 ....... 7 .3 

211 7.3 

59 ....... 7 .4 

172 

20 ...... . 

96 ...... . 

119 

184 

7.4 

7.5 

7.5 

7.6 

7.6 

* The 
ec:.na 

it used in scoriLg is .1 P.E. Hence the avera e value 61.5 
aver ge VGlue of 6 .15 P .E. bove t e arbitr ry zero point. 



TABLE VII CONTIN E 

SCALE -- R-1 

GROUP II 

~Average value 
71.5*) 

SCALE -- S-2 

GROUP II 

(Average value 
81 .5*) 

SCALE -- T-2 

GR UP II 

(Average value 
81.5*) 

72 

Scale item Test item Value in Test item Value in Test item Value in 
numbers numbe r s P . E . numbers P.E. numbers P .E. 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

150 

296 

6.7 

6.7 

98 ....... 6. 8 

225 

202 

247 

120 

161 

129 

142 

6.8 

6.9 

6.9 

7.0 

7.0 

7.1 

7.1 

32 . . . . . . . 7. 2 

60 . . . . . . . 7. 2 

113 

240 

7.3 

7.3 

9A •....•. 7 .4 

237 

99 ...... . 

238 

200 

220 

7.4 

7.5 

7.5 

7.6 

7.6 

84 •.....• 

175 ....... 
7.7 

7.7 

22 . . . . . . . 7. 8 

75 ••.. ' .. 

213 

293 

....... 

....... 

82 ••••.•• 

166 ....... 
45 ...... . 

117 ....... 

7.8 

7.9 

7.9 

8 .0 

8 .0 

8 .1 

8 .1 

12 ........ 8 . 2 

33 ...... . 

61 ...... . 

239 ....... 

8 .2 

8 . 3 

8.3 

52 ....... 8 .4 

130 

108 

159 

....... 

. ..... . 

....... 

8 .4 

8 .5 

8 . 5 

91 ........ 8 . 6 

92 ........ 8.6 

8 ...... . 

71 ...... . 

7.7 

7.7 

30 ....... 7. 8 

176 

31 ...... . 

160 

93 ...... . 

199 

7.8 

7.9 

7.9 

8 .0 

8 .0 

21 ....... 8 .1 

162 8 .1 

266 ........ 8 . 2 

268 

26 ...... . 

167 

8 .2 

8 .3 

8 .3 

37 ...... . 8 . 4 

226 

136 

165 

8 .4 

8.5 

8 . 5 

170 ........ 8 . 6 

284 ..... .. 8 . 6 

* The unit used in scori ng i s .1 P.E. Hence the "average value 71 .5 11 

means an average value of 7.15 P.E. above t e arbitrary aero point. 



~ 7 
TA VII ON I 

CALE -- R -1 SCAL -- S- 2 
c: AL -- -2 

GR JP III GRO III GR II 

(Average value (Aver ge value (Average va lue 

81 . 5*) 91.5*+ 91. 5*) 

Sc c..le item Te t item Value in Test item V'"'lue i n Test item Value i n 

numbers numbers P.E. n be r s P .E· numbers P .E. 

41. 

42 . 

43. 

44 . 

45. 

46. 

47 . 

8 . 

49. 

50 . 

51. 

52 . 

53. 

54. 

55. 

56 . 

57 . 

58. 

59 . 

60 . 

* The 
me 

2 . . . . . . . 7.7 28 8 .7 89 ....... 8 .7 . ...... 
195 . . . . . . . 7.7 191 8 .7 298 ....... 8 .7 . ....... 
101 . . . . . . ' 7.8 6 a.a 86 ....... 8 . 8 ....... 

147 . . . . . . . 7.8 180 8 . 8 21 2 ....... 8 . 8 . ...... 
19 . . . . . . . 7.9 164 8 . 9 69 ....... 8 . 9 . ...... 

153 . . . . . . . 7.9 235 8 . 9 70 ....... 8 .9 
' .. .. .. 

77 . . . . . . . 8 .0 219 9 . 0 38 ....... 9 .0 . ...... 
97 . . . . . . . 8.0 2 0 9 .0 241 •••• f •• 9 .0 . ' ..... 
41 . . . . . . . 8 .1 43 9 .1 88 ...... . 9 .1 . ...... 

282 . . . . . . . 8 .1 208 9 .1 125 ....... 9 .1 . .. ' ... 

181 8 .2 173 9 . 2 18 . ... ... 9 . 2 . . . . . . . . ...... 
288 8 . 2 214 9 . 2 224 ....... 9 . 2 . . . . . . . . ...... 
15 8 . 3 78 9 . 3 217 .... . ' . 9 .3 . . . . . . . . ...... 

283 8 . 3 128 9 . :; 24 ....... 9.3 . . . . . . . . ...... 
50 8.4 34 9 .4 6 ....... 9. . . . . . . . ' ....... 

53 8 .4 124 9 .4 10 ... ... . 9 . . . . . . . . • ••• t •• 

194 8 .5 35 g,5 135 ... .. .. 9.5 . . . . . . . . ...... 

207 .5 1 3 .... . . .. 9.5 144 ..... .. 9.5 . . . . . . . 
16 8.6 6 9,6 39 ••• t t •• 9.6 

• • • t ••• 
. ...... 

81 8.6 134 9 .6 58 ... ' " .. 9 . 6 . . ' .... . ...... 

't di i 1 p u -~a 1 ra~v le 81. 
1 use n scorir; s . . . .ence ., -

an ave r age vulue of 8.15 P.E. ~·ove the ~rb1tr ry z~ro oiPt . 



ooneequently ere put into two Forms, no items foun in one 

Form are to be found in another Form. 

7 

Taking Table VII and substituting for the numbers the aotual 

items, we have the final Forms of the Soale. These Forms with 

direotiona for giving and 1th correct reapon ea underlined follo . 

Scoring of the Scale 

The method of evaluating the achievement of any pupil on 

the General Science Scale is an adaptation of the method worked 

out by Doctor . J. Van agenen in the Posey-Van agenen Geography 
l 

Scale . Thie method is based on tati tical comput~tion of ten 

points or sub-divisions per P.E. of a normal urf oe of frequency. 

Excepting alight revision, due to the fact that in the Gener 1 

Science Scale there are t enty item for each group hereaa in the 

Posey-Van agenen Scale there re ten items in each group , the 

metho1 designed for the General Science Sc le is pr otio lly the 

same as that used in the Posey- an agenen So le. In the u e of 

this method of scoring, eaoh item i assigned v lue of f. 

Failure on one item ie considered error". he tot 1 of 

"error for any group is the number of items f ile divi e by 2 . 

Aooording to this scheme, a p per in hioh 11 th it a er 

ro g ould be credited 1th 10 error in e ch gro h1o 

adapt the points to a ten point per P .E. oom ut ti n o a nor 1 

surfac of fiaquenoy. 

l. Class Record Sheet for the Posey- n agenen G ogr phy cal a. 

Division 2. In ormation G, L, R, S, , or 
Division 2. Thought R 
T e Public School Publishing Co. Bloomington, Illinois. 

•------------------------------



Belo are statements, such as -"A fly · 
ieA. A ... IAL,AFRH,A I8F'C,AR I ,,:Group3: 
A BUIL ING"· Y· can m ke e c oft ese 
statements true by un erlining t e oorreot :s 
one of the five parts printe in 1 rge type.~~~~~~~~~~~~~­
For inst nee , in the stateme t "A fly is AN A'I.AL, A FI 
A FFPTI E, A IL G", it i l in th t fly oan not be 
five t ings in large type . A fly is an i ns ct, so if 
"A. I 8 CT" the st~tement il re d, "A fly is A I 
AT I RECT, AR IE, A I I G" . Byun erlining A I 
h ve shorn th t you o h t is correc.t. In the statem 
pumps B~0QD, A R, IL, AIR, Al , "BL 0 s ould be 

ART I EA H OF TA E LO 
T. f 0 R 

GR . (A A .. 6 .5 

1. A bright, blue sky in ic t UIB, RAI Y, L 

2 . 

3. B lloons f lo the ir e of th ir 
I .. ~, Aq . z 

i p !e is to 
C L , 

5. b u 

6. 
, , 

7. of l lig t 1 

8. -.. 

10. 

, 

you 
e ea.rt 
e . 

A. , 

L , 

, 

R Z . 

er. 



GE F.RAL CIE CE CALE. GR UP I. F ~ R-1 Cont'd. 

11. Small pox isprevented by IB ICINE, VACCINArio , A TI -~ XI , 
PASTEURIZA IOJ , T RILIZATIO} . 

12. A thermometer is used to measure TEMPERA'T'TIBE, PRERS RE, r "IGB , 
HEAT, COLD . 

13. In the dark the pupil of the cat's eye is LARGER, 
EOUAL SIZE, VERY SMALL, ARSE_ T. 

ALLF.R , F 

14. The water pipes burst in the winter time because of 0 T~ 'T'I0 
OF LEA , EXPM SION OF ATER, EX"PA 1J~ I OF LEA , C'T.fH: H .A A '1" 

BRITTLH.:NE. • 

15. Grasshoppers may be distinguished from other insects 
OF JT.J'.fPI TG LEG , LARGE I JGS, BRIGHT GREEN COLOR, P 
FLO'!'rERS, U ffiERS . 

76 

R 

16. indo\"1s should be opened at 8IDF. , ..,T~O:.....P__..:..:AN~__..,~-=-== 

BOTT M A ~ SIDES, BOTTO · 

P A ~ I· ES, 

-
17. Mosquitoes can be eliminated by SA I G _HE, I fPO~~I z IF~, 

DESTROYI rG T IR BRREDI G PLACES, 8PJDGE8, orso . 

18 . T.e water best fitted to remove dirt is HOT HA 
HARD, COLD SOFT, EPI HAR • 

19. Mi lk is teated for the amount conta i ned of B TTER FAT, A~ER, 

PROTEINS, BU ER, B TTE ILK. 

20. hen air is heated, it CO TRACT , EXPA ~, FALLS, LI 1 F F. , 
SOLI I I s. 

; 



GROUP II. R -1 (Average value 71. 5) 

21. A kodak is a MO JTH ORGA , PICT RE TAKI W ~ I nox, 
FIL~ . 

22. The hard substance of the tooth is c lled DENTITE, E JA .L, 

R00T , BOJE. 

23. To reduce danger of ptomaine poisoning, a can of 
BEATE TH ROUGHLY, PRO ECTED FROM FLIES, .~E~fl'0:--T~I:..:E:.!.t , "--'-~~"---'~ 
PRO fPTLY, HOR UGHLY SALTED, EATE I H I GAR. 

77 

R I , 

E lC, 

24 . The food 1hich is moat important to be kept in the coldest part of 
the refrigerator is BREA , COOK F00 8, VEG TABL ~ , .lll.1K1 T T R. 

25 . The colored parts of a flo ~r are PAL , PI 'T'IL, fF.TAL8, 

COR0LLA · 

26 . The r a i nbow is seen DIREC LY RHEA I R , I H, , 

IN THE EA~ , I R I G. 

27 . All oo s in certified dairies are tested for TYP I , 

ANGE, IPHTHERIA, YELLO FEV R. 

28 . Concrete is reinforced ·,1th IR0 , 00 , c::i RA , GL , R F. 

29 . hen the child's first permanent teeth appe r he is R~ 
___b_ , 12 YEARR L , 18 YF.AR~ OL , 20 Y AR OL , 30 --·-=-=-=--'":=-=~~~ 

30 . The kidneys IG 8 F 
ELLS, <:!UPP H RA 

31 . The propelling mechanism of an 
PISTOr , IFF E R ~ TIAL, GOVE OR, 

32. T e capacity to o •ork is termed 
CHA ICAL ADVA TAGE, VEL I 

33 . 

SE 

34. Tea should never be dra n in ves 

SILVE , HI A· 

35. The best lining for refriger tor 

36. oaquitoes breed I FILTH, I 1 

I ~ AT . 

is te me the CHA rq, 

ERGY , 

c: I 

els of AL !I , .!11!1 

is I , E R, 

I 

I 

37. Te coldest place for food in refri ge r -tor 
bottom is the LO E SHBLF, OP S L , I 

is iced a t e 

38 . Hemorrhages from 
SIDE OF BL00 VE 
REP IC~, !(E'!;'!'PL:rG 

39. In sects have the follo ing number of pairs of 
THREE, F0UR, FI 

ER , C 

s: F , --' 

40. The average pulse rate for an adult man is 100, 45, 72, 60, 50. 

-------~--~~---------------



GROUP III Form R -1 (Average value 81.5) 

41. The process by hich animals 
soluble form is known as ABqORP ION, 
S! SI , RE PIR.ATIO . 

42. The souring of milk is caused by BACTERIA, HEAT, FR Z T, IR, 
MOIS URE . 

78 

43. Fleas are parasitic on rats and transmit a disease called BFRI-B,FI, 
BUBO IC PLAGTTE, MALARIA, YELLO FEVER, filfi> • 

44. The vertebrae are parts of the HEART, SOLE , RArv.'R')JF,, 

45 · The eyes are injured most by I WROPER LIG. T, ARK, 

46. and irons are base 

47. The best method of se vage dispoaal is CE q POOL, nE q ~R, 

CL0SED RE . ER, qE IC TA. K, S RFA E RAI r • 

48. The magnetic fiel in Dynamos is produced by TRA q 
lA G E <::: , _.,=L'"-F.-"'C_'T'..;..;R""'O--'-'=A=G---.....__ 0 T ~ Tso Rs, LEY E JARS . 

fli'P , KA"' RA L 

49. Voltaic cells are studied about in OtANY, BA ERI L GY, Z L GY, 
ELECTRICI Y, SY0H LOGY. 

50. Heatirg systems are placed in the oellar, because heat causes 
ater nd air to VAP ltATE, O RACT, ExPA , RI~E, FALL. 

51. Large buil are beat heated bY A PIP~LES r ., H I 
H A ER, L C RIC HE 

, 

52. An example of a leguminous plant is the 0 q A. qy, 

LILAC, ~ R • 

53. A dynamo has as one of its parts ') , 
P I S'T' RI GR, L 

54. The device in ater or steam pipes for stopping t y 

point is called a A p R, FA . , S I 

55. The eight of moisture in a oubio foot of 
air 

IVE m I I Y, 

56. a mi es 
I , G 

~A JR "' R 

ir of t e room by CAP 1-

T.W 'I L A '"'I I Y. 

57. An organism that reproduoea by me spores is the AP 

A ! EBA , OLD, SP JGF, , EAR 

5a . The flo era of t e elm trees re pollin te by n 

AJI'ALq, ~ATER , I ~EC 

S9. Curre t is conducted ~o ani from ~ e 00 u~ator Y 
p T8~~~, Fry ER, ITST ATP~, c I c: 

60. a skillet becomes ~ot as a result of 
ICTI ~ A IA . IO , LA ~ T q A · 

I 



GENERAL SCIENCE SCALE - FORM S -2. 

Age: __ Yrs . __ Mos . Grade Date · · 
~--- ------~ 

INSTRUCTIONS 

Below are statements, such as -"A fly is 
AN ANIMAL, A FISH, A INSECT , A REPTILE, A 
BUILDING". You can make each of these state­
ments true by 1.lllderlining ·the correct one of 
the five parts printed in large type. For 
instance , in the statement "A fly is AN ANI­

:Group l· · . 
:Group 2: . . 
:Group 5: 

SCORE 

79 

ERROR 

MAL, A FISH, A :r IN ECT7 A REPTILE, A BUIL I m11 , It is plain that a fly 
can not be all of the five things in large type. A fly is an insect, 
so if you underline "AN INSECT" the statement will r ead, "A fly is 
AN AND AL, A FISH, AN INSECT, A REPTILE , A BUIL I JG" . By 1.mderlining 
"AN INSECT" you have shown that you kno1v what is correct. In the 
statement "The heart pumps BLOOD, ATER, OIL , AIR, SAND", "BLOOD" should 
be unde rlined. 

UNDERLINE THE PART I N EACH OF THE STATEMENTS BELO · · HICH ILL AK 
THE STATEMENT ,{OST TRUE. 

GROUP I. (Average value 71.5) 

1. Tuberculosis is prevented by 
OSTEOPATHY, CHIROPRACTIC. 

DICINE , HYGIENIC LIVI G, MA SAG , 

2. Soi l deposited at the mouth of a river is called a P 
STRAIT, I SLA 1 D, CAPE. 

~ A, A, 

3. The normal temperature of a human being is 100 F., 104 F. , 98 .6 F., 
93 F., 9 0 F. 

4. Volcanoes are most likely to be fol.llld in DE ERT~, C A8 AL PLAI ~, 

MOUNTA I s, ELTAS, I LA DS. 

5 . The telephon e was invented in 1876 by JA S 1AT , A 
ALEXANDER G. BELL, UA.RCONI, 8 . F. B. OR 

6. An airplane cannot remain in air when AT RE~T, I () 

0 , GLI I G, DE CE DI G. 

7. The age of a tree is told by BRA 1CHES, RI 
RU_TK , HEIGH , SIZE F R K, LOR. 

8 . To treat a cut use LI .1E A ER, I I JE, LI S~E ' 

IO , UP~L ~ 

F 

~A , T1 

9. moon bet een the sun and the earth is called 

G. 

0 , T IR QUAR ER, A E I SE F HE 

10. The home gas consumption is measured by a VEL CIP E, RP E 0 ER, 
METER, GALVA OMETER, A !METER· 



GENERAL CIE CE . CALE 

GROUP I. FORMS -2 Cont' . 

11. The muscles are benefitted most by REST, HAR 
DIET, PLAY, SYSTEMATIC EXERCISE . 

12. The purpose of the mouthpiece on a telephone 
SO D AVES, TO PROTECT THE TRANSMITTER, FOR ~ 
TO KEEP mis URE FROM THE IR ' TO PROTE T THE 

80 

RK, Y F: ~A'l'IC 

13. Soft coal is also known as A THRACITE, ASPHALT, LIG I E, RITU­

MI OUS, PEAT. 

14. Oil ie used in an automobile engine to COOL IT, CLEAR I , L BRICATE 

IT, BURN, SILENCE IT. 

15. THe first electric incandescent lamp 
ATT, PRIESTLY, 1ESTI GROUSE. 

BURR0UG 
' 

16. The process by ·hich a plant is made to grow om the stem of another 
plant is PRUNI G, SLIPPI~G, GRAFT! G, sPRAYI G, PLA I JG. 

17. Alcoholic fermentation is produced by 
AIR. 

LD, YEART, BA TERIA, G R 

18. A stove radiates more heat fhen it i s all BLACK, RJ 

PLA E , ALU !NU~, ILVERE · 

!OKEL 

19. Animals which secure food directly from the bodies of other animals 
are PARASITES, HYDROPHYTES, PHYTE , SAP PHY ~, ~ P~ F~. 

20. Trees that have needles are called BIRCH, PI 

GREE 



GROUP II. FORMS -2.(Average value 81.5) 81 

21. Combustion is another name for DRYI~G, sHRIJKI G, BOILI G, 
BURN! G, MELTING . 

22 . The light from the moon is DIRECT , REFLECTED, I VISIBLE , AB­
STRAC ED, REFRACTED . 

23. The covering of electric wires is called CONVENTIO , 
ILLUMINATIOr, INSULATIO, ISOLATION. 

24. Ve pay for electricity by the ATT, AMPERE, VOLT, OH , KILO 1ATT-HOUR . 

25. The simplest independent living structure is the 
PLASM, CELL, EMBRYO , ATOM. 

CL 8 , PRO 0-

26. The device for protecting lights and motors from an overcharge of 
electricity is called a lAGTET, FUSE, I CH, BAR T R1 R C~IFIER . 

27 . The term induction is used most in connection with L ERR, 'P 'P~ , 

FALL! G BO !ES, SOL TIO_S, ELECTRICAL CJRREWTS. 

28. The act of transfer of pollen from anther to stigma is called 
POLLI ATI0. , REPRODDCTIO , FERTILIZATIO , TRANSPIRATI I OSIS , 
FILTRA I ~ . 

29. Lime ater is used to test for CARBON !OXIDE, OXYG , ALCOHOL, 
HYDROG~N , CHLORIDES . 

30. Tuberculosis is contracted B COlITAC WITH PATI T, BY C TAC I H 
CLOTHI G, FRO BACILLI OF SPUTUM, BY TAKI G C LD, BY BA I G. 

31. Humidity relates to DRY E~S, HEAT, COLD, FREEZI G, TE ERA URE. 

32. The boiling point on the Centigrade thermometer ie 0, 32, 100, 
120, 212. 

33. The smallest of these things is the OL CJLE, A ~PI , PARA­
MOECIT ! , DUST PAR ICL , ATO~. 

34. Foods which contain nitrogen as a part of their chemical composi­
tion are called PROTEI ~, FATS, CARBOHYDRA E , HY R CAR ~, LI I c 

35. The ovum or egg cell is p roduced in the KI Y, 
GAMETE, PORAGI 

36. Electrolysis of ater liberates hydrogen and HL RI 
CARBON- IOXIDE, A ONIA, OXYGE . 

.ARY , 

I 'R G"' , 

37. Poisonsous products secreted by baoteria are called F. Z ' , A ~I ­
I , , TOXI S, VAC I TES, LEG . 

38. The centrifugal force of a cream separator separates milk from 
cream because the cream is LIGHTER, H AV!ER, HI KFR, TRFR, 
GREA IER. 

39. Sewer gas is kept from entering a house from the ee er by a AL 
TRAf, FA CE , DAMP~R, DRAIN. 

40. A mirage is a kind of BODY F 
DESERT, . ARFARE. 

RI 
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Age: _Yrs._Mos. 

GENERAL ~CIENCE SCALE - FORM T-2 

Grade ---
I STRUCTIONS 

Date ____ . 
:Group 1: . . 

Below are statements, such as -"A fly is 
:Group 2: 

AN ANI . ~AL, A FISH, AN D1SECT, A REPTILE, : Group 3: 

ERR RS 

A BUILDING". You can make each of these 
statements true by tmderlining the correct SCORE 
one of the five parts printed in large type. 
For instance , in the statement "A fly is A ..... A .... N-IM ..... A ..... L.-,-A~F .... I .... S-H.-, ..... AN-r .... N""q-.F'"'.C·-, 
A RFPTILE,A BUILDING", it is plain that a fly oan not be all of the 
five things in large type. A fly is an insect, so if you underline 
"AN INSECT" the statement Will read, "A fly is I fAL, A FISH, 
A INSECT, A REPTILE, A BUILD! G11 • By tmderlining "A I SEC 11 you 
nave shown that you know what is correct. In the statement "The heart 
pumps BLOOD, ''ATER, OIL, AIR, SA D", "BLOOD" should be tmderlined. 

IDTDERLINE THE PART IN EACH OF THE TATE!ENTS BELO 
THE STATE !E T OS TRUE. 

&ROUP I. (Average value 71.5) 

I H ILL KE 

1. House flies lay their eggs IN OOD, 0 THE ATER, ~I~N_..:.::::.:...::.::.:=::._:..~ 
VEGETABLE ASTE, IN NESTS, IN THE SAND . 

2. Distillation is a means of PURIFYING ATER, EC I IR RF~ R , 
PUMPING ATER, TRA. ING ATER, SEC I G HEAT. 

3. The earth rotftes on its axis once in 12 HO R~, 24 H UR~, 7 DAY , 
3 0 TH , 365~ DAY~ . 

4. ounds should be allo ed to blee A LIT LE, A AL , IL y 

R OP NATURALLY, A GREAT EAL , UANTITIE . 

5. The yellow dust on a f lo er is CHLOROPHYLL, OVULE~, PR LA~ , 
POLL EU, DIRT. 

6. All our food comes directly or indirectly from ROCK, I , L~, 
PLA TS, AIR, MINE . 

7. A dynamo is a machine for generating HE T, LIGH, 
o D, ~re. 

8. 

9. hen the child 1 s first permanent teeth appear he is ~6....::.0:.:.R_7..:-==~~ 
12 YEARS OLD, 18 YEAR~ 01·n, 20 YEARS OLD, 30 YEAR~ L · 

IL BL 

•----~~~---~----------------



GENERAL 8CIE CE CAI.iE 

GROUP I. FOR -2 Cont'd. 

11 . The path of a heavenly body is o lled its ORBIT, 
LATIT DE , DECLI ATION. 

12. MOSO ITO lay eggs ON SALT 'ATER, ON --=--=-~=:...o~.__:.;-=--=--

ATER, ON THE GRO D, I GARBAGE . 

E A R, 

13 . The follo ing gas ie found in impure air: CALCI , G L , CARF 
DIOXIDE , CARBON SODIU . 

14. The purp'ose of flo 1ers on a plant is to develop ROOT~ , REED , 

LEAVES, PERF E, RA CHE · 

8 

15. An eclipse of the sun is due to the position of the STARS, PL S, 
OON, CONSTELLATIO S, MILKY AY. 

16. Black smoke from muffler indicates TOO CH AIR, 
TOO LIT LE GA , ENGI TOO H8T, BROKE CL CH. 

GAq , 

17. Images are formed by the passage of light through a PRI8, LIX7 
LEN , IAPHRAG , ffi>EC R 

18. The teeth should be examined by the dentist every ALF YFAR, YEAR, 
T 0 YEARS, 0 H, TE YEAR · 

19. The purpose of the roots of plants ie to AKE I XYGR , 
STARCH, GIVE OFF CO, TAKE I • IL A ~R , GI r.'F AqT 

20. The best temperature for a living room is 60 F., §§._I., 75 F., 78 ., 

80 F. 



T - 2. GROUP II (Average value 81.5) 

21. On a curve, the tracks are HIGHER IN THE IN I E THAN OUT IDE, 
HIGHER OUTSIDE THAN IN, SAME HEIGHT, IDER, NARROWER. 

22. Water freezes at OF., 32 F., 42 F., 100 F., 98.6 F. 

23. "Shooting stars" are properly called SU , ASTEROI s, MOO f!, 
COMETS, METEORS. 

24. An illustration of capillarity is found in th IllTK BLOTTER, 
THERMOMETER, BAROMETER, FORCE PUMP, EXCRETION OF UREA. 

85 

25. When a liquid contains all the dissolved substance possible, the 
condition is termed OSMOSIS, PERMEABILITY, FU ION, REDUCATI N, 
SATURATION. 

26. The separation of liquids and solids by evaporation and condensa­
tion is called SOLUTION, DISTILLATION, DIFFUSION, FUSIO , RAN PIRATI(I 

27. An example of oxidation is the RUSTING OF !RO , ELECTROLY IS OF 
, ATER, MELT! G OF ICE, ACTION OF ACID ON ZINC, HEAT! G POTASSIUM 
CHLORATE. 

28. The corolla is made up of the PETALS. PISTIL , SEPALS, STA 
OVARIES. 

29. The ampere is a measure of AIR PRESSURE, HUM! ITY, RE ISTA CE, 
CURRENT, POTEN !AL 

30. Ventilation is best secured •ith STOVE , HT AI ACEr, REA 
~~=:.:......;:-=-.;;......;;.;:~"--

HEATITG, HOT "ATER HEATI.JG, ELECTRIC HEAT . 

31. Rain is wate r vapor !STILLED, EVAP0 ATE , ..:::;C~0- T ~.:.... 0 -=E~D, FILTERE 1 
CONCENTRATED. 

32. Isobars are used in TEMPERATURE, AIR PRESSURE . 
GRAVITA !0 . 

33. '\'rater cannot be siphoned out of a bo t because OF 
PF~SR RE , OF TE . AL AMO T s F ATER, OF AT PA 

!TY, I R, 

PAFTICLEP F R EACH OTHER, OF S CTI , ATE~R:......::.I~~:.:..:...~=--....;.:...;;;_.;::.;;;._ 

34. The object to be photographed must oe in the sun to AB~ B HE 
LIGH , REFLEC THE LIGBT, BE ~F,EN , CAST A RADO , TRAf1 S IT HE LIGHT. 

35. The hottest flame is BLUE, REEJ, HITE , YELLO , RW.D. 

36. Cheese is rich i n FAT , PROTEI J , QILS, CARBOHY RA E , ~A R. 

37. A collection of similar oelle is oalled an O GANIS , TISSJE, GLMTD, 
MUSCLE, Ft.Th CT ION. 

38. Heat is carried horizontally through air by C0 1DUCTI N, CO VEC IO , 
RADIATIO , EROSION, TRANSMIGRATION. 

39. A lifting crane gains po er in doing ork, by the use of T EEL 
AND AXLE, THE LEVER, THE PULLEY, THE I QLIJED PLA , Al E GI JE. 

40. The largest of the planets is VENUS, ATURN, MAR , JUPIT R, EARTH . 



T - 2. GROUP III (Average value 91.5) 86 

41. A chimney on a lamp is FOR ORNAME TATION, 0 
INTEi E, TO CRRATF A DRAFT, TO l!AKE ~HE FLA 

HE I • T RE 
, 'T' 8A IL. 

ORA KER, 42 . .An example of a lever of the first class is found i n the 
SCISSORS, EEL BARRO, I ~ LIN PLAfE, ICEPR LE. 

43. The density of a solid is usually com ared with that of AIR, HY R GE , 
ATER, LEAD, oon. 

44. Pollen is produced in the OVARY, CALYX, STA , , STIG , PI TIL. 

45 . The ratio of the number of unite of force applied to a machine to 
the number of units of force delivered by a machine is called 
EFFICIENCY, OUT-PUT, AVAILABLE ENERGY, MECHATICAL A VAN AG, A E. 

46. An example of a chemical element is ATER, CARBON- IOXIDE, MERCURY, 
Al ONIA, NITRIC ACID. 

47. The cheapest food on the basis of c lorifio value is 
BUTTER, MEA , flLK, CELERY. 

48. The foot-pound is a i.mit of ENERGY, ORK, I TA ICE, IGHT, CAt> AC.I Y · 

19. The resistance a body offers to being set in motion is called 
0 TU , FPICTION, COHESION, EROS! N, I NER IA· 

50. The beet illumination or lig t for orking or readi g ie IFEC , 
REFLECTED, I N IRECT, FI E, BLUE. 

51 . Refraction is studied in connection itb 
BO IE~, LIGHT, LEO RICI Y. 

D, G TI'T'Y, FALL! G 

52. Gases enter an leave the 
STIPULE~ , T-HAIR , q~O~~ 

thro h or ans called 
' ,,HL R PLA~ 8. 

53. ,The nucleus i sbelieved to play a. prominent part 
RERPIRATI , BERE I Y, qT RAGF F F 

54. The general direction of t e 
is EAST, EST, NORTH, ROUTH, 

front of a lo pressure area 

55 . Petroleum is A CHE CAL CO OID D, A ICAL 
A "PURE SUBSTA CE, AN I URE SUB TA CE. 

57. The part of the eye that regulate t e entr ce of li ht i s the 

PUP! , IRIS, RETI A, YE-LID, LE s. 

58. The distinguishi g features of the m t e possession of 
BACKBO , HAIR, T 0 PAIRS F Lli'G0 , .;.;;MI:a.:=..:.:-=~~~, WR 0 

59. The attraction bet een molecules of a body is called 
ADHE IN, MAG ET! {, COHESIOl, I 

AP! A I Y, 

60. ater rieee in a suction pump because it is PULL 
ATTRACTE , REPELLED, UCKE UP· 

UP, PUSHED UP, 



The method in brief consists in taking the number of errors 

which the pupil makes in the third or hardest group of any Form, 

dividing this number by 2 to get "errors", and looking up in 

Key A (inserted at the end of this Chapter) to ascertain the score 

which corresponds to that number of "errosa". This score worked 

out on the basis of a normal surface of frequency is the P .E. 

position of the pupil's achievement on this test if he made no 

"errors" in Group I and Group II and if he had attempted an in­

finite number of Groups all harder or more difficult th Group 

III. 

Since the pupil usually makes "errors" in Groups I and II 

the next step consists in subtracting from the first score, called 

the "Uncorrected Score", the total of "errors" in Groups I and II. 

The third step consists in subtracting from the second score just 

ascertained and call:d 11 The first corrected score", the equivalent 

found in Key B (inserted at the end of this Chapter) of the 

number of "errors" found in Group I. Thie last amount subtracted 

is the amount which, determined on the basis of the normal sur­

face of frequency, equals the number of "errors" the pupil would 

probably have made had he attempted to do an infinite number of 

Groups easier or leas difficult than Group I. 

This process of evaluating papers is not laborious. A point 

hich must be borne in mind is that f ailing to do ~ne item cor­

rectly is counted as! "error". The explanation for this may be 

had in a survey of Table VII hich sho s that in any group there 

are ten levels of difficulty one-tenth of one P.E. apart and that 

there are t o items at each level. The General Science Forms 



could be made up with thirty items each having ten items in a 

group, in which case failing one item would be counted as one 

"error" instead of one-half "error". As stated before, all com­

putations were done on the basis of ten points per p.E. on a 

normal surface of frequency. Failing one item may be considered 

as failing one-half of one step equivalent to one-tenth of one 

P .E. It was thot advisable to have sixty items per Form rather 

than thirty because of the greater breadth of material and the 

greater reliability which would be possible if t o items ere 

used at each level of difficulty . 
1 

The following excerpt indicates the meaning of the pu il's 

score when evaluated by this method.-

"The cores yielded by these tests have no relation to per­
cents. A score of 73 means that the pupil ho makes it c an­
swer questions or do problems of difficulty 73 and get one-half 
of them correct , or its equivalent. It 1 o in ic tee that the 
pupil can answer questions or do problems of difficulty 63 d 
get three-quarters of them right. At the same time, if the p il 
were given questions or problems of v lue 83, he uld be mo t 
likely to get one-quarter of them correct. Thro h ut the scale 
the difference between any t~o points is equal to similar dis­
tance bet een any other t o points. For ir ta.nee, the pupil 
who gets 83 is doing just as much better th the pupil ho gets 
73 as the pupil ho gets 73 is doing better than the pupil ho 
gets 63". 

Directions for finding pupil's score. 

In Appendix III are to be fotmd the correct responses to 

each item of the three Saale Forms . From these sheets may be 

made a cardboard correcting stencil by cutting pieces of card­

board three inches wide and as longas the different pages o! the 

Scale and by writing the correct reeponeee in such position 

1. Posey-Van agenen Geography Clase Record Sheet. Ibid. 
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that each ill be opposite the item for which it is the correct 

response, when held at either the right or the left of the sheet. 

The usual transparent stencil ill also sa ve much time in the 

marking of errors. 

A. 
Combining the errors in groups• 

89 

On each pupil's test paper and at the left of each incorrect 

statement enter "i". Combining the errors in groups for each 
(items 1-20) 

pupil add the number of "errors" in Group i, bearing in mind that 

each incorrect item is counted as t "error". You have already 

noted these "errors" at the left of each item on the test pa er. 

Enter this sum on the Class Record Sheet under "No. of Errors, 

Group I". Similarly, add the number of errors made on items 21-

40 (Group II) and enter this sum under "Group II". Like ise, 

add the number of errors made on items 41-60 (Group III) and 

enter this sum on the Class Record Sheet under "Group III". 

For example, a pupil failed on 9 items in Group I, 12 items in 

Group II and 17 items in Group III. Thia was counted a 4! 

"errors" on the items constituting Group I, 6 "errors" in Group 

II, and st "errors" in Group III, hioh are entered on the Clase 

Record Sheet. In like manner enter on the Class Record Sheet 

the record of the errors of each pupil for each of the three 

groups. 

B. 
Uncorrected Score* 

For each pupil note the number of errors entered under 

Group III on the Cla a Record Sheet. Using Key A, find the 

*Adapted from the Posey-Van agenen Geogra hy Scale Scoring 
d Instruction Sheet . 

• --------"----~~~-------------------------------
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Key A (For use in obtaining the Uncorrected soore) • 

hen errors in 
Group III are .. t 1 it 2 2t 3 3f 4 4f 

Pupil ' s Uncor-
~01t 1041 102f est rected Score is 116 111 101 99 98 

(Key A Continued) 

5t 6 st 7 ?t 8 at 9 9f 

94 93 92 91 90 89 ea! 87f a6t 

Key B (For use in obtaining the Final Score)• 

en errors n 
Group I are .. t 
Wh i 

Take from First 
Corrected Score 0 

(Key B Continued) 

5 

4 

No . Name I 

1 John Doe 

1 lf 

0 

6 6 

5 6 

6 

2 2t 3 3t 4 4t 

1 1 ii 2 at 3 

7 7 a st 9 9 

7 8 1 12! 15 20 

noorrect- let Corr. Final 
III ed Soore score Soore 

8 88 78 

*Adapted from the P sey-Van age en Geogr phy Scale Scoring 
·Instruction Sheet. 
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been antio1p t d during th oon truotion of the or1 in 1 ner 1 

Science te t, 11 of thia origin l m t rial could not be used . 

T ia a not a o lamity but re lly quit fortunate . 

(2) he eli ination of cert in items p rmitte acientifio 

aeleotion of item Ae h be n t ted in previou Chapter, 

oert in objeotiv of Gener 1 Science 

the oon truotion of the Sc le. o ite 

re to be k pt in mind in 

to be retained in the 

final Scale, the ohievement of hich by p il did not contri-
1 

bute to th objective of en ral Sc1enoe e previously o tlin d. 

It oul h ve be n eme d.vi a ble to uee ter1 1 from but one 

p oifio c1enoe if t t terial oontr1but d mo t to ar the 

objective of G eral Soi oe. In the ritert opinion, th 

aoi noe m hioh oontribut • o t r t ob ot1v 

of G r i 8 e e n a , tun rial 

hich ever eo e t h ve o der t e 



TABLE VIII 

DISTRIBUTI S OF I 

CI • ES. 

S OF THREE SCALE FOR S U ER I EC I ALI 

Numb r of Items 

Science ....... Form R-1 S-2 

L. Botany . . . . . . . . . . . . . . . . 4 

2 . Chem1 try .............. 4 

3. Domeetio science ...... 3 

Geography* . . . . . . . . . . . . 3 

5. Hygiene ................ 15 

6. Phy ic . . . . . . . . . . . . . . . 2 

6 

8 

2 

7 

5 

21 

7. Phy iology ............ 6 3 

8. Zoology ................ ~ 
Tot l ................. 6 

Geogr p y 1 con 1dered in 
A tronomy, Geology d Phy 

1le anoth r person cl 

e lightly iff nt o 

give b v J the bove ol 88 

f 1rly if or~ 1 tribution of 

A it m 1ke F ie th ir 

' L A. A J I 

eitcer a Zoo o y or H i 

hich it bel g J Jeno in i , 

it good er l Soi 0 ... te 

o tion of Genera Scie oe ite 

vio ly cite re prop 
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other requirements, is sufficiently varied and sufficiently in­

clusive. 

B. Correlation with original General Science teat. 

96 

I a previous chapter evidence has been presented which showed 

that the original 300 item test had considerable reliability, evi­

denced by its correlation ith certain criteria. The original 

test ould therefore serve as one criterion for ascertaining the 

reliability of the final Scale. i th that purpose in mind a num-

ber of the original 300 item papers, selected at random by taking 

the first 100 in each grade for the five grades of - Boys (8th, 

9th, 10th, 11th and 12th grades), ere reecored on the basis of 

Form S-2. That is, the ol.iginal 3 0 item papers contained the 60 

items hich now comprise the Form S-2. By counting up the errors 

on those 60 particular items, taking recognition of the group in 

hich they belong (Group I, II, or III), the paper as given an 

S-2 Scale score, hioh indicated the pupil's achievement on the 

60 items. The 300 item teat scores were correlated with the S-2 

Scale scores by the product-moment method . The coefficients of 

correlation ranged from .81 to .93 for the five grade groups. 

For 49 -8th grade boys' test and Scale scores r equals .87 -P.E. 

" 100 -9th n " " " " " .93 

" 100 -10th II II n " 
n " n .9 " 

II 100 -11th " " " 
II " " " II .905 n 

It 100 -12th II II " 
n n .81 II 

.02 

.01 

.01 

.01 

.02 
ean II II --:SS2 .015• 

• P . E. of r hen r equals .882, not a mean. 



7 

From these coefficients of correlation it is evident that 

if the original test had fair reliability, the abbreviated Form 

of the original test (Form S-2), having exceptionally high agree­

ment with the original test, must, therefore, approximate the 

original teat in its reliability. Evidence will be presented later 

that the Scale Form S-2 actually as more reliable than the origi­

nal test. That these coefficients are not higher, is largely due 

to the errors of the test. 

C. Correlation and agreement of test and Scale medians 

Additional data obtained in the study of correlation bet een 

test and Scale are also significant. In Chapter VI it as indicated 

that when the rank order of difficulty for any item had been secured 

from as many as 215 papers, adding 215 papers di d not materially 

change its relative position, as evidenced by a rank order correla­

tion coefficient of .98 between a rank order on 215 and a rank 

order on 430 papers. In thi a part of the study it a found that 

by t ing 100 papers in each grade group , the me ians for the five 

groups of 100 pa ere each did not differ from the medians on as 

many as 5 papers by as much as an average of one-sixth P.E. of 

the distribution . The P .E.s of the e ian of iatributione having 

500 oases ~1th a P.E. of distribution of 22 e one point. The 

P . E.s of medians of the distribution having 1 cases 1th P .E. 

of di stribution of 22 ere t o plus. 

On the following page is tab lation of teat and Scale 

medians . 
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MEDIA s 

300 !TE TFST SCALE S-2 

On original group On 100 oases On 100 oases 
A Sigma B Sigma c Sigma 

+8 Boye ......... 155 31.5 . ..... 154 26. 7 . ..... 80 . . 5.5 

+9 " 162 33 165 34 81.5. 7.1 ......... . ..... . ..... 
+10 " 168 33 173 34 84 6.5 ......... . ..... . ..... 
+11 fl 188 28.5 190 28 89 6.1 ....... '. . ..... . ..... 
+12 fl 190 22 .5 194 25.4 89.5 . 5.5 . . . . . .. . . . . ..... . ..... 

The coefficients of correlation bet een the medians of 

columns A and C and of columns B and C are .993 and .986 respective­

ly. Further evidence of the marked agreement bet een the teat 

and Scale scores is given in Figure II. It is ole r from this 

figure that it ould be possible to make up a table of scale v lues 

and their corresponding teat values hich ould enable one immedi-

ately to translate a scale score into ~ test score and vice versa. 

In Figure II three systems of varying lengths of ordin tea h ve 

been arranged in such manner that the extremes of all curve coin­

cide. Lack of agreement among the three sets of me ians must there­

fore a pear in divergence of the central parts of the curves. 

Reference to thee data ill again be made in Chapter VIII. 

D. Self Correl tion 

Since Scale S-2 and Sc le T-2 ere oonatructe to be of iden­

tical difficulty, both the e Forms ere given to a number of pupils 

to ascertain the agreement bet een them. School A (Still ater, inn­

esota) gave the t o Scale Forms to 1 pupils ho ere taking Gen­

eral Science and had completed thirty eeks of the course. Results 
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follow . 

Number cases . . . . . 
Median . . . . . . . . . . . 
Sigma . . . . . . . . . . . . 

P .E. of estimate* 

P.E . of median** .. 

SCHOOL A 

S-2 

140 ............ 
92 ............ 

6.1 ............ 

2.8 . ........... 

. 6 . .. . . . . . . . . . 

T-2 

140 

86 

4.1 

1.9 

.4 

r . . . . . . . . . .70 ........ P.E. of r ... 03 

Had four Forms of the Scale been given, or four repeti­

tions of the same Form, r would have equal:Jfil .903*** 

The same Scale Forms ere given to School B (University 

High School) pupils all of whom had been taking General Science 

for the first time6 for thirty eeks. Their results were :-

* 

** 

SCHOOL B 

Group I S-2 

Number cases 24 

Median . . . . . ' ..... 87 

Sigma ........... . 5.8 

P .E. of estimate . 2.4 

P.E. of median 1.4 

........... 

........... 

. . . 

. . . . . . . . . 

. . . . . 

T-2 

24 

87 

4.7 

2 

1.2 

r .. . .. .. .77 ...... P.E . of r .. . .05 

Had four Forms of the Scale been given, or four repeti­

tions of the same Form, r would have equalled .93 

P.E . of estimate equa.ls .6745 Sigma Vl-rS 

P.E. of median equals .6745 ~t S.D. D1atl:ibut1cn 
No. cases 

l 

*** Brown's formula. r1 equals N~ 
l + (N-l)r 

where N equals 

number of repeti t ions, and r1 equals desired coefficient of 
reliability. 



Group II 

Number cases 

Median 

Sigma ........... . 

P.E . of estimate .. 

P . E. of median .. . 

SCH OL B 

S- 2 

34 . . . 
84 . . 
5 . 8 . 
2 . 6 . . 
1.2 . . 

. 

. 

. 

. 

T-2 

. . . . . . . . . 34 

. . . . 82 

. . 4 . 0 

. . 1.9 

. . . . . . . 8 

r .......... ... . 71 ....... P .E. of r .... 05 

1 1 

Had four repetitions been given r would have equalled . 915 

These data sho that as a device for measuring the pupils ' 

achievement i General Science, the Scale Forms have fair reliabil­

ity, as is shown by an average self correlation coefficient of .73 

and an average P . E. of estimate of 2.2 . As a device for measuring 

class achievement in General Science, the Scale Forms are really 

very reliable, as is indicate by an average P . E. of medians of .9 and 

1th close agreement of medians . Explanation of the difference of 

the me ians on S-2 and T-2 is found in the case of School A to be 

due to the fact that this school offers an exceptionally fine course 

in Biology which is elected by most pupils and therefore omits from 

its Ge eral cience course as much biological material as possible . 

Because the items on Biology are not equally distributed in the 

Groups I, II, and III, failure on the Biology items in Group III 

where they are of most value had ~ tendency to lo er the scores in 

Scale Form T-2 for this grou of pupils . 

E. Correlation with i nte lli gence~ scores 

Correlation of Genera l Science achievement scores on Scale 
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by teacher for ohievement in Gener 1 Soieno , t he follo ing 

result ere obtain d. 

Aver g 
S-3 T-2 S- 2 & T-2 rke• 

umber oases 140 140 140 14 

edian 92 86 88 85 

Sig 6.1 4 .1 4 . 5 5 .7 

r equ ls .72 P.E. .03, bet een S-2 d Marke 
" n .7 " " T-2 n 

" 
" n . 74 " n Average of S-2 an T-2 an rk 

School C, the University High School, h d 58 pupils in t o 

group , all of hom ha t en Gener 1 Science from Sept mber until 

A ril 20th . Fin 1 marks ere v il ble for t o OO!Dp ete rt era 

and were evaluated on the b i "A e 1 6, "B ual 5, "C- 11 

, 

quals 4, "C" e 1 3, "C- e 

Rea lts follo 

Group I 8-2 

umb r oae a 2 

87 

5.8 

e i n 

Sig 

r 

" 
1 .73 P.E .. 06 for 8-3 

.64 . 8 II T-2 
• 7 5 . 06 " Av 

Group II -2 

34 

84 

5 . 8 

umber o se 

edian 

Sig a 

T-2 

2 

87 

4.7 

T-2 

34 

82 

4. 

, "D" e la 

Average 
8-2 & -2 
2 

87 

5. 

-2 d 

Av r e 
S-2 & -2 
3 

82.5 

.6 

r e ual .71 P.E .. CS for S-2 rk 
.67 II • 7 II -2 

d F e 

rk 

2 

8 

2.7 

r 

3 

.o 

2.8 

rk 

.82 . 4 " Aver ge of S-2 and T-2 rks. 

• These marks ere in percents, not letters. 
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CHAPTER VIII 

COMPARATIVE STUDY OF ACHIEVEMENT IN GENERAL SCIENCE 

In Chapter VII, under "B", data were presented vthich showed 

that based on approxi~ately 500 papers in five groups of 100 each, 

in which the original 300 item tests were rescored on the basis 

of one of the Scale Forms, the coefficient of correlation between 

distributions of test and cale scores ranged from .81 to .93 with 

a mean of .882. This would indicate that where distributions 

were used, distributions of either test or Scale scores would give 

approximately the same results, and that any statement made on the 

basis of test comparisons would have approximately the same jus­

tification on the basis of · cale comparison, as indicated by the 

coefficient of correlation of .882. In "C", however, when grade 

medians on test and grade medians on Scale Form S-2 were corre­

lated, they gave a correlation coefficient of over .99 . These 

correlations mean that any comparison made on the basis of the 

teat would, with reference to an individual case, receive only as 

much justification by the Scale, or vice versa, as is indicated 

by a mean positive coefficient of correlation of .882. Any group 

comparison, ho ever, made on the basis of a median of test scores, 

ould receive practically identical justification on the basis of 

a median of Scale scores, or vice versa, as ia indicated by a 

coefficient of correlation of .99 plus. In as much as rescoring 

approximately 9,000 300 item tests on the basis of the Scale would 

be a laborious, time consuming process , and in as much ae compari­

sons between the General Science test and other criteria were only 
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li htly int rior to tho e of t So e n the m oriteri , it 

d oide to b the study of ohi v m nt on the eoor hi oh 

been e v il ble for the 3 ite teat . I n other or s , 

the evelo m nt of the So le F rms a neoe e ry in o der to pro ve 

th t the ori in 1 te t was sufficiently aocur te for me suring 

grou achievement . The Sc le Forms are a good oheck on the test 

medi ne . Sinoe , ho ever, for grou co parison the teat rr.edi a 

give the me results and since, h ving been neoe sary for the 

Scale dev lop ent , the teat re ult ere t hand, the c le re ult 

need not for economy ' s sake be u ed. for t is part of the tu y . 
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Soieno e in ic ted by the 3 ite te t . 
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TABLE IX REQ JLTS BY SCHOOLS ON 'T'HF. FIR~'T' 221 I'T'li' (f' 0F THE GE TFRAL I CIF C:F, F~ 

SCHOOLS A B c D E F G H I J K L !\ p R T OR • 

No.Cases 14 15 39 52 12 57 18 17 38 33 26 42 46 13 2 15 41 14 3 28 65 18 608 
r:r.i Min . Seo re 55 70 65 60 65 20 65 45 50 50 60 65 50 70 60 65 45 55 60 35 40 70 20 
I l st Q. " 72 76 80 78 77 65 79 77 80 68 85 76 92 92 61 83 ** 76 74 85 7 77 ** 
H Median " 79 84 86 88 84 73 90 87 87 75 94 85 85 96 75 98 75 87 77 87 81 89 84 
( 

3rd Q . II 90 89 95 94 100 81 99 93 95 84 104 100 93 100 106 83 92 107 88 96 94 
~ , Max. Score 119 99 114 124 114 109 124 114 119 99 129 134 109 119 89 119 104 119 94 134 114 109 134 

No .Cases 33 10 38 42 11 50 6 18 40 29 8 21 45 6 8 18 23 14 6 33 41 20 520 

en Min. Score 65 65 55 40 65 35 95 60 40 45 75 60 60 75 60 55 50 60 45 35 50 75 35 
::.... let Q. " 86 77 87 88 84 62 86 85 71 86 84 78 65 75 79 71 93 80 91 79 
c 
r Median " 95 84 96 98 100 75 102 93 98 85 92 97 89 92 82 92 92 82 87 102 93 100 92 

3rd Q. II 108 91 106 108 104 86 102 115 95 100 110 99 87 107 100 93 117 102 107 104 
f'J 

I Max.Score 129 109 129 124 109 114 114 114 139 109 104 124 159 129 109 134 124 114 119 159 129 124 179 

No .Cases 1 1 1 1 42 1 2 9 

Cf:2 Min. Score 87 87 37 87 60 87 80 35 
• 
" let Q. II 87 86 
'I 

H Median 11 87 87 37 87 100 87 87 95 
{_ 

3rd O. II 112 1 l 
CJ 
+ Max. Score 87 87 37 87 134 87 94 13 

No .Cases 2 1 1 38 1 8 5 

Min . Score 95 62 112 70 87 100 60 
Cf' 

1st Q. " 98 114 98 
::.... 
0 Median " 110 62 112 110 87 125 111 
,.., 

3rd.Q. II 122 132 125 
en 

Max . Score 124 62 112 144 87 154 15 
T 

No .Cases 8 11 50 115 63 4 2 42 10 46 196 11 18 3 1 173 8 11 37 6 815 
en 

Min. Score 7,5 65 65 55 55 95 55 50 45 75 55 75 60 60 77 45 75 60 35 85 5 
I ,,., 

lat Q. " 85 79 87 82 79 77 59 93 79 87 84 77 90 69 82 80 . 
H 90 89 75 77 88 109 8 92 92 90 
( edian " 92 87 95 92 94 102 70 90 77 104 88 

3rd Q. II 100 97 109 100 105 99 97 117 99 105 97 9 117 105 104 l 

I Max. Score 119 119 134 129 154 109 119 134 114 139 144 129 119 89 77 12 129 129 a .. 1 15 

No .Cases 6 23 96 39 3 21 83 5 l 1 122 2 5 

Min. ~core 55 60 70 45 80 65 65 85 60 47 102 55 110 55 75 70 
Cf) 83 88 9 
" 1st Q. " 92 93 71 87 84 .. 

115 92 00 112 c 
Median " 107 1 8 104 85 102 109 98 97 77 47 102 9 

103 111 ao 
3rd n 118 122 106 116 108 

c 102 144 119 109 13 15 
I ax.Score 144 139 174 154 124 144 149 114 119 47 

7 1 6 2 ? 7 
26 30 82 45 

... 
er. o.Casee 56 9 6 4 19 7 25 15 22 80 1 70 
I- in. Score 65 110 95 80 60 85 90 65 65 80 70 75 80 55 70 
r--

1st Q. II 100 120 94 108 99 94 92 94 93 105 100 
H 107 
( 

ledian " 112 129 115 115 99 117 116 115 105 99 101 104 114 99 120 110 

c 3rd Q. II 125 132 130 120 120 116 112 110 114 122 129 

ax.S.ore 154 159 134 119 144 124 139 159 139 149 124 149 154 144 164 119 11 
+ 

*In each case "Norm" is tbe composite of all pupils from all schools 

coming i.mder a single heading, as "-8 Girls". 
** ere number of cases, indicated by "No.Cases", is lees than 8, lat o. 

and 3rd Q. are omitted as inaccurate. 
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I 

ABL , IX 

SC OOL~ A 

No .Ca es 29 
UJ in.Score 85 
0 lst Q . " 117 
,.... edian" 136 

3rd o." 143 
t- ax . Seer~ 164 

UJ No .Cases 44 
Min . Score 45 

~ 
H let . n 90 
c. ed.ian " 98 
0 3rd Q .• " 108 

x.soore 144 

No .Cases 
ro Min. Score 
o lat " 
rt" e ian " 
o 3rd o. " 
rl 
I ax.Score 

26 
70 
90 

102 
110 
134 

B 

13 
110 
121 
127 
146 
164 

9 
65 
99 

105 
115 
124 

2 
100 

115 

129 

ro o.Ca es 4 3 
Hin .Score 95 105 

H lat Q, n 

edian 120 127 
0 3rd Q, II 

'"-:. .Score 144 149 

No .C es 2 4 
n . core 

o let Q. " 
e ian 

~ 3rd Q . " 

+ • Score 

115 125 

140 152 

164 184 

c 

14 
70 

102 
121 
127 
174 

38 
70 
93 

103 
115 
129 

18 
90 

112 
120 
127 
144 

11 
85 

102 
110 
112 
119 

9 
75 
91 

117 
122 
159 

o.C sea 44 
in. ~core 65 

H let Q. I 97 
edian 107 

:::! 3rd. . " 122 
1 • Score 159 

14 25 
100 75 
110 97 
115 104 
122 117 
134 169 

o.Caee 18 
in. Score 55 

o let Q. " 107 
Me ian " 121 

~ 3r .Q. 138 
1 • core 169 

6 16 
110 120 

130 
120 145 

160 
139 174 

~ 
No.Cases 6 6 9 
' n. <=loore 100 120 
let O. 

r-1 edian " 125 130 
r-1 3rd 

ax.Score 174 134 

---- ~ 

85 
105 
112 
114 
134 

T~ BY 8CB00LP 0 HE FIR~ 221 I 

D 

9 
55 
80 
92 

109 
139 

E 

13 
80 

115 
127 
140 
194 

F G 

9 
100 
115 
125 
129 
179 

H 

7 
70 

122 

149 

I J 

47 33 
65 45 
94 89 

110 110 
124 122 
159 164 

L 

1 153. 38 
70 55 90 
93 5 107 

107 111 117 
120 127 132 
154 16 159 

227 
45 
82 
92 

10 
149 

l 26 
87 65 

87 
87 102 

11 
87 139 

7 
85 

100 

134 

12 35 4 38 
80 50 65 65 

100 74 93 
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on 300 items would have allo ed the uee of about two- thirds of 

the data or about 6,000 oaaee . Data in Chapter V show that 300 

item resuits on the General Soience test and 221 item results on 

the same test agree to the extent of giving for a large number of 

the oases a product~moment correlation of . 98 . Therefor e the com­

parative results by schools are as accurate for the 221 item teat 

as they ould have been had 300 items been used. They are in faot 

more accurate in the oase of these dat because of the additional 

3,000 oases, the use of which was made possible by including the 

first 221 items of the test only. 

These 9,000 oases i ncluded about 90% of all papers submitted . 

The 10% which had been eliminated ere not used because (a) the 

pupils did not do as much as three pages in the original test , 

presumably because insufficient time as allo ed for the teat, (b) 

pupils had omitted neoe sary information such as their name, gr de 

in school, and sciences taken, d (o) pu ils ( small nunber) h 

misunderstood directions and had ritten out correct respo see in­

stead of underling them, or had in some way failed to follo 1-

rections. These last mentioned papers could have been used but 

the scoring of them would have required individual rea ing of each 

pa er r athe r th the use of the correcting stencil. 

1th reference to the f irst re son given for elimination, in 

an ex min tion of time t en for the test and the score obt i ned, 

the riter found that there as no rel tionsbip between time and 

success in the test. Four hundred forty oases, over as idea 

range of test scores as possible, ere studied. The wide ran e of 

scores selected gave excellent conditions for securing a igh co-
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efficient of correlation . These data, however, gave a produot­

moment coefficient of correlation of . 09 with P .E. of .03 between 

time in minutes and score achieved. This result is easily explained 

by the fact that the directions for giving the test (See Appendix II) 

stated that no time limit was to be used. Directions of this kind 

would naturally cause pupils to ork at comfort ble rates rather 

than at maximum peed. 

In Table IX each of the 22 schools, represented by a letter, 

has its results on the teat in a column of its om. The last column 

labelled "Norm" is the composite of the 22 columns prece ing, this 

composite being in the form of a single distribution rather th a 

median or mean of the results in the 22 columns. At the left re 

indicated the grades and subdivi ions of the grades using nomen­

clature which has been used thruout this study, n ely, sex, gr de , 

and hether or not the pupil had taken Gener~l Science indio ted 

by "-8 Girls" for 8th grade girls who had not taken General Soi nee 

and"+9 Boys" for 9th grade boys ho had taken General Science. 

umber of cases, minimum and maximum score, ~d first and third 

quartile and median score for each group are self explanatory. 

Examination of the Table shows that schools differ quite 

markedly in their achievements on this Gener 1 Soi noe te t. Also 

the fact that a course in Gener 1 Science as t en gives the ob­

vious results in all cases, namely, a higher oor for pupilsof 

any grade ho have taken General Science than for pupils of the 

ame grade in the same school who have not taken Gener 1 Soi no . 

ith regard to the latter result, some data ill be pr aented ter 

regarding the selective influence of Genera l Science wher the 
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TABLE X 

DISTRIBUTION OF scom::s OF 8970 CASES ON FIRST 221 ITEMS OF THE 
GENERAL SCIENCE TEST . 

Score -8G -8B t 8G +SB -9G -9B +9G ~ SB -lOG -lOB +100 +lOB 

20- 24 3.: 
25- 29 
30- 34 l f 

35- 39 2 2 1 l 
40- 44 1 4 2 
45- 49 6 5 2 2 1 2 
50- 54 8 5 2 3 l 
55- 59 13 11 12 7 1 3 8 2 
60- 64 24 17 1 l 13 4 l 1 6 3 2 
65- 69 44 28 l 36 10 4 5 17 3 1 1 
70- 74 52 25 1 1 43 13 6 10 34 11 2 3 
75- 79 73 35 1 l 85 28 10 10 46 16 5 5 
SC- 84 84 40 5 3 87 38 20 17 66 25 13 8 
85- 89 85 58 9 2 117 42 18 18 78 24 16 12 

- 94 74 56 6 l 100 44 44 35 94 36 20 16 
95- 99 44 63 2 5 99 37 61 27 92 26 32 30 

lCv-1 04 40 42 5 7 57 50 35 49 78 45 53 22 
1 5-109 25 46 3 2 60 42 58 36 72 45 42 27 
110-114 14 23 6 7 33 32 59 57 57 37 62 36 
115-119 8 28 5 4 28 22 66 52 32 43 56 40 
12':.-124 5 14 2 4 16 18 45 35 36 29 36 39 
1 5-129 2 7 4 13 15 24 43 20 21 37 40 
13 -134 2 2 1 3 5 11 34 37 10 7 20 32 
135-139 3 3 4 5 13 42 5 12 10 30 
14 -144 2 1 6 13 35 1 9 15 20 
145-149 2 2 7 16 2 8 8 18 
l-.> v-154 1 1 1 3 7 17 7 3 19 
153-159 2 2 11 1 5 2 13 

6v-164 3 7 1 l 11 
165-169 1 1 1 1 l 5 
170-174 l 1 6 
175-179 1 1 1 2 

SJ-18 2 
85- 89 

l~v-194 1 1 
195-199 
G -

Totc:i.l 
umber 608 520 49 51 815 433 532 568 763 416 435 441 

-llG -llB +llG +llB - 12G - 2B t l2G t l2B y 

I IV J . C. T. C. 

.. . .. . 

1 
l 1 

1 1 
.. .. 

2 2 

6 1 2 
1 1 

8 1 2 2 1 1 

14 ".> 5 10 l ...., 

2 2 1 10 1 4 . 
l 

1 9 4 12 8 

2 15 2 6 . 
1 2 

~ ) 17 3 11 2 ...... 
8 13 2 . 

1 5 3 
21 8 1 1 3 a 

6 12 l 7 3 1 

~7 1 17 26 5 
8 l 2 

23 2 53 2 2 
25 9 l .L 1 

36 22 36 23 
16 35 20 5 

':> 33 ... 
1 3 25 1 2 1 

35 27 31 
2 2 l 

24 23 2 

31 19 26 4 15 2 
16 "" 

0 17 18 1 1 l 
E 17 1 2 3 a. 

12 b 

5 36 6 17 1 4 2 

7 19 3 10 

9 15 4 4 . 1 
? 15 ;,) .., 

2 6 2 
? 2 ... 2 5 ? 

6 
a 3 a a 

3 
2 12 1 

.., 
3 

l l 

7 32 226 2 24 2- 6 2 
6 0 366 1 3 .,; 
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+8 Girls 9 35 7 8 86 87 95 102 107 1 113 118 134 +-9 532 55 69 88 95 97 J9 106 111 115 119 122 133 155 169 +10 435 65 76 91 99 101 103 108 112 11 120 . 123 134 154 16 +11 " 351 35 67 90 99 io~ 106 110 114 119 12 128 _38 165 17.., t l3 " 323 60 77 95 10 107 110 117 12 129 134 37 1 0 175 18 

96 101 
. oys 520 35 3 66 75 7 83 88 92 1 6 1 5 -9 433 5 56 76 82 85 88 3 8 103 108 111 125 5 -10 " 416 55 6 81 89 3 95 102 106 111 117 135 .... 57 -11 366 45 72 .L.05 109 112 118 l "4 130 135 151 67 -12 300 65 8 106 .L.16 119 1 ... 130 1 7 1 3 ... 48 15 81 
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of Table II graphically, TABLE XII (PERCEfTILE SCORES 300 ITE S 

MADE BY 6053 CASES), and FIGURE V (A-H) - PERCENTILE ISTRIBUTI N 

OF SCORES MADE ON 300 ITEM TEST BY GIRLS HO HAD NOT TAKEN GE ERAL 

SCI E C, , ETC, ETC - which presents graphically the data given in 

Table XII, all of these ere made out for the-6 , 053 cases who had 

completed 300 items on the General Science teat . Similar Figures 

might have been made out for the 9,000 cases, percentile distribu­

tions, which are presented in Table XI . ith the exception oft e 

fact that the ourvee would have been smoother and uniformly near er 

the form of percentile curves for an ideal or normal surface of 

frequency , those ~igures would have resembled Figures (a) to (h) V. 

To avoid unnecessary repetition they were omitted. 

A glance at either table of distributions or of percentile 

distributions for scores on 3 items or on 221 items, ill sho 

that the medians varied from grade to grade and from group to group . 

To facilitate comparisons the medians for each grade and group on 

both the 300 item and the 221 item distributions , the medians 

have been plott ed in FIGURES VI (MEDIANS BY GRA ES N FIRS 221 

ITEMS OF GE RAL SCIENCE TE T I OL ING 8 , 591 CASES) and VII ( I • 

ANS BY GRADES ON 300 ITE S GENERAL SCI CE TES IN LVI G 5, 970 

CASES). 

In like manner FIGURE VIII ( AXI UM , THIRD UARTILE, FIRS 

QUARTILE AN MINI !UM FOR EACH GRADE A D GR UP BASED N SCORE N 

3 0 ITEHS FR 5, 970 CASES) was constructed from Table XII . This 

Figure sho a the minimum score in each grade , first quartile score , 

third quartile score and maximum score . A similar figure could 

have been constructed for the data given in Table XI. In as muoh 
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FIGURE V (a.) 

PERCENTILE DISTRIBUTION OF SCORES MADE ON 300 ITE TEST 
BY GIRLS WHO HAD NOT TAKEN GENERAL SCI ENCE . 
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FIGUR V (b) 6 

PERCENTILE DI TRIBUTIO OF SCORE DE 3 I 
BY GIRLS HAD AKEN GENERAL CIE C 
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FIGURE V (o) l 7 

PERCENTILE DISTRI ION OF SCORES ADE BY BOYS 0 HAD N T 
STUDIED GENERAL SCIENCE, ON 300 ITE TEST. 
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FIGURE V {d) 

PERCENTILE DISTRIBUTION OF SCORES MADE ON 300 ITEMS 
BY BOYS WHO HAD TAKEN GENERAL SCIENCE. 
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FIGURE V (e) 

DISTRIBUTION OF SCORES MADE ON 300 ITEM TEST BY EIGHTH 
AND TWELFTH GRADE PUPILS. 

129 



tll 
~ 

~70 

:2{,0 

?Jo 

~00 

l t?O 

Ito 

170 

l{O 

~ 150 

0 

oo No 

/~ 

/~{) 

110 

/00 

9? 

(O 

.)(} 

l/tJ 

3tJ 

~o 

0 

FIGURE V (f) 130 

DISTRIBUTION OF SCORES MADE ON 300 ITEMS BY NINTH 
GRADE PUPILS. 
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FIGURE V (g} 131 

PERCENTILE DISTRIBUTION OF SCORES MADE ON 300 ITEM TEST 
BY TENTH GRADE PUPILS· 
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FIGURE V (h) 

PERCENTILE DISTRIBUTION OF SCORES MADE ON 300 ITEM TEST 
BY ELEVENTH GRADE PUPILS. 
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as this ould have resembled Figure VIII, except i n co r e loo tion , 

it as omitted. 

Natur lly t least three uestions might be asked relative 

to the data d figures presented, n mvlY,-

1 . Ho reliable are the edians presented? 

2. Are the groups of equal variability? 

3 . Are the differences noted bet e n the medi s of the different 

groups real differences? 

The computatiom of the ane ere to these questions are too 

extended to be presented in detail , the r efore umniary of e c 

ill be presented . To find any particul r det 11 ill ent il small 

effort on the p rt of the re er . 

l. The medi na for both the 221 and the 30 item distribution 

are reliable . For the 3 item dietr1 ution the P.E . s of t e 

medi e range from . 8 to 1.8 point •. For the 221 item ietrib -

tion t e P .E.s of t e me i ne range from .4 to 1. . In ot er or 

ere these distributions extended infinitely, t e c ancea re even 

that even in the le st reliable group the me i oul not vary by 

more th 1 .8 point from that iven in T ble XII 1 . poi.Lt 

from that given in T ble XI . The u r•ile evi tions for the 

t enty gro a 

in T b e XII 

re like 1se very con tant , v rying f o 14~ to 22 

from 10 to 15! in T ble XI. 

P.E . of median e ual 
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2. Th vari lity of the rou e or a ea in t e u p r y r . 

Se1i or are le av r1 ble in their ohievem nt on th 0 n r 1 

oienoe teat, eepeoi lly if they h ve t en 0 ner 1 oieno , th n 

ar 8th grade pupils ho h ve not tak n Gene r 1 oi noe . A oour e 

in Gener 1 Soienoe tends to cut o. the v ri bi ity i n th teat. 

Using th formul V ri bility of co ffioient e le 

the oo ffioi nt of V ri bility vaFi a i n the 30 

from 12 . 7 for - 80 , the mo t vari bl , to 8 . for +128, th le at 

v ri ble . In the 221 item ietributi ne , the v ri bility ooeff1o1 ~ 

va ries from 12 . for the - 80 to 1 . for th + 28. 

3 . T'e if reno bet 1 oh1 v m nt of th g o! 

y one gro p , a - Girls or +BO)l8, ar 1 i fio t if-

f erenoe Like iee the e ff ere r re 1 di! ... r no n 

t 0 8 t e diff erenoe ar fro t 0 to f o 8 1 r e 

they d to oe in or er to be ignif io t r i fer no 8. 

0 ive om f orcul e or fin in r ia. ili y 0 if r-

no am ly, 
Si m of Dif r nee u le 

erim t 1 Co ff ici t 
r 0 • 

en , by t u e of heae 0 the oef 1 1 

u la cc 11 t t th t h 1 f r nc 1 r 1 , t 8, 1 

0 ot b the r ce. 

Sino the co p t ti res nt t 0 r no 

0 1 be le •ny , t ... r ter ropo ... 0 'o 0 

1 , . A. 1 
Y rk . 1922. 
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compute a difference that will just give an experimental coeffi­

cient of 1. Then all differences hioh e ceed the amount necessary 

just to produce an e&perimental coefficient of 1, are large enough 

to be beyond doubt real differences and not the products of chance 

distributions. 

In the answer to question (l) is found data which indicate 

tha t for the medians on 3 0 item distributions, the P.E.s of the 

medians ranged from .8 to 1.8 and for the medians of the 221 dis­

tributions the P.E.s ranged from .4 to 1. By taking the extreme 

cases in each of the distributions, e find that the sigma dif­

ferences for the 300 item distributions range from 1.8 to 3.8 and 

for the 221 item distributions range from .8 to 2.2. Using McCall's 

second formula so as to have the experimental coeff ioient equal 

1 - for the minimum sigma difference of the 300 item distribution -

this l e uals Difference , then Difference equals 5.2. T at 
2.78 x 1.8 

is, for the distribution having the lo est P.E. of the median, 

namely .8 and a sigma difference of 1.8, a ifferenoe of 5.2 gives 

an experimental coefficient of 1. This coefficient indicates 1th 

practical certainty that the difference is not a result of ch ce 

distributions in t o aeries. Repeating the above process for 

Sigma Differences 3.8, .8, and 2.2, it is found that a secure 

an experimental coefficient of 1 for all the 3 0 item distribution 

differences of medians, the difference mu t range from 5.2 to 

10.5. For the 221 item distribution differences of medians, the 

difference must range bet een 2.2 and 6.1. 

Examination of the actual differences of rr.edi na sho s, as 

tated before, that the differences are real differences and not 

11 ... ____________ ~------------ J -------~ 
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due to chance even in the c se of the four groups in the same 

grade. en t e ifferences found bet een edian of the ame 

group, t o or more grades rem ved, are considered, the experi ­

mental coefficient becomes as much as 6 times as large as it 

need be t eliminate all chance errors of accidental distri­

butions. 

From the above ex minati n it is evident t at tho t e dif­

ferences bet1 een gra ea are not due to chance they are sma 1, 

an t at in each grade there i cert in reoiable ercent 

of pupil ho fall belo~ the median of the gr de just belo , 

and also an a preciable percent of pup i l s who fall above t e 

medic...n of the grade next higher . Per a a the mo t s triki ng i l­

lustration of overlapping is to be found in Fi gur e V (2) - 8th 

and 12th grade pupils . This Figure a t ~~ fr m % to 4 % of 

the 8th grade pupils ' scores ere above the medi for the - 12 

Girls, 2 to 20% of the 8th grade u il s ' score ere above the 

e ian for the +12 Girl , while 3% of the +8 Boys ere bove the 

median for the - 12 Boye . In fact it as impossible t fiud Y 

grade group · ich does not overlap o nsiderably 1th each of 

the other grade groups . This illustration is of the extreme 

case , for it involved the 8th and 12th gr des , the .ide t range 

13 

of grades. For t o adjacent grades the overl ap ing is even gre ter . 

C. umbers of sciences 

Since there a r e si ificant di ff erences among the achieve­

ments of the different grade grou s , all of hich re in favor of 

the higher grades and also 1 favor f the pu ils ho had tudie 
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General Science, the question arose as to the probable oaueee of 

greater achievement, other t han the faot that the pupil had taken 

General Science. Thie waa an important question in as much as the 

Figures and data eho~ a constant growth of achievement whether 

pupils take General Science or not, the only difference being in 

the relative amounts of the gro th. 

It is important to note that the median of the +12 Girls 

is only 13 points or a little leas than 1 P.E. of the diatributi n 

above the median of the -12 Girls. (See Table II, XII, d igure 

V(a-h), VII, VIII) Like ise note may be made that the median of 

the + 12 Boys as identical ith the median f the -12 Boye. 

T e latter, ho ever, as due 1 rgely to chance, as it snot in 

the 221 distributions and as the only case of ite kind. In the 

Tables and Figures of the 221 i te distribution, the medi of 

the 2 Girls is 1 points or slightly lees th 1 P.E. of dietri­

buti n above the median of the -12 Glrls, and the median of the 

+12 Boye is only 5 points or P.E. of distributio abov t e 

median of the -12 Boys. Further, the amount of i ncrease of achieve­

ment as noted by medians ie 3 points between -8 Girls n -12 

Girls , and 40 points bet een -8 Girl an +12 Girls, For the boys 

the difference bet een median of -8 Boye nd -12 Boys is 45 points, 

and between -8 Boye and +12 Boy 50 oint , hen aeed n the die­

tri bution Tabl XI. Simil r ta for 30 item di tribution T le 

XII eho t at the diff erenoe bet een the medians of - 8 Girls d 

-12 Girl is 48 ointe, bet een -8 Girls ..:.lld +12 Girls is 61 oint 

bet een -8 Boye d -12 B ye ie 63 i nt , d bet een -8 Boys 

d +12 Boye ie 63 points. 
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The decided differences of c ievement, on the part of pupils 

who had not taken General Science and have reached the 12th gr de, 

over the respective medians of their 8th grades has at least t o 

explanations . 

(1) Sciences other than General Science taken by the pupil have 

accounted for this growth. 

(2) Elimination of the less capable upils might cc unt for an 

apparent growth . The latter explanation, ho ever, is subject to 

t o criticisms - (a) The correlation bet een scores and time of 

oing the test, which usually baa a positive correl tion 1th 

intelligence test scores, as practically zero, an~bfike ise the 

correlation bet een chronological age and scores as near zero. 

B th the e correl tions sho t t the lee capable upils ere 

in the group taking the test, at least in some numbers. 

In order to ascertain to hat extent other sciences contri-

buted to arda the chievement of pupils h h t d General 

Qcience , the number of sciences hioh the pupils had taken ere 

counted for 5,970 cases. Table XIII (NU ER F CIE C SP TU-

DEUT FO 5742 ASES) gi vee the di tribution of the u ils in the 

t enty gr de groups and the number of the aoienoee, hich these 

pupils h d listed on the first page of the original test in Gen­

eral Science, completed by each pupil. At the right of the able 

in the col headed "TOTAL" is the actual n ber of sciences, 

eaoh taken for one year, or "science ye re , hich were taken by 

the group listed at the le ft. Thu 582 is the sum of 49 ti~ee 

zero plus 206 times 1 plus 176 times 2 plus 8 times 3, or the 

total number of times y scienoee ere taken by ll of the 439 



TABLE XIII 142 

NU JBER OF SCIENCES PER STUDENT FOR 5742 CA E 

JUABER OF SCIE TCES PER STUDEJT 

Student Mo . 
Groups Students 0 1 2 3 4 5 6 7 8 9 'T' AL 

Number of students having the above number of sciences 
-8Girls 439 49 206 176 8 582 
-8Boys 372 163 186 22 1 . 233 
+8Girle 44 8 10 25 1 107 
t 8Bo_¥~ 49 . 9 36 4 . 93 

TOTAL 904 212 410 243 38 1 1015 

-9Gi rls 482 89 220 138 22 6 6 1 622 
-9Boys 300 188 71 32 3 5 1 . . 169 
+9Girls 351 57 131 145 10 3 5 839 
t 9Boys 294 150 127 16 1 . 456 

TOTAL 1429 277 498 428 186 22 10 6 2086 

-lOGirls 513 116 181 147 42 13 12 2 725 
-lOBoys 289 100 105 58 14 7 5 316 
+lOGirls 261 23 103 93 23 9 6 4 709 
tlOBoys 242 8 86 54 13 5 8 509 
TOTAL 1305 216 389 394 203 56 31 16 4 2259 

-llGirls . 440 32 1 127 11 50 16 9 1 1028 
-llBoya 263 38 69 88 46 15 6 1 479 
+llGi rls 197 23 33 61 44 23 11 2 643 
~ llBoys 143 16 47 49 18 5 5 3 ~5 . 
°TOTAL 1043 70 199 295 270 127 50 26 6 3555 

-l2Gi rle 347 17 46 76 104 53 25 14 11 1 1016 
-l2Boye 410 5 25 61 68 30 13 5 2 1 588 

+12Girls 192 3 21 44 59 33 13 14 2 3 797 
tl2Boys 141 3 16 43 45 17 9 6 2 541 
TOTAL d9U 22 77 174 259 187 88 41 :53 6 3 2943 

Jr .Coll . 6 . 4 2 20 
Univ.I 9 l 1 4 2 . 1 29 

I II 134 17 43 38 23 9 3 1 513 

" III 18 2 7 1 4 2 1 1 76 
IV 6 1 5 29 

TOTAL 173 1 58 4 32 12 4 2 



girl . Li ke 1 , 233 1 t he um of 163 t i me plu 186 t i 1 

plu 22 times 2 lua l tim a 3 , r the tot 1 n be r o tim y 

oi o e re t ken by 1 f the 372 - 8 Boy . On th b 1e of 

T ble XIII, Table XIV con tructe . I t gives t h m numb r 

of oienoe per u il 1 ch of the i f f t g r gro s . 

TABLE XIV 

0 GRADE 
th l th 

- Girl 1.29 1 . 1 

+ Girl 2 . 3 2 . 38 2 .7 2 3 . 27 . 16 

- Boy . 63 . 56 .1 1.82 2 . 8 

+ Boy 1.90 1.55 2 . 2 . 83 3 . 8 

• 
Univer ity ... . ... . . (I) 3 . 22 . (II) 3 . 82 . (III) . 22 . (I ) 
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SC RES No .CASES 

15 - 159 ........ 4 
16 - 169 ........ 14 
17 -179 ........ 22 
180-189 ........ 2 
19 -199 ........ 25 
20 -209 ........ 22 
210-219 ........ 17 
220-229 ........ 16 
230-239 ... . .... 7 
240-249 .. . ... .. 5 
250- ........ 4 

Total: 150 

It is to be remembered tha t score 175 is in the 50 eroentile 

for the achievement of +12 Girls. One hundred t enty- one or 

80% of these senior ~ 1th five sciences e~e in the upper ! 

of the distribution of +12 Girls . 

Reference to the relatively lar er number of ci noe er 

pupil on the part of the girls and their relative y lo r 1 v -

ment on the test as compared i th boy , rom t 

the aotual sciences taken by different grou 

TA LE XV (FREOUE CIES H H DIFFE 

5742 STUDE s) hich sho s the fre uenoie i•h 

sciences ere taken by 5 , 742 u ils 1 the five gr 1 

one to conclude that the igher me n n er o oie oe 

for instance of the +9 Girls over t e + Boye , is e to 

fact that relatively larger numbers of girls k 

than o b y , d.Dd that a high eroent ge of girl t 

Science , hich is seldom t en by boy In ucb 

f erence in the me number of aoienoee per pupil t 

1 o! 

1 J 

io 

is comparatively sm ~ll ( bout 2 
aoienoe per p pi in f vor o. 

0 r d - Boys or ~ irl en either - Girls t e girls), 

considered, this latter expl ation see a quite fe aible. er 
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A etudy of the 8th gr de scores made on the G n r 1 Scie o 

teat by boys nd girls ~ho had not had General Soi nee o t e 

scores of 11th nd 12th gra e pupils many of hom had ad ev r 1 

a eci alized sciences, sho1a consider ble overlappin . Refer_noe 

to Figure V(a) shows that 25% of the -8 Boy do a ell 3 to 

50% of the 12th grade boya ho have had a mean number of 3.S 

sciences per pupil, including Gener 1 Science. anty-fiv per-

cent of the - 8 Girls do as ell as 8 to 5 % of the 12th gr e 

girls iho have haj a mean of 4.16 sciences er u il, inol~ding 

General Science. The fact is lso a rent t t only 5 1 of t 

12th grade pupils in either group exceed the soore by th 

best 8th gr de pupils ho bava not h Gener l Soi ce. Like is 

only about 25 of the 8th grade pupils v not h er l 

Science o poorer ork n the Gener 1 Science t t t e 

oorest 12th grade upil. It is easy to un erst 

cla a problems if in thGt cl a re to b f oun 

girls ho belong to the upper leval of the 8th g 

eacribed. It is also possible to re lize ho 11 ·1 

the better pupils are really ble to achieve in 

ind hen the subject matter of t t course is alr 

in their possession. 

of th 

b ye or 

j t 

o e o-

of hie 

y 1 r 1 

In accord nee 1th the findings of •his tu y, it ie 

riter's purpose to sug est that p 11 b ·ivi e _or e 

urpoae of class instruction on the b sis of t t of • 

Ubject matter of Gener~l Science re y in th ir o e i n 

r~ther th on sheer mental ability. Of c ~r e t idea co i-

t1on -- the most c nu endable cla s room situation in school 

....... _______________________________ . 



1 rg enough to p rmit it -- oul t t u il 'or th e of 

homogeneity in t obing be iviie o 8i8 of i 1t1 t 

of eubj ct tter lre y in th ir e i n 1 o o t 

bili ty furth r to o u1r ubj ct tter . hi 8 t i ia 

further trengthened by ref r nc to Figure (b) , hioh ho a 

th t 5 of th -8 Girl e oe 17~ of th +8 Girls 9 o 

+9 Girls in ohievem nt . 

67 of the +8 Girle d 4 

must be borne .in mind th t 

Lik iee 1 of th - 8 

of the +9 Girl in o 1 

t ver the ount of perc 

0 

nt. I 

t of - 8 

Girls t at exo _d or ev n u 1 c 1eve e t o. + 8 or t 1 e, 

this cunt or percent t n a to r r e nt th ount o or 

ted in their teaching. 

It y leo b d e th t t e oi c 

before u ... 11 ve begun the at y of 

tion of .62 bet e n te t ecor 

t o u rt r . hie o a m to 

c 0 

c t 

ile kno of 8Ub 

in con 1t1oning the 

ot !or 

cbool m r 

ec 

R 

Boy 

h n they e·u y it. 

r_n e to igur II 

127 the e 1 

8 n 

c t 

8 t t 

0 -8 

it 

y 

0 

r 

1 r o 1 

l 

1 e , th- m 1 n for B ya 162 o ir 

15 or 12 ointe lees. t is 1n1 1 bo 

irle by 13 oi ts ~ on ear 1 •er {b 1 o 

cores) th boys 111 excee irls b o 

c ly t e ount b ic th h e c t ir 

instruction. In th 1 e r •he me i 5 0 

0 



girls and 168 for th lu boys, or 11 points better. In the 

11th ye r the median score for lus girls 8 158 d or plu 

boys 188, or 3 points b tter. Refer noe to the m n ber ot 

science per pu il eho s th t bet e n the 10th d th_ L.th y r 

the increase in the me number of sci nc s p r pupil i r ater 

by about one-fifth science for the boy . Refer nee to able X 

ho s that 88 of the plus 11 boys or 61 h t ken Physics or 

Chemistry, hile only 67 or 34~ of he girls d a ed th ee 

so-ca lled h rder' sciences to their o session. In t e 2th 

ye r, hen eao grou h d added praotio lly hole acienoe to 

it mean, the median for the +12 Girls a 175 hil tor the ~ 12 

Boye the medi as 19 , dif er nee of 15 points. ruo t 

this ooropariaon it is evi e t th t iff renoea in gr e 

after the subject as et ied, re pendent to e 

on differences of gr 

a be un. 

ef or th t ·y of tb a 

E. of 8th __g_ 9th g t 

It ia pos ible to oo . r the 0 i ve nt on the 22 1 

the 3 ite te t (5 bo e irl 

0 took en r 1 cienoe in .. .., 8 gr de of •b ior 

heae dat m y be signi !'ic nt. 

221 

edi cores o! - -8 Gro p ~8 ro 9 rou. 

Girls .............. 8 95 l l 
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THE AMOUNTS BY WHICH BOYS 1 MEDIANS EXCEED GIRLS' MEDIANS ON 

300 ITEM DISTRIBUTIONS. 

8th 

Plus Group .......... 24 

!inue Group 13 

GRADE 

9th 

12 

11 

1 th 

11 

15 

11th 

3 

22 

12th 

15 

28 

It has reviously been demonstrated th t the maximum dif-

f erenoe of medians on the 3 item istributiona, ic is 

necessary just to eli i~ate a 1 c ce errors of its not being 

a difference , is 10.5 It is evident that the above difference 

all exceed 10.5 and re theref re ctu.c::il differe ces. Si il r y 

exa ination of Table XI ill sho that me i e f r t e boy ' 

groups exceed medi a for the girl ' grou by 

than 6.1 hich is just neoees ry to eli inat­

of it not being a difference . 

1 c 

o t gre ter 

ce error 

T e optimistic teacher ill prob b1y be stoun ed by the 

statement that the amount of achievement, s me eur d by C 1 I 

e to a year 's wor or st dy a· ect resu-t in rel t1vely 

maller g ins th even the ore c n erv~tive te c·er ea-

ti ~te . en the c.. t of annuo.l gr th 1 oom uted o the b i 

f me ian scores o the Gener 1 Science test, e fi th t the 

iff erenoee bet een - 8 Girl and t Girls n · bet ee. -8 0 

t B ya (the only t ce i t i atu y ere c Q.ri .p-
.!. 

t i ind ould be a e) are 36 oirl t an 28 i t eo11iv ... y 

en uartile deviations re 1 . 5 Wld 17 for the St t 

grade girls and 19 and 2 .l for the 8th (1. 

... 
" 

gr e b y 
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hen the difference between - 8th grade pupils and + 9th 

grade pupils ia oomputed on the ba is of Sc le points or P.E. 

values baaed on item difficulty, the difference due to i nstruction 

is considerably less . Reference to Figure I ho a that the 8th 

grade median, hich is the average of the medi ans for the - 8 Girl 

and the -8 Boys, is 7.451 P .E. bove the arbitrary zero. The 

9th grade median, based on the average of the medians of the 

t O Girls and the +9 Boys , as 8 P.E . above the arbitrary zero. 

The difference due to one year ' s growth d teaching as found to 

be .539 P.E . or about 5 . 4 Scale points. Thi difference cor­

responds fairly closely with differences found by Doctor Van 

agenen in his studies of History, Geogr hy and English Compo­

sition~ He reports t at about . 6 P .E. or 6 Scale oints 1 the 

median amount of growth to bee ected from one year's te ohing . 

This may be at least partly ex laine by assuming that there 

are hierarchies of ideas or conce ti n eveoped in the leaniing 

of any subject material other th ere routine e ory or · 

That is, it is impossible to teach or to understand a co ple , 

difficult idea or conception apart from the basic f ots, ide s 

or coPceptione hich underlie it . T us it is i o sib e re 1 Y 

to understand the working rinoi lee of suction pump itbout 

first understanding the princi 1 of air pressure . ?or is it po -

sible to teach or to understand res ir tion it out _irst te oh­

ing or understanding oxidation . The underat ding of heredity 

re uires some understanding of repro uction and cl cell structure. 

It is apparent that if one measured the progress made in an cour e 

by the number of really complex ideas or conceptions acquired, 

• Unpublished data. 

~-- ~ -----~----------------111111111--------
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the progress ould necessarily be smaller th if one me sure it 

by the number of illustr~tions or of the sub-ideas of the e com­

plex conceptions. If a scale of complex i eae or oonc ptions i 

constructed in such a dY that the unit of me surement is i 

or conception hich is po eessed by 5 ( of pupils ho h ve stu 1 d 

the subject for one year, the amount of gro th ill eoeesarily 

be small. 

It must be borne in mind en oom ring so~le te t cor e 

an Scale and test me ians th t, s is seen in T ble VI, if pupil 

are able to do t s s of the ifficulty of tho e found 8 P •• 

above t e rbitrary zero bee use of the large number of it in 

the Seal hioh re in the r ge of ~ ro im te y 1 P .. 

and 1 P . E . belo this me ian of 8 P .E., the u 11 1 cor e e 

a tendency to sho err~tio lly 1 rge ount of ro th, s ie in-

icated by the medians in the former paragr ph. T t is, bee us 

as many as 18 items ere :found to be of t 8 if fie y, 

namely 7.9 P.E., it is logioa to e t if i ho 00 

do only items of the fficulty of 7.8 P .E. er in o e y 0 

o uire ability to do 1 tems on -tent' c P . . re if ... i lt , 

n ely 7.9 P . E ., thi o ieve ent oul be ino..ic te on th ori 

n 1 test by an increase of not 1 

the Sc le this add d o ievem nt 

int but 8 poi t , wher ~ o 

U- be in ioate 

of 1 point. Therefore incre e of .5 .. or o t • 
on the Sc le really me ns the ac i itio f r toer 

of conce tions subordin te to tne 5 .4 t 

A ord of arning should, h ev r , b given 1·h reg d to 

t e corn rison of the test me~ians to ea ure t e ount of r 

1-



which is due to instruction in the u per grad s. In the t y 

of overlapping data ere cited hioh aho ed that cert inn r 

of even 8th grade pu ils 1ithout General Science xoeeded the 

achievement of various percBnta of th gr · e u ile o h tu ie 

General Science. It does not re uire much statistic l co~preh n­

aion to imagine what ould happen to a me ia.n if o e had tho 

8th grade pupils 1th a me i of 1 ith ~ r g of 5 to 15 

d then were to eli te the lower 50%. The me ian ou i -

mediately rise to the position previously occupied by the 75th 

percentile . areas e ch an elim tion did not t e 1 e !r m 

the 8th to the 9th grade , for the hole school yst ms ere g1v n 

the General Science test an no such decrease of pu i s o 

from the 8th to the 9th gr de, nor i the corr 1 ions bet een 

scores an time used in doing the test , nor t e corr 1 io s b -

t een scores and chronological e verify the tio. of 

such elitn ation, some elimination ho ever does t k pl 

H. Relative difficulty of the different item !E.! .!221! _ ~= 

In Chapter VI under the introduction to th "Deri 1 o 

the Sea e" a e presented d t h1ch a er the uee io , o 

boys d girls differ 1 the kin of teri 1 ch ie o 

le ming and does le rn?" The r k order of t e 3 

m de on the baai of the number of correct respo e 

500 -8 Girls d by 43 +9 Girl . T e r k or er co r l tio of 

t e e rankings gave a coefficient of .87 i 

The same as done for 4 0 - 8 Boys d 430 + 

p.E . o 

oy , ich 

?. 

coefficient of correlation of .916 1th a P.E . of · 5. .-e 
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mean of these two ooeffioients is .893. en the a e as done 

for -8 Girls and -8 Boys , the coeff icient w a .95 with a P.E . of 

. 003 , hile for +9 Girls and +9 Boye it was .91 with a .E. of 

.c 5. The mean of the t o ooeffioiente is .93 

In other orda, the r k orders f the items for the unt ught 

girls and untaught boys were more like than ere the rank orders 

of the items for girls before dafter taking General Scienoe. 

Like ise the rank orders of the items ere more alike for taught 

9th grade girls and boys t han wer the rank orders of the 1te 

for the boys before and after tak g General Soience. The medians 

of the boys' groups ere of course higher th n er e the medi a 

of the girls' groups, but except for a fe items ighly specialized 

for each group, the r•lative order of difficulty of the item 

remain practically the same . Thia ould mean that not parts of 

General Science ere more difficult for girls th n for boys but 

that relatively all of Gener ~l Science a as much more 1ff1cult 

for girls th for the boys as is in icated by the iff erence 

in the medians. T e tudy of gro the bowed th t irls 

actually make as 1 rge gains by instruction a do boys. he dif-

f erenoe in the achieve ents on the Ge er Science test oeg 

for the t o sexes back in the elementary 80 ool and in the e 

m nt'1ry tr ining ou.tsi e of the echo 1 , for the ff erenoe in 

me di B hi ch i B found bet een gi 1 d boy in the 8th gr e 

is the difference \'lhi oh continues thru ut t e gr ea of the 

secor:dary school hen measured by the Ge e r 1 Scie ce te t. 



CHAPTER IX 

SU ARY 

A umm ry of the oonolu ion r ohed in thi tu y of ubj o 

matter and achievement in Gen ral Science is giv n in th follo ing 

brief statements. 

1. Gener l Science origin te out of de ire for oo r of 

? ..., . 

v . 

4. 

5 . 

science hich ould s rv , not neoe 

ing for a epeoi lized field, but for 1 

life. 

e int naive tr in-

1 t u in every y 

The d v lo ment of Gen r 1 Scie ce e been r 11 1 by th 

formul tion of Gener Scieno b ectiv in m ny it t 

C r in 1 Principles of Eu ti 

Achieve ent i G ner 1 be r 1 

1 o n by t e eve lo ment f r 1 o e 

Sci oe . 

A So 1.., Form of 6 r er y v l l c it 1 

a oour te result in t e ure en• o! G-ner Sci 

ohievement oe 3 1 e t 

Before t king Gener Soie ce c uree, u - 8 

re y f 111 r 1th 0 of t t 

f ct es it ir ble if t er tiv 

for ic truotion in Gener l s 1 oe 0 • t e 1 0 

viou k o le ge of the SU eot. 

the need for General cienoe te t pi 8 0 1 -

fer en• ment l Je vel 
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6. The annual increase in chievement in General Science due 

to teaching, as measure by the General Scienc Sc le, i 

small, namely, .539 P.E. or 5 . 39 Sc le ointe . 

7. Real sex differences in amount of General soienoe inforrr.a.tion 

exist even prior to instruction in Gener l science. These 

sex differences, in favor of the boys, perei t thruout the 

high school course. 

8. The relative order f difficulty for the items of the Gen­

eral Science teat are practically similar for the t o sexes. 

9. There is a ide variation of chievement in General Science 

among different schools. 

lG. The difference in teat points bet een the median soore of 

8th grade pupils who have and ho ve not h General Sci­

ence, is equal to the difference bet een the median core 

of 9th gr de pupils ho have and ho h ve not had Gener 

Science. Thie indicates that 8th grade pu ils pr fit p-

proximately as much by in truction in Genera Science o 

th grade pupils. 

11. Pu ils who have not had a course in G ner 1 Scieno , o-

uire considerable Gener 1 Science 1 for tion in co see 

in specialized sciences. Difference in oentr 1 ten noie 

continue, ho ever, in favor of those pupils ho v 

General Science. 

la. Ac~ievement on the General Science te t sho 
unif or y hi 

scores for pu ils ho ve d a co ee in Gener 1 cienc . 

13. Perfor ance on the General Science Sc le e o for e o e 

a definite, direct relationshi to the n ber of oienoe 

cour es the pupil has taken . 

r 

........... ~ ~ ~~~-------------------~ 



14 . Any t o of the fiv gr de 

l ping of achievement, eve 

gr ade pu il . 

stu 1e 

i the o s 

r b 

of St 
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12th 





IN l\1A1'10N l'l'llllRed by August Dvorck, Uuh·endty of l\fhme.'!Ol<l. 
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........ How many yenrs ago? .. . 
. ........... How many years ago? .. . 

··········-···How many years ago? ... . 

3;). Ji<>t1l is !l'lensured in Degrees, Calories, Candle Power, Kilo-
1 

36. 
2 
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65. 

66. 

67. 

68. 

G9. 

70. 

71. 

72. 

73. 

74. 

75. 

7G. 

77. 

78. 

79. 

80. 

81. 

82. 

Soft coal is al so known a s Anthracite, Asphalt, Lignite, 
Bituminous, Peat ___ __ _ 65 
Petroleum is a Ch2mical Compound, a Chemical Element, 
a Mixture, a Pure Substance, an Impure Substance____ ______ __ 66 
Air brakes are controlled by a Foot Lever, an Automatic 
Device, by Tension on a Strap, by Turning a Handle, by 

Holding a Lever·------- --------- ------- ----------- ------ ------·------------------------ 67 
The water pipes burst in the winter time because of Con­
traction of I .. ead, Expansion of Water, Expansion of Lead, 
Chemical Action, Brittleness _______ _ ___ ·-- --------------- ----------------· 68 
The ra tio of the number of units oC force applied to a 
machine to the number of units of force delivered by a 
machine is called Efficiency, Out-Put, Available Energy, 
Mechanical Advantage, Waste 69 
An example of a chemical element is Water, Carbon­
Dioxide, Mercury, Ammonia, Nitric Acid____ _________ ____ __ ______ ___ 70 
On a curve, the tracks are Higher in the Inside than Out­
side, Higher Outside than In, Same Height, Wider, Nar-

rower. ------ -------------·----·-···-··--------------------- ------ --············-···-··---· --·· 71 
Early settlers located on bodies of water in order to Get 
Pure Drinking Water, to Get Water for Personal Needs, 
for Pleasure and Beauty, for Navigation, to get Good Land 72 
Sound is produced by Vibration of the Definite Part of the 
Instrument by the Movement of Air, by the Effect on the 
Ear of Air Waves, by Electric Waves, by Ether Waves, 
by Magnetic Waves 73 
The voice is carried along the wires by Sound Vibrations, 
Electric Pulses, Magnetism, Energy, Electron ___________________ ___ 74 

We pay for electricity by the Watt, Ampere, Volt, Ohm, 
Kilowatt-Hour 75 

An octave consi~b; of Eight Notes, of Seven and One-ha\[ 
Notes, of Three Major Chords, of High Notes , of a Note ... 76 
The magnetic field in Dynamos is produced by Trans­
formers, Natural Magnets, Electro Magnets, Condensors, 

Leyden Jars ·--------- ---····------------------ ---·----········ --- --------·-··-------- --- 77 
All space is believed to be fill ed by Air, Oxygen, Ether, 

Heat, Moisture ------------ ·--·····--·--- --···-·· --------····- -------------------·---··· - 78 
Which can turn somersaults most safely with his ma­
chine : The Chauffeur, Flier, Sailor. Conductor, the Can-

noneer ------------ ------------ -- ------- ---- ----- ------···· -- -- ---- ----------·--·-------··--··· 79 
The modern electric light bulb is fi lled with Air, Hydro-
gen, Helium, Oxygen, or is a Vacuum __ ___ __________ ---··-···---- ·--·- -· 80 
Th e handle of a skillet becomes hot as a result of Resis -
tance, Conduction, Friction, Radiation, I .. atent Heat__ _____ ___ 81 
The t erm induction is used most in connection wi t h 

Hing Bodies, Solutions, Electrical Cur-
rents 82 

83. 1.arge ships are usually made of Steel, Copper, '\Vood, 
Lead, Brass ------------------------------------------------ ----- -------- ---- ------------- 83 

8-1. Combustion is another name for Drying, Shrinking, Boil-
ing, Burning, Melting --- ----------- ----- -------- ------ ----------- -- -------- --- --- -- 84 

85. A'n example of an alkali is Aluminum, Sodium Hydroxide, 
Table Salt, Mercury, Potassium Chlorate ...... . . 85 

RG. The density of a solid is usually compared with that of 
Air, Hydrog-en, Water, Lead, Wood ______ _ 86 

87. A metal which can be drawn into fine thread is said to be 
Elastic, Ductile, Flexible, Malleable, Magnetic _______ ________ _____ 87 

88. The resistance a body offers to being set into motion is 
called Momentum, Friction, Cohesion, Erosion, Inertia ____ __ 88 

89. An example of a lever of the first class is found in the Nut 
Cracker, Scisrnrs, Wheel Barrow, Inclined Plane, Biceps 
Muscle 89 

90. The sensitive film material is made of Silver Chloride, 
Si1ver Bromide, Pota~sium Nitrate, Iron Oxalate, Potas­

sium Chloride __ -------------- ---------------- ------------------- --·-· -- ·--- -----·------ - 90 
91. A mirage is a kind of Body of Water, Optical Illusion, 

Vision, Desert, Warfare 
92. Sewer gas is kept from entering a house from the sewer 

91 

by a Valve, Trap, Faucet, Damper, Drain ____ ___ ____ _________ ____ ______ 92 

93. An example of oxidation is the Rusting of Iron, Electrol­
ysis of Water, Melting of Ice, Action of Acid on Zinc, 
Heating Potassium Chlorate ___ ___ __ _____________ ____ __ __ _________ __ _________ ___ 93 

94. Mosquitoes breed in Filth, Still Water, Rivers, on the 
Ground, in Oceans _____ _____ __ ____ __ __ __ ______ __ ___________________________________ ___ 94 

93. Treating a child for whooping cough you would keep him 
in a Close Room, Out of Doors, in Bed, Without Food, in a 

Turkish Bath --------- ---------- ---------- ----- --- ---------- -- --- --- ------ --- -- -·-- -··· -- 95 
96. The teeth should be examined bv the dentis t every Half 

Year, Every Year, Every Two Years, Every Month, Every 

Ten Years ·--- --- -- --·- -------- ----· --·--- ---- ------ --··------·· ···----····--- -- ---···--··-- 96 
97. The best method of sewage disposal is Cess Pool, Open 

Sewer, Closed Sewer, Septic Tank, Surface Drain ____ __ __ ______ __ 97 

!38. To reduce danger of ptomaine poisoning a can of salmon 
should be Heated Thoroughly, Prote~ted from Flies, 
Emptied out of Can Promptly, Thoroughly Salted, Eaten 

with Vinegar ---··-····-----·· -·-- ·······----- -----·------- ---- --------·-.--- --- -- -----.- - 98 
99. Hemorrhages from wounds should be stopped by Applying 

Pressure on Side of Blood Vessel from Which Blood is 
Coming, Applying Antiseptics, Keeping Clean, Shutting 
Out Air and Dust, Applying Dirt__ ____ _______ __ · __ ___ ____ ___ ________ _______ 99 

100. Dressings on a wound should be removed and fresh ones 
applied Once a Week, Once a Day, Never, ·when the Wound 
is Well, Every Hour _____ ___ __ __ _____ ____ _ , __ ______ ____ __ ______ ______ ___ ____ __ ____ ___ _ l 00 

101. Fleas are parasitic on rats and transmit a disease called 
Beri-Beri, Bubonic Plague, Malaria, Yellow Fever, Mumps .. 101 

102. 

103. 

104. 

105. 

106. 

107. 

108. 

109. 

110. 

111. 

112. 

113. 

114. 

115. 

116. 

117. 

118. 

119. 

120. 

121. 

122. 

123. 

124. 

125. 

126. 

127. 

128. 

129. 

130. 

131. 
132. 
133. 

134. 

135. 

136. 

137. 
138. 

139. 

140. 

The best way to make impure ·water safe is to Let it Set-
tle, Boil it, Freeze it, Use Chemicals, do Nothing __ ___ ___ __ ______ l02 

To make milk free from bacteria, milk is Pasteurized, 
Frozen, Inoculated, Poisoned, Skimmed ____ ___________ ______ ____ ____ ___ l03 

Small pox is prevented by Medicine, Vaccination, Anti-
Toxin, Pasteurization, Sterilization ___ ___________ __ __ ___ __ __ ___ ___ ________ .104 

Usually t he most serious danger from wounds is infec­
tion which may be prevented by Covering the Wound at 
Once, Keeping Wound Open and Clean, Stopping Bleeding, 
Putting Adhesive Over it, Putting in Salve ____ __ ____ __ __ __ ________ l05 

The death r ate from tuberculosis is highest among Stone 
Cutters, House Servants, Farmers, Bookkeepers, Stu-

dents --------------·--·------··-------------------- ------- ---------------- ·-·-····· ··--·- ·-----106 
Windows should be opened, at Sides, Top and Bottom, Top 
and Sides, Bottom and Sides, Bottom ______ __ ____________ ________________ 107 

Poisonous products secreted by bacteria are called Enzy-
mes, Anti-Bodies, Toxins, Vaccines, Legumes _______ ____ _____ ___ _ 108 
To treat a cut use Lime Water, Iodine, Linseed Oil, Salve, 

Nothing ---- ----···-····· -- ·----- --- ----------····-·-···------ ----·· --- ·-····--------------- --109 
The vaccine used to prevent typhoid fever consists of Bac-
terial Cells, Horse Blood Serum, Anti-Toxin, a Chemical 

Preparation, Acids --------- ---------- ------------- --------- ---------- ---- -----------110 
Wounds should be allowed to bleed a Little, Not at All, Un-
til They Stop Naturally, a Great Deal, Quantities ____ ___ ____ ___ __ lll 
Tight bandages should be Left Untouched, be Loosened 
When Hleeding Stops, Never Be Applied, Removed Wh'en 
the Doctor Calls, Tightened ___ __________ __________ ____ ___ _____ _______ ________ ... 112 

Adhesive tape may be put over open wounds Next to Skin, 
with Gauze Between Tape and Skin, Not at All if Freshly 
Cut, if There is Dirt Present, if no Dirt is Present ______ ________ ll3 

Mosquitoes can be eliminated by Swatting Them, by hn­
porting Birds, by Destroying Their Breeding Places, by 

Smudges, by Poison ----· ·····----·---------------------------- ·-······--·-··-------114 
Alcoholic fermentation is produced by Mold, Yeast , Bac-

teria, Germs, Air ------·---------- ------------·--- ------------- --- -------------------- -115 
Arterial wounds are dangerous and may be recognized be­
cause blood Oozes Out, Jets Out, Flows Evenly, Flows 

Slowly, Flows Rapidly --------- -------- ------ ------------- ----------- ---- -- --- ----116 
Tuberculosis is contracted by Contact with Patient, Con­
tact with Clothing", from Bacilli of Sputum, by Taking 
Cold, Bathing ________ __ __ : __ _______ ________ __ ___________________ ____ ___ _______ ________ ___ ll 7 

Tuberculosis is prevent ed by Medicine, by Hygienic Liv-
ing, by Massage, Osteopathy, Chiropractic __ ________ ___ __ _______ ___ _ l18 

The best temperature for a living room is 60 F., 68 I<'., 
75 F., 78 F., 80 F .... .... ------ ----------------------- ---------- -· -------------- ---·· ·· -119 
All c.ow& in. certified dairies are tested . ~or Typhoid, . Tu- · 
berculosis, Mange, Diphtheria, Yel1ow Fever ________________________ l20 
Milk produced under sanitary conditions and from tuber­
cular tested cows is Pasteurized, Sterilized, Certified, 
Boiled, Impure ----------------- ------------------------ ------ ---------------------------121 
\.Vhy are we quarantined for the Measles'! To Protect the 
Patient, to Prevent the Spread of the Disease, to Satisfy 
Public 01>inion, to Make Money, to Keep the Patient at 

Home -- -- --- --- --- ------------------- ------ ----- --- ------------- ------------------------- ---- --122 
The house fly is harmful because it Destroys Crops, has a 
Poisonous Bite, Carries Bacteria, Destroys Food, it is Hard 

to Strike ------- -------- ---·- -----·-------- -- --· --- --·----- -- -·----- -- -----------------------123 
Open wounds should be bathed with a dilute solution of 
Hydrogen Peroxide, Alcohol, Sulphuric Acid, Soda, To­

bacco Juice --------------------------------- --------------------------------- --------- -- ---124 
The best illumination or light for working or reading is 
Direct, Reflected, Indirect, White, Blue __ ____ _____________ ____________ __ .125 
The source of most healthful light is the Sun, Kerosene, 
Gas, Electricity, Candles __ ___ __ ___ ______ ___ ______ ___ __ __ ________ ______ _________ ___ l26 

Gas and kerosene are least desirable as light sources 
because of Poor Light, Oxidation Products, Excessiv~ 
Care, Expense, Smoke ____ ____ _____ ______ __ ____ ___ ____ ______ ________________ ________ l27 

The main purpose of respiration is Energy-Release, Elimi­
nation of C0 2, Manufacture of Food, Secretion of Water, 
Purification of Air ___ ______ ___ ______ _______ ___ ____ ___ ______________ ____ __ ___ ___ _ : .. , .. 128 

When the child's first permanent teeth appear he is 6 
or 7 Years Old, 12 Years Old, 18 Years Old, 20 Years 
Old, 30 Years Old ___ ___ ______ ____ __ __ ____ ____ __ __ __ ___ _____ __ ___ ___ ___ ______ _____ _____ _ l29 

The ovum or egg cell is produced in the Kidney, Embryo, 
Ovary, Gamete, Sporagium ____ _____ ______ , ___ ________ ___ ____ __ __ _____ __ ___ _____ _ 130 

Air is breathed into Stomach, Heart, Lungs, Eyes, Liyer._131 
Adenoids are found in Mouth, Nose, Ear, Throa't, Lungs .... 132 
Adenoids are disposed of by Medicine, Massage, Opera-
tion, Chiropractors, Osteopaths ___________ ______________ _____ ________ ________ l33 

One of the excretory organs in the body is the Heart, 
Liver, Skin, Duodenum, Spleen ___ __ ____ ____ ____ ___ ___ _____ __ ____ ___ ___ ______ 134 

The distinguishing featureg of the mammals is fhe posses­
sion of Backbones, Hair, Two Pairs of Legs, Milk Glands, 

Nervous Systems ---- ----- ---- --- --- --- ----------- ----------- --- --- ---- -- --- ----- ------135 
A collection of similar cells is called an Organism, TiSl3u~, 
Gland, 1\1 use le, Function ________ --- -- - --- ---------·--·---·-- ------ ------·---··----136 . 
The adult has 18, 30, 2,5, 32, 20 Teeth ______________________ _____ ___ ___ ___ 137 

The pleura is a protection for tha Heart, ,Rones, Muscles, 

Lungs, Brain -------- -- - --- - - - -- ----- - -- -- - -- -------- ---- - · -- -- --- -- --~-- - ·- - - - ------·-- · 138 
Air in the ear is equalized by the Auditory " Meat us, the 
Cochlea, the Eustachi.an Tube, Incus, Semi-Circular Ca-
nals -- --- --- ----- --------· -- ----------·-------- ---- ----- ---- --- -- --------------------------: ___ _ 139 
When you jerk your finger from a hot stove, the action is 
Voluntary, Involuntary, Reflex, Contemplated, Premedi-

tated ·· ---------·---------- ··--·- --· -· -- ---- ······----- -------------------- --- -- --------- --- ---140 

I 

141. The average pulse rate for an adult man ·is. 100, 45, 72, 

60, 50 ··--···--------- ------------ -- --- --------- ------------ -------- --- ---·--------------- --- ·141 
142. The kidneys Digest Food, Clean Blood of Wastes, Build 

Up New Blood Cells, Support t he Backbone, are Useless ____ l42 
143. A ferment is another name for a Bacterium, Enzyme, 

Toxin, Vaccine, Serum --- -----··· ·------ --------- -- --- ------- ---- -- ---------------143 
144. The part of the eye that regulates the ent rance of light ig 

the Pupil, the Iris, the Retina, the Eye-Lid, t he Lens .. .. .... 144 
145. Tonsils are located in the Gullet, Throat, Nose, Ears, 

Lungs ----- --------- --- ---------------- ---------- -- ---- ------ -- -- --- -- --- -- -- ---- -- -----------145 
146. Normal respiration per minute is 15-18, 20-25, 70-75, 

10-12, 103 ----------- ------ -- ---- -- ---------- ···--·-- ----------------- -- ---- -------- --------146 
147. The vertebrae are parts of the Heai·t, Muscles, Backbone, 

.Teeth, Toes -------------------------- --------------- ------ -- ----- --- --- -- ------ -------- --147 
148. The teeth should be cleaned with a brush Every Week, 

Three Times a Day, Every Month, Every Year, Never ______ l48 
149. In a child's first set of teeth, there are 18 Teeth, 20 Teeth, 

25 Teeth, 32 Teeth, 14 Teeth ___ ________ __ ___ ___ ____________ ___________________ l49 

150. The hard substance of the tooth is called Dentine, Enamel, 
Neck, Root, Bone __________________ _______________ _______________ ___ __ ________ __ ______ _ l50 

151. Venous wounds may be recognized because blood flows 
Slowly and Evenly, Jets Out, Oozes Out, Not at All, 

Rapidly --- ------- --------··----------··-·····--·------------·--·------ --- --- --- --------- -----151 
152. The pulp cavity contains Minerals, Periosteum, Nerves, 

Tendons, Ligaments ---- ---------- -- ------- -------- ----- -------------------- ---- -- --152 
153. The eyes are injured most by Improper Light, Dark, Dust, 

Strain, Work -- --- --------- -------------------- ------- -- ------ ------------ -- ------------ -153 
154. Medicinal nose sprays should not be used because they 

Kill Germs, Clean the Nose, Destroy Valuable Mucous 
Secretions, Prevent Colds, Have an Odor at AU Times._154 

155. The ears are injured most by-Loud Music, Noises, Strain, 

".Boxing," Quiet ········· ·············· ···--··· ···· ·· ········· --·- ··· -··· ····-· ··- --···-155 
156. The muscles are benefitted most by Rest, Hard Work, Sys-

tematic Diet, Play, Systematic Exercise ___ ___ __ ____ ___ _____ ___ _____ __ l56 

157. A good health motto is "Keep the head cool and the feet 
Cooler," Warm, Well Clothed, Hot. Dry ________________ ________ ___ __ ___ l57 

158. The apparatus necessary to carry messages consists of 
two wires, batteries, receiver and a Mouthpiece, a Box, a · 
Transmitter, an Electromagnet, a Bell.. ________________________________ 158 

159. The centrifugal force of a cream separator separates milk 
from cream because the cream is Lighter, Heavier, 
Thicker, Denser, Greasier ________ ___________ , _____________________________________ 159 

160. The separation of liquids and solid~ 'by evaporation and 
c~:mclensation. is i;alled So ~, Distillation, Diffusi~n, Fu­
sion, Transpiration ---------------------------- .,_--------------------------------------160 

161. Concr ete is r einforced with Iron, -Wood, Straw, Cloth, 

Rope --- ---- --- ------ -- ---- ------------------- ------ -- ------ --- ---- -- --- -- ----- ----- -- ------ ---161 
162. Ventilation is best secured w ith Stoves, Hot Air Fur­

naces Steam Heating Hot Water Heating, Electric Heat..162 
163. Fusi~n means the sa'me as Evaporation, Boiling, Freez-

. D. l · D. t·11· · 163 mg, ISSO vmg, IS 1 mg .. .... ----- -------- ---------------------- ----- ---··:··--
164. - Fanning the body on a dry day produc~s a cool sen~ation 

because of Movement of the Air, Rapid Evaporation of 
Moisture into the Air, Amount of H~at Taken from the 
Body, Creation of a Draught, Fresh Air-----:·------- --- ----- ----------164 

165. Heat is carried horizontally th:·ough air ~Y C?nduc­
tion, Convection, Radiation, Erosion, Transmigr8:bon ... :··165 

166. The act of transfer of polle;i from ~i;the! to sbgm~ is 
called Po1lination, Reproduction, Ferbhzahon, Transpira-
tion, Mitosis, Filtration ____ ____ _____ ____ ___ ___ _____________ ____________ _____ ___ ____ l66 

167. Water cannot be siphoned out of a boat because of Un­
equal Air Pressure, Unequal Amounts of W.ater, Attra~­
tion of Water Particlei! for Each Other, Suction, Water m 
Boat Is too Low ... --- ------------ ---- -------------- ---------··-- --- -- -- -------- --------167 

168. Distillation is a means of Purifyin~ ~ater, Securing :\ir 
Pressure, Pumping Water, Transmitting Water, Securmg 

Heat --------------------- ---------------- -- ----- ------- ----------------- --···-----·---····· ·--168 
169 The passage of the moon between the sun and the earth is 

· called an EclipEe of the Sun, Full Moon, Third Quarter, 
Eclipse of the Moon, Winter Solstice ___ __ __ ________ ______ _____ __ _____ ____ _ l69 

170. The largest of the planets is Venus, Saturn, Mars, Jupiter, 

Earth --- -- --------- ---- ----------- ------ -- -- ------------ -- --- --- -------- -----·- ·-··- ------ ------170 
171. The monthly phases of the moon are caused by its move­

ment On Its Axis, About the Earth, About the Sun, in Its 
Orbit, Newton's Law ---------·-·- -------- --·-·------------- ----·-- ----------···-···-171 

172. An eclipse of the sun is due to the position of the Stars, 
the Planets, the Moon, the Constellations, the Milky Way .. 172 

173. A star is really a Comet, a Satellite, a Planet, a Sun, a 

Light ······ ------------ --------- --·--·-- -- -- ---- ---- ------ -----------·· ··-----· -- ····---·--···-173 
174. rrhe sun and the planets form the Constellations, the 

Solar System, the Milky Way, the Zenith, the Horizon ___ ___ l 74 
175. The light from the moon is Direct. Reflected, Invisible, 

Abstracted, Refracted --- ------------ --··--·-···--------- -·····-· ·--------- -- -----175 
176. "Shooting stars" are properly called Suns, Asteroids, 

Moons, Comets, Meteors ------- ------------ --·-·-· -·:···-- -- -···----- -------··- -176 
177. The earth was formed of dust, by the coohng of Nebulous 

Gases, in Seven Days, Out of Ice, Out of Rock __ ___ __________ __ ___ l 77 

178. From a very great distance our so.Jar sys~em would look 
£:lack, Like a Star, Like a Moon, Like ~upiter, VacanL .... 178 

179 Trees that have broad leaves are classified as Soft Wood, 
· Evero-reen Hardwood, Fruits, Shrubs __ ____ _____ ____ _____ __ ____ ___ __ __ _ l 79 

180. The proce~s of food manuf~ctu:·e in green plants !s called 
Respiration, Mitosis, Pollmation, Photosynthesis, Pas-

teurization -- -------- --- ------- ---- ----- --- ---- -----····- ···· -· ····-·-----·-··· ·- ··-···· ···180 

181. An exampl:e of a ieO.uminous ulant is the Clover, Toadstool, 
. . "' • - 181 

Pansy, Lilac, Moss--- ------·---- --------- --------------···-··-···-··-------·-····-;·--
182. Insects have the following number of legs : Four, Six, 

Eight, Ten, Two ___ ___ ··-------------------- -----·····---------·-·--·-··-··--·····------182 
183. Birds have feathers to Make Them Look Pretty, to Fluff 

Out in Case of Danger, to Protect Them, So They Will 
Have Something to Wear, to Make Pillows .......... ----·--·-···-·····183 

184. The purpose of the roots is to Take in Oxygen, to Manu­
facture Starch, to Give Off CO, to Take in Soil Water, to 

Give Off Waste Matter ... -- -···-···· ···--------- ··· ··--·-·---···-········· ····--·-184 
185. In the dark the pupil of the cat's eye is Larger, Smaller, 

of Equal Size, very Small, Absent __________ _____ ________ _____ ___ _____________ l85 

186. Butterflies may be distinguished from moths for They 
Fly by Day, Are Larger Than Moths, Are More Brightly 
Colored, They Eat Leaves, They Do Not Live Long ............ 186 

187. The process by which a plant is made to grow on the stem 
of another plant is Pruning, Slipping, Grafting, Spraying, 

Planting ··-·············---------······-----------·--·-····-····-····--·-·········----------187 
188. Grasshoppers may be distinguished from other insects by 

Large Pair of Jumping Legs, Large Wings, Bright Green 
Color, Presence Near Flowers, Numbers ___________________ ___ ______ __ l88 

189. All our food comes directly or indirectly from Rock, Ani-
mals, Plants, Air, Mines .................. -- -----·· ··- ··---···--·------------··---189 

190. An insect is a Bug, Animal, Bird, Fish, Vertebrate ............ 190 

191. A general term for any living thing is Plant, Larva, Ani­
mal 01·ganism Mammal ---------------- -- ---·· ······ ··-···----------···-- ·--··-191 

192. We' should attract birds to our city because They ~at 
Fruits, They Are Beautiful, They Are Useful, They Smg, 
They Build Nests ··----------- ----------------------··;-·------- ·-· ·· · -····· ···--------192 

193. The cypress trees grow on t\\e. ll\\\s, m Swa1np, on Dry . 
Land, in Rocky Soil, on Mountains .. ------- ----- -·-· ···-······-·;·--------193 

194. An organism that reproduces by means of spores is the 4 
Maple Amoeba Bread Mold Sponge, Earthworm_ ... ------··-:· ·19 
· ' ' ' d · 1 h their 195. The process by which plants an amma s c ange . 
food materials into soluble form i~ known. as .Absorption, 5 
Digestion, Photosynthesis, Osmosis, Respirabon __________ ______ l9 

196. A great bird studen~ in our country was Roosevelt, Bur· 196 
roughs, Darwin. Edison, Longfellow .. ----·--:-·····--------···---------

197. Which of the following insects are beneficial'! ~ousefly, 
Mosquito, Lady Bug, San Jose Scale Insect, Hessian Fly .. _..197 

198. Plants take in their food through their Leaves, Bloom, 
Roots, Stomata, Vertebrae ________________________________________ _________ _____ l98 

19 ~The ccoro1la is made up of the Petals. Pistils, Sepals.,..S.ta­

mens, Ovaties ·-··--------· -··------- ------ --- -- ----------- -- --- -·----··---- ---- -·--···-199 
200. Trees t h at h ave needles are called Birch , Pine, Oaks, 

Gums, Evergreen ------- -------- -- ----------- ·······-----·······---------------··- ····-200 
201. Birds suffer most from Lack of Food and Water, the Cold, 

the Heat, Other Bird Enemies, Animals ________ __ ____ ________ _______ _ 201 

202. The colored parts of a flower are Sepals, Pistil, Petals, 

Stamens, Corolla ------ ·····-·-·------------ -- ---- --------- ----·-·····-······- --- ··-···202 
203. The yellow dust on a flower is Chlorophyll, Ovules, Proto-

plasm, Pollen, Dirt. ·--······ ·--- -·- ·· ----------------------·-···---- ---- --- -----------203 
204. The calyx is made up of the Petals, Stamens Petioles Pis-

tils, Sepals - - - - -· ··· -----· ·· ·-- · ·-- -- -·---- -- ---- - - ---- ---· -··-··- ~-- ---·· -·· · ·- -- ~------- - 204 
205. ~ruit trees are. generally propagated by Seeds, by Cut-

tings, by Graftmg, by SettingR, by Seedlings ______ ___ ____ ___ ____ 205 
206. Perspiration contains: Sugar, Salt, Fat, CO., Food ...... .. .. .... 206 
207. The flowers of the elm trees are pollinated by People 

Wind, Animals, Water, Insects _____ ____ ____ _______ __ ____ ____ __ ___ _________ ___ '.207 

208. The unborn young of an animal is termed the Larva, Em­

bryo, Chrysalis, Ovum, Sperm_·-- ----- ······ ···· ·····----- ····· ··--· -- ------ -208 
209. Animals which secure food directly from the bodies of 

other animals are Parasites, Hydrophytes, Mesophytes 

Saphrophytes, Sulphites ··· -··- ··-··--··· ·-·-··················-····· ·--··-- ---'.209 
210. The anther is part of the Calyx, Corolla, Ovary, Pistil, 

Stamen ----·--· ··· -- --- --- ·- -·- ------··-- ---········· ····-----··-·-··--- -- -- ···-------· --- ---210 
211. The purpose of flowers on a plant is to develop Roots, 

Seeds, Leaves, Perfume, Branches ___ ____ ____ ____ _____ ______ __ __ __________ 2ll 

212. Pollen is produced in the Ovary, Calyx Stamen Stigma 

Pistil -------------- -·-· ···· ····-············---··· ··-··-·······'. ··· ··-- ----- ---'-------·-···· ·-'.212 
213. The simplest independent living structure is the Nucleus, 

Protoplasm, Cell. Embryo, Atom _________ _____ ____ ____________ __ _____ _____ 2J 3 

214. The greatest damage is done to trees by Birds, Worms, 
Larva of Moths, Grasshoppers, Bees ............. __ ____ _____ ____ ___ _____ 214 

215. Birds go south in winter because It Is Cold Farther North 
They Don't Like Snow, They Can Find Little Food They 
Find Little Material for Their Nests, They Like the' Flow-

ers ··----· --·-···---- ··-···· ·······- -· ··--·--·· --···- -·····--··············-- ----··-- ·-··-·----··215 
216. Mosquitoes lay eggs on Salt Water, Stagnant Water Fresh 

Water, on the Ground, in Garbage _· ·· ····· ····--·---- -··· · -- -- - ~- --- - ------ 216 
217. The nucleus is believed to play a prominent part in Di O'es­

tion, Respiration, Heredity, Storage of Food, Nerve~ 
Conduction -- -·····-·-- ·-···-···· ·-····---····· ·- ---- -- -- -- --- -- -- ·--· ·--------·········---217 

218. Birds sing to Make Us Happy, to Make Their Little Ones 
Happy, to Attract Their Mates, to Warn Other Birds That 
Danger Is Near, Because They Like Music ....... .... ............... 218 

219. An example of a fungus plant is the Orchid, Pondscum, 
Breadmold, Mother of Vinegar, Indian Pipe ...... ........ .......... 219 

220. Insects have ihe following number of pairs of wings: 
One, Two, Three, Four, Five.·--- ----··- ·····--- -- ----- --- ---·· ·-· ·· -··· .. 220 

221. House flies lay their eggs in Wood, on the Water, in Ani-
mal and Vegetable Waste, in Nests, in the Sand ......... ....... 221 
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The age of a tree is told by Branches, Rings in Cross Sec· 
tion of Trunk, Height, Size of Tl·unk, Color .......................... 222 

Geese fly in a V-shaped formation because They Think lt 
Looks Pretty, They Fly in a Flock, They Will Be Pro-
tected, They Can Fly Easier Together, They Like Geo-
metrical Figures ...................................................................... 223 
Gases enter and leave the leaves of plants through organs 
called Stipules, Root-Hairs, Stomata, Micropyles, Chloro· 
plasts ........................................................................................ 224 
The food which is most important to be kept in the cold­
est part of the refrigerator is Bread, Cooked Foods, Vege-
tables, Milk, Butter .................................................................. 225 

Cheese is rich in Fats, Proteins, Oils, Carbohydrates, Wa· 
ter .............................................................................................. 226 
Oleomargarine is a Milk Product, an Animal Fat, a Vege-
table Oil, an Adulteration, Better Than Butter ................. 277 

Coffee should be boiled One Minute, Three Minutes, Ten 
Minutes, Fifteen Minutes, Twenty Minutes ........................ 228 
Refrigerators should be cleaned by using Kerosene, Gaso-
line, Warm Water and Soda, Vinegar, Salt ............................ 229 
The water best fitted to remove dirt is Hot Hard, Hot Soft, 
Cold Hard, Cold Soft, Tepid Hard.............................. . .. . .. 230 
Green vegetables should be started to cook in Cold, Warm, 
Boiling, Tepid or Freezing water .......................................... 231 
Refrigerators should be made of Material Which Is a Poor 
Conductor of Heat, Iron, Material Which Is a Good Con-
ductor of Heat, Rough Material, Smooth MateriaL. ........... 232 
Large warehouses where perishable foods are kept are 
kept cool by Electric Fans, Iceless Refrigerators, Large 
Quantities of Ice, Keeping Windows Open, Thick Walls ... 233 

Milk is tested for the amount contained of Butter Fat, 
Water, Proteins, Butter, Buttermilk ................................... 234 
A food rich in carbohydrate is Beefsteak, Olive Oil, Cu-
cumbers, Watermelon, Honey ................................................ 235 
Food should be kept in a refrigerator because It Is More 
Palatable When Cold, Some Things 8tay Solid When Cold, 
Low Temperature Retards Growth of Molds, Yeasts and 
Bacteria, Some Things Stay Crisp, It Tastes Better ............ 236 
The best lining for refrigerator is Tin, Enamel, Copper, 
Iron, Zinc ................................................................................... 237 
The coldest place for food in a refrigerator which is iced 
at the bottom is the Lowest Shelf, the Top Shelf, the Side, 
the Center, the Back .................................. .............................. 238 
Foods which contain nitrogen as a part of their chemical 
composition are called Proteins, Fa.ts, Carbohydrates, 
Hydrocarbons, Liquids ............................................................ 239 
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261. One erosive agent is the .Moon, Water, Telegraph, Birds, 
Planets ...................................................................................... 261 

262. Ice cracks rock because It Is Cold, Water Expands When 
It Freezes, It Melts When It Gets Warm, It Is Heavy, It 
It Brittle .................................................................................. 262 

263. A river and its trihutaries together form what is called a 
River, Flood, Sound, Basin, System ........................................ 263 

264. Glaciers cause erosion because they Are Made of Snow, 
Are Heavy, Move, Melt, Are Cold ........................................ :.264 

265. A family living near a large body of water finds the cli­
mate all the year around Hot, Cold, Almost Even, Wet, 
Dry ............................................................................................ 265 

266. Rain is water vapor Distilled, Evaporated, Condensed, Fil· 
tered, Concentrated .................................................................. 266 

267. New York City gets its water supply. from th~ Hudson 
River, Atlantic Ocean, Lake Champlain, Catskill Moun· 
tains Region, Long Island Sound ............................................ 267 

268. Isobars are used in Temperature, Air Pressure, Humidity, 
Winds, Gravitation .................................................................. 268 

269. Soil deposited at the mouth of a river is ca))ea a. Penin-
sula, Delta, Strait, Island, a Cape ............................................ 269 

270. The air in Minnesota homes in winter is commonly un­
healthful because of Insufficiency of Oxygen, Excess of 
Carbon Dioxide, Bad Odors, Improper Humidity, Cold ...... 270 

271. A violent circular windstorm of small area is a Cyclone, 
Tornado, Monsoon, Norther, Blizzard .................................... 271 

272. Dew comes from the Earth, Plants, Air, Clouds, Grass ...... 272 
273. Decaying vegetable matter in soils is termed Mineral, 

Phosphates, Lichens, Potash, Humus .................................... 273 
274. Distance east and west around the earth is called Longi-

tude, Altitude, Declination, Revolution, Latitude ................. 274 
275. Volcanoes are most likely to be found in Deserts, Coastal 

Plains, Mountains, Deltas, Islands ......................................... 275 
276. One of the three most important elements of the soil re­

quired for the growing of crops is Oxygen, Nitrogen, 
Sodium, Carbon, Hydrogen .................................................... 276 

277. A dynamo is a machine for generating Heat, Light, Elec-
tric Current, Sound, Music ................................... ................. 277 

278. A hydrometer is used to measure Temperature, Volume, 
Pressure, Density, Length ........................................................ 278 

279. Oil is used in an automobile engine to Cool It, to Clear It, 
to Lubricate It, to Burn, to Silence It .................................... 279 

280. The break on a train is operated by Steam, Compressed 
Air, Carbon Dioxide, Levera.ge, Momentum .......................... 280 

281. The system of pipes by which water is supplied and sewer­
age taken away from a house is called Ventilation, Heat-
we-a. ~Jqaabilla. Refrigei·aticm. DraiJJa.e'e ................................. 281 
VdftaJ"e cell• a.re •tudied about In Botany. Baeterlology. 
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sf~ point Is called a Dainper. a Faucet, Valve. Switch. 
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APPR IX III (Cont'd) 
iv 

CORREO RF.SPO?SES FOR G ERAL S ~ C ~ ~ AJ , FR -2 

GRO I GROUP II G I 

1. Hygienic living 21. Burning 41. Prism 

2 . Delta 22. Reflected 42. Org ism 

3. 98 .6 F 23. In sula ti on 43. Air pressure 

4 . Moun ta in a 24. Kilo att- our 44. Photosynthesis 

5. Alexander G.Bell 

6 . At rest 

25. Cell 

26. Fuse 

45. Rapid evaporation of 
moisture into the 
air 

7. Rings in cross sec- 27 . Elec rio 1 currents 6. Honey 

tion of trunk 
28. Pollination 47. Bread mol 

8 . Iodine 

9 . Eclipse of the sun 

10. Meter 

29. Carbon- ioxide 

30. From bacilli of 
sputum 

11. S~stematio exercise 31. Dryness 

12. To corcentrate the 32. 100 
soi.md waves 

33 . Atom 

13. Bituminous 
34. Proteins 

14. Lubricate it 
35. ov ry 

15. Edison 
36. Oxyg 

16. Sraftin 
37. Toxins 

17. Yeast 
38. Lighter 

18. Black 
39. Tr 

19. Parasites 40. Optic 1 illusion 

20 . Evergreen 

48. ind velocity 

9. Position 

50. Embryo 

51. un 

52. Larv o! o he 

53. ther 

54. Elimi ation o! 

55 . Amorphous 

56. Alcohol 

57 . Calories 

8 . zyme 

59. Skin 

60. 4 c. 
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APPEN IX III (Cont'd) 

CORRECT RE PONSE FOR GE RAL IE JCE c-c AL , FOR -2. 

GRO JP I GRO II III 

1 . In animal and ve e- 21 . Higher outside than 41. o creat a raft 
table waste in 

2 . Purifying water 22. 32 F. 

3 . 24 hours 23. .!eteore 

4 . A little 24. Ink blotter 

5 . Pollen 25. Saturation 

6. Plante 26. Distillation 

7. Electric current 27 . Ru ting of iron 

8 . ater expand ~ hen it 28 . Petals 
freezes 

9. 6 or 7 years old 

10 . Clean blood of wastes 

11. Orbit 

12. On stagnant ater 

13. Carbon-dioxide 

14. Seeds 

15 . Moon 

16 . Too much gas 

17 . Lens 

18 . Half year 

19 . Take in soil ater 

20. 68 F. 

29 . Current 

30. Hot air furnaces 

31 . Cond n aed 

32. Air pressure 

33. ater i n bo~t is 
too l o 

34. Reflect the light 

35. Blue 

36 . Proteins 

37 . Tissue 

38 . Radiation 

39 . T e p ley 

40. Jupite r 

42. Soi eaore 

43. ater 

44. tamen 

45. Eff i ciency 

46. ercury 

47 . eatflour 

48. erk 

49. Inertia 

50. Indirect 

51 . L1g;ht 

53 . toms.ta 

53 . Her dity 

54 . ~o h 

55. A ixture 

56. Bacterial cells 

57. Irie 

58 . ilk l 

59 . Co esion 

80. Pu hed 
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45 30.0 -20.0 .778 33.2 -14.8 .563 .3 5 
. 136 

. 
178 30 . 0 -20.0 .778 33.0 -17.0 . 652 32.5 -16.2 

136 30.2 -19.8 .769 26.7 -23.3 .922 -.153 ea. ~ 

-.095 
... - . 

2 30.2 -19.8 . 769 28.0 -22.0 .864 
-.060 

-19.8 . 769 28 .8 -21.2 .829 -- .... 
166 30 . 2 . 673 .068 6 . .2 8 

33 30.4 -19.6 .761 32.5 -17.5 
25 

- . 
117 30.4 -19.6 . 761 29.8 -20.2 .786 - . 
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TABLE IV CONTINUED-
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182 30 .4 -19.6 -. 761 35.5 -14.5 -.551 .210 -.715 38.6 ..:.11 .4 - .430 
21 31 . 8 -18 . 2 -.702 41.2 - 8.8 -.330 .372 -.494 34.8 -15.2 - .579 

162 31 . 8 -18.2 -.702 36 . 8 -13.2 -.500 .202 -.664 39.0 -11.0 - .414 
84 32.4 -17.6 -.677 35.8 -14.2 -.539 .138 -. 703 69 .3 19.3 .748 
93 32 . 6 -17.4 -.669 38 . 8 -11 .2 -.422 .247 -.586 49.2 .8 - .030 

152 32 . 8 -17.2 -.660 38.0 - 12 . 0 -.453 . 207 -.617 44.7 - 5.3 - .198 
232 32 . 8 -17. 2 -.660 47.2 - 2.8 -.104 .556 -.268 76.5 26 .5 1.071 
291 33 . 0 -17.0 -.652 66.0 16.0 .612 .040 .448 29.6 -20.4 - .795 

59 33 . 6 -16.4 -.628 68.2 18 .2 . 702 -.074 .538 50.7 6.7 . 250 
158 33 .6 -16.4 -.628 49.8 .2 -.007 .621 -.171 51 .8 1.8 .067 

101 34 .0 -16.0 -.612 35.0 -15.0 -.571 .041 -.735 51.8 1.8 . 067 

264 34.0 -16.0 -.612 36.5 -13.5 -.512 .100 -.676 58.4 8 .4 .315 

72 34 . 2 -15.8 -.603 59.8 9.8 .368 .235 .204 50.7 . 7 .026 

181 34 . 2 -15. 8 -.603 34.2 -15.8 -.603 0 -.767 38.4 -11.6 - .437 

175 34.6 -15.4 -.588 42.2 - 7.8 -.292 .296 -.456 60.2 10.2 .383 

155 35.4 -14.6 -.555 36 . 5 -13.5 - . 512 .043 -.676 35.7 -14. 3 - .543 

286 35 . 4 -14 .6 -.555 70.8 20.8 .812 - .257 .648 41.4 - 8.6 .322 
3.0 .112 75 36 .4 -13.6 -. 516 42.2 - 7.8 -.292 . 224 -.456 53.0 

. 288 
42 36.4 -13.6 -.516 38.8 -11.2 -.422 .094 -.586 57.7 7 .7 

67 . 0 17.0 .652 1.168 .488 44.0 6.0 .224 
71 36.4 -13 . 6 -.516 

50.8 .8 . 030 .538 -.134 56.5 6.5 . 243 
245 36.6 -13.4 -. 508 

.085 
151 37.0 -13 . 0 -.492 42.2 - 7.8 -.2 2 .200 -.456 47.7 - 2.3 

- 7.6 .284 · 1 5 37 .0 -13. 0 -.492 32.5 -17 . 5 -.673 -.181 -. 837 42. 
-20.0 .778 

139 37 .4 -12.6 -.476 32.5 -17.5 -.673 -. 197 -.837 30 . 0 -
-1. 014 

165 37.6 -12 . 4 -.468 27 . 8 - 22.2 - .873 - .405 -1.037 24 .7 -25.3 

- 2.8 -.104 . 349 -.268 51.7 i.7 63 
176 38.0 -12.0 -.453 47 .2 . 

21.2 . 8 ;1 
209 38.0 -12 .0 -.453 35.8 -14.2 -.529 -.076 -.693 71. 2 

1.8 .067 
281 38.2 -11.8 -.445 39.5 -10.5 -.395 .050 -.559 51.8 

- 8.3 . 311 
97 38 .6 -11.4 -.430 46.5 - 3.5 -.130 .300 -.294 41.7 

- 1.8 .067 
272 38 . 6 - 11 .4 -.430 61.0 11.0 .414 . 844 .250 48 .2 

10.3 .387 
184 39 . 0 -11.0 -.414 48.2 - 1.8 -. 067 .347 -.231 60.3 

-14.7 .559 
201 39 . 0 -11 .0 -.414 34.0 -16.0 -.612 -.198 -.776 35.3 

-11.0 -414 30.8 -19.2 -.744 -.330 -.908 36.4 -13.6 - .516 
239 39.0 12.3 .464 
285 39 . 0 -11.0 -.414 56.2 6.2 . 231 .183 .067 62.3 

. 243 6.5 
252 39. 4 -10.6 -.399 50.2 .2 .007 .406 -.157 56.5 

1 8 .563 
20 40 .0 -10.0 -.376 57 .8 7.8 .292 .668 .128 64.8 . 

-10.0 -.376 49.2 .8 -.030 .346 -.194 75.3 25.3 1.014 
187 40.0 - - 3.1 .115 

41.0 - 9.0 -. 337 .008 -.501 46 .9 -
25 40 . 8 - 9 .2 -.345 3 .3 .123 

-.559 46.7 - -
199 41 . 0 - 9.0 -.337 39.5 -10 . 5 -.395 -.058 

10.8 .407 
172 41.4 - 8 .6 -.322 59.8 9 .8 .368 .690 .204 60.8 

26.7 1.001 
67.8 17.8 .685 1.007 .521 76.7 

277 41.4 - 8 .6 -.322 
-.715 50. 7 . 7 .026 

242 41.6 - 8.4 -.315 35.5 -14.5 -.551 -.236 .067 1.8 
271 41.6 -8 .4 -.315 43.2 - 6.8 -.254 .061 -.418 51 .8 

. 596 
57 . 0 7.0 . 261 . 553 . 097 65 . 6 15. 6 

94 42.2 7.8 -.292 . 007 - 2 -
-13.5 -. 512 -. 243 -. 676 49 . 8 - . 

95 42 . 8 7.2 -.269 36.5 24 . 2 . 963 
-. 269 46.0 - 4.0 .149 .418 -. 015 74.2 

211 42 .8 7.2 
- 3.5 -.130 .116 -.294 59.0 9.0 .337 

119 43.4 6.6 -. 246 46.5 1 .0 .531 
8.5 . 318 - . 079 .154 64.0 

255 43.6 6.4 -.239 58 .5 2.6 .007 
- 9.8 -.368 -.137 -.532 47.4 -

213 43.8 - 6.2 - .231 40. 2 .500 
.004 .228 -.160 36 .8 -13.2 -

44.0 6.0 -.224 50 .1 .1 .033 13 -
-.119 .105 -.283 50.9 .9 

6.0 - .224 46 . 8 - 3.2 215 44 . 0 -.521 47.9 - 2.1 - . 078 
-.209 40.5 - 9.5 -.357 -.148 

63 44.4 5.6 0 0 - -. 007 .202 -.171 50.0 
195 44.4 5.6 -.209 49.8 - .2 

76.7 26.7 1.081 

216 44.4 - 5.6 -.209 61.0 11.0 .414 .623 .250 

13 14 
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.392 - .608 

.255 - . 776 
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- .452 - . 328 
.074 - .521 
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- .342 - .552 
.166 -1. 015 
.675 - .195 
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. 1 1 -1.5 2 
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. 236 .335 -

.015 .271 -
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. 675 . 271 

-1.078 .5 - . 545 .152 -
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.578 . 007 
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~ ~------------ ........... ._ 

15 16 17 18 
39.3 -10 . 7 - .403 . 027 
58.8 8.2 .307 .886 
53.5 3.5 .130 .544 
64.0 14.0 .531 -.217 
54 .2 4.2 .156 .186 
45.7 - 4.3 - .160 . 038 
81.2 31.2 1.313 .242 
78.3 28.3 1.160 1.955 
71 .6 21.6 .8 7 .597 
59.0 9.0 .337 .270 
59.5 9.5 , .,57 .290 
54. 2 4.2 .156 - .159 
SJ . 3.4 .127 .101 
43.l - 6. -.358 .179 
64.0 1 .o .53 .148 
36. -13.1 -.496 .047 
3.1 33.1 1. 21 .7 3 

61.3 11. 3 . 26 .314 
56.5 6.5 . 2 3 - .045 
51.2 1. . o 4 .2 8 
70. 7 20.7 . 07 .5 
6 . .3 . 7 - .1 8 .053 
2. - 7.6 - .28 .002 

.37 .e -1 .2 - . 81 . 317 
30.0 . 77 . 23 
55. 6 .15 
83.l -.333 

.2 .2 -.Qi::. 

. .1 - .121 
48.2 - 1. 0 
69 .5 19.5 .369 
2 .8 -20.2 - -.227 
38.8 -11. 2 - 22 .094 
69.3 9.3 .? 8 . 2 4 
6 .3 18.3 .?CS . 63 
64.0 14.0 ,53_ -.032 
73 .9 23 8 .9 5 -.069 
50.5 .5 .019 .13 
44.5 - 5.5 - .205 - .082 
70.7 20.7 . 07 . 00 
86 . 2 36.2 1.616 .53 
45.7 - .3 - .160 - .186 
46.5 . 5 -- .130 - .197 
69.3 19.3 .7 .152 
;;~ .8 -11.2 - ... 

lb . .... - . 
68. _8, ? .702 . 261 -
6 .7 .7 .222 
?b . .) 5 . 83 . 
47. - 2.6 - 0 
50.2 .2 .507 
46.9 - 3.1 - . 148 -
6.7 - 3.3 - .045 -

61.2 11.2 • 4?.?. ..., 
80.0 3 " 1.3 8 . ..., .1 7 

19 
-1.067 
- .357 
- .534 
- .133 
- .508 

.824 
.649 
. 496 
.183 

- . 327 
- .307 
- .508 
- .537 
- .922 
- . 133 
-1.160 

. 757 
- .238 
- . 21 
- .6.20 

.143 

.802 
- . 8 
-1.125 
- 1 . 2 
- . 4 8 

- .1 
- 57 

. 854 

.731 
. 092 

- 1 .450 
-1. 08 

. 084 

.0 2 
- .133 

.281 

.s 5 
- . 869 

.1 3 

.952 

. 24 

. 794 

. 08 
-1. 086 

. 038 
- .105 

. 350 
- .761 
- .657 
- .779 
- .787 

.243 

.584 

2 

- 0 . 888 
- 0.677 
- 0 .723 
- . 336 
- 0.5 3 
- 0 . 719 
- . 075 
- . 3 5 
-0.059 
- 0 . 2 
- . 5 
- .515 
- .372 
- . ~ "" 7 
-v .3 3 
- . 878 

. 335 
-0.60 
-0.509 
-0 .023 
-0.65 

. 035 

- . 58 
-0.5 3 
-0.3 

0.216 

ix 

21 

82 .67 
80.56 
81.02 
77.15 
79 . 72 
80 .98 
74 . 5 
77.3 
7 • 3t:S 
77. ( 1 
7 .i;;.3 
78. 
77.51 
8 ..... 6 
77.22 

" .57 
7 . 77 
77 .... a 
78.32 
77 . 1 
75 . ? 

7 . 
81.6 
8 .87 

. 6 .... 
78 . J 
76 . b 

0 . !l.:i 

79.95 
7 .15 
70.4·* 
7 .80 
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7 .02 

0.33 
73. 
76.00 
7 . 58 
79 .28 
79.08 
78.37 
7 .... 2 
76. 79 
71.63 



TA L IV c TI 

8 
1 2 3 4 5 6 7 1: 
1 6 . 6 -.) . - '"" 1 3 . -11 . 
1 7 . 8 -5.). .19 .8 5 . 2 
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1 l .,) . 8 - . ..., - . 156 . 2 - .8 
265 o.8 -4.2 .156 .2 

55 46.4 -3 .6 .13 4 . . 2 
154 46. -3 . 6 ,_3 6. . 0 
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-:i79 8. -1. .067 63 . 2 1 .2 . 00 
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263 50.2 . 2 . 007 5 .0 .337 
153 51.4 l. . u52 .0 - 6. - . 2 
2.38 51.6 1.6 . 59 53.0 3 . .112 
196 52.6 2.6 .097 5 . .a . 2 . 156 
297 58 . 6 2 .6 . 007 61.0 11.0 .41 

12 52 . 6 2.6 .007 57.3 7.2 6 
65 53.0 3.0 .112 62.5 12 .... .472 

240 53.8 3. .1 1 70. .812 
54 c:; .0 4.0 .1 9 a. ... 
68 54 . 4. . 1 

287 5 . 6 4 . 6 .172 
l oo.4 5 . 83 .2 

113 55.6 5.6 66. 
6 .... 0 6.0 02.2 

1 56.2 6.2 .8 
... 57 . 7. 60.8 

2 2 57.S 7.6 75.0 
4 57.8 7.8 55.5 

22 58.2 8.2 5 .o . 
168 5 8. 65.5 ... 5.5 

16 58.8 8.8 7 .5 2 .5 

337 0 .., .2 39. .5 

299 5 .2 9.2 2. 12.8 

1 6 5 9. 57.8 7.8 

120 59 . 6 9.6 6 .5 
169 59.S 9 . 8 .368 66.2 

6 60.2 10 . 2 . 383 2 . 2 .0 

1 ".) 62 .8 12. .48 61.o 11.5 .., 
2 7 6 .o 13.0 .492 69 .0 ... 9. 

18 63.6 ... 3.6 . 51 
... . 5 16.o 

111 63.8 13.8 ~3 76.2 

221 63.8 ...... 3. 7 .2 

11 65.0 15. 7 .2 .963 

32 65.0 15.0 60.0 76 -
269 65.6 _5.6 ?3. 23.8 

118 66 .0 ...... 6 .0 59.8 .8 .368 

257 66.0 16.0 76.0 ...... .0 7 

2 3 66 . 2 16.2 
... ~ 60 . 0 . .., 

8 . 66.8 16. .64 6 . 8 .769 
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132 7 .b . 66. 
183 7 .8 . 91 66 .0 ... 6 . 
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l 0 82 . 2 3 .... . 2 80 .8 
102 3 . 4 33. 88 . 8 

6 83 . 4 3 . 79 . 2 
12..., 83 . 6 33 .6 8 . 2 c 

23 34. 6 1.5 

126 3 . 6 
7 .... 34 .8 

l 35 .8 
185 36 .C 
229 36 .6 
190 37 . 6 

83 39 .0 
3 

25 
63 

13 
131 - . 
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