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PREFACE 

Many s t udies have been reported in the liter ature concerning possi­

ble corre l a t ion between educa t i ona l apt i tude, as revea led by achi evement 

tests, and success in college as measured by the student's average grade, 

grade-point average , or honor s- point ratio. There has been much less 

wri t ten, however , concerning the prediction of success in a particu lar 

s ubject . 

The prediction of probable success in the fir s t semester of fresh­

man chemis t ry is particularly i mportant in the case of the student who 

has had no previous ins truction in the subject, for, if a large majority 

of t hese fail, and many do, repeatedly, a cons iderable imbalance in the 

use of l aborator y f acili t ies and t he s chedul ing of t eaching loads 

bet ween t he fir s t and second semes t ers is only one r esult that a f fec ts 

adver sel y our program of higher educat i on. Ther e i s not much doubt 

t hat fa ilure i n college not only is an unpleasant event but that it 

a l so has a certain adverse effec t on the college or university i nvolved. 

In addi t ion, t he ones who fail have been a r etarding i nfl uence on t he 

more l i mited group who can profit from t he cour se . 

Indebtednes s is acknowledged to Dr . Henry P. Johns t on, who sugges t ed 

the study; t o Drs . Howard W. Reding and Helmer E. Sorenson for guidance 

in t he ear ly phases of the study , to Dr . Wi l l iam W. Rambo, for hi s 

valuable counse ling in t he statis t ical computat ions; and to Dr. John 

W. Hambl en and his staf f at t he Computing Center . 
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CHAPTER I 

THE PROBLEM 

Introduction 

Many s t udies have been made to de termine the correlation be tween 

educational aptitude, a s revea led by achievement t es ts, and success in 

colle ge a s meas ured by the student's average grade , grade point average, 

or honors point rat i o. These correl a t ions generally range between 0.40 

and 0.50 , although considerably lower or higher coefficients ha ve been 

1 repor ted at various times . t here has been much less written, however, 

concerni ng t he prediction of success in a particular subject. 

Statement of the Problem 

In regard to students of fr eshman classificat ion who have had no 

previous instruct i on in chemi s try, what is t he relationship be tween 

t heir previous scholastic attainment, as indica ted by t hei r scores 

made on ( l ) the psychological exami na tion, (2) the language usage test, 

and (3) the ma thematics apt itude t es t, given t hem at the t i me of enroll -

ment, and the marks they make upon completing the fir s t s emeste r of 

college chemistr y (Chemistry 114) a t Oklahoma State University? 

1 Al bert B. Crawford and Paul S. Burnham, Forecasting College 
Achievement (New Haven, 1946), p . 89 . 

1 



Definitions and I nt erpretations 

Relationships r e fer to coefficients of correlation, calculated by 

means of t he Pearson Product Moment Method, be tween th e var i abl es i n­

volved. 

Scores re fer to the net numerical score obt ained on each t es t. 

The t hree t es ts re ferred to are those most enter ing fre shmen at 

Oklahoma State University are required to take prior to ma t riculation. 

Marks r efer t o the numerical grade assigned each student by the 

chemistry i ns truc tors upon completion of the cour se. 

2 

Those who had !!Q previous i ns truction i n chemi stry refers to those 

whos e r ecord shows no evidence of their having a ttended any chemistry 

classes up to the time of enrollment in college chemistry a t Oklahoma 

State University. 

The first semes t er of beginning college chemistry refers to Chem­

istry 114 at Oklahoma State Uni versity . 

The Hypothes is 

The score made on the American Council on Education Psychological 

Examination, or the Cooperat ive School and College Ability Test , to­

gether with the scores made in t he examinations appra i sing achieve-

ment in English and a l gebr a , signi f i cantly estimates the incoming 

chemi stry student ' s s uccess, as judged by ma rks received upon complet i on 

of the course in the fi rst semester of beginning college chemistry at 

Oklahoma State Univers i ty. 
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Purposes of the Study 

The purposes of t he study are: (1) to provide evidence of the 

relationship of the f actors mentioned in the hypothesis to academic 

success in the firs t semest er O·f beginning college chemi s try; and (2) 

to report this evidence in such a manner t hat it might prove helpful to 

high school, college, and university teachers who counse l students. 

The As sumptions 

Dif ferent menta l processes are requi red f or different subj ect­

matter field s and indivi dual s differ within t hemselves as well as among 

others in us ing the mental processes they pos sess.. Thus educational 

growt h may be fos t ered by adequate educational guidance. 

Gr owing demand for higher education makes t he proplem of adequate 

educat ional guidance more press ing t han ever . 

The purpose o f t he American Council on Education Psychologica l 

Examinat ion or t he Cooperative School and College Abi lity Tes t is to 

appraise wha t has been called scholast i c. apti t ude or general i nte ll i ­

gence, with special reference to the requirements of most college 

curricula . The scores made on either of t hese test s are indicative 

of the menta l alertness of the s tudent s and ref l ect t heir previ ous 

education . However, as a measure of capacity for learning , they are 

more reliable when used in combination with other evidences of ability. 

Success i n every col lege course i s dependent upon cer tain minimum 

language abilit i es , but for sa tisfactory achievement in technical and 

scientific courses certain fundamenta l mathematical reasoning powers 

and skills are required in addit ion. Therefore, indices in these two 

areas will be the logi cal complement to the index furnis hed by t he 
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Psychological Examination or t he Ability Tes t . 

The tacil i ties , teachi ng personne l , and coordination of instructi on 

in Chemistry 114 has been cons istent enough dur ing the peri od investi ­

gat ed to warrant acceptance of these f actor s as constants . 

Need for the Study 

At Oklahoma State Uni ver s i t y , as at mos t coll eges and universi ties , 

trai ning is given in a var ie ty of fields . A student's success in any 

f ie ld is dependent upon abilities acquir ed in previous training. I f 

dependabl e me t hods of assaying this background are employed, it should 

be possible , not only t o make an over -all prediction of the degree of 

success a student is l ikely t o attain in his whol e col l ege progr am , bu t 

a l so to determine t he probable accomplishment that i s like l y in specific 

areas of l earni ng. In t he a rea of chemistry , for exampl e, the prognos is 

would have value whether t he student is to attempt a major in chemis try 

or is t o t ake a limi t ed numb er of courses in thi s f ie ld i n order to 

proceed with other studies. If t he probable outcome is very doubtfu l 

or unfavorable , remedial work wou l d be all bu t mandatory, or other 

areas not requi r ing t his science cou l d be sought . 

Al though there has been widespread belief that scor es n certain 

tests would be an ai d in de termining an i ndividual' s fi tness for 

particular courses or f i elds of concentrat i on, insufficient evi dence 

is availab l e on whi ch to make sat i s fac tory predict i ons . In many 

cas es the onl y c l ues t o the application of t es t result s that have 

been accessible i n counseling have been (1) t he me r e knowl edge of the 

a rea and t he content of the tests given , which has the resultant 

fl aw of y i e l ding highl y s ubject i ve judgments, and (2) i nformation 



from investigations made a t other institutions on the predictive value 

of cer t a i n t es t s tha t have been used at t hose schoo l s , and these are 

scant i n number. The latte r s i tuat i on i s part ially an indi vidua l one 

i n each col l ege and universi t y, and the r e s ul ts obta i ned at one place 

may not necessarily be di r e c t ly comparable with results that woul d be 

obt ained at another i nstitut i on . On t he ot her hand , t he f indings a t 

Oklahoma State Univers i t y , in the sense t hat t hey may i ndicate trends, 

cou l d be of value t o ot her i nterested groups. 

Scope and Limitations of t he Study 

5 

The s cope of thi s s tudy i s l imited to t he r elationships s t a ted i n 

t he hypothesis as they are manifes t ed for s tudent s who have ma t r i culated 

from a secondary s chool in the cont i nenta l United States. Further, 

these student s, havi ng had no pr eviou s i ns t r uc tion in chemistry, have 

enrolled in and r eceived a gr ade i n Chemistry 114 during one of t he f a ll 

semesters involved in t he s t udy, and a t t he t ime of enrollment were 

classified as freshmen. 



CHAPTER II 

REVIEW OF THE LITERATURE 

His t orical Background 

For many years certain educa tors have fe l t the need for an 

instrument or i nstr uments capabl e of predicting the probab le s uc cess 

of a student af ter college entry . A great deal of wor k has been done, 

t heref ore , in attempting t o f i nd i nterr elat ionships between a s t udent 's 

scho l astic background in t he s econdary school and h i s record of achieve ­

ment i n college. However, numerous prob lems have arisen to plague the 

investigators. Some of these have been (1) how can achievement be 

measured, (2) how can one compensate for var i at i ons i n the marking 

systems be tween schoo l s or between indivi dua l teacher s i n the same 

s chool, and ( 3) how can pe r sonal factors--ambit i on, persistence , and 

s i mi l ar qualities- -be considered? 

Be fore inquiring into ways and means of impr oving prediction tech­

niques, it woul d seem advi sab le to f irs t inves tigate t he assumption 

t hat it was important to predic t academic success . Travers thinks t he 

prediction of academi c s uccess is of impor tance i n two main si t uat i ons. 

First, when an education program i s o f such a s pec ialized na ture that 

only a limited group can pr ofit by it , predic t ions of t he probabl e 

success of those who wish t o take t he progr am are important. Second, 

the predi ction of academic achievement is important in t he guidance 

of the indi vidual student , regard l ess of the nature of the program 

6 
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be ing pursued, fo r discrepancie s between predicted achievement and actual 

1 achievement are often signi ficant symptoms of ma l adjustment .. 

Fr om an administrative standpoi nt t here wou l d be t wo advantages if 

most who would have f ai l ed could have been steer ed int o other channels . 

The f irst advantage was stated by Hovey and Krohn who emphasized t he 

gain derived from balanc i ng the t eaching load and re l eas i ng l abor atory 

facilities from seasonal s tresses, They sai d, 

Being a municipa l institution, t he Univers ity of Tol edo 
has been experienci ng a probl em common t o a ll public 
colleges and universities--namely, t hat r ecent years 
have i ncreased the quantity but not the qua l i t y of our 
students . Chemistry departments of such univers ities 
have been dis turbed by the l arge number of f ailures 
and withdrawal s i n the first semester of general chem­
istry, wh ich results i n considerabl e imbal ance in t he 
use of laboratory facilities and the scheduling of 2 teaching loads between the first and second semes ters. 

What was needed, they fe l t, was a method by which they might predict 

those students who would be likely to fa il chemistry, so that t hey 

could be exc l uded from the course. 

The second advantage, also one of efficiency, was voiced by Mar tin, 

who attempt ed to justify the exc l usion of certain s tudents from chemi s -

t r y, at l east temporarily, when he said, 

Fr om the administrator's standpoint it is more effi cient 
to use t he time of the chemistry t eachers to teach chemis­
t r y to t he s t udents capab l e of profiting by it, and to 
ass ign studen ts who need help in mathematics or Engl ish 
to teache rs trained i n teachi ng t hese subjects.3 

1Robert M. W. Travers, "Prediction of Success," Measurement of 
Student Ad justment , eds. Wilma T. Donahue , Cl yde H. Coombs , and 
Rober t M. W, Traver s (Ann Arbor , 1949) , p. 147 . 

2Nelson W. Hovey and Albert i ne Krohn, "Pred i cting Failur es in 
Ge neral Chemistry , " _:I. . Chem. Ed., 35 (1958), 507-9. 

3F. D. Martin, "A Diagnos tic and Remedia l Study of Fai lures in 
Freshmen Chemi stry, " _:I.. Chem , Ed., 19 (1942) , 27 4- 7. 
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It has long been assumed t hat a high percentage of f ai lures i s to 

be expected as a necessary concomitan t of col l ege work . Students who 

could meet mi nimum entr ance requi r ement s have been accepted and have 

been deal t with collect i vely wi thout too much regard to indivi dual 

differences . These condi t ions still pr evail i n t he aver age college 

and university . Failure i n col l ege is an unpl easant event f or a s t udent 

as well as fo r his f ami l y and t he secondary s chool from which he gradu-

a ted . It also has cer tain adver se effects on t he college or university 

i nvolved. According to conc l us ions r eached by Hazel and Oberly , this 

i s most likely to be the case where admission i s based on standards 

such as ar e provided by secondary school recor ds rather t han scores 

on an adequate entrance examination. They bold that , 

When a student is admitted t o a course it i s implied t hat 
he has the necessary qua l ifi cations t o pas s i t. This 
view i s taken , more often than not, by student , parent , 
and prepar a tory schoo l . Failures wi ll occur and mis t akes 
are cer t ain t o be made. It is not t oo much to expect 
t hat these be kept at a minimum, however . In order to 
approach th is goal practical pr edictors of success must 
be found and then appl ied as an admi ssion r equi r ement . 4 

It is true, they affirm, that on admission to college tudent entera 

a new educationa l environment, and much of his success depends on whether 

he can adj us t himse l f to it. I f he i s mat ur e enough t o have se l f -

discipline and good wor k habits , he has a fair part of t he i ngredients 

of success, because the only other cr itical r equi r eme nt is good ability, 

and this shoul d be assured by the admi ssion cri t e ri a. 

Two ve ry vi tal ques tions evolve out of t hese pre l i mi nary consider-

at i ons . The f irst concerns the basis on which t he predic t ions are to 

be made whi le the second has lega l aspects , fo r i t involves the 

4 Fred Hazel and H. Sherman Ober l y , "Selec tion and Perfo rmance of 
Students , " l:, Chem. Ed. , 27 (1950), 27- 31. 



extremely compl ex problem of denial of admiss i on when the prognosis is 

poor . This l atter ques t ion, as of t his moment, is a topi c of cr itical 

concer n t o admi ss ion officer s who have stated, 

A few of t he state col leges , required by l aw to admi t 
a l l graduat es of accredi t ed hi gh s chools wi t hin t he s tat e , 
admi t s t udents i n t he lower fourth of t heir graduating 
c lass on a pr obat i ona l basis . Thi s pr actice may res ul t in 
the admission t o col l e ge of more pot enti al failures and may 
a l so crea t e psychologi cal and socia l probl ems fo r the students 
so admitted. I t would appear mor e reasonable, and surely 
more charitabl e, to admi t t o college s t udent s of low hi gh 
s chool achievement onl y on the basis of suppor t i ng evidence 
i ndi cat i ng tha t academi c success i s at leas t a poss i bil i ty.5 

In seeking a par tia l answer t o t he f irs t ques tion- - the bas i s on 

9 

which predic t i ons are to be made--ther e i s ampl e evidence in t he genera l 

f i el d of forecasting col lege achievement t hat many s t udies have been 

made t o determine the cor r e l ation between educat i onal apti t ude , as 

revealed either by achievement tests, high school records, or a combi-

nation of bot h, and success in col l ege , as measured by t he s tudent' s 

average grade, grade-point average, or honor s- point ratio. These 

corr e l ations range on the average between 0.40 and 0. 50 , which i s 

pr esumed to denote a reasonable, and probabl y significant, r e l ation-

shi p . Many lower, but fewe r higher cor r e l ations , have been r eported 

6 a t various t i mes. Ther e has been much less wri tten, however , concer n-

ing the predict i on of succes s i n a part i cul ar subjec t , 

I nvest i gations Prior to 1940 

The ear ly studie s were mainly concerned wi t h t he predi ct ion of 

over• al l success i n a liberal arts program. I n some cases t he cri ter i on 

5vi vi an R. Bought er, J ohn E. Warner , and Emil A. Boltz , "Probat i on, 
Suspens i on, and Re l ated Probl ems , " The B.f .~. Quarterly , 31 (19sn 249- 55 . 

6A_ B. Crawford _ and P. s_ Burnham. Forecast i n2 Colle 2e Achievement 
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of success was the comple tion of a four-year program; in others, it was 

the average grade over a period of one or two semesters. The current 

trend is to use average first-semester grades or first-year grades, since 

grades in successive years of college tend to be highly intercorre l ated. 

One of the first studies designed to make predictions of probable 

success in a specific field, that of chemistry, was made at Oklahoma 

Agricultural and Mechanical College (now Oklahoma State Univers ity) 

by Dr . Otto M. Smith and H. M. Trimble in the fall semester of 1928. 

They sununarized their findings thus: 

In conclusion one may repeat the statement that it seems to 
be possible to predict the performance of the best and of the 
poorest students. Likewise, it would seem possible, then, to 
do much with the students through separating t hem from the 
others. It also appears doubtful whether any sectioning of 
the students of the second and third quarters would be 
profitable. 7 

A more comprehensive study was made at the University of Pennsylvani! 

over a six-year period, beginning in 1930. An aptitude teat was adminia-

tered to al l beginning chemistry students. The t e s t in its early form 

was a test of verbal ability only . It consisted of antonyms, double 

definitions, and paragraph reading, In 1930 , t he year of first use for 

the prediction of probable success in chemist ry, a mathematics section 

of 100 items of increasing hardness from arithmetic, algebra , and geometry 

were added , Its avowed purpose, according to Dickter, was, 

As an aid in guidance and teaching in college; for example 
s e lecting students for admission to the various fie l ds of 
study , guiding them in t heir choice of majors, forestal l ing 
through supervision the possible failures of doubtful 

--- --·~- ·• 

7otto M, Smith and H. M. Trimble, "Prediction of Future Student 
Pe rformance," J_. Chem. Ed., 6 (1929), 93 - 97. 



students , and sectioning groups for instructional 
purposes.a 

Dickter 's study, covering 2604 cases for both semesters of beginning 

11 

chemistry for the six-year period, showed that there was a significant 

re l ation between success in the course and (1) the abil ity to perform 

fundamental arithmetical operations, and (2) the ability to read appro-

pri ate material . His final conc l usion, though, was, 

The situation is an i ndividual one in each university, 
so the results obtained at one university (Pennsy lvania) 
are not necessarily directly comparabl e wit h similar 
results obtained at other universities. 9 

His findings were important i n that they indicated a new trend i n i nvesti-

gations of this sort. 

A ma jority of t he investigations prior to 1940 were mainly con-

cerned with reaching val id conclusions concerning the optimum pattern 

of entrance credits from high schools for those wishing to pursue the 

study of chemistry in college or university. Most reached the conc l usion 

that good high school grades were be t ter than good placement examination 

scores for picking successful students. Scofield, in 1930, conc luded 

t hat good high school mathematics grades , especi lly when combined with 

good high school chemistry grades , was a superior predic tor when compared 

with placement examination gradea,10 Three other independent inv atigator~ 

8M. Richard Dickter 1 "The Re l ation Between the Scores on the 
Schol astic Aptitude Test and Co llege Marks in Chemistry , " l· Exper. 
Educ. , 6 (1937 ), 40-45. 

9Ibid. , p. 40 . 

l OM. B. Scofield, ''Further Studies on Sectioning in General Chemi stry , " 



11 12 . 13 Her mann, in 1931, Steiner, LO 1932 , and Clark , i n 1938, showed 

that, in gener al, high school chemistry is advantageous to s tudents 

who enroll in begi nning college chemis t ry. West , in 193 2, r eached a 

dissenting conclus i on and surmised t hat fac t ors such as i ntell igence 

14 are more important than specific high school t r a i ni ng. 

12 

Further studies during the period 1932- 1937, according t o Harris , 

were also concerned with the validity of t he high schoo l transcript, 

rather than an exami nation administered at matr icu l ation, as a pre-

dictor of proficiency in the study of chemistry. A s uun:nary of t he 

f indings in the s i x studies re l ating to achievement i n col l ege chemis -

t r y reported by him fol l ows: 

350 students who had high school chemistry showed an initial 
superiority in col lege chemi stry which l ater disappear ed. 

Of 2026 students, those that had studied high schoo l chemi s­
try made col l ege chemistry grades 12 per cent higher and the 
ones wi th a high school background of both chemistry and 
physics made grades 24.5 per cent higher in this subject, 
t han those who had received no previous instruc t ion in either 
chemi stry or physics . 

In a group of 3268, composed of some student s with no train­
i ng in high schoo l chemistry , of others with training in­
cl uding t his science, and stil l others wi t h chemi stry and 
phys i cs both, the college chemistr y grades of the student s 
having had hi gh s chool chemistry were no bet t er , and th 

11 G. A. Hermann, "An Analysis of Freshman College Chemistry 
Grades with Respec t t o Previous Study of Chemi s try ," ,d, ..9!!!!!. Ed . , 
8 (19 31), 137 6- 85. 

12L. E. Steiner, "Contribution of High School Chemistry Toward 
Success in t he Col lege Chemistry Course , " l· Chem. Ed. , 9 (1932), 
530-37. 

13P. E. Clark, "The Effect of Hi gh School Chemis t ry on Achieve­
me nt i n Beginning College Chemis t ry," l · Chem. Ed ., 15 (1938), 
285-89. 

14G. A, West , "What Factors Determine Student Achievement i n 
Fi r s t -Year College Chemis t ry, " Sch. Sci. & Math., 32 (1 932), 911-13. 



grades of those with the two sciences were onl y 2.5 pe r 
cent bet ter t han the grades of t he s t udents who had 
studied neither of t he sciences. 

1034 students without previous chemistry traini ng, when 
administered a chemistry aptitude test, made gr ades in 
college chemistry that corre l ated significantly(!:, 0 . 55 ) 
with scores on the test. 

Scores made by 183 students with previous chemistry, when 
administered the Iowa Chemistry Pl acement Test, showed a 
correlation coeff icient of 0.59 wi th grades made in 
college chemistry. 

180 students with previous chemistry were given the 
same test as above and, in addition, were given the Ohio 
Psychological Examination. A correlation coef f ic i ent of 
0.57 was reported for the chemistry test score ver sus 
the college chemistry grade, but the psychologi cal tes t 
score gave a correlation coefficient of only 0.42 against 
the same criterion. The multip l e correlation coe ff icient 
was 0.57 when all factors were combined.ls 

13 

After summarizing several other rather extensive studies concerning t he 

essential factors in student achievement in chemistry, Harris was led t o 

the following conclusion of his own: 

It is the writer 's personal opinion, unsupported by any­
thing resembling a r egression equation, and based mere ly 
on his own findings, total immersion i n the resu l t s and 
opinions of other investigators, and some cogitat i on, 
t hat the essential factors in student achievement are, 
i n the order of thie_t fimportance: abi l ity (or intel l i ­
gence or s cholastic aptitude, e tc.); e f f ort (or drive or 
degree of motivation) ; and c ircumstances (per s onal , 
social , economi c, and a cademic) . 16 

Studies Since 1940 

I n diagnosing the most frequent causes of failure in f reshman chem-

i stry at Purdue Uni versity, F. D. Martin, in 1942 , reported t hat nearly 

15nanie l Harris , 'Tactors Af fecting Col lege Grades : A Review of 
the Li t erature, 1930- 1937," Psychol . Bu ll . , 37 (1940) , 125 -66. 

16Ibid . , p. 166 . 
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three -fourths of the students who f a i l ed chemistry t he f i r st time also 

f a iled in ei t he r English or mathematics, or both. He is f i rmly convinced 

t hat those who have trouble i n chemistry are general ly poor in reading, 

writing, and arithmetic. 17 At Purdue no distinction is made now i n 

sectioning those with and t hos e without high school chemistry, for 

af t er several years' trial of assigning different work t o the two groups, 

the prac t i ce was discontinued as being unsatis factory as there was t oo 

great a variation in the quantity and the quali ty of chemi stry present ed 

for admission to make such separation effective. However , s i nce many 

s t udents fe l t that they had received an adequate high schoo l course and 

were being penalized by compu l sory assignment t o a sec tion where previous 

chemistry was not required, an option of taking an accelerated one-semes -

ter course was offered in lieu of the standard beginning course. Of the 

advantage conferred bJ having had high schoo l chemistry, Martin sai d , 

Al though the elementary course is specifically planned t o 
meet t he needs of those who have no pr evious trai ning in 
chemis try , statistics over a period of several years indi ­
cated that t he percentage of failures in the group which 
had not had high school chemistry was signifi cant l y higher 

18 than in the group which had taken chemistry in high school. 

Mar t in qualified hi s conc lus ion by raising the question that perhaps in-

suffi c i ent preparat ion i n mathematics may have been j ust as responsibl e 

as t he lack of hi gh school chemist ry and was probab ly t he facto r t hat 

caused most of them to avoid chemis t ry in high school when it could 

have been elected. 

The val ue of high school gr ades for pred ic tion of pr obab l e s uccess 

in college i s stil l far from settled. Dyer , in 1945 , in an e f fo r t to 

17 Martin , p . 275 . 

18rbid . , p. 276. 
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va lidate the Armed Forces Ins t itute Tests of Genera l Educational Develop~ 

ment , reported, 

Great disparity has been found between the col l ege grades 
of groups of s t udent s who came from di fferent high schools , 
but who had simi lar high school grades. As a result many 
of t he l ar ger colleges and univer s i tie s have adopted t he 
practice of keeping caref ul records o f their s tudents 
groupei according to the high school from which t hey origi ~ 
nated . 9 

Travers, writing four years later, is just as certain of the opposite. 

He said , 

At the present time, the evidence indicates that the best 
single meas ure f or the selection of t he college student i s 
his average grade in high school . . . . The value of high 
school grades for predictive purposes is undoubt edl y a 
result of t he f act that they represent a combination of 
abilities and motivational factors operat~8g in much the 
same way as they will operate in college. 

The superior performance in colle ge chemistry by those who had 

previously had high school chemistry is fairly evident f rom t he l i t era-

ture but continues to be a sub jec t of investigation. At Purdue , in 

1942, Martin fairly well established the superior performance of t he 

group who had previously had chemistry, a l though variations in p rform-

ance prompted discontinuance of separate sec t ions f o~ the two categories 

of s tudents . At Southern Illinois University a study by Hadley, Scott, 

and Van Lente , in 1953 , r eached the fo llowing conclusions: (1) s tude nts 

who had a combi na tion of high school chemistry , phys ics , and mat hemat i cs 

made t he bes t record s in their beginning college chemistry cour se ; (2) 

student s who had high school chemis t ry , irrespective of other courses , 

19H. S. Dyer, "Evidence on t he Validity of the Armed For ces 
Insti t ute Tests of Gene r al Educational Deve l opment (College Leve l), " 
Educ. Psy . Meas . , 5 (1945) , 321-23. 

20 Travers , p. 154. 
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made better r ecor ds than those who did no t have hi gh school chemistry; 

but (3 ) it was not possible t o deter mine how much of this was due t o the 

hi gh school courses themse l ves and how much to other factors.21 

Per formance of students with and without high schoo l chemistry at 

the University of Mi nnesot a, reported by Brasted i n 1957 , bears out t he 

contention of previous investigators that the performance of the student 

with high school chemistry is higher than that of the student wi t hout 

the same training, but he leaves a note of doubt as to t he cause when 

h says , 

The primary point of contention now seems to be whe t her 
s t udent s with this preparation are inherently of a better 
grade or whether the preparatory work i n hi gh school has 
led to better achievement in college chemistry . 

Although it cannot be c laimed that the student retained 
factua l knowledge gained i n the preparatory course in the 
exact sciences, it is obvious that these courses greatly 
influenced his accomplishment in col l ege chemistry.22 

There is still doubt in the minds of some investigators of the 

adequacy of high school rank or performance i n high school chemis try as 

indexes of performance in the co llege cou rse. Hovey and Krohn , a t the 

University of Toledo , as late as October, 1958, r eported , 

No useful correlation was found between rank in high school 
graduat i ng class and success in Chemistry 17 , nor wer e high 
school chemi s try grades a reliabl e i ndication of college 
chemi s t r y performance . 23 

21 E. H. Had l ey , R. A. Scott , and K. A, Van Lente, "The Re lationship 
of Hi gh School Preparation t o Co llege Chemistry Grades, 11 l_ . ~ . Ed . , 
30 (1953), 311- 13. 

22Robert C. Brasted, "Achievement in First Year College Chemi s t ry 
Rel ated t o Hi gh School Preparat i on," l_ . Chem. Ed. , 34 (1957), 562- 65. 

23 Hovey and Krohn, p . 509 . 
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They did qual i fy t he i r conclusion somewhat when they r emar ked t hat grades 

from l arge high school s were more meaningful t han those f rom small schools. 

Their study , begun i n the fall of 1954, advocates admi nistration of a 

chemistry aptitude test , and despite their statement t hat high school 

chemistry grades were not re l i ab l e predictors , one year of high school 

chemistry and one year of algebra were pre-requis i tes for the course in 

which the study was made , 

Thus it seems cl ear that if students have pursued the study of chem-

is t ry and algebra for one year and sti l l cannot exceed a low minimum 

score on a chemistry aptitude test, one i s justified i n having t hem 

avoid chemistry , even if it means changing their professional goal s . 

Those, so restrained at Toledo, are al l owed t o enroll in a pre-college 

course that meets two hours per week for one semester for no credit . If 

satisfactory performance is established , t hey are permitted to enr oll i n 

the standard course, Hovey and Krohn feel t hat the arrangement is a 

sati sf actory one , f or the doubtful student is sp red t he frust r ation of 

trying to take a course beyond his capacity in t he f i rs t semester a t 

th e university. They state fur ther, 

We realize no method would be enti rely satisfactory because 
we could not predict motivation and numerous other f actors 
which cause a we ll qualif ied student to fail or a poorly 
qualifi ed s t ude nt to rise above the expected level . Despi te 
some errors in pl acement, we f e l t that much good would be 
accomplished if most who would have f ai l ed could be st eer ed 
into other channels .24 

More Recent Studies 

In every case , the studies made within the past ten years , wi t h the 

exception of that of Brasted, at t he University of Minnesota, in 1957, 
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and that of Had l ey, Scot t, and Van Lente , at Souther n Illinoi s Universi ty, 

in 1953, have by-passed the evidence presented by the hi gh school t r an-

scr i pt itself , and at tempts have been made to establish re liance on per -

f ormance of the s t udent on some type of examinati on gi ven at admi ssion 

to t he college . A s t udy begun i n September, 1948, a.t Michigan State 

College was concerned with the rel ation between success i n thei r fresh-

man chemistry course requi ring no hi gh school chemist ry and t he abili ty 

t o perform the fundamenta l arithmetic operat ions and t o r ead material 

involvi ng chemistry. All entering chemi s try student s were administer ed 

the A. C.E. Psychological Exami nation and the Michigan State College 

Chemis t ry Pre-Test . At the completion of the course their grades were 

correlated with their scores on the two tests . Jackson says of the re -

sults . 

These correlations show that success in the course is 
r elated to the two abil i ties, i.e . to performing funda­
mental arithmetic operations, and to reading appropriate 
mat erial. An attempt was then made to determine scores 
for t hese tests by which student s coul d be se l ected for 
the course. Those f ai l ing t o mee t these standards wer e 
given remedial work before being al l owed to enroll in 
the course . 25 

In a later report, in 1955, Jackson reported that the admiss i ons te st 

for chemi s try had been expanded to i ncl ude : (1) t he A. C. E. Psychological 

Examination, (2) a reading t est developed by Michi gan State Col l ege, (3) 

a test of English usage, and (4) an arithmet i c prof ic i ency t est.26 

25 Rober t A. Jackson , "The Se l ec t ion of Students fo r Fres hman 
Chemi stry by Means of Discr iminant Funct i ons, " Journ . of Exper . Edu. , 
18 (1950), 209-14. 

26Robe r t A. Jackson. "Prediction of the Academic Success of 
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Mer zbacher report ed a similar study made at San Diego Sta te College, 

The purpose of the study was to determine the corre l ation between per -

f ormances in the existing freshman testing program and success i n 

beginning college chemistry. The data was us ed merely for counseling . 

Tests given were the A.C.E. Psychological Examination and t he Iowa High 

School Content Examination. Beginning chemistry students' means in 

percentiles were compared wi th the entire freshman class on (1) t he 

quantitative section of the A.C.E. Psychological Examination, ( 2) the 

mathematics section of the I owa High School Content Examination, and 

(3) the science section of the latter examination. In every case the 

begi nning chemistry students' means were superi or t o the means of t he 

entire freshman class by approximately twenty-five percentile points. 

At the end of the semester, the fo l lowing correlations were obtained: 

chemistry grade and quantitative section score, 0.447; chemistry grade 

and science section score, 0.464; and science section score and quan-

titat i ve section score, 0.310. Merzbacher's comments on the resu l ts 

were: 

The best correlations were found with the quantitative 
score on the Psychological Examination, and with t he 
science sect ion score on the I.H.s.c.E. As mi ght be 
expected, the correlati on of chemistry grades with 
quanti t ative reasoning ab i l i t y was comparative l y high. 
The "problem-so l ving" techni que , and the "pr inc iple ­
fi nd i ng" abi lity me asured by this test were both 
apparent l y i mportant i n success i n chemistry . 27 

El ton, reporting from the University of Mississippi, in 1956 , took 

a dim view of the necessity for an elaborate psychological and cont en t 

examination at admission . Becoming alarmed a t a sudden i ncrease in the 

27claude Fe ll Merzbacher, "Correlat i on Between the Fr eshman 
Testing Pr ogram and First Semester Chemistry at San Di ego St at e 
College , " .:J. . Chem. Ed., 26 (19 49), 466-70 . 
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drop- rate of s tudents in his department in the fal l of 1955--two weeks 

befor e the end of the semester 232 students remained after eighty-three 

had dropped out --he decided to evaluate the importance of the l evel of 

achievement in arithmet i c and algebra as a contributing fac t or in the 

fai l ure of beginning students. A fifteen-item ar i thmetic tes t (Kinzer) 

was administered, and at the end of the semester, performance on the 

test was compared with the chemistry grade received. Seventy-two 

students (30 per cent of the 232 remaining on the rolls) who worked 

fewer than eight of the fifteen problems got For Din chemi s try , whi l e - -
eight st udents (three per cent) working the same number of prob l ems, 

got for~ in the course. El ton reasoned that if the te st had been 

given as a pre-requisite for admission and eight or more cor rect answers 

on the arithmetic test had been requi red for admission, the mo r tality 

would have been thirty-three per cent instead of sixty-three per cent. 

To be sure, he said this would have excluded t he eight students who made 

for better, but this was a mere three per cent of the cl ass. He a l so 

presented evidence to show that five items on the Kinzer te t correlated 

as high with fina l chemistry grades as did all fifteen items , and h was 

of the opi ni on that a five -probl em test- - the problems involving subs t i-

t ut i on i n formul as , cal cul ation of percentage , finding values of complex 

fr act i ons ,. and t he use of decimal s--can be used effectivel y and ef fi cient 

l y to deny admission to those with less than minimum mathemat i cal pro-

f icience and thereby reduce the mortal ity rate in beginning college chem­

istry.28 

28char l es F. El ton. "The Exoectancv Table--A Device to Demonstrate 



:mplications Leading t o this Study 

Evidence f rom the literat ure i s near t ota l agreement on onl y one 

fac tor, that the per f ormance of the s t udent wi th previ ous instruc tion 

21 

in chemistr y i s hi gher than that of the student without the same trai n­

ing , Since , in t he average section o f college chemis try, these make up 

approxima t ely one- ha lf of t he membership, what method or me thods of 

assay of the potent i al succes s of the othe r half of t he group in this 

s ubject would be most profitable to employ ? Where little has been done 

previous l y in thi s area, coul d not exist i ng entrance examination s cores 

be us ed t o predic t the performance in chemi s try of the s tudent who has 

had no previous exper i ence i n this s ub ject ? 



CHAPTER III 

DESIGN OF THE EXPERIMENT 

Se l ection of a Population 

In order to examine the hypothesis that there is a relationship 

between marks received in Chemistry 114 at Oklahoma State University 

and scores made on achievement tests taken there at the time of en-

trance, it was first necessary to select a populat ion for study. Af ter 

criteria for this selection were established, and an acceptable sample 

was obtained, necessary data was gathered and analyzed. 

The study extended over four consecutive fall semesters, beginning 

in 1954 and was concluded with the 1957 class. The assumption was made 

that once the correlative data was obtained, a regression equation 

relating the dependency of the final grade on the results of each of 

t he achievement tests could be written. This r egress ion equation wou l d 

be of the standard form, 

where Y would be the pred i ct ed fina l grade in Chemistry 114; the X' s , 

the r aw scores on the various achievement tests ; the b's, t he weights 

showing the variation in Y accounted for by variat i ons of the X- val ues ; 

and a , the i ntercept constant. 
0 

The master rolls for Chemistry 114 for each of the fa l l semesters 

fo r the years 1954, 1955, 1956, and 1957 were used as the fundamental 
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source of data for the sel ection of the popul ation studied. These con­

tained, in addition to other information, the names and classification 

of every student t ha t enrolled in the course , including those who 

dropped or otherwise failed to continue in attendance , and the final 

numerica l grade f or each student that r emained t hroughout the semester . 

The first criterion, freshman classification at the time of enroll­

ment , was applied, and in case of doubt the cl assification was verified 

at the office of the registrar. Cases meeting the first criterion wer e 

examined to determine (1) if their secondary school work has been done 

in the continental United States and (2) if they had had previous 

instruction in chemistry. This information was obtained from cards in 

the files of the Chemistry Department, but, where information was lack­

ing it was obtained from the transcript of the student's credits in 

the registrar's office. 

Material s 

The achievement tests, which are now administered at Okl homa State 

University or were administered during the years of the study and cores 

on which were used as the independent variable in the cal culation of 

the r egress i on equat ion, are (1) t he American Counci l on Education 

Psychological Exami nation, 1948 edition for college freshmen; (2) the 

School and Col l ege Abi l i ty Test , College Abili t y Test, Form I-A ; (3) t he 

Psychological Corporation Language Usage Test, Form B (1947), Part II 

(sentences only) , and (4) the Cooperative Elementary Algebr a Test, 

Revised Form Z. 

Students during the first three years of the study, 1954 through 
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Exami na tion, but s ince t he suunne r of 195 7 t he School and College Abil i ty 

Test has been in use. Thi s neces sitated separa t i ng t he s tudy intc two 

populations corresponding to t he eva lua tion ins trument t hat was being 

used at t he t ime the student matricul a t ed. Convert i ng scores on one 

of t hese exami nat ions into equiva l ent s cores on the othe r would have 

s i mplified the procedure, but in t he i nt e r es t of accuracy the obt ained 

scor es were used, and two s eparate re gr es sion equations were ca lculated . 

The Language Usage Test and t he Element ary Al gebra Test were used through­

out the f our years of t he s t udy . 

Tes t scores on (1) t he quantitative sect ion , and ( 2) t he linguistic 

or verbal section of the Psychologica l Examination, or t he Abil ity Te st, 

wer e obtai ned f r om t he file s of the Tes ts and Measur ements Bureau. The 

Eng lish test scores were secured from t he files of t he English depart­

ment . Algebra test scores t hat were not on file in t he Te s t s and 

Measurements Bureau were obtained directly f r om the Depar t ment of Mathe ­

matics. These scores in raw-score f orm were used as t he i ndependent 

variabl es , x2, x
3

, x4, and x5, in t he ca l cul a tion of the r egr ess ion 

equa t ion. 

The numerical grade receive d i n Chemistry 114 was obtained f r o~ t h 

master ro l l s f or t hi s course and were used as t he dependent variab le ir. 

t he r egr e s sion equation ca lcul ation . Incompl e te or wi thhe l d gr ades a3ci 

t echni cal fail ur es~ due ma inly to non- at t endanc e in the closing phases 

of t he cours e or t o s cholas tic di s honesty , were not used since a l et te r 

desi gnation wi t hout any basi s f or a numeric al value had been assi gne ci 

i n t hese ca ses. 
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Treatment o f the Data 

Once the primary data had been secured and tabulated, it was sub-

jected to statistical analys is in order to describe certain pertinent 

characteristics of the samples . 

I . Populat ion Analysis : A. ~ In order to describe the atrr i tion 

rates of the four classes, the number of students initially enrolled in 

Chemistry 114 and the number receiving a final grade was determined 

and compared . 

B. The percentage of the final membership of each class that had 

received no previous instruction in chemistry prior to enrol lment in 

the course and the percentage of the four classes as a whole w4s 

determined. 

C. The percentages of each of t he two populations (those with and 

those without previous chemistry instruction) achieving passing marks 

i n each of t he four classes, and for the four classes as a group, were 

calcul ated. 

D. The numerical grade of each student was converted into a letter 

grade on the basis of the college scale, and then a letter-gr ade distri-

bution of the entire class was made for each of the four years sel ected 

f or t h i s study. Similar grade distr i butions were prepared ~or students 

with and s tuden ts without previous chemistry instruction. 

E. Since i t was a l ready known that maQy of the test scores were 

l acking, i t was necessary to make a comparison of the mean chemist ry 

grades of t hose lacking certain test scores, but otherwise meeting the 

cri teria , wi t h the mean chemist ry gr ades of those with all test scores 

compl e te . Th is was done fo r each of tiE two populations: (1 ) those who 

were administered the American Council on Education Psychological 
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Examina tion for each of the thr ee year s, 1954 , 1955, and 1956 , and for 

t he group t aken as a whole; and (2) those who were given t he School and 

College Ability Tes t , fo r the single year, 1957. Critical rat i os were 

calcul ated between (1) the mean chemistry grade ach ieved by those whose 

s cores ar e missing (a) on t he psychological examination , (b) the English 

test , and (c ) the a l gebra test , and (2) the mean chemi str y gr ade achieved 

by those with a l l test scores complete. 

II . Data Analysis : A. For those with a l l t e st s cores complete, 

correlation coefficients between test scores and chemistry grades were 

cal culated . Separate calculations were made f or the two populations: 

the 195 4, 1955, and 1956 classes as comprising one group, and the 1957 

class, the other . 

B. The regression equation, including al l variables, was calculated 

for Populat i on I (1954-1956), and the t-test applied to the regression 

weight of each of the independent variables in order to determine t hose 

which had significance. 

C. If one or more of these variables lacked signi f icance , the re­

gression equation was re -calculated, and the s tandar d error of estimate 

was de termined, us i ng only the independent vari ables that meet the tes t 

of significance . 

D. The multipl e correlation coefficient invo l ving onl y t he signifi­

cant independent variabl es was calcu l a t ed for the three c l asses , 1954-

1956, combined. 

E. Identi cal calculations , as made for t he 1954- 1956 clas ses , 

were made for the 1957 class, namely, (1) regress ion equation including 

a ll variables ; ( 2) regr ession equation and s tandard error of es timate 

includ ing only t he variables shown to be significant ; and (3) the 
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mu l ti ple corre l a tion coefficient involving onl y the significant variables. 

Calculations 

To determine whether there was a significant difference i n the mean 

chemistry grades of the two populations, those meeting al l criteria and 

those with certain test scores missing, the following formula was used: 

t 

/~2 + ~2 
where x

1 
- x2 was the difference in the mean chemistry grades, and OM

1 

and c,M2 were the standard errors of each of the means. The standar d 

error in each case was calculated from the formula, 

Oi"l = 
~ and Oi" - CT-£ 

N1 
2 -

Nz 
'7i"' and Oz refer to the standard deviations of the two means involved , 

and N1 and N2 were the numbers of cases invo l ved in each popul ation. 

The beta- coefficients for use in the calculation of mult ipl e co-

efficients of correlation were calcul ated from the partial r egression 

coefficients obtained from the regression equation as f ollows: 

~12.34 ..•... n = b
12

_
34 

..••. n 

To calcu l ate the multiple coefficient of corre l ation for three 

variabl es t he following equat ion was used: 

R = R = J ~12.3 /t 12 + ~13. 2 /'r.. 13 



CHAPTER IV 

FINDINGS 

Popu l ation Ana l ysis 

The final sample which met all of the criteria established before 

the study was started was composed of students who registered fo r Chem­

istry 114 at Oklahoma State University during one of the four fall 

semesters (1954-1957), remai ned in attendance t hroughout the semes t er , 

and received a final numerical grade. In addition, each was c l assified 

as a freshman at the time of enrollment, each had attended secondary 

school in the continental Un i ted States, each had received no previous 

instruction in chemistry before he had enrolled. Also, each had taken 

the achievement tests required of freshmen, and t he score made on each 

part of the test was on record . 

As the successive steps out l ined under Treatment of Data for Popu­

lat ion Analysis (Chapter III) were take n, the original size of the 

sample,which was the t otal ini tial enrollment for the f our years of 

the study , decreased from 2,994 tc a final sample size of 745. This 

lat t er f i gure r epresent s the tota l number during the four years tha t 

met all the criter ia. The magnitude of the first decrement is revealed 

i n Tabl e I . An average of 8 .8 per cent of the initial enro llment each 

year dropped out be f ore t he end of the semester during the f our years 

that were considered. This factor alone caused the raw sample size t o 

decrease from 2,992 to 2,761. 
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Al t hough the study was designed primari l y to pred ic t t he performa nce 

of those without previous chemistry, analysis of the popul a t ion r eve a l ed 

tha t s l ightly l ess t han hal f t he membe rship o f each c lass had not p evi­

ous l y studied chemistry. In Table II was recorded t he re l at ive numbers 

of t he two populations. 

During t he f our years of the study 92 fai l ures were r ecorded out of 

t he 1, 526 grade s that were made by those who had previous l y studied chem­

is try, but 166 fai l ing grades were r eceived among the sma ller populat i on 

of t he 1, 235 who had enrolled without previ ous i ns truction i n chemi stry . 

These findings are repo r t ed in Tabl e III. 

Tables IV, V, and VI , extend the ana l ysis of the possibl e advantage 

of previous study of chemistry prior to enro l lment at Oklahoma State 

Univers ity. 

If the assumpt ion is made that the di stribution of abi l ities was 

approximately the same throughout the four years and that individual 

application was a l s o fairly cons t ant , i t is seen f r om Tabl e I V tha t t he 

mar ks assigned did not depart too seri ously from t he normal distribut ion. 

Tab l e V portrays t he achievement i ndicated by the mar ks received 

by one of the two popu l ations, namely a ll of those who had previous 

i nstruction in chemist r y. 

When compari sons are made between Tab l es IV and V, i t is readily 

apparent t hat t he gr oup with previ ous chemistry received a highe r per ­

cen t age of A's and B' s, did about as well or slightly bet t er i n t he 

number of C-gr ade s , and got consider ab l y f ewer D' s and F' s t han would 

have been obtained by a group of the same size select ed a t r andom from 

the entire c l ass. 

The apparent superior per formance of the group who had previ ous 



CLASS 

1954 

1955 

1956 

1957 

Total 

CLASS 

1954 

1955 

1956 

1957 

Tot al 

TABLE I 

INITIAL ENROLLMENT AND MEMBERSHIP AT END 
OF FALL SEMESTER BY YEARS 

TOTAL ENROLLMENT FINAL MEMBERSHIP 

Per centage Percentage 
Number of four-year Number of fina l 

t otal membershi p 

677 22.6% 614 90 . 7% 

759 25.3 719 94. 7 

800 26. 7 710 88.8 

758 25.3 718 94. 7 

2994 99.9% 2761 92. 2% 

TABLE II 

PROPORTION OF FINAL MEMBERSHIP WITHOUT PREVIOUS CHEMISTRY 

FI NAL NUMBER WITHOUT PERCENTAGE OF 
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MEMBERSHIP PREVIOUS CHEMISTRY FI NAL MEMBERSHIP 

614 288 46. 9% 

719 341 47.4 

710 314 44. 2 

718 292 40. 7 

2761 1235 44. 7% 



cuss 

1954 

1955 

1956 

1957 

Total 

cuss 

1954 

1955 

1956 

1957 

Total 

TABLE II I 

COMPARISON OF PERCENTAGES OF PASSING MARKS FOR THOSE 
WITH AND THOSE WITHOUT PREVIOUS CHEMISTRY 

Percentage of Final Enrollment Passing 
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Without Previous Chemistry With Previous Chemistry 

91. 3% 92.0% 

88.6 94.4 

88.2 97 .5 

77. 7 92.0 

86, 6io 94.0% 

TABLE IV 

LETTER GRADE DISTRIBUTION OF ENTIRE CUSS BY YEARS 

A B C D F 

8, 8io 24. 1% 37. 1% 21.7% 8.3% 

10.0 20.3 43.0 18.4 8.3 

8.6 24.2 39.7 20.8 6.6 

11. 6 20 . 9 36.1 17.7 13 .8 

9.8% 22 .3% 39.0% 19.6% 9.6% 



CLASS 

1954 

1955 

1956 

1957 

Tota l 

CLASS 

1954 

1955 

1956 

1957 

Tot a l 

TABLE V 

LETTER GRADE DISTRIBUTION OF ALL OF THOSE 
WI TH PREVIOUS CHEMI STRY 

A B C D 

12. 6% 27.0% 35.3% 17.2io 

12.4 22.2 47.4 1 2. 4 

11. 6 28.8 40 . 4 16.7 

15.5 26.6 35.9 14. 1 

13.1% 26. 1% 39. Bia 15.0% 

TABLE VI 

LETTER GRADE DISTRI BUTION OF FRESHMEN 
WITHOUT PREVIOUS CHEMISTRY 

A B C D 

4. 5% 20.9% 39. 2io 26 . 7% 

7 . 3 18. 2 38 . 1 24 . 9 

4. 8 18 . 5 38 .9 26 . 1 

5 . 8 12.7 36 . 3 22.9 

5. 7% 17. 6% 38.1% 25. 2% 
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F 

8. 0% 

5.6 

2.5 

8. 0 

6. 0% 

F 

8 .7% 

11. 4 

11. 8 

22 . 3 

13 . 4% 
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chemistry is very pronounced when comparisons are made with the other 

population, freshmen (only) who had no previous instruction in chemistry 

prior to enro l lment. Their achievement is indicated i n Tab l e VI. 

The quality of the pass ing mark for those without previous instruc­

t i on i n chemistry as c omp ared to the other population, those who had 

received previous instruction in the subject, can be approximated 

rough ly as follows : Population II the group with previous instruction 

made nearly three times as many A's, one and one-half times as many 

B's, and about the same number of C's as Population I. This latter 

group made nearly twice as many D's as the fo r mer, and over twice as 

many F's. 

There was a possibi l ity that the absence of complete t est scores 

f or a student might introduce a bias in the relationship being examined . 

In view of this possibi li ty an analysis of this s i tuation was made. A 

complete set of test scores for the beginning student c onsists of (1 ) 

three scores on the A.C.E, Psychological Examina t ion o r the Schoo l a nd 

College Ability Test, as follows : the score on the quanti t ative section, 

the score on the linguistic or verbal sectio n , and the t o tal of the fore ­

g oing two scores c ombined: (2) a score on the Engl ish examination; and 

( 3) a score on the a l gebra test . The total score on neither the Psy ­

c hol ogical Examination nor the Abi l ity Test was used since t e component 

parts , the Q- and the L- scor~ were thought to be individual ly signifi ­

c an t . Examination of the data in Table VI I revea l s the approximate 

succes s a n investigator can expect for the period covered. 

Extensive search of records failed to reveal either the miss ing 

tes t s c ores or the reasons for their omission. This did n o t prove 

disastrous to the study but made it necessary to determine whether this 
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factor wou l d adversely affect the results. 

Tables VIII, IX , X, and XI afford an opportunity t o compare the mean 

chemistry grade of t h ose l acking the A. C.E. Psychological Test scor es, 

t h e Eng lish score, and t he a l gebra s core , respectively , wi th the mean 

chemistry grade of those with all test scores complete, toge t her with 

t h e standard deviation o f each of the means. These four Tab l es> VII I ­

XI, cover the three-year period when the American Council on Educatio n 

Psychological Examination was given at matricu l ation as a measurement 

o f secondary school achievement. The algebra and English tests u sed 

were t he same through out t he period covered in the study. 

When the hypothesis--the d ifferences in the means of the chemistry 

grades is not biased due t o the lack of cert ain test scores but is due 

t o chance variation alone--was examined the resul t s shown in Table XII 

were obtained. Here it was seen that onl y one critical ratio, that 

obtained from the combined group without algebra test scores, bar e ly 

exceeded the .OS level of significance (wh ich for samples of th is 

size i s 1.96). Consequently , the nu l l hypothesis wa s n ot r ejected , 

for the obtained differences were not significant , a nd the l a ck o f 

certa i n test sco res did not bias the res u l t s when this portio n of t he 

popul ation was not included in the final samp l e. 

The 1957 class was also found to have many of the i r test score s 

missing . I t t hus became necessary to determine to what extent t h e 

v arious s c ores were lacking and to use the same procedure as had been 

used for t he 1954 - 1956 classes in orde r to find out whether t he l a ck 

of test s cores was a biasing factor or if t he var iations were due to 

chance alone. Table XIII enables one to compare the percent age that 

l a cked each of the scores with the perc entage from t he p r evious c l asses 



Year 

1954 

1955 

1956 

1957 

Total 

Year 

1954 

1955 

1956 

Total 

TABLE VII 

PERCENTAGES OF COMPLETE AND INCOMPLETE TEST SCORES 
AND THEIR CATEGORIES 
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Percentage wi t h Percentage with Incompl ete 
Complete Test Test Scores 

Scores Psycholog- Engl ish 
i c a l Exam Ex-am 

62 . 5% 7 . 3% 18. 1% 

62.0 8.2 24.0 

55.5 6 . 7 35.7 

61. 7 10 . 6 21. 6 

60 .3% 8. 2% 25.0% 

TABLE VIII 

MEAN CHEMISTRY GRADES AND THEI R STANDARD DEVIATIONS 
FOR THOSE WITH ALL TEST SCORES COMPLETE 

Number Wi t h Pe rcentage 
All Scores With All Mean Grade 

Scor es 

180 62 . 5% 79 . 8 

211 62.0 79 .l 

17 4 55 . 5 79.0 

565 59.0% 79.3 

Al gebra 
Exam 

26 . 8% 

20 . 6 

21. 0 

26. 0 

23. 6% 

Standard 
Deviation 

7. 4 

7.2 

7 . 5 

7 . 4 



Year 

1954 

1955 

1956 

Total 

Year 

1954 

1955 

1956 

Total 

TABLE IX 

MEAN CHEMISTRY GRADES AND THEIR STANDARD DEVIATIONS 
FOR THOSE LACKING PSYCHOLOGICAL TEST SCORES 

Per centage Standard 
Lacking This Mean Grade - Deviation 

Score 

7.3% 80. 1 5.6 

8 . 2 79 . 8 8. 5 

6. 7 75.8 7.9 

7. 4% 78 .7 7.8 

TABLE X 

MEAN CHEMISTRY GRADES AND THEIR STANDARD DEVIATIONS 
FOR THOSE LACKI NG ENGLISH TEST SCORES 

Percent age Standard 
Lacki ng Thi s Mean Grade Deviation 

Score 

18 . 1% 80.5 7. 2 

24. 0 79.6 8 . 7 

35 . 7 77 . 5 7 . 8 

26. 1% 78.8 8 . 1 
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Year 

1954 

1955 

1956 

Total 

TABLE XI 

MEAN CHEMISTRY GRADES AND THEIR STANDARD DEVIATIONS 
FOR THOSE LACKING ALGEBRA TEST SCORE 

Percenta ge Standard 
Lacking This Mean Grade Deviation 

Score 

26.8% 77 . 6 8.3 

20.6 79. 6 8.4 

21. 0 76 . 8 7.9 

22.6% 78.0 8.3 

TABLE XII 

CRITICAL RATIOS BETWEEN MEAN CHEMISTRY GRADES OF THOSE 
WITH AND THOSE WITHOUT COMPLETE TEST SCORES 

Test Score Thr ee Years 
Miss i ng Year Combi ned 

1954 1955 1956 

A.C. E.P.E . 0. 7 2 0.42 1. 21 0.61 

English 1. 07 0.46 1. 61 0 .83 

Al gebr a 1. 34 0 . 47 1. 95 2. 00 
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TABLE XIII 

PERCENTAGE OF TEST SCORES MISSING, THE MEAN CHEMISTRY GRADE 
ACHIEVED BY EACH GROUP, AND ITS STANDARD DEVIATION 

Score Standard 

38 

Missing Pe rcentage Mean Grade Deviation 

s.c. A.T. 10. 6% 78. l 6.6 

English 21. 6 77. 8 8 . 0 

Al gebra 26 . 0 75.S 9.2 

None (N = 180) 61. 7% 77.4 8.9 

TABLE XIV 

CRITICAL RATIOS BETWEEN MEAN CHEMI STRY GRADES OF THOSE WITH 
AND THOSE WITHOUT COMPLETE TEST SCORES I N 1957 

( N = 180) 

Tes t Score Mi ss ing Cri t ical Rat io 

Ability Test 0.51 

English Test 0 .33 

Al gebra Te st 1. 55 
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l acking these same scores (Tables IX, X, and XI). This Table allows a 

comparison of the mean chemistry grade achieved by those missing certain 

t est scores with the mean gr ade obtained by those whose test scores 

were complete , 

A slightly larger percentage of students was lacking the Abili ty 

Test score than had been lacking the Psychological Examination score 

during the three years preceding, and the same situation existed with 

reference to the a l gebra score . The percent age of students that l acked 

the English score was considerably lower, however, than it was in any of 

the three previous years. 

As with the preceding classes (1954, 1955, and 1956), the hypothesis, 

the differences in the means is not biased due to the lack of certain 

test scores but is due to chance variation a l one, was examined for t he 

1957 class. The results ar e gi ven in Table XI V. 

None of the critica l ratios exceeded t he .05 l eve l of signi ficance 

(which fo r samples of this size is 1. 96). Consequently, t he null hy­

pothesis was not rejected, 

Da ta Ana lysis 

The final sample size f r om which t he regression equa t ions a nd o t her 

pertinent findings were calculat ed was made up o f 745 s t udents who me t 

a ll of the c r iter ia. These ac t ua lly r epresent two sub-groups , 565 f rom 

the i ni t i al membership of 2i 236 f or t he 1954-1956 classes, and 180 from 

the 758 who i ni t ially enrolled in Chemistry 114 i n t he fall of 1957. 

The bas i s for the separation was the difference i n t he ach ievement 

t e sts that had been administered, 

When data c ards f or the fi na l s ample fr om the 1954- 1956 c l asses 
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we r e prepared f or use on the I.B.M. 650 Computer, the chemistry grade 

was used as the dependent variable, x1• The independent variables were 

x
2 

and x3, the Q-score and L-score, respectively, from the Psychologica l 

Examination; x4 , the Engl ish score; and x
5

, the algebra score. When t he 

data was processed, the correlation found between each of the test scores 

and t he chemistry grade, as well as the correlation of test scores with 

each other, was obtained. The results are shown in Table XV. 

Three of t h e correlation coefficients, those between (1) the Q-

score and the English score, (2) the chemistry grade and the English 

score, and (3) the chemistry grade and the Q-score, were found to be 

i n the range 0.30 to 0.39. Two of t he coefficients, English score 

versus algebra score and chemistry grade versus L- score, ar e in the 

0 , 40 to 0.49 range. The other five correlation coefficients are i n the 

range 0.50 to 0 . 60 . 

Data cards fo r the fina l sampl e from t he 1957 clas s were prepar ed 

in a simi l ar f ashion, except x2 and x3 were the Q-score and V- score , 

respective l y, on the College Abi l ity Test. When t he data was processed , 

the resul ts shown in Table XVI were obtained. 

The correlat i on coeffic i ents were f ound t o be significantly higher 

f or the singl e year ( 1957 ) fo r which the School and Co llege Abi lity 

Test was used, Whereas onl y f ive of the intercorre l ation coe f fic i ents 

i n Tabl e XV were in t he 0.50 to 0 .60 range, nine of the ten in t hi s 

series were in this range, or h i gher. Ac tual ly, four of the ten wer e 

i n t he 0 .60 to 0 .70 range. 

1 When the regression equation was put in raw- score f orm, 

l I x1 is the calcul ated chemistry grade; a0 the intercept cons tant; 
X2, t he Q-scor e on the A,C.E, Psycho l ogical Examination ; X3 , the L- scor e 
on the same exami nation; x4 , the English s core; and X5, the a l gebra score . 
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TABLE XV 

INTERCORRELATION COEFFICIENTS OF TEST SCORES AND CHEMISTRY 
GRADES FOR THREE YEARS , 1954- 1956a 

(N = 565) 

x2 x3 x4 XS x l 

x2 

x3 0.51 

x4 0. 31 0. 56 

XS 0.60 0. 51 0.43 

xl 0.38 0,48 0.37 0. 58 

M 43 . 0 57 . 2 41. 9 26. 5 79.3 
X 

S. D. 10 .2 13. 9 13.8 12.7 7. 8 

8x
1

, the dependent variab l e , is the chemistry grade; X2, the Q-score on 
t he A.C.E.P.E. ; X3, the L-score on the same examination ; X4. the English 
score ; and x5, the algebra score. 



x2 

x3 

X4 

XS 

xl 

M 
X 

S. D. 

TABLE XVI 

INTERCORRELA.TION COEFFICIENTS OF TEST SCORES 
AND CHEMISTRY GRADES IN 1957b 

X2 X3 X4 XS 

0.41 

0 . 51 0. 61 

0 . 68 0. 50 0.52 

0 . 64 0 . 53 0 .54 0.63 

304.1 290 . 0 41. 3 24. 9 

15.1 15.1 14.2 12.3 

42 

x l 

77. 2 

9.0 

bx
1

, the dependent variable, is the chemis t ry gr ade ; x2, the Q-score on 
the S. C.A 0 T0 ; x3, the V-score on the same t est ; x4, t he Eng l ish score; 
and x

5
, the a lgebra s core. 
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( 1) 

and the data cards for the 1954-1956 c l asses were used t o solve it for 

the various regression-we i ghts and the constant , the resul ts in Tabl e 

XVII were obtained , As a concession to accuracy this analysis was 

carried out on the I.B.M. 650 Computer. 

When the values s hown in Table XVII a~e substituted in the original 

equation, the followi ng equation _s obtained: 

I 

Y = x1 = 64.11 - .0267X 2 + . 1297X3 + .035SX
4 

+ .2805X
5 

( 2) 

When the regression weight for each of the independent variables in 

Equation (2) is tested for significance by examining the null hypothesis , 

none of the regression-weights differ significantly from zero , the r e-

sui ts shown in Table XVIII are obtained. 

The null hypothesis was r etained in t wo of the f our cases being 

tested, 22 and E4 , both of which fa iled t o be s i gnifi cant l y different 

from zero. On the other hand, E3, the l i nguistic score regression 

weight, and 25, the algebra-score regression-weight , ar e signi f icant 

beyond the .01 l eve l, whi ch is 2. 59 for a sample of the size under con-

sideration (N = 565) . 

The data cards were re - run on the computer with x2, the ~uanti t a ­

t ive score on the psychological examination, and x4 , the English score 

de l eted. This gave a solution t o the fo llowing equation: 

Y = x' = 
l 

(3) 

where all of the symbols used have the same identity as befor e . The 

values obtained for the constant and t he two regression we ights , and 

the standard error of estimate are shown i n Table XIX. 
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When the values shown in Table XIX are substituted in Equation (3) 

the fol lowing equation is obtained: 

I 

Y = x1 = 63.89 + .1406x3 + .2119x
5 (4) 

The ~-coefficients give the weights to be accorded the scores used 

as the independent variab l es x
3 

and x
5

, but not the contribution of 

these var iables without regard to the scoring s~stem employed in each 

of the tests . This latter contribution is given in the •1beta weights , " 

or beta coefficients. The beta coefficients also enable one t o r eadi l y 

ca l cul ate !2 from which the multiple correlation coefficient! may be 

obtained . These cal culations are shown in the Appendix. The resul ts 

of the calculations are shown in Table XX. 

The contribution of the a l gebra test scor e i s nearly twice t hat of 

the linguistic score in predicting the most proba bl e chemis t ry gr ade 

t hat a given student is mos t l ike l y to achi eve. 

When the regr ession equa tion wa s put in r aw s core fo rm, 

Y = x' = 1 
( 1) 

and t he data cards for the 1957 c l ass used to so l ve it for t he various 

regression weigh t s and the cons tant, by means of the Regression Ana l ysis 

Program on the I .B. M, 650 Computer, the results shown in Table XXI we re 

obtained . 

When the values shown in Table XXI are subst i tuted in the or i gina l 

equat i on ( 1), the followi ng equation is obtained: 

I 

Y = x l = - 25 . 27 + .1987X2 + .1206X3 + .0719X4 + . 1765Xs ( 5) 

When the regression weight for each of the independent variables 

in Equation (5) is tes ted for signi ficance, the resul ts s hown in Tab l e 



a = 
0 

b2 = 

b3 

TABLE XVII 

REGRESSION WE I GHTS AND RES I DUAL CONSTANT FOR 
1954- 56 CLASSES> INCLUDING ALL VARIABLES 

64011 b4 

-0. 0267 bs 

0 . 1297 S. E. 

TABLE XVI I I 

RESULTS OF TESTS OF SI GNIFICANCE 
FOR REGRESSION WE IGHTS 

(19 54-56) 

Regression Weigh t t 

b2 0 . 79 

b3 5 . 08 

b4 1. 53 

b5 10 . 35 

= 0 .0355 

= 0.2805 

+ 6.2 'r -
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TABLE XIX 

REGRESSION WEIGHTS AND RESIDUAL CONSTANT FOR 1954-1956 
CLASSES, INCLUDING ONLY THE TWO SIGNIFICANT VARIABLES 

Item Magnitude 

a 63 .89 
0 

b3 . 1406 

b5 • 2779 

S.E. ±6.2 

TABLE XX 

BETA COEFFICIENTS AND TIE COEFFICI ENT OF MULTI PLE 
CORRELATION FOR THREE VARIABLES (1954- 56) 

Bl3 . 5 o. 25 

Bl S. 3 0 . 45 

2 
Rl. 35 = 0.38 

Rl .35 = 0.62 
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TABLE XX I 

REGRESSION WEIGHTS AND RESIDUAL CONSTANT FOR 
1957 CLASS, INCLUDING ALL VARIABLES 

Item Magnitude 

a -25. 27 
0 

b2 . 1987 

b3 .1206 

b4 • 0719 

b5 . 1765 

S. E. :t6 . 2 

TABLE XXI I 

RESULTS OF TESTS OF SIGNIFICANCE FOR 
REGRESSION WEIGHTS ( 1957) 

Regressi on We i ght t 

b2 4 . 6 

b3 3.0 

b4 1. 6 

bs 3 . 2 

47 
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The null hypothesis was r etained in onl y one of the four cases being 

tested, b
4

, which failed to be significantly different from zero , even 

a t t he .10 l eve l . On t he other hand, b2 and b3, quantitative scor e and 

l i nguistic score coefficients, respective ly , and b5, t he a l gebra score 

r egress i on weight are s i gnificant beyond the .01 l eve l , which requir e a 

va l ue of 2.60 for a sample of t he size under consideration (N = 180). 

The data cards for the 1957 clas s were re -run on the computer with 

x
4

, the English score, dele t ed. This gave a solut i on t o the fo llowing 

equation: 

( 6) 

where the symbols that ar e used have the same ident ity as before. The 

val ues obtained for the constant and the two regres s ion weights, and t he 

standard error of estimate that were obtai ned are shown in Table XXIII . 

When the val ues shown in Tab l e XXI I I a re subs t ituted in Equation 

( 6) , t he following equation is obta ined: 

I 

Y = xl = -36.17 + . 2139X2 + . 1507X3 + .1881Xs (7 ) 

The_£ coeff ieien t s were trans f orme d int o "be ta weights , " or beta 

coeff i c i ents in order that the contributions of t he var ious variables 

might be estimated. The bet a c oefficients wer e t hen used to cal cula te 

2 
R1 . 235 , f rom which the coeff i c i ent of mul tipl e correlation , R1_235, was 

obta ined. These calcu l ations are shown i n t he Appendix. The resul t s 

o f the ca l cul ations are shown i n Table XXIX. 

The contribution of the quant itative section score of t he College 

Abi lity Test is greater than either the linguistic section o f t he s ame 

test or the algebra test in predicting the most probab l e chemis t ry 

grade t hat a given student is mos t like l y to ach ieve . The coefficient 



TABLE XXIII 

REGRESSION WE I GHTS AND RES I DUAL CONSTANT FOR 1957 CLASS , 
INCLUDING ONLY THE THREE SI GNIFICANT VARIABLES 

I t em 

a 
0 

b2 

b3 

bs 

S . E. 

~ 
TABLE XX IV 

Magnitude 

- 36.17 

. 2139 

. 1507 

. 1881 

! 6.2 

BETA COEFFIC IENTS AND THE COEFF ICIENT OF MULTIPLE 
CORRELATION FOR FOUR VARIABLES (1957) 

B12. 35 0. 35 

Bl3 . 25 = 0. 25 

Bl S. 23 = 0. 26 

Ri . 235 = o. 52 

Rl .235 = 0.73 

49 
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of mul t ipl e correlation, 0 . 73 , exceeds t he val ue, 0 .14 , which is requi red 

for signi ficance a t t he .01 l evel. 



CHAPTER V 

DISCUSS ION 

Th i s s tudy wa s concerned with t wo basic purposes : The s e l e c tio n 

of a populat ion for study , a nd des i g ning a pr ocedure to dete rmi ne if a 

re lat i onshi p ex i s ted between ma rks received in Chemistry 114 at Okla h oma 

State Unive rsi t y and the s c ores made on a c h ieveme n t t ests t aken at 

ma t r icu l ation . To fulfill t hese purposes t h e data was s ummar i zed a nd 

cer t a i n calculations we re ma de f r om it as follows : 

I. Populat ion Analysis : (1) In o r der to descri be the att r ition 

ra t es o f the f our classes , the number of studen ts who had i ni tially 

enrolled i n Ch emis t ry 114 and the number that received a fi na l gra de 

were determined a nd compared . 

(2) The percentage o f the fina l me mb e rship of e a ch class tha t h a d 

received no pre vious ins truction in chemi s try prior to enrollment in the 

course, a nd t h e percentage of the four clas ses a s a whole who had not 

receive d prior instruction was determi n e d . 

(3) The percentages o f each of the two populations (those wi t h 

and t h ose wi thout previous c h emistry i n s tru ct ion) achievi ng pass ing 

marks in each of t he f our classes, a nd for the four classe s a s a group 

were c a lculated . 

(4) The nume r i c a l gra de of each s t uden t was converted in t o a 

l e tter gr a de on t he bas is of the col lege s c a le, a nd t hen a letter-gra de 

di s t r i but i o n of t he e n ti r e class was ma de f or each of the four ye a rs, 

19 54- 1957 . 
51 
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(5) A comparison was made between the mean chemi s t ry grade of 

those lacking cer t ai n test scores, but otherwise meet i ng the criteria, 

with the mean chemistr y grades of those with all test scores compl ete. 

I I. Data Ana lys is : Two sub-groups, one wi t h a popul ation of 565 

( f rom the 1954-1956 classes) and the other with a population of 180 fro1 

the 1957 class, me t the criteria for se l ection, and data f rom these weri 

used as fo l lows : 

(1 ) Corre l ation coefficients between each of four test scores 

and the chemistry gr ade were cal cul ated . Separate cal culat ions were 

made f or t he two populations . 

(2) A regression equation whereby chemi s t ry grades might be ca l ­

cu l ated from scores on t he four admission t ests was calculated f or 

Population I (1954-1956) , and the t -tes t was applied t o the regr ession 

weight of each of the independent var i ables in order to determi ne wh ich 

were signif icant . 

(3) The r egress ion equation based on the data for Populat ion I 

was re -calcu lated , and the s tandar d error of est i mate was determined , 

using only the independent var iables t hat me t the t est of significance . 

(4) The mul t i pl e cor r e l at ion coeffi cient i nvo l ving only the 

significant independent variables was calcu l ated f or Population I , 

the combined 1954- 1956 classes. 

(5) Identica l ca lculations for the 1957 cl as s wer e made as for thE 

1954-1956 c l asses , name ly, r egress i on equa t ion i ncluding all var i ables, 

r egr ess ion equat ion and s tandard er r or of estimate i ncludi ng only the 

variables shown t o be significant , and t he mu l tip l e correlation co­

eff icient involving only the significant variabl es . 
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the drop r ate ( 7.8 per cent), and the fai lure ra t e (9.6 per cent) has 

not been excessive as judged by reports of similar s t udies made at ot he r 

ins titutions. On t he other hand , these f i gures i nd ica t e t hat nearly one 

s t udent out of every five t hat presently enrol l s i n Chemi s t ry 114 will 

either drop or fail the course . The fina l membershi p in each year has 

been remarkably stable and close to 700 . No trend is de t ec t abl e in 

the drop-rate of t he four c l asses , as the percentage of t ota l enroll­

ment remaining as fina l membe rshi p was slightly below t he four-year 

average for two ·Of the year s, and s light l y over tha t average for the 

other two years . 

Although the s tudy was des i gned t o predic t t he performance only 

of those without previous chemistry , the popula t ion anal ys i s included 

a determinat i on of the relative numbers of t hos e with and t hose wi thou t 

previous chemistry i nstruction. Whereas , in 1954 and 1955, t he dis tri ­

bution was only s light ly in f avor of t hose wit h previous ins truct i on 

in chemi stry , by 1957 this figure had increased unt il the re were 

approximately three out of every five of the fi nal membership who had 

previous l y studied t his sub ject. 

Al t hough the li t eratur e contains adverse arguments there i s a pre­

ponderance of evidence that the s tudy of chemistry prior to college en­

rollment is advantageous t o t hose who continue its study in coLlege. 

This advantage i s apparently i n evidence at Oklahoma Stat e Univers ity , 

at leas t during the four years of the study , for 94 . 0 per cent of t hose 

who had taken hi gh schoo l chemistry passed t he cour se as compared with 

86 . 6 per cent of those who had no previous experi ence in chemistry . 

When the null hypothesis is i nvoked, the difference between the two 

percentages estimates is f ound t o be adequa t e t o rejec t it at t he .01 
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Essent i a l l y ident i cal performance i n chemistry was r egistered by 

t h o s e whose test scores on one or more of the admission tests were not 

on rec ord as by t ho s e who se test scor es wer e compl e t e. The assumption 

was made and sustaine d tha t the lack of certain test scores did no t 

bias the resu l ts when thi s port i on of the population was exc luded fr om 

the final sample. 

The se l ection of the population meet ing the c ri ter ia yielded two 

sub- group s : o ne, number ing 565, from t h e 1954- 195 6 c l a s s e s , a nd t he 

o t her numbe r i n g 18 0 fr om the 195 7 class. The first sub-group ( 565) was 

obtaine d f r om 2, 23 6 wh o e nroll e d during t he thr ee fa ll s emesters being 

considered . Of t hese , 2 , 0 4 3 r eceiv e d a final numer i c a l gr a de in Chem­

i s try 114, and 94 3 of t hese we re class ified a s freshmen at the t i me and 

had not previous l y stud i e d c hemi s try . When t he f ina l c r i t e r i on of 

having all admi ss ion te s t scores on r ecor d was i mposed, the fina l sub­

samp l e numbering 565 was obtained . Simi l ar ly, 75 8 init i a lly e nrolle d 

in this course in the fa l l o f 1957, and 718 o f the s e r eceived a final 

numerical mark. Two hundred nine ty-two o f these were o f fr eshman c l as s i­

f i ca tion at the time a nd had not previous l y s tudied chemi s t r y. Many 

of these had one o r more t e st scores lac king , and t h e f inal sub-sample 

from thi s source numbered 18 0 c a ses . 

Data f o r t h e f irst sub-group ( 565 ) yie l ded c orr ela tio n coeff i c ien ts 

which estimated the rela tionships t hat ex i s ted betwee n chemi stry g r ade s 

and each o f the tes t score s, and the re l ationship o f e a ch test s core 

to t he o the r t est scores. The resu l ts were pre v ious l y r e por t ed in 

Tab l e XV . Thr e e of t he corr elation coefficients, t h ose be t ween (1 ) 

the Q-score and the Engl ish s c ore , ( 2) t he chemist r y gr ade a nd the 

Eng l ish score, a nd (3) the chemi str y gr a de a n d t he Q- s core , we r e f o und 
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to be in the range 0 . 30 to 0 .39 . These are low but are presumed to ind i -

cate that correlation is present but that it is slight. Two of the co-

ef f ici ents, Eng l ish score ve r sus algebra score, and chemistry grade 

versus L-score , are i n the 0 . 40 to 0 . 49 range. These are reasonabl y 

high, and usually this range is considered a reasonable, and probably 

significant, relationship . The other f i ve correlation coeffi cients, 

namely, (1) Q-score and L-score, (2) L-score and algebr a score, (3 ) 

L-score and English score , (4) chemistry grade and a l gebra s core , and 

(5) Q-scor e anc algebra score, are in the range 0.50 t o 0 . 60. These are 

substantial re l ationsh i ps, and higher are seldom found because of compli­

cating factors and uncer tain measures . 1 

The corre l ation coeffi c ients were f ound t o be s i gnif i cant ly higher 

for the other sub-groups, the 180 cases from the 1957 c lass. Wher eas 

onl y five of the ten correlat i on coe ffi c i ents fo r t he previous group 

were in t he 0 .50 t o 0 .60 range , nine of the t en i n this ser i es were 

in th i s r ange , or were higher . Actually, four of t he t en were in 0 . 60 

to 0 . 70 range, which is considered the r ange i ndi cating hi gh significance. 

The findings ar e complicated by t he f act tha t during three of the 

four year s of the study the Amer ican Council on Educat ion Psychologi cal 

Examination was administer ed at matr iculation, while the School and 

Col l ege Abi l ity Test was the examinat i on t hat was used with the 1957 

class , and cont inues to be admi nis tered to entering studen ts prior t o 

admiss i on to t he university. A measure of continui ty, however, i s 

1Henry E. Garrett, Statist i cs i n Psychology and Education, 
(4th ed.; New York : Longmans, Green and Co . , 1953) , p . 173 . 
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contributed by the fact t hat the same English examination and the same 

algebra test were given throughout the four years of the study and con­

t inues to be used, al t hough primarily for the purpose of sectioning 

students in t hese two s ub jects , and no t as a bas is f or admission or 

rejection. Al though t he English score did not prove signi ficant for 

predictive purposes for those pl anning the study of chemistry, the 

a l gebra score correlates very significantly with the first-s emeste r chem­

istry grade (r was 0 . 58 for the 1954-1956 classes, and 0.63 for the 1957 

class) . The algebra te s t score should thus be a substantia l factor in 

advising a student to a ttempt or to deve lop the study of chemistry. 

The factors lead ing t o t he change fr om the Psychologica l Examina­

tion to the School and Coll ege Abil ity Te s t can on l y be surmised , but 

the linguistic scor e fu r nished by e i t he r of the t wo tests pr oved highl y 

significant in t he pred i c tion e quat ions . The correlation coeff i cient 

between this score and the chemistry grade was 0 . 48 fo r the 1954- 1956 

classes, and 0 . 53 f or t he 1957 class. The corre l ation was a l s o h i gh 

between the linguis tic score and t he algebra score , 0.60 and 0 .68 , 

r espect ive l y f or the two popul a tions . 

When the signi f icance of the quanti t at i ve s core in predicting chem­

ist ry grades is examined, t he corre lation between the Q-score on the 

Psychological Examination and the chemistry gr ades achieved was only 

0 . 38 , while the equivalent score on the Col l ege Abil ity Test corre l ated 

highly with the chemis t r y grade , an£ of 0.64 having been obtained . 

Since the Psychological Examination i s no l onge r being used at Oklahoma 

St ate Universi t y , this apparent anomaly was not i nves t igated. This 

finding shoul d prove of more interest to authors of achi evement tes t s 

and to the Tests and Measurement Bureau t han to t he person counse ling 
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i n the f ield of chemis try . 

The mu l ti ple coefficients of correlation were quite large , 0.62, 

when the combined action of the two independent variables--linguist ic 

score and algebra score - -on the chemistry grade is ca l cul ated in the 

case of the 1954-1956 classes, and 0 . 73 when the effect of t he three 

independent variables - - quantitative score, linguistic scor e , and a l gebra 

score--on the chemistry grade of the 1957 c l a ss i s examined . These R' s 

estimate the correlation to be expec t ed be tween actual grades made i n 

chemistry and grades that wou ld be predicte.d f r om t he score s us ed . 

The use of the prediction equations tha t have been der i ved is dependent , 

however, upon the degree t o which f u ture sanples ( s tuden t s enrolled in 

chemistry) are representat i ve of the char acteristics of t he sample from 

which t hese predi ct ion equations were derived. 

The regress i on equat i on, based on grades made by the 1954- 1956 

classes , and scores made on the linguistic secti on of t he 1948 American 

Counc i l on Education Psychological Exami nat i on , together with scores 

made on the Cooperat i ve Elementary Algebra Test , Revised Form Z, is : 

r 
Y = x1 = 63.89 + . 1406 x

3 
+ . 2779 x

5 
( 4 ) 

To pred i c t Y (or x{) , whi ch i s the chemistry grade like l y t o be achieved 

when x
3

, the linguist ic score on t he Psycho l ogical Examinat ion , and x5, 

t he s core on t he Elementar y Al gebra Test, a re known, t he r espec t i ve 

coe ff ici ent s , . 1406 and . 277~ are mul t iplied by the r espective s cores , 

givi ng two quantit ies , which are t hen added t o t he cons tant , 63 .89 . 

Where a conside rabl e l isting of names and scores has pr eceded , as wil l 

be the usua l c ase, this may convenient l y be done by means of a calcu-

lator , or , i f this is lacking, by means of a s l i de r u l e . The use of 
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this equation may be illustrated by using hypothetical scores near the 

means, and predicting a grade t o be expected from such scor es , whi ch 

likewise wou ld be near t he mean achieved by the t hr ee c l asses, 1954-

1956, from which the data was obtained . If the linguistic score were 

57, and the a l gebra score , 26, the following is obtained: 

I 

( . 1406 X 57) + ( .2779 X 26) + (63 . 89) = x1 (8) 

Multiplying and rounding off gives : 

7 . 3 + 8 . 0 + 63.9 = 79 . 2 

Since the standard error of estimate was found to be the t 6 . 2, over two 

times out of t hree a person with these particul ar scores would make a 

grade in the course tha t woul d not be be low 73 (above the minimum passing 

grade), and not above 85 (the minimum for a] gr ade) . 

Since t he Psychological Exami nation is no l onge r being used at 

Oklahoma State Univers i ty, predic t ions us ing scores on t his tes t would 

not be of interest except as an i llustration of what migh t be pos sible 

from comparable scores on a simi l ar se t of tests or a t ins ti tuti ons wher e 

these tests are sti ll be ing used . 

For immediate use , the equat ion which best predicts t he probab l e 

chemistry grade that would be achieved by a begi nning chemis t ry student 

of freshman classification at Oklahoma State University, who has had no 

previous i nstruction i n chemistry i s : 

Y = x~ = . 2139 x2 + . 1507 x3 + . 1881 x5 - 36. 17 

where x2 and x3 are the Q- and V- scores, respect i ve l y , on the College 

Abi l ity Test , and x5, the score on the Elementary Al ge bra Test, both 

of which tests have been referred to previously. The cons tant, 36 . 17 , 
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is subtracted from the sum of the three scores after adjus tment t o the 

weigh which they have been shown to possess . To i llustrate, as before, 

by using scor es near t he means achieved by the 1957 c l ass, and predict ing 

a grade t o be expected from such scor es--which likewise woul d be near 

the mean achieved by this c l ass from which data was obtained- -the follow-

ing hypothetical case is offered. I f the quantita tive scor e were 304 , 

the l inguistic or verbal s core were 290, and t he algebra s core were 25, 

the following is obtained : 

I 

x1 = (.2139 X 304) + ( . 1507 X 290) + (. 1881 X 25) - 36 . 17. 

Multip l ying and rounding off gives : 

65 . 0 + 43 . 7 + 4 . 7 - 36.2 = 77.2 

Since the standar d e r r or of estimate was found t o be : 6. 2, a pe r son 

with these particular scores , over two t imes out of three would make a 

grade in t he cour se that wou ld not be below 71 .0 (above the minimum 

pass i ng grade ) , and not above 83 . 4 ( j ust under t he mini mum for a B 

grade). 

For less exact prediction t han is possible by substitu ting s cores 

in the predi ction equation, and s olving f or a numerical grade Tabl e XXV 

is offered for use. This tabl e shows t he means of the t hree test scores 

that proved signi fi cant i n es timating chemis try gr ades for each of t he 

five le tter- gr ade designa t ions correspond ing to t he col lege sca l e. 



TABLE XXV 

MEANS OF TEST SCORES ASSOCIATED WITH MEAN NUMERICAL 
GRADE IN FIVE LETTER-GRADE CATEGORIES 

GRADE MEANS OF TEST SCORES 

Mean e. tter 
Numerical Equivalent Quantitat ive Verbal 

94. 5 A 320. 2 308.0 

88 . 2 B 316. 6 302. 6 

80.2 C 308 . 2 291. 4 

72. 9 D 298. 6 285 . 7 
,,,.. 

65 . 1 F 291 . 3 281. 0 

Al gebra 

40.6 

37.l 

25 . 5 

20.8 

16. 0 

The user by simpl e visual comparison of the test scores of an 

individual t o t he means out l ined in the tab l e can get a qui ck approxi-

mation for advisement purposes . 



CHAPTER VI 

CONCLUSIONS AND RECOMMENDATIONS 

This study has been concerned wi t h the selecti on of a popul ation 

for study, and with designing a procedure t o determine if a r e l at ionsh i p 

exists between marks students compos i ng this population received i n 

Chemistry 114 at Oklahoma State Univers ity and the scor es t hey made on 

achievement tests pr i or to matriculation . The procedure fo r t he popu­

lation analysis included an inves tigat i on o f ( 1) the attrition rate 

in this course, ( 2) t he re l at i ve numbers of t hose with and those with­

out previous chemi stry i nstruction, ( 3) t he possibi lity of an advant age 

having been conferred by previous s tudy of chemis try , and (4) whe ther 

the lack of t est-score data in t he c ase of certain individuals intro­

duced a facto r which mi ght bias the r e l ationship be i ng investigated. 

Two sub-groups were selec ted, the criteria be i ng the same for both 

with one exception, the separation i nto t wo groups being made necessary 

by a change i n the psychological examination adminis tered a t mat ricu­

l ation during one o f the years of the study . 

Data for the two sub-groups was ana l yzed in t he same manner. Cor­

relat ion coeffic ients between each of f our admi ssion- t est scores and the 

chemistry grade were computed . A regression equation was c alcu l a t ed fo r 

use in predicting the probable grade of future chemistry students wh o 

met th e same criteri a as the test popul ation. The regression coeff i ­

cient s wer e conver ted i n to beta weights in order t o de t ermine t he 

61 
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relative effectiveness of the various scores used in the prediction 

equation. Finally, the multiple correlation coefficient involving the 

significant independent variables was determined in orde r to see what 

proportion of the chemistry grade might be account ed for by the vari­

ables which had been employed . 

Conclusions 

This study has demonstrated the useful ness of psychological t ests 

in assessing the scholastic potential of a s tudent considering enroll­

ment in introductory chemistry. 

Previous inst r uction in chemistry at the secondary s chool l evel 

apparently confer s an advantage on t hose who enroll in Chemistry 114 

at Oklahoma State University . The benefit s are obvious f rom the data , 

but how much of the advantage stems from re t a i ned sub j ect mat ter, and 

how much from backgr ound material, at t i tudes, and motor and vocabu l ary 

skills can onl y be surmised . 

The number of students enrolling in Chemist ry 114 without previous 

instruction in chemistry is apparent l y decreasing, the dec r ease during 

t he four years being from appr oximately 47 per cent t o 41 pe r cent of 

the i nitial enrollment . No fi gures were available to indicate how 

many would have elected high school chemist ry had i t bee n offered i n 

the secondary school which these students a ttended, and it would have 

been interesting to determine the relat i ve number who f ailed to elect 

t he course when it could j us t as well have been taken. Nevertheless, 

the fac t remains that approximate l y two out of every five enrol l in 

Chemistry 114 at the present time without benefi t of having had a 

high school course in the subject. 
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The grades made in the introductory course in chemis try by those 

who have had no previous instruction in the sub j ect i s s igni fi cantly 

re l a ted to the genera l mathematica l abili ty and the verba l a bi l i t ies 

measured by the psychological examination , and to t he pr oficiency in 

a l gebra as indicated by the te s t s core in t hat subjec t . The contribu-

tion to the chemistry grade of the quant ita tive score on the College 

Abi l ity Test was greater than ei ther the linguistic section score of 

the same test or t he a l gebr a t es t score. These three factors t oge ther 

2 
account for 52 per cent of the chemistry grade (R = 0. 52). The r emain-

der must be accounted f or by factors wh ich a re not now being meas ured. 

Recommendations 

The admission t es ts which are currently being us ed a t Oklahoma 

State Unive rsity admi tted ly do not account fo r all f actors contri buting 

to chemis try grade s . Expansion of this battery of tests migh t be desi r -

able . Although t he Engl ish t est being used at the pr esent time may f u l -

fil l the needs of the English Depar tment , scores on it di d not pr ove 

significant i n predict ing chemi s t r y grades . An aux i l iary English tes t 

tha t is heavi l y loaded with ver bal comprehension a nd reading skil l 

factors might be inc luded f or purposes of the Chemistry Depa r tment. 

A future study for the cros s va l i dation of the r egression 

equation deve loped in this study migh t be made . The inves t i ga t or 

migh t obtain the admiss ion te s t scor e s f or an i ncoming class in 

Chemist r y 114 and predict t he most probable grade that woul d l ike l y 

be made by t he use of the regr ess ion equa t i on in its present form. 

If, at the end of the semester, the actual grades tha t were rece i ved 

were obtained , and the degr ee of corre l ation between ach ieved and 
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predi c t ed grades were cal cu l ated , t he pr ocedure shou l d yie l d an est i mat e 

of t he e f fec t iveness of the regr ession equat ion in a s ample which wa s 

no t inc luded i n t he development of the r egr e s sion equat ion . 

The p r edict ions poss ib l e by means of t he r egr es s ion equa tion at 

t he pr esent stage of development are no t i ntended to elimina t e t he need 

f or trained counse l ors , fo r t he mechani ca l i nte r pr e t a tion poss i bl e i s 

j ust one source of i nforma t ion which contribute s t o t he pr evi ew of t he 

performance to be expected i n one fiel d o f t he mu l t iple offe r i ngs that 

are pre sented by a vas t educa t i onal ins t i tu t i on . In terms of group 

prediction, however , the regr ess i on _equation can cer tai nly make a contri­

bution to the a t t empt s of Oklahoma State Univer si ty to adjus t i ts 

students t o i t s ac ademi c program. 
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APPENDIX 

CALCULATION OF THE MULTIPLE COEFFICIENT OF CORRELATION 

1954- 56 

f313 . 5 = 
VJ 

b3 = 
p3 . 9l {0. 142 = 0.249 c7'1 (7 . 8) 

f315. 3 = 
95 

b5 = {1 2. n {O. 282 
= 0 . 449 271 (7 . 8) 

2 
Rl. 35 = 1313 . 5 ~13 + 1315. 3 ~5 

2 R1. 35 = (0.249) (0. 48) + (0. 449) (0 , 58) = 0. 119 + 0. 260 

2 
Rl. 35 = 0. 379 

Rl. 35 = O. 615 

1957 

1312,35 = 
<72 

b2 = 
{15. 062 {0. 214l 

= 0 . 353 0 1 (8 . 97) 

1313 , 25 = 
0'3 

b3 = 
{15. on {0 .1512 = 0,252 C71 (8. 97) 

1315 . 23 = 
Os 

b5 = 
{12. 32l {0 . 1882 = 0.260 o-1 (8 . 97) 

R:. 235 = ( . 353) (.64) + ( . 252) (.5 3) + (.260) (.63) 

2 R1. 235 = 0.226 + 0.1 34 + 0.164 = 0.523 

Rl. 235 = 0 . 73 
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a major in Education , in August , 1947; attended t hree 
and one - ha l f summer sess ions at the University of Col orado; 
completed requi rements f or t he Doctor o f Educat i on degree 
in August , 1959. 

Profess iona l Exper ience : Taught high schoo l s c ience at Hende r son, 
Texas , in 19 28-29 ; taught high school sc ience at Marlin, 
Texas , fr om 1929-1947 , and , in addi t i on, was High School 
Principal dur ing the las t f i ve years of tenur e there; taught 
College Chemistry at Stephen F. Austin State College since 
1947, with t he except i on of the regular sessions i n 1956-
57 and 1957- 58 was absent - on- leave t o at tend Oklahoma State 
Uni versity; member of t he Ameri can Chemi ca l Society, Ph i 
Delta Kappa , Ph i Lamda Ups ilon, and Alpha Chi . 
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