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ABSTRACT

The purpose of this study was to determine how accurately
academic success of engineering students at the University of Houston
can be predicted from a knovwledge of their High School grade point
avefage, and thelr scores cbtained on tests that make up the fresbman
guidance battery. |

The battery of standardized tests considered in this study
included (1) The American Council on Education Psychological Examination,
1947 College Edition; (2) Cooperative Inter-American Reading Test -=-
part 2 only; (3) Cooperative English Test Mechanics of Expression,
forms Z & S; (&) Math. Screening Test, University of Houston; and (5)
Kuder Preference Record, Porm CM.

The criterion used was the grade point average: for the first
semesterts work of the recent high school graduates that entered the

University of Houston's Engineering College in the Fall of 1955. The
Pearson product moment method was used to find the intercorrelation
between the criterion and each variable and between each variable and
all other variables.

The Wherry-Doclittle test selection method was used to determine
the multiple correlation and the beta coefficients of the various tests.
It was found that the maximm predictive value of wariables is obtained
with the high school grade point averages and the scores provided on
two of the tests in the battery. Listed in the order of their relative
contribution these are: High school grade point averages, Math. Screening
and ACE Psychological Examination score. The beta coefficients, listed
in the same order, were found to be .54, .03, and .02. The shrunken
coefficient of multiple correlation was found to be .63.



It is obvious that po single variable is a very good means of
predicting success in the college of engineering. However, when optimum
welghts are applied to three of the scoreg, & substantial reduction in

errors of prediction is obtained.



CHAPTER I

THE FROBLEM

Statement of the problem. IU was the purpose of this study to

determine how accurately scadenic success of engineering students at the
Univ;ersity of Houston can be predicted from a knowledge of their high
school grade point average and their scores obtained on tests that make
up the freshmen guidance battery.

Importance of the study. The University of Houston began a

new comprehensive freshman guidance progrem im the fall of 1955. But,
without valid statistical information concerning the tools they are using
;bo give the student objective information sbout his chances of success

in the various colleges, the counselor's recommendations cannot be much
better than chance. '

The College of Engineering of the University of Houston has
enrolled from elight hundred to one thousand freshmen engineering stu-~
dents each year since 1946. The greatest mumber to graduate from this
schoel in any one year has been between one hundred seventy five to two
hundred. What is bappening to the seven or eight hundred that 4id not
mke the grade? It is quite inefficient to mpend the time snd monpey
training students who will pever complete the training, and it is both
psychologically and economically unwise for the student to spend years
training for something he will never be able to complete or utilize.
The College of Engineering could turn out more graduates with perhaps
even higher standards if it were able to predict more accurately the
success of its applicants.

The shortage of trained engineers at present is estimated to



be nearly 65,000 apd occupational market analysts bave pointed out that
this shortage is likely to remain for & pumber of years. In light of this
situstion, engineering educators have been engaging in an active campaign
of informing and inviting able high school students to consider engineer-
ing as & profession. Since the training of engineers is an expensive
progran as well as a demanding one for the student, means for facilitating

selection and guidance of prospective engineers are nee&ed.l

1. Coleman, ¥W.; “Economical Test Battery for Predicting Freshman Engineer-

ing Course Grades”, Journal of Applied Psychology, December
1953, pp. 465-467




CHAPTER II
REVIEW OF THE LITERATURE

It is beyond the scope of this investigation to review all
the studies relating to the prediction of success in scholastic work
in general, but some of the studies that deal with prediction of
success in engineering colleges were considered in relation to this
study.

A3 & means of predicting the grades of college englneering
students a trial test batiery was administered to entering freshman
engineering studentes at the University of Tennessee in Seplember,
1950, The battery used included the American Council on Education
Psychological Examination, 1949 edition, the Cooperative Inglish Test,
Form OM, Form 8 of the Cooperative Algebra Tesit, the Minnesota Faper
Form Board, and the Bennet Mechanical Comprehension Test. No interest
inventory was included in this battery, otherwise it 1s similar to the -
one recommended by Stuit and his collaborators for use with engineers.
The particular tests were selected because of thelr low cost and ease
of mdministration.

The criteria for the study consisted of grades tabulated
for this group from the fall guarter, 1950, through the fall gquarter,
1951, Freshman year grades usually take care of most of the screening
of englineering candidates at the Universily of Tennessee, as fallures
are more unllkely after the first few guarters in the engineering
curriculum. o selection procedures, other than a minimum mathemmtics
requirement of four high school units are used; therefore, the entering

2
class is & relatively heterogeneocus group.

Coleman, William; "An Economical Test Battery for Predicting Freshman
Engineering Course Grades”, The Jourral of Applied Psycholegy,
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Though the coefficients found in Coleman's study are not specially
high, several of them sre pufficiently so io be regarded as meaningful in
selection or for guidance purposes. With & population consisting of high
school students, a higher correlation would be hypothesized for this more
heterogeneous group.

| The Cooperative Algebra Test seemed to be the best predictive
insmnt in the battery, followed by the Cooperative English Test which
ranked second., Better correlations with grades were obtained from the
Mechanical Comprehension Tests than with either of the ACE scores. In an
unpublished m&ter"s thesis at the University of Tennessee, Tarvin found
that the algebra and English tests yielded higher correlations than either
ACE score among freshman students. From these data and other studies, the
predictive value of so-¢alled scholastic aptitude tests such as the ACE
mst be guestioned in comparison to outright achievement tests.

This same study reveals that in different courses different
instruments way be the most effective predictors. The English test, for
example, im best for predicting English grades and the algebra test in
& similay fashion for mathematics grades. The Bennelt is clearly the best
predictor in engineering drawing instead of the Minnesota Paper Form
Board s might have been expected. No test emerpges sz & good predictor
for civil engineering. This may reflect to some extent the unreliability
of grades in this course though further evidence i needed. The English
- grade gtands out ag the best predictor in mechanical engineering. The
algebm test m Q score seem to be the best predictors in engineering
problems, though the Bennet provides a moderate correlation coefficient.

To be noted with interest is the fact that the "Q" score is

moye valuable than the "I" for this engineering group in the courses



conasidered. This, of course, is contrary to the uwsual findings with the
ACE in other curricula. The lowest correlation coefficients were ylelded
by the Minnesota Paper Form Boaxd.

Multiple correintions were then computed for four of the
eritericon variables, grades in English, engineering drawing, engineering
m'obiems s and mathematics,

The addition of further tests does not add much in the case of
English and mathenatics where the zero order correlations were moderately
high in the first place. In engineering drawing and engineering probiems
the extra tesits appreciably contribute in improving the correlation coef-
ficients, from .496 to .612 for the problems course, and from .h53 to
5h1 for the drawing course. %Mﬁtiaml tests seem warranted for more
r{elﬁ;a‘ble yrediction in the ca;ée of these two coﬁraes.
| Johnson found that the msthenatical score on the College Board
-Sehalastig Aptitude test provides a most effective prediction of engi-
_neering mliege grades. I% 2.3, of course, merely an indication of a‘bility.
It provides no clﬁé as to motivation or to achievement. There is no
,“..evidence that it is a measure bc:f talent for meking money, or of persuasive
skill in dealing with people, or of the sbility to invent useful things.

- In addition to scholastic ability, it would be good to learn whether an
appa_icam has learned to study or to discipline himself to do the day to

v da:y' work which will be assigned tg him in enginming school, for often
an exceprtiémlly able freshman bas not learned these things. Achievement
teé‘t scores are partial "glues in this comnection as are mﬁes in secondary
school.

It is becoming widely known that the verbal score on the Scho-
1agtic Ayﬁitude Test can be an important aid in evaluating the qualifications

3. Johnmson, A: Perberton; "The Prediction of Ingineering Potentislity in
High School Students®, The Journal of Engineering Education;
Betnhor. 1055, Do, 1269 ]




of & high school senior who is an applicant to an engineering college.
Johnson recommends the use of a combined scholastic aptitude test score
along with consideration of rank in high school class for predicting
success in engineering college. This combined score may be either an
average of the mathematics and verbal scores of the College Board Scho-
"“ia.stic. Aptitude Test or a total obtained by doubling the mathematics
score and adding the verbal score so that in effect twice as much weight
is given to the mathematics secore. In this way, 1f the verbal score is
low it will serve to depress either the average or the total compoaite
score, Ideally, of course, the proper weighting should be worked out by
each institution.

For those institutions which receive the College Board Test
Reports the comparison of achlevement tests scores sgalnst corresponding
aptitude test scores may give & rather good clue as e whether & par-
ticular wan bhas performed up tc the level of bis ability as measured by
the aptitude test,

Some engineering colleges are faced with & problem of high
school students ﬂmp};ﬁng in and ssking for an immediate evaluaticn of
their potential for the study of engineering. In such situations, the
Pre-Engineering Ability Test can be # very wseful substitute for the
College Board best scores. Some conperative data are availsble for the
direct comparison on an epproximate basls of the Pre-Engineering Ability
‘Test scores to College Board Bébo}astif Aptitude Test mathematlcs scores.

Neither the College Entrance Examination Board Scholastic

Aptitude Test nor the Pre-Engineering Ability Test is available for use
by secondary schools. However, as Johnoon points out, the Cooperative

Intermediate Algebra Test which is”availabdle for secondary school use, and



vhich takes only forty mimutes of testing time In addition to some {lme
for handing out and mmmmg the test papers, snswer sheets, and electro-
graphic pencils, has been found to be & very effective predictor of grades
at two Institutions, Purdue and Cornell, when given to incoming new high
school graduates.

Johnson in his stedy refers to an unpublished study made by
Dr. ¥. B. Schrader, bused upon data from 721 enrolled englneering freshmen
tested in the Fall of 1948 at Carnegle Institute of Technology, Cornell
University, lehigh Umiversity, Rulgers Univernity, and the University of
Pennsylvania, in vhich Schrader found that the weighted average correlation
coeflicient of high school grades against first~term engineering grades
ot these five institutions was .46. The weighied average correlation
coefficient of the Scholastic Aptitude Test (Mathermtical Section) scores
corbined with high school grades agal

it Tirst-term engineering grades for
these five institutions was .GG.

The present evidence sugpesis that for almosit sll englneering
schools the Scholastic Aptitude Test, mathemmtics score, is a somewhat
better single predictor of engineering grades than iz rank in high school
gradunting class. A slight improvement yesults when, in addition to these,
the Intermediate or the Advanced Mathemmtics Test score of the Collepge
Poard iz added into the composite of the mathematics Scholastic Aptitude
Teat score and rank in high school class. Many engineering schools have
concluded that the additiomsl advaniage from use of the achievement test
is not worth the additional cost in terms of time and woney to the &pplicant.y

4, Plersom, G. A. & Jex, F. B.;"Using the Cooperative Ceneral Achievement
Tests to Predict Success in IDngluoeering,” Educatiomnl and
Psycholopical Measurement, 1951, pp.397-402




CHAPTER III
SOURCE OF DATA

Croup Studied. The group used In this study consisted of students

selected from the entering engineering freshmen of the University of Hous-
ton in the Fall of 1955.5 Only those students meeting the following require~
ments were included: (1) recemt high school graduate, (2)taking twelve or
nmore semester hours of accredited college work, {3) had no three hour re~-
medial course included in his schedule, (%) had taken all tests of the
freshman guidance battery, and {5) were still enrolled at the end of the
Fall Semester. A total of eighty-nine students comprised the study group
on this basis.

In order to Justify the comparison of this group with other engineering
schools through-out the nation it was necesssry that the sample be re~
stricted in the sbove manver. Only students having the sbove gualifi-
cations would meet the minimum entrance requirements of most colleges.

Variables. The Counseling and Testing Sexrvice of the University of
Houston selected the following battery of tests which was administered to
all entering freshmen in the fall of 1955 by the testing staff.

American Council on Education Pgychological Examination for College

Freshmen, 1947 Edition. This is a test of general scholastic aptitude
which has been found to predict, fairly well, success in colkge work

in geperal. The test yields im addition to the total score two sub-scores,
guantitative and linguistic. The "Q" score (quantitative) is based on
problems in arithmetic, figure anslogies, and mumber series. The "L" score

5. Btudents enrolled as freghmen at the University of Houston who designate
engineering as a major do not in reality take any courses in engineering
ag such until the sophomore year.



{1inguistic) is based on same-opposites, completion problems, and verbal

apalogies.
Cooperative English Test A: Mechanice of Expression, formg S

and Z. This test was designed to meassure the student's knowledge of English
gramuer. Though the test is divided into three parts, only one score is
obtaiﬁeﬁ. Part 1 atienmpts Yo messure & knovledge of the use of the right
word in aynm. Part I7 atempts to measure knowledge of punctuation and
capitalization, and Pert III attempts to measure the ability to spell.
Two different forms of this test were unsed and the scaled scores which were
used were found not to be equated. Therefore, the use of this test in the
study could not be Justified, |

Cooperative Inter-American Tr:st; Advanced Ievel. The tests

consist of two parts: I, Vocabulary: and II, Comprehension. The words
included in the vocabulary section, and the paragraphs on which the com~
prehension questions are based repfesent & variety of materials and are
designed to glve & measure of general reading ebility. The scores on Part
11 only were used in this study.

Mathematlcal Screening Test, University of Houston. This test

was constructed by the mathematics department of the University of Houston.
It attempts to measurs schievement in the basic concepts of algebra.
Kuder Preference Record, Form CM. This test is designed to

measure & person's relative interests in ten different areas: outdoor,

mechanical, computational, sclentific, persussive, artistic, literary,
musical, social service, and clerical.

High School Grade Point Averages, these were computed from high

school transcripts. All grades oblained in the four major subject areas =--

English, mathematics, matural sclences, and social studles -- for four years
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of bigh school work were used. The averages were cormputed in the following
vay: esch tern grade earned equaled 1; grade of P vwhen not repeated = 0,
grade of D=1, grade of C =2, grade of B =3, and grade of A = &,

Criterion. OCrade point averages appeared to be & logical criterion
for they are an important means by which the University of Houston determines
the guccess or failure of its students. The use of the first semecter's
grade point averages as 8 criterion rather than the firet year 0§ any other
conbirmation of grade point averages, can be jJustified statistically in that
the sample is rapldly skewed towards the high end of the curve after the first
semester, due to the fact that & large percentage of the d&ropouts and fellures
com€ from the first quarter of the distribution.

The firvet semester grade point averazes were computed in the fol-
lowing mapners eoach semester hour attenmpted is equal to 1y pedes of P &E W =0,
grade of D" = 1.0, grade of "C* = 2.0, grade of "B" = 3.0, and grade of "A" = k.0
for each semester bowr. To compute grade point average divide mwber of
semester hours attenmpted indto quality pointe earned.



CHAPTER IV

Pearson’s product-moment coefficients of correlation were com-
puted between each of the varisbles and the criterion. These coefficlents
are presented in Table I, The means and standard deviatlon for the criterion
and each varisble are mlso shown in this table,

The Wherry-Doolitile test seleciion method wos applied to the
data given in Tuble I. This revealed that the maximm predictive value
of the varlaebles is obtained with three of the scores. They are listed in
the order of their relstive contribution: High School grade poinmt sverage,
Mathematical Screening Test, snd the quantitative score of the Amwericen
Council on Educetion Psychological Exemination. The beta coefficients,

listed in the same order, were found to be .54, .03, and .02. The regres-
sion equstion would be ¥ — .54B & .036 £ .02D — 3.06 when all of the scores
are in texms of rew scores. The ahmnkené coefficient of mltiﬁle corre-~
lation was found to be .63, significsnt at the ,01 level of confidence,
The American Council on Educstion Psychological Examination quantitative

score made very little contribution to the battery, incressing the multiple
correlation only from .61 to .63.

6. A multiple correlation coefficient iz subject to positive bias, that
isy the midtiple correlation ccefficient obitslned from & sanple alwnys
tends €0 be larger than the correlation in the total population. The
Wherry shrinkage formala has been applied €2 all mitiple correlstion
coefficients given in this study in en atiempt to remove the chance
SrTor.



TABLE I

TRTERCORRELATIONS BETWEEN CRITERIONW TEST AND HIGH

SCHOOL GRADE POINT AVERACE

Vg = B C D E P G MEANS  S.D.
A .5k 29 B .7 W3 A3 ' 1.8 .88
B L3 TR 45 45 .26 2.7 .68
c 1 B8 16 76 «23 k.9 6.6

D B3 77 .38 “¥7h 9.0

E 51 26 58.6 13.6

7 .36 - 106.0 19.3

G 21.6 5.4

Iegend

A = Ist Semester Col. Grade Print Average

B =} year High School Crade Point Average

C = Cooperative Inter~American Test Raw Score Part IIX

D = ACE ®*Q" Raw Score
E = ACE "1L* Raw Score
F = ACE Total Raw Score

G = Math Screening Test U of H Raw Beore



It was found that 80 percent of the sample group made
a grade point average of 1.3 or better fe;i thelr first semester's
college work. This is the minimm passing mark set by the Unl-
versity of Houston, therefore the investigator fell Jjustified
in making the assumption that all students making a grade point
avémge of 1.3 or better should be classified as satisfactory students.
Assuning that 80 percent of the engineering students are successful
by chance selection, Tables II, III, IV, and V were computed from
Taylor and Russel Tables? to show the improvement over chance that
can be made by using various cutiing scores. As an example of how
these tables can be used, let us assume that the College of Engineerifig
wanted to select the best 80 percent of their applicants for admission.
By entering column 2 of Table II at the 20 percent equivalent they
could expect 88 students out of each 100 to succeed if only those
students who earned a l.1 computed grade pdint average were admitted.
This would be an 8 percent improvement over chance selection. In other
words, by entering column 1 of Tables II, III, IV and V with an obtained
score, colwm 2 will show the percent that should be rejected, colum 3
fhe percent of students that could be expected to succeed of the ones
accepted, and column & the percentage of imporvement over chance sew

lection.

7. Taylor, H. €., & Russell, J. T., "The Relationship of Validity
Coefficients to the Practical Effectiveness of Test
in Selection: Discussion & Tables", Journal of Applied

Psychology, 1939, 23, pp.565-578

i3



TABLE I

PREDICTING SUCCESS (FIRST SEMESTER COLIEGE OF ENGINEERING)
BY COMPUTING COLLEGE GRADE POINT AVERAGE FROM MULTIPIE
REGRESSION EQUATTON: R = .53

Computed Percentile Percent Improvement

Grade Point Bquiv, Success Over

Average Chance
3.2 95 100 20%
2.9 90 99 19%
2.5 80 98 18%
2.4 70 97 17%
2,0 60 96 16%
1.8 | 50 95 15%
1.6 %o 93 13%
1.3 30 91 ng
1.1 20 88 &%
0.8 10 85 5%

0.4 5 83 3%



TADLE IIX

FREDICTING SUCCESS (FIRST SIMESTER COLLECE OF ENGINEERING)
FROM FOUR YEAR HICGH SCHOOL CRADE POINT AVERACE: T n= .5k

High School Percentile Percent Tmprovement
Grade Poinb Eqguv, Succeas Over Chance
Average

3.8 95 99 19

3.6 90 98 18

3.3 80 97 7

3.1 T0 95 15

2.9 60 M 14

2.7 50 92 12

2.5 ko o1 | 1

2.3 3¢ 89 9

2.1 20 87 7

1.8 10 84 )

1.6 5 82 2



TABLE IV
PREDICTING SUCCESS (FIRST SEMESTER COLLEGE OF ENGINEERING)
FROM SCORE ON MATHEMATIC SCREENING TEST: ¥ = .43
Math. Percentile Percent Improvenent
Screening Eguv. Success Over Cliance
Score
30 95 97 17
28 90 96 16
26 8o 95 15
24 70 93 i3
23 60 92 12
22 50 90 10
21 ko 89 9
19 30 87 T
18 20 85 5
16 10 &3 3
14 5 82 2

16



TADIE V

PREDICTING SUCCESS (FIRST SEMESTER COLIEGE OF ENGINEERING)
FROM ACE "Q" SCORE: x = .1l ‘

"Q" Score Percentile Percent Inprovement

Eguv. Buccess Over Chance
62 95 96 16
58 %0 95 15
55 80 93 13
J2 ™ 92 12
hg 60 90 10
k7 50, 89 9
Lk ko 88 8
k2 30 86 6
ko 20 85 5
36 10 83 3
33 5 82 2

7



Table VI provides percentile equivalents for raw scores
obtained on the following varisbles:

Column (A) First semester college grade point averages

Column (B) High School grade point averages

Colummn {C) Cooperative Inter-American Reading Test
(part 2 only)

Colum (D) American Council on Education Ps;g%ological
Exaxination, guantitative score "Q

Columm (E) American Council on Bducation ?“_?_zthological
Examination, linguistic score "L

Column {F) American Council on Education Psychological
Examination, total score "T°

Column (G) University of Houston Mathematical Screening
Test scores

These percentiles were cougpuled from the digtribution of the scores
obtained by the elghty-nine students im this group.

18



PERCENTIIE EQUIVAIENTS FOR ALL VARTABLES

TABLE VI

PN

Percentile A B 4 D P G
99 3.8 4.3 50.  68. 90. 150,  3k.
98 3.6 k.1 48. 66. 87. k5. 33.
96 3.3 3.9 k6, 63. 8. 139. 31.
95 3.2 3.8 45, 62, 8o. 136. 30.
92 3.0 3.7 Lk, 59. 9. 133. 29,
85 2.7 3.k k2, 56. 73. 125. 27..
80 2.5 3.3 k1, 55. T0. 122, 26,
75 2.4 3.2 39. 53. 69. 119. 25,
70 2.3 3.1 38. 52. 66. 7. eh,
60 2,0 2.9 36.  bo. 6h. . 23.
50 1.8 2.7 35. 4. 59. 106. 22,
Lo 1.6 2.5 3. b, 5h. 01, 21,
30 1.3 2.3 32. k2, 52, 95. 19.
25 1.2 2.2 31, hi. kg, 93. 18,
20 1.1 2.1 29. Lo, k7. 90. 18,
15 0.9 2.0 28, 38, L5, 87. 17.

8 0.6 1.7 26. 35. 39. T9. i5.
5 0.4 1.6 23. 33. 38, 76. 1k,
L 0.3 1.5 ez, 31. 3h. 73. 13.
2 0.2 1.3 21, 28. 31. 67. 1.
1 0.0 1.1 20. 26. 29. 62. 10.

19



CHAPTER V
'SUMMARY, CONCLUSIONS ATD RECOMMENDATIONS

Bummarys The purpose of this investigation was to determine
how accurately the first semester's grade point average of recent high
SM gradustes enrclled in the College of Englneering of the University
of Houston could be predicted from a knowledge of thelr high school.
grade point avernge and scores obtained from the Freshman Guidence Battery,
and to provide iacal norms for this group,

Peargon's product-moment correlationsg were computed between
the criterion, high school grade point aversge, and the gcores obtained
from the FPreshman Guidance Battery. The Wherry-Doclittle method of test
selection was used to determine the multiple correlation coefficient and
beta coefficlents. The miltiple correlation was found to be .63. This
miltiple "R comperes favorably with those found in other studies on this
subject reviewed by the investigator. The larpest mltiple correlation
reported in the literature was .66,

The maxirmm predictive value was obtained by using the fol-
lowing varisbles; high school grade point aversge, Mathemetic Screnning

Test, and American Council on Educstion Psychological Exsmination,

quantitative score. Regresslon eguations were provided for the prediction
of the criterion by means of the sbove variables. Perceuntile equivalents

were computed for the varisbles used in the study.



Conclusiona., The following conclusions are based on the findings
of this study. ~

1. Mo single variable nor the multiple regression equation
can be Justifiably used to predict individual success et\'failure in the
College of Englneering of the University of Houston. 3But, if the College
of Engineering accepted only those students whose predicted first semester
grade point average was say l.3 or bbove, then they could expect 910 out
of 1000 admitted to cbtain a grade peint average of 1.3 or better. Under
the present system they can expect only 800 ocut of each 1000 students ad-
mitted to make the reguired grade point average.

2. As a screening device for the College of Englneering the
Freshman Guidance Battery could be greatly reduced as only the high school
grade point average, scores on the mathematic test, and the "Q" scéore on
the ACE Psychelogical Examimation add to the walue of the multiple regres- ‘
sion "x",

3. Since most of the tests in the freshman guidance battery
show rather high intercorrelation with each other, it is very likely that
the battery could be improved.
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Recommendations. Due to the difficult:f of cbtaining high

school grade point averages at the time of counseling the investigator
believes that Durther research should be done to try to replace this
variable with some test score that would yield as high or higher mulii-
ple vegression "r". From studying the literature on the research that
" has been mede in this area it would seem that one of the standardized

achievement test in English could, perhaps, replace the high school
8
grade point average.

The findings of this study should be verified by epplying
the regression eguation to anotber sample of englpecring students in
order to compere the predicted success with their actual success.

8. Dreke, L. E. & Thomas, W. F., "Forecasting Academic Achievement
in the College of Engineering”, Journal of Engineering
Bgucation, December 1953, pp. 276-7
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