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IHE VAIUE OF PBE—ENGINEEBIWG TESTS IN
PREDICTING FRESHMAN SCHOLASTIC SUCCESS
IN AN ENGINEERING CURRICULUM

THE PROBLEMS, DEFINITIONS, AND STﬁTiSTIGS
This study was ﬁndertéken to determine the relatioﬁshif or lack
of relatlonship betwesn the scores attalnai on the psychological tests
administered o the freshmen class of Septenber 1947 priox to admattance,
and the scholastic SUGGGSS‘Of this grqup‘during their first quazter of
freoshman work dn the énéineériﬂg curziculum at‘thé éeqxéia School of
Technology.‘,Sﬁchirelat{onshiﬁ as'was fouﬁd, ﬁaé examinédﬁto determine
whether it was of sufficient significance to Justify the prediotion of
scholastic succese from ﬁhe”scores aitaiﬁééﬂoﬁrfhése péychalogical tests.,
The Batteiy of psjcholegicél'fests which“ﬁéie éﬂministered to tﬁis

grouﬁ of sttdénts undexﬂétudy cdnsisfedmof'z 4 : “

(1) The Amerlcan Council ‘on Educatlon Psycholbglcal Examlnatlon.

(2) The P:e-aninearlng Inventery.

(3) The 8ilent Reading ‘Compxrehension Test (Van Wagenen-Part I.)

(4) The English Placement Test. (Georgia Techts own.) :

(5) The Study Habits Inventory. (Wrenn.)
The imerican Council on Education Psychological Examination end the Pre-
Engineeiing Inéegtdfy wexre selected from this battery of five taéts for
igvéstigaiion. Tﬁesa tests weredselected‘beoause the 1imitatidns of this
study wouid nof allow %hé”investigatioﬁ of”all the“tests administerxad,
and of the five, the A.C.E. and the P.E.I. were thought to be the most
impo:tant.and cémprehensive. W

The American Council on Education Psychologiecal Examination is




composad of the following six sections:

(1)} Arithmetic
(2) Iinguistic Completion
(3) TFigure Malogy .. !
(4) Seame and Opposite Word Comparisen
(5) Number Seriss 4
(6) Verbal Analogy ;
In contrast to the Pre-Bngineering Inventory Tésté,.which was designed
to measu:e\sﬁecific‘éptitud@s and achievément, The Ameiican Gbuﬁcil on
Bducation Pagychological Exéminationris primarily an instrument to measure
the general level of‘intelligence of the individual.
The Eie-Epgineering Inventozy is 2 éeries of tests developed
jointly by the Engineers Council for Professional Development of the |
Inerican Society for Eﬁgineéring Baucation, and The Carnegie Foundation
for the Advandément of Téaching. This series of fésts’was'primagily
designed %o measure aptitpdes end achievement and to ald in the selection
and guidance of engineering students.
As ocutlined in the prospectﬁs of the Pre-Engineering Inventory,
igsued by Thé Carnegie Foundation for thé Advéncement of Teaching, the
Pre-Ingineering Inventory Tests are thus describeds ”
These tests measuTe iﬁpoitant‘coméonents of your: general
scholastic ability; your knowledge ©f word meanings; your.
ability to read scieniific materials accurately and carefully;
your. comprehension of what you have read; your ability to in-
terpret graphs, charts, tables, and figures; your ability te
relate what you read to your previous training in science and
mathematics; your ability to deal with quantitative concepts
of a practical and abstract nature; your ability to comprehend
and apply physical principles and solve problems involving
mechanical principles; and your ability to visualize form and
detail from plan figures.
Success in college can be measuréd by two possible criteria. .

Froemen, as reported by Segel, indicated that the best criterion of



success .in ccllege was survival.l Begel, however, beslieved that there
was not sufficient evidénoe to warraent changing the criterion of college
success from scholarship in college lével work t0 the léngth of time
the student is able o maintain his residence. He argued that a student
might deveiop lazy habitsg réther than those of scholastic diligencs;
thatvunpredictable factérs not ali connected with schdiéstic aptitude
ﬁigﬁt terminata‘avstudént"s residenoe;'and thiidly, the correlation
between mental tests and survival have been less than that between such
tests and séholérship. Segel reports that Edgerton and Toopsvhave found
ﬁhat the correlation betwsen ths Chio Psychologiéal Examination, using
percehtiles, and the point-hour-ratio of marks averages 0.45; the corre-
lation between pe:sistancé in college and the Ohio test was only 0.19.2

Acéordingly, the measures of ccllege succesgyinwthis study are
the marks obtained in individual courses teken during the first quarter
work of the freshman ysaxr, and the overall grade-ﬁoint average achieved
for all subjects taken during the same period. English and Mathematics
were selected és ﬁost representative of the courses contained in the
freshman curriculum, |

The grading system at'the Gsorgia School of Teohnglpgywat the
time ¢his study was made, consisted of six olassificaticﬁ;:"Aiksﬁperlap
tive, A-Ezcellent, B-Good, (-Passing, D-Barsly Passing, and FiFailing.
For purposes-of déteimining the gxade-pdint ayeragé foi the entize -

number of courses taken the above lettex grades are assigned the

lsegel, David, Preaiction of Success in College, (U.S. Dept. of
the Interior, Office ¢f Bducation, BUiioLtin 1935, HO. 15). PP. 7-8.

gzbid; Do T
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following values;é M5, A4, B-3, 02, D-I, and 70.° The nume;ical
grade-~point avefage is deterﬁinsd by miltiplying thé mumerical eéuivilant
of the letfsr giade aitained in a course byftheknumber of creditﬁhours
whiéh thaf’course con%iibﬁfss towards a degrés; and dividing the ' sum of
these ﬁraducts fox ali courses taken b? the total number of ciedit hours
taken., Thus; the possible raﬁge of the g:adé;point ig from QO to 5.00.
‘ The population under consideiéfion in this study consisted of 979
students in the first quaiter freshman yeér of the Engineering curriculum
at thevGeorgia Schodi of Technoidgy. 0f this nﬁmber Bl percent wezre
roegistered as Georgia Iesidentsﬁand 49 percent were registered as Out-
of-8tate students. Apﬁroximafely 70 percent of the~populéiion were non-
veteians, and aﬁproximately 30 percénf were veterans. Of the 979 students
which comprised fhe popﬁlation a maximm of 4.5 ?ercent of the SGQrés were
rojected as incomplete and were not iﬁoluded in the caiculations. Thus;;
the minimum populatién in any of the distribution% excépt where the popﬁ-
lation was dividéd into in—éfate and out;staté sfﬁdehts, centained 935 sub-
jects. The distribution of the in-gtate group contalned 484 students, and
the out-state group contained 471 students. ‘ “

In cxder to achieve a measure of-unlférmify, and lessen the cﬁance

of confuéion, the syﬁbois and formulae as outlinéd by Garrett have been

§For the purpose of this study the letter grades were assigned
the following numerical valuess AA-6, A.B, B-4, 0-3, D3, F.l. Thus
..a Mean of 2.70, where letter grades are belng used, Wculd be interpreted
as a high D. (1.70.)



followed thﬁéugh&lt;é
' The arithmetic mean, M, is defined as the sum of the separate scores
or other msaéuias divided by their nurbers.® The mean in these calcula-
tions was determined for grouped data by the formilas
M= AM+ct
M is the mid-point of the class interval in which the mean is assumed to
be. The score coriection, c¢i, is squal to the algsbraio sum of the devia-
tions of the class intervals f;ém the assumed mean,'divided by the number
of the pepulations and fhis fraction multiplied by the size of the class
interval. The ;tandaréi error of the meén, Opm » was determined by the
formulas » l
Om=g%= |
(VA
O being the standaré daﬁiaiion 6t the populgtion énd ¥ the rmuber of
scores in thenpopulation, The Oalculated.meaﬁ, plusvor mimus two standaxd
er¥ors of the mean, should contain the true meaniéf the popﬁlaﬁion 98 times
out of a 100.° |
Tﬁe étgndérd deviation is &efina& as the root-meap-squaie of the
deviation from the arithmetic meaﬁ}7 It is determined for grouped data
by the formulas

2
o=\ N—¢c ¢

4Ghrrett, Henry E., Statisticé,in Psychoiogv and Education. (Long- !
mans, Green and Co., N. Y., 3rd Ed., 1947).

- SGarrett, Henry E., Ibid., De 33. .

6 M1 results of equations used in this study are stated plis or minus l
two standard errors; tlms taking in 98 probable cases out of a 100. §

" Arkin, Herbert, and Colton, Raymond, An Outline of Statistical
Methods, (Barnes and Noble, N. Y., 4th Bd., 1947.) p. 33.




in which 5fd is the sum of the product of the frequencies in the class
intervals times fhé équaxe of the intervals from the assumed ﬁean. The
standard deviation is less affactea by‘sampl'ing errors than is the mean
deviation or the quartile déviation and 1s the measure of #ariability
customarily eﬁployed in Iesearch;a The sténdaxd error of the standard

deviation for grouped data is caleculated bﬁ the formilas

o
o. = o
o Nz-1)

thus, the true standard déviation will 98 times out of a 100 lie within
the 1imits’of\thé.compﬁted sténdards&mdaﬁions'plﬁs or mims two standard
errors of the standard deviation.

The relationship, or' more accurately the association, between
statistioal'series may be establishedaand neasured by meens of the Cco—,
efficient of correla.tion.9 'When the relationship betwesen two éets of
measures is linear, fha correlatioﬂ ﬁay-be;expressed by the‘“prédﬁct-
moment" coefficient of correlation. Perfect relationéhip~is expraessed
by a coefficient of 1,00 and a complete lack of relationship ils indicated
by a cosfficient of «00e Thus, if a éorreiafioh lies within the limits
of .00 to 1.CO. there ié ;mpiieé éome dégﬁae of positive association; the
degree of associajion depending ﬁpon the gize of the coefficiénf. Whén
a negative, or inverse, association is pexfect the coefficient is equal

$0 (=) 1.00.

8 Garrett, Henry E., op. cit., p. 58.

° A:kin;Aop. cit., P. T4,
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The calculation of the cosefficient of correlation by the “pro&d¢
mement® métho& Wastﬁsed in the calculations of this étudy. The formﬁla:j
for d;termihing‘thi; coéffiéient iss E

e 14~ cee,
O oy

in which the 2Xy is the product deviation of the intervals from the assumed

nean, Thé standard‘érrorvdf the'coeffiéient 6f<correlation was determined

~

by the fo:muia:
sl e T

O - VN

The oalculated coefficient of corrslation plus or minus two times this
standard error would, 96 times out of a 100, include the true coefficient
of correlation. |
Thetéignificance of th; célcﬁlated coefficient of correlation was
tested by the use of the mll hypothesis. Assuming the pépulatién t to
be zero, the method consists ﬁf coﬁparing the t-value for the dbﬁainéi
r with the t¥s to be expected by chance ab the 05 and .01 limits.'C The
t-value for a given r is fouﬁd;by the formlas: ' |
+ - erFI?I
V==

in which r is the calculated coefficlent of correlation and ¥ is the
munber of scores in tﬁe—popufqtiqn. If the t-value for the calculated

T is laxger than the t-value expéétai by chence at the ,05 level, the
cosfficient of correlation ig sald to %e significént. If the t-value for

the calculated z is ia:ge: than the t to be expectea by chénce at the .Oi

)

Wgee Garrett, op. cit., p. 190, Table 29, for value of t £or the
degroes of freesdom &f various levels of probability. - -




limit, the coefficient of correlation is said to be highly signifiégnt.
Thus,'if a t-velue for the calculétai r exceedé the t-walue to be expsct-
el by chance at the .0l level, the mull hypothesis is clearly disproven,
andAevidence of & relationship not due to“ohance between the two statis-
tiocal series is said to exist.ll

Because the formulae used in the determ:natzon of the "product-
monrent™ coefficient of linear corrslatzon assumes a normal dLStI¢but10n
of the data, it is necassary to tsstnthe statistical series which are
being correlatéd for a measurse of skeﬁness.

In the normal curve the medh, the.median,'and the mods all coiﬁéide
and there is a perfect balance between the right and the left halves of
the figure. A distribution is said to be skewea whenuthe mean, the median,
and the mode fall at different points in the distribution, and the balance
ig shifted to one side 0T ?he othar;‘ It is important to know whether the
skewness which often occurélis a real divergence from the normal form, ox E
whether the divergence is the result of chance fluctudtionsarising froam
chance causes &nd is not significant of a real discrebance.lz

The skewness, S,{, is determined by the formulay

Sk= P‘?o + Fo = P
2

in which Pyg, Ppp, and Pyg represent the S0th, B0th, and 10th percentiles,

The percentiles are caleulated by the formula::

1l1vid., p. 209, Table 49, in which the levels of significance
for degrees of freedom, (N-2), is read directly in values of .

12
_ Garrett, Henry E., op, cit;, Pe 119,



B=0F (“’NJ)L

where p is the percentage of the diét:ibution wanted,,Q the lower limit

of the class interval upon which ¥, lies, pN the part of N to be courted
off in order to reach P§ , ¥ the sum of all scores ﬁpon intervals below

,ﬂ. s Tp the number of séores within the intervals upon which Pp falls,

and 1 is the length of the class inteivala;ls '
Thé standard erzror of the measure of skewness is dstermined By )

means of the formilas

o.5185 1D
VY

5K~
in which D=TPyq -—E&O., By dividing the mgaéure of skewness by the
standard srror of the measure of skewness, a t-value is obtained which,
when compared with the t-value that“qgg be exﬁeetéd dus to chance, will
determine whether the distribution is significantally skewsed, or the skew-
ness present is due to chanace,

The raw scores obtained by each student in the psychological tests
considersd in this study were.recorded on a 3x5 card for each individual
student. On the same card the grades obtained by the individual in the
courses vhakem: during his first quarter of fréshman work were sentered.

His grade-point avérage:was algé enteréd on tﬁe card and an identifying
mark was placed on the card classifying the student as either an in-state

or out-state student.

131bid., p. 78,
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In ordsr %o collect the data in such a manner as to facilitate the
statistical oalculations a scatterg:;m of the type illustrated in Tables
NS. 2 through 10 was defised. In this scaﬁtergxam ths class intervals
containing the psychological tests sqores“weré placed on the X, or hori-
zontal axis, and the class intervals qf the measure of séholasﬁic suooes;
weroe placsd on tﬁe ¥, or vertical axis., The scatitergram also contains the
frequencies of the class intervals, {f), the product of class interval
frequency and the square of the class interval deviation from the assumed
mean, (fd?}, and the total of the class interval product-moments about the
assumed mean (i_xy). The curmlative frequencies, (cf), for both the X and
Y axes, are illustrated in Tables Wos, 2 and 6 in the bottom and far right
columns..

From each individual card, the score ‘obtained in the psychological
tosts and the degrese of scholastic success attained, were en@ered ingthe‘
proper class intervals on the scattergram, When the entire pbpulatibn
had been entersd the remaining coclumns of the scattergram were calculated
and filled in, The tétals, as contained in the boxes in the lower right-

hand corner ¢of the sdaﬁte:gram, were Then used ih the étaiistical formilae,




ANALYSIS OF THE DISTRIBUTIONS

'

Figures N¥os. 1, 2, and 8 indicate that the distribution of the
psychological tests sdorég, with the excaption'of the Pre-fnginesring
Inventory Mathematics distribufions (total and out-state), adhere close-
ly to the noimal curve, The smoothed curve on Figures‘numbers 1, 2, 3,

5,6, 7, 8, and 123 is the normal curve of the formulas

_ N Lo X
Y= oNzmw o

calcﬁlated and plotted around the arithmetic mean of the actual distri-
ﬁution.:

In the following table, the t-values obtained for the calculated
degree of skewness of each of the psycholooical test dlstrlbutlons is
compared with the t-value that could be due to chance at the 0.5 level,

Table No. 11

Comparison of Galoulated t-Values of Skewness
With t-Values Due to Chance at 0.05 Level

Psy. Test Disﬁributions: ' £t t ik

" P. E T, Total ' 1.477 L, 96
PLE, I.Math (Total) 2,503%% 1,96
P, E I.Math (In-3tate) 0.408 1,97
P.E.I. Math {Out-Btate) 2,368%* 1,97
A.G.E.Total 1.818 1,96
P Ebo I SGi N, Com'p. O 654 1'96

* See Carrett, op. cwt., P I90 Table 2.9.
*2 Indicates signzficanu skewnsss,

The t-valus for skewness obtaingl for the total raw scoxrs dis-
tri but1ons of the A.C0.E, tests and the P.E. I, tests were 1,819 and 1.477
rospactivaly, 'This wou1d>indicate fhat the améunt of skewness eoxhibited

Ey these distributions is most piobablﬁ due to chance and that the devia~

tions from the normal are not significant. In the case of the distribu~
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tion of the_P;E;I; Beientific Cémpreh;nsion (Bee Figure No. 8) raw scores
the t-value of the computed skewness for the distribution was found to be
0.63. This is far below the chance t-value of 1.96 and this distribution
also exhibited a high degree of-norﬁaiity. In the distribution of the P.E.T.
Mathematice total raw scores, (Sss Figure No, 5) the digtribution sufficient-
ly deviated fr@m the normal to indigate that the exhibited skewness was not )
due to cﬁance. Then the P.E.I, M%ﬁﬁgmatics total raw séores was broken

dovm into two separate distributions, the one contéining‘the raw scores of
the in-éﬂa%a students (See Pigure No. 8) and the other (Sée Figure No. 7)
containihg the raw scores of the cutlstaie students, it becomes apparent

that the significant skewness exhibited by the distribution of the total
scores of the B.E.I. Mathematics;is"being censed by the significant sﬁewness
of the out-state digtribution and lack of significant skewness of the
in-state distribution, The t-value bf the caloulated skewness of the

P.E.I. Mathematics distribution for in-state students is 0.40. Ihis t-
value, being far below the t-value of chance, indicates a high degree of
normality and lack of significent skewness. "The distribution of the E.E.I.
Mathematics scores for out-state students has a t-value of caloulated
skewness of 2,37, which would indicate a signifiéant amount of skewness.

The difference in’the'noxmality between the in-state and out-state
distributions would seem to indicate that there is a selection factor or
process operating against the'out-sta$e students between their high school
level and their mat:icuiétion at the Georgia School of Technology. The
mean for the distribﬁtibn:of thé PLE.I. Mafhematics tests scores for the

out-state studenis is 51;6T4, while the mean for the distribution of the
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in-state students is 26.717.1% This would seem to indicate that the
éciéeﬁﬂnglﬁfoceés is eliminating from the out-state population the
individuals who would ordinazily be in the lower score intervals. The
high degree of no:ﬁélfty xhibited by the in-state students indicate that
there is probably no selsction factor ope:éxing to‘eliminéte 0I s0resn
out the lower level students beiween the ﬁigh school and coliege level,

Concerning the measures of scholastic success used in this study,
only the grade-point. aversge distribution exhibited sufficient norxrmality
to give a reiiablé coefficient of correlation. It can be cbserved from
Figure No. 3 that the distribution of the grade-péint a.verages' compares
¢xceptionally well with a normal curVe*fitted'abaut the mean of the
distribution. When the frequencies of the Class intervals are plotted
as pe:ceﬁtages of fhé tqtal population (N) on a ;gga:ithmetie-gxobébility
graph, as illustrated in Figure No. 4, it can be seen that the distribu—
tion of the gra&e-éoint averages is fery nearly normal. On this type of
chart the plotted frequenocy pe:ceﬁtages will form a straight line if the
distribution is normal, and ds the distribution,dﬁviatés from the normal,
the plotted percenmageé will tegd to arrange themselves in the form of an
"SY curve. ‘

The distribution of the Mathematics 101 grades total, as shown on
Figure No, ¢, indic&tes by inspection a high dég:ee of deviation from the

“normal. In the case of the in-state students, Figure No. 10, the distri—

14 If the difference -between ‘the. means of the samples is more than 3
times the standard errors of the mean, the aifference is said to be statis-
tically significant., In thas case the difference between the means was
4,79 times the standard er:or.



tion of the grades can in no way bg reconciled with a normal curve.
The distribution of the Mathematicg 101 grades for the out-state students,
Figure Yo, 11, seesms to exhibit a lesser degree of deviation from the
normal distribution, but the déviation in thess caases is sufficient to
warrant a lack of cénfidence in thé calcoulated correiation coefficients
between these distributien and those of the pesychelogical tests. The
distribution of the Bnglish 101'grades, in comparison to the Mathematics
101 grades, exhibit more normel characteristics, but there is sufficient
deviation from a normal distribution té again warrant a lack of confidence

in the significance of the obtained coefficient 0f coxrelation.
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PREDICTION

The prediotion of success in a college curriculum has been attempted
in previous’étudies uging many different measurementé as predictors, Boiter,
investigating 638 students admitted to the freshman class in the College of
Engineexing at The Carnsgie Institute of ?echnology,rfound the best predic—
tor of sqholgétic success throughout the entire coliege cﬁrriculum to be
scholarship during the first quarter of the freshman year. He also found,
that high sohoql gcholarship correlated higher with scholarship while in '
attendance at C.I.T, than performance on tests of general scholastioc
aptitude or achievement tests administered‘upon admission..l5

Pierson found, at the University of Utah, that the hest single
predictor of scholastic smiccess in a college engineeiing currioulum was the
high school grade-point average.}G He stated, however, that although he
found the high school grade-point ratio to be the best indicator of probable
success in college courses in Engineering at the Univérsity of Utah, it
was not comprehensive enough to be used as the only sselective criteridﬁ.

He further gtated, that this index of general scholarship should be supported
by scorss made on a battery of achievement and inpelligénoe tests, such as
the Pre-Fngineering Iﬁventory,17 and furtﬁer by some measure of“a studentts

patterns of interest,

asPOrter, James. .. Jr. n?ha'?tedjction;bf College Success in an
Engineering Curriculum," The American Psychologist, Val. 1, No. 7, {(July
1948) p. 278. , . .

lsPierson, Goorge A., "School Marks and Engineering™, Educational
and Psychological Measurement, Vol. VAL No, 3, (Mtumn 1947), p. 616.

. 17TﬁgQPie-Engineéring"Invehtory referredl to by Piersm Ibid., p.617,
is the same battery of psychological tests used in this study. '




It is necessary, beforse aﬁtéﬁpting to determine what instrumenf
should be used in prediction, to determine the purpose for which the
pradiction is to be used. ﬁfpiedicfion of the probable scholastic success
of a student should be determined for one of two purposes. The firet}i to
screen out students who will not be able to successfully coﬁplete fhé"
requirements set by the institution for a degree; or secondly, if all
students are to be admitted, to determine that portion of thevapplicants
which will probably encounter the most di fficulty and to prepare such
students for work on the cdllege level by extra attention or remedial
courses,

If the policy of a collegse is to allow entrance to a large numbexr
of students with the expectation"that a fait number of them will fail, the
predictive instrument nsel not be so highiy predictive. dowever, if the
aim of the college is to pick out only successful candidates to start with,
the finest predictive instrument for measuring aptitudé available would
probably not be entirely adequatq.ls

It has not, nor will it probably be in the néar future, the policy
of the Georgia School of Techﬁology to attempt to pick out only those
students for admi ssion who willlbe, almost to a certainty, succeésful in
the engiﬁeering curriculum. In faét, the entrance‘:eQui:éments at the
Georgia School of Technology, at present, re@uires that a student mist be
graduated from a properly accrédifei high school with a racord high ehough
to indicate that he is‘pregéxed for collsge work and to ha#e taken subjects

in high school sufficient to satisfy the required units.lg

1830501, Davig, op. cits, p. 35,

19Bulletin of The Geoxgia 8School of Techndlogy, (1947-48), p. 46.



17

Tyg vds% difference - in the quality of the high schools within the
state of Georgia is probably gfeat enoﬁgh to cast serious doubt upon the
use of high school references as a predictive inétrument. The difference
in high schoolvteaching methods and'ma;king methods would, in itself, make
the possible error in an attempt to predioct college scholastic success so
large that the attempt would likely be moxe or less futile,

At this point it is interesting to nots that Pierson found the first
quarter doiiege total érada-pbint éﬁérage was much more efficient in |
predicting future siccess in Engineering than the marks earned in individual
subjects.zo Porter also found that the scholarship shown during the first |
semester of the freshman year at the Carnegie Instiftute of Teschnology to
be the best single index of ‘achi evement auring the student's period of
attandance;gl It would, therefore, be of great value if the population f
of this study waé followed through the entire ﬁeriod of résidénoe at the |
Georgia School of Technology to deté;minavif tha'scholarship shown &uring
the first quarter of the/freshman &aar‘af?éeorgia School of Technologﬁ is,
as indidéted by the ofhar studies, thé best single predictive instrument.” :

This study-haé been limited to the determination of which of the two
peychologiéal tests, the A.C.E. and the P}E;i., bsst meagures the pr&bability
of success dufingqtha first quarter ét the Geoigia.School of Technology.,

The Pre—Enginaaring Inventdry baftery was broken into sabarata tests scores
and the ﬁraﬂictive velue of the mathematics and the scientific comprehen-

sion parts was separately determined,

20, ) .
QPiarson, George A., op. cit., pp. 613-617.

1 A .
2 Porter, James M, Jr., op. cit., p. 278,



The method uséa fbr detérmininggscholastic success from a score
attained on a’psychélogical test was a regression equation of a linear
form., The methods for deterﬁining the lineaxr regxessién equation, as
outlined by Gér:e%t,zaﬁe:e followed. The»sco:é-fo:m xeg:essidﬁ equation

as outlined by Garrett iss
oy,
- r S e
Y= r‘g; (x I\ﬂxﬁ)-# TV17

In this equation, Y is the dependent variable which is to bs predicted

from an independént variable X.. Arplyihg this equation'to the present

probléﬁ X'becom@s the raw scors obtained on the psychological tests and
Y the probable success of the student within the limits of the standard
srror of astimats, ‘

The coefficient of correlatién, 1, in the above equation is that
measurs of rei&tionship found to exiétlbetween the psychological test
scores and the measurement of scholastiq-success of the group under
study. The Oyis the standard deviation of the measure of scholastic

success, and oy is_the'standard doviation of the digtribution of the

: ﬁsychological test scoreé. My is the aritimetic meaﬁ of the scores made

on the psyehologiéal tosts and 54’is the arithmetic mean of the measure
of scholastic Fuccess,.

The standard error of sstimate is dﬁtermiﬁed”by the equations:

O'ejsty: U:, \/I—rl

In this formuls, Og,,is again the standard deviation of the distribution

.of the measures of scholastic success,

Zgﬂax:ett; Henry B., op. cit., p. 310,




The staﬁdaid e;ior of estiﬁafeli§7calcu1ated'in.order 10 indicate
the accuracy with which we are able‘to proadict aldependent Y froﬁ an
independent X: ¥, pluslor mimus one standard error of estimate, indicates
that in 84 chaices oub of 100 the dependent variable will fall within these
limits, With Y, plus‘or minus two standard errors of éatimate, the chances
are 98 times out of al100 that the depsndent variablé will actually be
within these limits, and if three standard srrors of estimate are usel
the dependent variable will fall within the 1imits,25 for practical uses,
to a certainty, on Figures Nos. 13 and 14, the lines of regreésionuhave
been drawn in and the limits of one, two, and three standard érrois of
eatimate have been added as indicatsd by brokeﬁ lines,

It willlbe noted from the formula?% for the standard error of
estimate, jhaﬁ asst approéches zoxo the standar& errér of estimaie :
increases so markaily that predictions from the regreésion équamion range ) ‘
all the way from almost a osriainty to what is virtually a guesé. The |
significance of an r with res?ect 0 pgedigtive value may be accuratsly |
guaged by the extsnt {o which r improves our prediction over a mere‘guess.

Thus, when r = ,00 our estimate of a Person'é,X scor9 i3 not aided at all

by avknowledge of'his,x score;~ When r = 1,00 the standard error of éstLr
mate is zero and the »rediction of Y from X becomes almost a cexrtdinty, 5 |
Assuming the measurs of success to be predicted as being the grade~

point avéiage o0 be oxpected during the first quarter of freshman college

23 o -
The chances.ars 99,29 out of a 100 at thres standard error of
estimates,

24
¢f, ante, p. 18
25garrott, Honry E., op. Git., pe 321. |
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work, the regression equation for predicting the‘dependent variable from
the total raw score made on the A.C.E, Esychoiogical Examinations was
found to bes:

Y= 0.020X — 0.247

The standard error of estimate, when r = 0.456, and the standard deviation
equals 0.973, was found to bs 0,865, This ;quéition is illustrated in
Figute No. 14, It will be noted from this figuze that the slops of the
regzpssion line and the large staﬁda:d erzor of estimate creates a serious
’“dcubt‘concerhing the prelictive value of the A.C.E, total raw scores in
determining a student¥s probable pciht average. As-an“example; if a
élightly above a&arage student were to attain a scors of 112 on the
A.C.E. tests it could be expected 98 times out of a 100 that he would
make a gra&e-poinﬁ average o; betwéen 05263 and 3,723.

If the problem of general pre&i&tion ig considered the lowsr Iimit
would, for all practical purpdSas, indicate no chance of success whils
the ubpgr Iimit &ould indicate that it is possible that this student would
be in the uppai teh peicent 6f his olass. It aiso is impossible to
predict a probable grade-point average above 2.95.

'The regression equajion fox‘prsiiqting schdlastic success ,as indica-
ted by the gra&e-point averages,from the raw scores attained on the PLE.I.
tests was detérmined and illustrated as shown in Figure No. 13. In this

case the dependent variable X can bse predicted from the squation::

Y= 0.0/5 X + 0.:277
The standard error of estimate was found %o be 0,740, and T is 0.646.

Figure No. 13 clearly indicates the superior predictive quality of this



}

equation over the equation illustrated in Figure No. 14. The standard
error of estimate is sﬁﬁllei aﬁddthe slope of the regression line -is moxe
within the iaﬁgé of the grade-poiht average ordinate.

Threé examples of students scoring in the ldwar, middle, and upper
range of the P.E.I. Tests are to be discussed and their positions illustra-
ted,

As an exampie, lot us assume-thét a student falling in the lower
fourth of the te;t range‘(Ses Figure Wo. 14) scored 75 on the P.E,I. %test,
Ihishst@deﬁt willmmost probably earn a giada-point a#erége’of 1.50. 7This
repmesénts‘fhe best guess on the basis of the average performance of the
group of students in this study, It can also be sald that his grade-poinf
average will not, 84 times out of a 100 exceoed 2,24 nor be less than 0.76.
It is, for practical purposes, a certéinty that hié grade-point averaée
will not exceed 3.73.

The student who makes a middle range:score of 150264on the P.E.I,
fest will most prdbably complete his first quarter with a grade-point
average 0f£'2.80., The chances are 84 times out of a 100 that his grade-
point average will not be less than 2.06 nor greater than 3.54. It is
certain that this student will not make a grade-pdiﬂt'average of less than
0.58. | | | "

If a student earns a total raw scére of 225, placing him in the
high range ofifhe:P.E;I. ﬁésf,‘he will most prqbabiy make a first-qdarter

grade~point avéiage of 4,10, and the chances are 84 times out of a 100

Z61me average score on the PuE.I. is 106.15.
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thet he will not make less than 3,36 nor more than’éaé%. It is certain
that he will not méke a g;ade-point ave:age'of lesg than 1.14.
 The remaingng regréssiéﬁ equations, as illustratei:ih‘Taﬁle No. 1,
were not further investigated becauss of the size of their standard error

of estiﬁates.
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COHCLY SIONS:

The results of this study would seem to indicate that the Pre-
Enginesering Inveﬁtory total raw scores furniéh thewbést tool, of those
investigated, in predicting scholastic success in the fixrst quarter of
freshman work of the Geérgia School of Technology.'iThe American Council
on Education Psychological Examination gcoras would ssem to be a second
best predictor of scholastic éuocess.

The EaG.E@ test, due to a relatively low coefficient of correlation
and a cdnsequentlyﬂlaige standard error of estimate, is less useful than
the P.,E.I. test for the purpose of this study.

The evidence presented by this study would seem to indicate that
the Pre-Enginéering.Inventory‘test is the best single predictor of J
probable scholastic success in terms of grﬁde-goint averages; of tho;e
investigated. The line of regréssion (Figure No, 14) extends thrdughOut
the entire xange of‘possible‘g:ade-point ave:agés.r Thﬁs; all of the
iﬁréiicted probable grade-point averages‘will be within the arfificial
Iimits, LO to 5.00,>of the gréde-ébint system.

‘ The étandai& erroxr of estimate of the P.E.I. tost iﬁ pradicting
grade-point averages is the smailgsf, 0,740, of all of the combinations
investigatéd. Ihe amount of expected deviation of the actual grade-
point average from the predicted, is therefore less and the chanoés of
accuracy increased,

It is obvious that neither of @heipsycﬁologigal tests investigated

§

in this study will predict, with any reasonable certainty, absolute

scholastic success, However, on the basis of the evidence presented by




this study it is felt that the Pre-~Enginsesring Inventory raw scores,could
be used 1o determine that portion of the entering freshman whose lack of
eifher aﬁtitu&e or preparation would‘ﬁarrant giving such students ‘special
attention; If it were decided, for insténce, that all students who attain
a raw score of less than 75 on the‘Pre;Engineeriné Inventory,‘shculd be
given non-credit remedial courses, it is possible that the chance of these
students failing out of achool might be considerably reduced.

The Pre-Engiheexiﬁg Inventor& Tests measures both aptitude and
achievement., It is possible that the ldrge standard error of estimate
of prediction is dus to a significant di fference betwsen the pre-college
training of the individual students.“>1£ a portion of the students have
had an intensive four year téchnical high achodi training it is Qoésible
that they would make a relatively high score on the Pre-Engineering
Inventory Tests, due to their achievement, and not necessarily due to a i
high natural éptitude or rate of learning, Thesé students with a high
achievement but a low aptitude would probably show up well in the Pre-
Engineeriné In&sntory scores, but couiq%do poorly in the actual college
level work., Conversely, a student wi%ﬁ a geneial high school éducatibn,

and possibly only a three year period of high school training,might shoé

up very poorly in thé PraAEngineering Inqénfbry scoreé due 10 a 10W
échievement, and yet, due t0 a high natural gptitudé be successful in the ‘
college level work,

Therefore, if the popuiatibnjuﬂaer study were to be broken down
into independent‘hémogenous groups on the bési&ip?fpie—coliege training,
it is érobable that a predictive value for the Pre-Engineering Inventom§

test would be of mich greater significance. This refinement, however,



was beyond the scope of this study.

in sﬁﬁmafye this study offers ovidence thats

(1)

(2)

{3)

(4)

(5)

There is a statistically reliable difference betwean
the in-state and out-state student scores on ithe Pre-
Engineering Mathematics test; the out-state students
earning the higher mean score,

0f the measures used, 'the Pre-Engineering Inventory
total raw scores appears to be the best single indi-
cator of probable scholastic success in the first
quarter of the freshman year,

The Pre-Engineering Inventory total raw scores are
not sufficiently reliable to be used as a single
method. of prediction for the purvose of scresning
applicants, '

These uests nay be used as standands fox singllng
out the focllowing groups ‘of studentss

{(a) Those who may require extra attention or
remsdial non~credit courses to improve
their scholastic¢ average.

(b} Those who could most probably profit from
enriched  courses taught at a higher level.

It appears from the normallty of the overall grade-point

avarage, that this measure might prove to be the best
predictor of future success in subsegquent gquariers,
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