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CHAPTER I
INTRODUCTION

The high school course in plane geometry is reputed
to have a high rate of fallure and "drop-out" among lts

enrollees, The high percentage 6f fallure with its result«

ing waste of time and effort as well as dlsappointment and
frustration has motivated a number of attempts to discover
or devise improved means of estimsting the probebility of
success in this snbject. Most of the reported research |
offorts were car?ied on during the past thirty-five years.
Some of these atbempts to improve prognosls have produced
measuring instruments which have been standardized and are
avallable for school use. However, none of these insgtrue
menty has provad to ba sufficlently reliable that 1t could
be used as the sole, or even major, crlterion for predicting
individual sﬁeeess, All too freqﬁently students with test
“gsoores which would indicate probable success do not achieve
satisfactorlly while others with scores predicting probable
fallure proceed to make satisfactory progress.

Becauge the prognostic tests whieh were standardized
often'resulted in inadequate predicitlons, a nmumber of the
more recent studies have attempted to predict sucecess In
geometry by using other measures of academic abllitles or

}to combine the results of other measures of success or



aptitude with the standardized prognosls testa, None of
these has resulted in methods of predleting geometry succesa

sufficlently accurate to warrant wldespread adoptions

Statement of the Problem: During the pariod of this
study approximately twenby per cent of the students enrolled
in the plane geometry course in the Lodl Unilon High School

& "] Ct Boma a3 onvn oo

J

|

bl il
H
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siledv Studentsw
attained a grade of "B" for thelr third quarter of first
year Algebra, or 1f their Algebra teacher recommended that
they be allowed to enroll on s trial basls, or 1f the stu~
dent was not recommended but he and his parents requesbed

that he be allowed to enrolls The Orlsans Gepmeﬁry.P@an

nosls Test™ was given at the beginning of the gedmeﬁry

. ecourse 50 that students#rtaaeh@rs, counselors, and pavents
might have further insight into the student’'s 1iKlihood of
SUCCass . R

- It 18 the purpose of this study to evaluate the

‘usefulness of the Orleans Geometry Prognosis Test as used in
the Lodi Union High School and to determine if its use in
sonjunction with two other standardized messuring ingtru-

ments would yield better predictlon results. The.addibionél

1Joaeph Be Orleans, Orleans Gebmatrx‘Pragncsis‘Tesﬁ
(Yorkers-on-Hudsont World Book Gompany, L956L)s ’




3
predictlion tests used were two sub tests of the Differentilal

Aptitude Tos 62 battery, the test of Numerical Ability end the E

test of Abstract Reasoning. The criterion of success used

was the Seattls Plane Geometry Test.> Simple and multiple

IR G

correlations were computed.

Importance of the Study: The place of the subject

—'9*““/‘*pian54géﬁmﬁtry‘iﬂ‘thﬁ*high‘séhﬁbl gurricuium is well estab~ ;
lished. Just which students should and which should not
shudy the odurse is not well determined. It is generally
accopted knowledge that many college students desiring to
enter sclentiflic sbudies must take H.8. mathematiocs in college.
It 1s equally well known that: (1) some high school students

. study courses which do not properly challenge thelr abllity

while (2) others find themselves enrolled in a progranm
requiring more ability than they possess. Although the
regulting implications are simllar for all areas of ascademic
studys the concern here is primarily with regard to the course
of plans geometry. When situation (1) above occurs, the
major resuvlt 1s simple <~ abllity goes to waste, while unde~

sirable study hablts develop. When situation (2) occurs,

aGaorge'Kg Bennett, Harold G. Seashore, and Alexander
G. Wesman, Differential Aptitude Tests (New York: The
PasychologlcBLl Cor porstion, LOWT) s

3 " }
Harold B. Jeffery and others, Seattle Plane Geometbry
Test (Yonkers-on-Hudson: World Book Company, 10517«
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the results are somewhat more complex: (1) the gtudent is
disappointed and frustrated; (2) his parents ususlly feel
that the student or someone else is at faults (3) ciass
progress 1s impeded while these students "elubeh & grope"s
~and (l) the raputaﬁion of the subject as one "to avold® Erous .

A sltuatlion; not unusuval In geometry classes, whereln

twantyfp@f‘vgﬁf‘éf‘th@‘ﬁ%ﬁdenns enrolied in a subgaaﬁ fail;
~gseens to be unwarréntéag If studles such as the present v
one can determine means of betber recognizing ability so as
to reduce the peréentage of failures snd at the same time
discover the more able student earlisv in the coursé, the
time and effort expended will be Justifled.

Most of the studles reviewsd in Chapter IT of this
report conclude that it should be possible to predict
geometry achievement more asccurately and recommend further
‘rssearchﬁ If thils study can only conclude that aptituda
bests are inadequate as measures of predietion, the research

gshould bs useful.
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The chapter organization. Chapter II of this report -

describes briefly the research and reference material avail-
able which has a pertinent relationship to this study.

Chapter IIT entitled Experimental Design, doseribes
the manner 1in which the experimentation was carried out.

The makeup of the sampling and the desoriptions of each of

. the measuring devices are lncluded in this chapter,
Chapter IV presents the statistleal evaluation of
the results of the experiment. Computations and references
to statlistical devices incorporated are included.
Chapter V summsrizes the study, sets forth the con~
clusions reached and niskes recommendations for the use of

the results.

NSRRI



CHAPTER IT

RELATED STUDIES

i )

The difficulty of predlcting a student's success in
plane geometry was dlscussed in Chapter I. Yhe summries

of related studles which follow further verify bhis premlse.

They also indicabte the exbent of the felt need to predict
success more accurately. These accounts represent most of
the recognized efforts to devise Improved means of predict-
ing success in géometry through experimental teehniquese
These studies have for the most part vsed one or more of
four geometry aptitude tests and combined the resulis
obtained on these with‘othér predictive factorss The four

tests are (1) the Orleans Geometry Prognosis_wastl publishe

ed in 1929 and revised in 195035 (2) the Lee Test of Geometric
2

Aptitude® published in 19313 (3) the Jowa Geometry Aptitude o

T@stB,published in 19@2§‘and (L) the Stewart Davis Test of
: Ability gE>GeQmetryu pﬁblighed in 1940. Other predictive

lJcaeph B, Orleans, Orleans Geometry Prognosis Test

(Yonkers-on-Hudson: VWorld Book Company, L951)

gDGPiS M. Loe and J. Murray Lee; Lee lest of Geomeiric
Apbitude (Los Angeles, California: California Test Dureau,
i§317 ,

BHarry A. Greene and Harold W. Bruce, lowa Geometry
Aptitude Test (Towa Clty, Iowat Pureau of Hducational Ree
search and Service; State University of lowa)

ustGWarthavis,.stewart Davis Test of Abllity in Geometry,
(Boulder, Colorado: Bureau of bducational Research; UNLversity
of Colorado, 1940) 4
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Pactors commonly involved are previous school grades, mental
test results, achievement test results, and teachers! ratings
- and estimates of abilitﬁ? |
Rogers.® The use of tests to determine mathematical
“ability was first tried by Rogers in 1916. She constructed
and administered a group of six tests. The coefficlents of

correlation batween the tests and schieavement ranged from

3l to <76 In a report published seven years later in 1923,
ghe coneluded that more adeqguate aptitude tests whiech would
measure the mathematical abilltles were needed.

6

Orlesns. Reférring to several reporited studles of
the use of intelligence test results and préviouﬁ gchool
grades as factors with which to predict success in geometry,
Orleans stated that contradlctory results had been found.

In reporting upon his own studies, he indicated that a proge
nostiec test whilch m@agufes gpeciflic abilities is more valid.

Gooke and Paarsqu, three factors. A study by Cooke

an& Pearson encompassed a period of two gchool years snd

5Agnes L« Rogersg, "Psychologleal Tests of Mathematical
Ability and Eduvucabional Guidance,” The Mathematles Teacher,
163 196”20&.9 April, 19239 ’

6Joseph B, Orleans, "A Study of Prognosis of Probable
Success in Algebra and in Geometry," The Mathematicsg Teacher,
271166«180, April, 193). |

TDennis H, Cooke and John M. Pearson, "Predicting
Achlevement in Plane Ceometry," School Sclence and Mgthomgtlcs,
33:872~78, November, 1933, ' ’
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involved students in nine Mlssissippi schoolss The problems

il

were to determine the value of the Qrleans Geometry Progno-

|
I

8ls Test and to dlscover the relative value for predlcting

e |

success in geometry, bf (1) the Orleans test; (2) the Terman

il
|

Test of Mental Ability; and (3) bteachers' marks in beginnlog

Algebras and of combinations of these three factors. Achieve- .

~ ment was measured by use of the Columbla Regearch Bureau
e T e =

Plane Geometry Test. Data were asgembled for nearly two

hundred students. 8imple, partial and mulbiple correlastlon
coefficlents were ealéulatad. Regresslion equations and
standard errors of estimatajwere derived.

The Orlesans test:ﬁas found to be only slighily more
prodlctive than the Terman test or the teachers'! algebra
marks, Adding the secomd and third factors incfaased the -
accuracy of pradicﬁion only slightly. A coefficient of
miltiple correla%ion usling all three predictive variables was
found to be .7Th7. Although significant,.this was not consid-
ered sufficlently high to be used for indlvidual prodiction.
The small number of students from esch of thé nine schools
might be cause to doubt the validity of the rasults of this
atudy .

L.eg and Lea,a In 1932, Lee and Lee dsgcrlbed the

835 Murray Lee and'Dorris May Lesa, "The Consgtruclion
and Validatlon of a Test of .Geometrlce Aptitude," The Mathema~
tics Teacher, 251197, April, 1932.
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development of a plane peometry aptitude test. This was the
Lee Test of Geometric Apbibude which was first used in and

" near Los Angeles in 1929, This test; published in 1931, has
been used extansiValy,and is popular with teschers of geometry.
In their origlnal study with the test conducted with students

~in five schools, thé aﬁthérs found correlations with a plane

geometry achlevement tésﬁ to range from .613 to .720.

Lee and Hughes.’? ~ five factors. 'The Lee Test of

Geometric Aptitude Was'given to one hundred elght students at

the beginning of a achaol yoar. The students were rated on

th@ Hughes Tralt Rating Seale and on geometric aptitude by

geomotry teaschers, IQ's from the Kuhlman-Anderson Intellis

gence Test and from the Terman (roup Test of Mental abllity

were obtained,  The students! achlevement was measured by

feachers* marks and the Orleans Plane Geome try -Achlevement

Jest. YThe best single predlctor of success was the Lee Test

of CGeometric Aptiﬁud@e - The best combination of two predle-

toras was obtained by the additlon of the Hughes Tralb Rating

Scale. Using move than ﬁwovfaetors ald not improve prognosis
gignificantly. The highest correlations were fmém 60 to ,75.
These -are high enough to be reliable only in group predictlons

~and at the upper and lover extremes of abllity.:’

93. Hurray Lee and W. Hardin Hughes, ”Predietin§
Success in Algebra and Geometry," School Review, L2:188=96,
Mavch, 193k,

o il

ol

I

i
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Hamilbon.™ "= two factors. In 193k, Hamllton averaged

the English and algebra.grades of ninth grade students in ) ;
Charlesiton, West Virginia. He chose thease subjects because £
algebrs represents mathematical reasoning-and English re- =
quires reading comprehension and an sbllity to use logleanl
expregsions, A grade point average of 2:00 which was equivge

by DRYST- S

Ashedes a cubting =

de—of "0 was—
gcore. Most of the failing geometry students had an English
and algebra grade point average below 2,00, ‘he cutting
score was uged ﬁhe following vear in counseling and programe
ming students with respect to thelr enrolling in plane geomes
try. Through counseling, most of the students wiith scores
below the eubiting score declded asgainst ﬁaking the course
while those wlth a'ZQOO aVeraga wanting t§ take geone try

were coautioned that they must plan to put forth great effort.
The percentage of students falling the course dropped from

twenty-two to sixteen.

11

Richardson™ "= eight factors. Indicating that he was

attompting to find a means of identifying>thaaa gtudents who

would find the study of geometry poorly sulited to their needs

. . 103« Lendon Hamllton, "A Method for Radueihg Failures
in Plane Geometry," Journal of Bducational Research, 30:700-02,

Ry, p, Richardson, "Predicting Achievement in Geometry,"
The Mathematles Teacher. 28:310-19, May, 1935.
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and abllities, Rlchardson began a speclal study in 1932, 1In » !
the first year of the study which 1nﬁolved one hundred twenty ?
five students in Highland Park, Illinols, four predictive =

factors were used. These were (1) the Qrleans Geometry

Prognogls Tests (2) mental tests (tesbts used were not indi-

cated)s (3) first semester algebra grades; and (L) algsbra

teachers’ estimates of abllity to do geometry. Inconclusive
evidence that the use of the prognostlc test combined with
other factors might offer additional predictive values

- prompted further study. In the second year, lows Algabrs

Aptitude Test scores, Terman Group Test of Mental Ability

gcores, and additional subjective ratings were added to
make a tbtal of eight factors. Iwrom the statistical analyw
sls, the multiple correlation using the Orleens prognoatic
test and second semester algebra grades was cealeulasted to
be .805. This was lowered to .77 when computed to glve the
bwo predlctive factors equal welight. This was considered
sufficiently high to be nseful 1n counseling during regisﬁra-
tion., However, Richardson cautlioned that those responalble
for adviging students cannot afford to be too dogmtlic or
prescriptive, bub neilther afford to dlsrvegard facts. He
also recommended that continuous studles on geometry proge

nosts be made.
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Goddeyne and N@mzeklgw two predictive ltests. In 1937,

Goddeyne and Nemzek made the first reported study to deber= -

mine ths comparative value of the Qrleans Geometry Prognogls

‘Test (1929 edltlon) and the Leo Test of Geometric Aptitude.

The two besgsts were glven to btwo hundred tenth grade students

in parochial schools in and around Detrolt, Michigpan. Aflter

a year's study, achievement was measured with the Cooperative

Plane Geomebtry Test. The achievamant.aeores were correlated
with the prognostlc test scores and with group mental test
scores sand algebra grades. The resulbs showed that the Lee-
test was slightly supévior to the Orleans tesﬁ in thils case.
The‘prognostic tesﬁﬁ were supesrior to the other factors. In
additlion, the Lee test was found to be easler to administer

and score than the original edition of the Orleans test.

Davis and}HenriékiBm Pour factors. Davis and Henrlck

made a atudy in 1940-19L1 to determine the relative effectlive=

ness of the Btewart-Davisg Test g£>Abi1ity in Geometry, the

Otls Self Adminiastering Test of Mentasl Abllity, elghth-grade

srithmebtic marks, and finel marks in flrat year algebrsa.

12$ister Loretts Marie CGoddeyne and Claude L. Hemzek,

The Comparative Value of Two Geometry Prognosis Tests in Prew
dicbting Success in Plane Geomstry," Journal of Social Psychole
O 202283 87, Novembsr, 19ll.

13R0b@pt A, Davis and Merguerite Henrick, "Predichbing
Accomplishment in Plane &eometry," School Selence and Maﬁha«
matics, L5:103-05, May, Lo45. T
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The criterion of achievement was a combination of teacher

conabructed achlevement teasls and the Orleans Plane Geome try

Achievement Test. The best slingle predictor was the Stewarte

Davis abillty test, bubt it was not significantly betber than
the Obtls mental abillty test. The arithmetlce marks had low

predictive values. A combination of the Stewart-Davis test and

atgebra marks had the best predictive value, bult only slightly
higher than the combination of finsl alpgebra marks and intell-

jgencs quotients.

ggafto;um In Cleveland, Ohio dwring the perlod 19l

1946, Kraft used the Lowa Geometry aptltude Test cowbined

with students’! "probable learning rates" (menbal test ratings
from group mental tests, Cleveland bterm) in an effort o
establish a more offective system of counseling students who
want to study geometry. She ealled the derived combination
score the "geometry eptlitude index". Use of the index was
found to be a valuable ald to counseling. Combining the
probable learning rate #With the aptltude test made the resulis

more Iimpresgsive though only slightly more sigalficant.

1&0na Kraft, "Methodg Used iln the Selsction of Pupils
for the 3tudy of Algebra and Geomebtry in Cleveland," The
Mathematics Teacher, 39:236-39, May, 1946.




HarW1sl - comparison of two testgs. ‘Harrls made a two

|
i

year gtudy in Austin, Texas In which she was attempting to

’ ‘. sl

improve meang of decreasing the number of fallures in geome-

try and a8t the same time %o provide information which would

[E

i
|

help to group geometry studenbs. Plve predictive factors
were used in the experiment (1) the Lee Test of Geometric ~

Aptitude; (2) the Orleans Ceometry Prognosils Tests (3) the

Salifornia Short Form of MenﬁalvMaturity; (L) the California

Arithunetic Tests and (5) the Californis Beading Teast. The

Les and Orleans aptitude tests were found to be valuable for
pr@dicting BUCCOSS, fo* grouping and for discoverimg students
- with exceptional abllity. The lower scores were not auffi-
clently rellable to use predictively without additional
information. The Lee btesl corrslalted higher with achievement -
as determined by teachers' marks ahan did the Orleans tesb.
The report did not indlcate by what means the various teach-
erg! marks were standardlzed so that an indicated grade would

signify the same degree of achilevement 1n each clasa,

Anglinlé Four Fagtors. Anglin used four factors in

- 15Margar@t Ja Harfia, "A Btudy of the Value of Two
Tests in Prediecting Achlevement In Plane Geometry," (unpublish-
od Master's thesls, Univeraity of Texas, Austin, Texss, 1953),

.pp. 75-80,

: 16John B, Anglin, "o Study of the Value of Four Fachors
in Predicting Suceess in Plane Ceometry™, (uvapublished
Master's Thesgls, North Dakota Agrlcultural College, Fargo,
North Dakota, 1956) pps 50=5h,
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his attempt to dlscover an acocurate prediction of success in

'g@omatry: (1) Otis Quick=Scoring Mental Ability Tegts (2)

Lankbon Firgt Year Alecbra Tests (3) Cooperative Mathemabics

Tagty and (It) GooperativeuReading Comprehansion Tesf, The

Shayeroft Plane Gsometrvaest wag used to measure achievement,

The axpariment was conducted in Alexandria, North Dakota.

PRy NP, MO )

dthree=variabl o

y multiple correlations were computod.
Ths best single predlctors were found to be the Cooperativa
mathematlics test and the Lankton algebra test in that order.
The best predictive combination were the Cooperative wathe-
maties test comblned with the Lankton algebra teat. U[he
results were not considered sufficlently significant to pre~

dict individusl achlevement. Anglin recommended that further

regearch he garrled out in search of more gccurate predictive

MeASUTE Y.

Summary. The studles reviswed here had ome or both
of two purposes in commont (1) to find a more accurate
means of predicting a students chance to succeed in a course

in plane geometry; and (2) to provide information for "group-

Ing® geometry students. The wmajority of the atudies used

one or more geometry prcgnosls btesta, mental tests, and scoves
or nmarks denobting various areas of academic achlievement.

Most of the studles uéed a standardized achlevement test as
the criterion of success., Teachers! marks were used in the

others, The ugual method of experimentation was to correlabe

[ R (IR | [T
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the predictive factors with achievemenﬁ,}singly and in
multiples.

The finﬁingé of the various studles were similar and

may be summerlized as: (1) achievement in plane geomeiry can

be mredlcted with only a fair degree of gsccuracy by the use

of the predictive measures studled; (2) the best predictors

E TR YA

ke

of success whlcoh were studled, are the geometry aptitude
tests, algebra achlevement and mental abllity in that order;
(3) combining the prognostic or aptitude test with elther or

both of ability in algebra and mental ablility ralsed the

predictive value somewhat ay mensured by the multipls correla=

tion coefficlenty (L) the predictlive factors taken alone op
in combinatlon wsre not considered adequate to mrediet indi-
vidual success, but wore aonsidared‘valuable in guidance and

in providing for individual differences.



CHAPTER IIX
- EXPERIMENTAL DESIGN

This experiment was designed to determine the degree
of accuracy wlth whlch one can predict & studentls success

in geometry by the use of one or more of hls scores from

three aptitude tests. The oriterlion of success wag the stu-~
dent's score obbtalned on a standardized achlevement test

taken after one semester of sbtudylng geomebtry. }This portion
of the report describing the design of the experiment 1ls

composed of four mrts: (1) the selection of and a descripe
tion of the sampling; (2) the method of instruction used in
the classes; (3) a description of the measuring instruments

used; and (L) the statistical design of the study.

Selection of studenta. The students used in the study

were enrolled in eight plane geome try classes ln the Lodi
Union High School, Lodl, California. These classes were

ins tructed by the lnvestigstor during the school years 1957~
58 and 1958-59, Five of the classes were taught during the
first and three during the second of each of the two school
years, There was a botal of fifteen classes of geomeiry
taught in the school during the two year period. The sample
was limited to the elight described because there were fewar

varisbles present when all were under the ssme instructor.
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The group was composed largely of sophomores (benth year

students) with s number of junlors and seniors. After ellmin.-

attng from the study those students who were repaating the
course and those for whom one or more of the test 8COres were
not available,; the final total group included one hundred

sixty three. This 1neluded eighteen juniors (eleventh grade)

i :I 1"\ b ‘ Li [ Gl

Method of instruction. The classes in which the
students Involved in this study were enrolled were taught in
a manner which might be called "traditlional." The format

of the textbook New Plane Geometry by Welchons and Kricken~

b@rgerl was followed closely, A geometry presented in this
way 18 called demonstrative Euclidean geometiry. Emphasils

was placed upon the "formal proof" of theorems. Substantisw
tion was regulred for most of the raséonsas; written and oral,
ineluding statements in construction exercises. Students
were requlred to be c&néisa and complete in thelr responses.
Although understanding in preference to rote memorization was
stressed, a consi&erabie portion of eaéh studeht's study time
was spent committing foundatlon materlal and theoorems to

- hemory. Emphasis was élso placed upon logical deductive

reasoning and the anslytical approach to vroblem solving.

1w$lchons, g M., and Krick@nbergars Ws Rey New ?lan@
Geometry (Boston: Ginn and Company, 1952).
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The course was btaught we a year course wlith classes

meeting fifty-threes minutes each daye. A typlecal period was
consumed by spending thirty»five to forty minutes in lecture-

PP

,demonstraﬁion and discussion and th@'rsmaindar in individusal
study. An examination was‘comduct@d {on the average) every

two weeks with occasional short quizzes between. A% the end

i
£
1]
\3

<
|
|
r

Senttle Plene Geometry (achieve- =

o~
7,

ment ) Eggg«waa given. Durlng the years involved in the study,
nearly twenty per cent. of the studenta taking the course af
the Lod1l Union High Sehool failed to recelve passing grades
for elther or both semesters of the yesr in which they were
enrolleds Scores made on the achlevement test were only one
of several factors considered in grade determinablon; however,

these scores would correlate highly with grades,

Description gg”ﬁhe tests used. The bests used as

predictors of success were: (1) The Opleans Geometry Prog= ' -

nosls Test Reylsed Editions (2) The Differential Aptitude
Test of Numberlcal ﬁbilitgi,and (3) Yhe Differential Aptitude

Tost of Abstract ReaaéninggB The test used as the crlterlon

2Georpe K. Bennett, Harold G. Seaghore, and Alexander

' G. Wesman, Differential Aptitude Test of Numerieal Ab1lity
(New Yorks ~ The Paychologlcal Corporatioriy 1947 )e.

“ :3Ge@g a K. Bennett, Harold G. Seashore, and Alexander .
» Wesman, Differential Aptitude W@gt OFf Abstract Heasoning
(Naw York:’ The Pesyechologlea Corporations T9E75«
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of success was the Seattle Plane CGeometry Test.

The Orleans Geometry Prognosis Test, Revised E@ition
is & revision of a tasﬁ‘first published in 1929 which was
developed by Jacob S. Orleans and Joseph B. Qvléans. The
revised test has been shortened so that the testing time is

thirty-nine minubtes instead of the sevenlty mlnutes r@qmired

those abilitles needed to learn geometry by presenting elght
lesgsons, a test on aachg and a summary btest. The eﬁght lesson
tests are (1) axioms* (2) ‘reeding angless (3) kinds of angles;
(ly) complementary and supplementary anglesy (5) understand-
ing geometrical relatibﬁahips; (6) blsectiony (7) geometrical
notationsy and (8) geometrical problems.

The Differential Aptlitude Test of Numerieal Ability is

one of a battery of eight aptitude tests whilch has been popu-
lar with edueators, and espgcially with guldance personnel.
Extenslve research and evaluation of these tests show conslst-
ently significant reléticnship between plane gsometry achleve-
ment and the testa of numerical abllity and abstract regson=
ing¢u Because baslic numerilcal ability does not seem to be

emphasized In the Orleans Geometry Prognosis Test, this test

was chosen for use in this study. The items on the numerical

uﬁsnnett, Ge Koy doashore, H: G,y and Wesman, A. Gey
A Manual for the Differential Apiituda Tests (New Yorks: The
Paychological Corporation, 1952)s DDe Lawb3e

|
i

ARk

B

———— for the eriginal é¢diticn. The test was deslgned to measure
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ability sub-test are

designed to test understanding of numerlcal : =
relationships and facility in handling numeri-
éal concepts s &« » o The Numerical Ability test
is a measure of the student's ability to reason -
with numbers, b6 manipulate numericel relatlon- : -
snips and to dagl intelligently with quantita«

tive materlals,

The Differential Aptitude Test of

hac e

Abstract Reasoning

3-4-

8 another ol the nattary'described in the preceding mra=

,grapho "he Abstract Eegsqning test is intended as a non-
 verbal meagsure of the atudents ressoning ability?é Bach
problem pvesents a‘sa#ies which requires the student to
perceive an aperating prineiple which governs the changa in
‘the Tigures. He demonstratas his recogniticn of the principle
,:by chooslng the diagram'which would logically fo]low in the
| geries, Abstract ymboliam is used and
Complexity is ebtained from inereasing conceptual
diffieulty + + » « It (the test) involves the abile
1ty to perceive relationships in abstract figure
patternd -« generalizatlon and eduecstion of
» principles fremfnonwlanguage designg, '

"Jacausa abstract reasoning 18 used extensively in geome bry

.solvtions and because af the non-verbal quality of this test
it was chosen for useﬁin‘this studys It was hoped that this
test and the test of numerical abllity described in the pre=

ceding paragraph would measure some of the abilitles needed

beids-pc b
6Ibidd P 64
T1b1d. vpe 67
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for suceess in the study of geometry that are not me asured
by the Orleans prognosisltest. |

The Seattle Plane Goometry Test 1s one of the tests
in the Bvaluation and Adjustment Series of high scheol tests
published by the World Book Company. It was designed to

measure the achlevement of students 1n the high school courss

of beginning plane geometry at the end of one gsemester of
study and thus provideﬂ‘normative criteria for this study.

Ths decislion to use an achievément test as & criterion of
success was reached afltar cﬁnsidering these points: (1) the
Investigator had previously observed a high depree of agres-
ment between the achievement test scores and his own estimates
of success) (2) 1t is dirficult to determine a cbmparativa
standard of aehiavameﬁt when it (achisvement) 1s represented
by teacher sssigned gfades§ and (3) grades usuvally reflect
some degree 6f subjecﬁi#iiy which 1s not a part of ﬁh@ achleve~
manﬁ (geome trical) unéér qénaidérabian here.

| The time réquibéd fbr administration of the bast 1s

one clags period. Thé éutﬁcrs indleate that the test messures
"not only understanding and knowledge of the facts of go ome -
try, but also acquisition and application of skills, facts

"8

and methods. The test 1s sald to measure 1n four aress:

Harold B. Jeffery, and others, The Seattle Plane

. CGeometry Test Manual of Directlons (Yonkersw-on-Hudsont

or ock Company, 19517, P« 1.
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(i) vocabulery; (2) congbtruction; (3) écmpﬁtation; and (L) -
reasoning. The objectives of the course 88 taught at the -
Lodi Union High $School would be classified into thesé same

areas.

The statistlcal design of the study. The Differentisl :

Aptitude Test scores of the students were obtained from

thelr cumulative school records. The Orleans prognoétic

test scores and the seattlé achievement scores were obtained

from tests glven in tha}geomatry classes, Product-moment

linear correlatlions batween eéach set of prediction test

scores and bthe achievement test scores were calculated first.

In the second stage of analysls, multiple correlatlon coeffi-

clents uvaing three varlables were computed. In the final -
staga of analysis, the fegression equation for four variables
wasydeval&ped as well gs the four-varlable multigﬂ@ correlas

bion coefficlent. Except for very high and very low scoves,

the corralabian eoéfficient was-not largs enough to make the

reogression equation much better than a crude prophesy.



CHAPTER TV
RESULTS OF THE ANALYSIS

A general description of the method of research =
employed in this study was given in Chapter IIT. The exper=

imental computations, the resulis of these statistical analye

sos, and the significance of

in this sectlon of ﬁhé,repcrt.

Single correlationé; After the scorss made by the

163 plane geometry &t@dents on the four tasts'w@ra plaaad
in tabuiar form,_the zero~order product moment coelficlents
of cbrrelation were computed. The coefficients (r's)
obtained indicate the degrae of relationship between each
of the predictive tests and the achievement test, In the
tables and appendices which 1llustrate caleulations as well
as in the account describing the results of thé caloulations, —
reference to the varlous tests ig made by the use of numer-

als and numerical subserlpbs (see Table 1). The tests and

the numberg assigned to them are as follows: (1) Seattls

Plane Geometry Test: (2) Orleans Geometry Prognosis Test:

{3) Differentinl Aptitude Test of Numerical Ability: and

(L) Differential Aptitude Test of Abstract Reasoning.

The zero order correlation coefficlents were conputed
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TABLE I

THE ZERO-ORDER COEFFICIENTS OF CORRELA TION
BETWEEN THE CRITERION TEST (1) AND
THE THREE TESTS OF PREDICTION
(2), (3) AND (L), AND THE
INTER-CORRELA TTONS®

. -
1 2 3 9

1 S 299 | 309

2 -~ - 348 351

3 a£y B9k ¥ O o hahiukial 139:}.

#Numerical designation of the tests used in the study

Name of test Reference number
Seattle Plane Geomsbry Test 1
Orleans Geomebry Prognosls Test 2

Differential Aptitude Test of
Numerical Abllity 3

Differential Aphitude Test of
Abstract Reasoning - Ly




By the use of this formula? caleulation was made from raw opr —
obtained scores. Appendix_c shows the obtalned values used =
in the formla for each of the correlatlions of the predictive

teate with the achievemént test and the inter=correlations.

tive tests and achlevement test were: (1) between the Qrlesns

Geometry Prognosis Teat and the HSeattle Plane Goome bry Test,

e L6y (2) betweenfﬁhefﬂiffer@ntial Aptitude'Teét.gg

Numerical Ability and:the Seattle Plane Geometry T@s#,'ﬁ =

.299; and (3) between the DAfferentlal Aptitude Test of

Abstract Reasoning ané ﬁhe Seattle Plane Gsometrylﬁbst,

r % «309. Trom Garreﬁﬁfsa table of significénée of cérrela»
tion coeffliclients, thsée,valuas are all ednsid@red~signifiw
eant at the one per cénﬁ level, However none ia[auffici@ntly
high to permit predicﬁing individual success or f&iluﬁe wlth
any high degree of confidenc@.~ The standard error of
esbimate (Géstaﬂ for predicting Seattle achievement test
scores From the Orleans ﬁrognogtic test meores ls 10.25,
{(approximately twlce the standard error of estimate of the
Seattle test 1tself). This means thet two=thirds of the

pradicted scores will be within plus or minus 10.25 points

1
) Henry E. Garrett, Statistics in Pgychology and Educs-
Lion, (New York: longmans, Green and Company, 1947)s Ds 292

P

Tbids pp. 190-91.
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of the best estimate. Ten Points on the Seattle Hest can 3
easily amount to a change in percentile ranking of as much =
as twenty, a rather dbroad gpan. In view of this, even the
scores on the Orleans test which correlate highest with the i
achievément test can Esrdly be usged alone for more than a

guess of a student's 1liklihood of success.

Multiple correlatlion with three varlablss., %he second

atage of analysls was the calculation of the correlation bew
tween each palr of the three predlctlve tests and the achleve-
ment tests The method of computatlon used is that described

by Garrett3 in which the multiple crrelation coefficients 4

are calenlated using the formula : — X /qﬂ_‘ﬁ2§3 N
N3 i

i

"In addition to the inter-correlations (Table 1, p. 25),

thig method regqulres the following values: (1) the mesan,

and atandard deviation (O) of each seriss of scores; ”
(2) the first order partial coefficlents of correlation) and |
(3) the partial OMa, The formules used for these compuba«

tions are listed in Appendix A. The resulting statistics

are listed in Tables TI and TII. Numerical subseripts refer

to the tests as indicated in Table 1, page 25. -

The coefficient of mulbtiple correlation between the

BIbid. PP. LO4=-25,
L

Thid., Pe L}.Ow{a
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TABLE IT

MEANS AND STANDARD DEVIATIONS

OF THE FOUR TEST VARTABLES

Test%% Méén o

1 | 6.::.3% 1é.23

2 '3)4;‘.29 | 15.13

3 @,976%v 812 N
) 7224 Toltd

#  After subtraction of constants
##  For numerlcal designation see Table 1,
p.&fe :



TABLE 3

THE THREE-VARIA'BLE PARITAL COEFFICIENTS OF CORRELATION

AND PARTIAL STANDARD DEVIATIONS

29.

HL il ‘l 1

LI L]
P

The partial coefficlents of correlation

Test 1 Test 2 - Test 3 Test &4
partialed out partialed out partialed out partialed out
- o . e -
- B o o
Py 5 - SRR § ¢

" The partial standard deviations

ey §

!

For mﬁnerical designations, see Table 1, p.2&5,
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fwo predicting tests (2) and (3) and the criterion test (1)
indicated by R1(23) was caloulatéd to be 567, Rl(ah)“ Y
and Rl(Bu) ® ,372., These are all considered significant ab
the one per cent levels however wlth the single correla-
tionsg, the ralationahips are nob sufficiently strong to allow

the combination of scores on the predictor tests Lo be used

Aol

At

i

as the sole criterion for prediction of individual student

success., The scores on btests (3) and (i), although showing
gignificant relationship to scores on best (1), are together
only of limited predictive value; FEash, when combined with

tegt (2) scores, add only slightly to its value as a predictor.

Multiple correlation with four verlables., In order to

determine the mazximum possible valus of the tests of predles
tion, the multiple Pégression equatién and multipleveﬁrralam
tion coefficient‘using all four veriables were compubed.

The regression equatlon in deviatlion and in scorve form and
the formulas used to caleulate them are listed in Avpendix B.

In score form the resulting aquation‘is:
Relly = Wl(Xp = Mp) - L (Lg-My) i .,17(}:&_-@1\1}';)

The coefficient of multiple correlation for all four variables
”‘\2" "15'
/:234 -

was caleulated using the formula: fD )M_,k// a
‘\/(23‘4 o - T
/

@

5
Ibid. pe L2l



The 0%5 x.(standard error of estimate) was compubed using ' :

+
formula number (9), Appendix B. ' —

The coefficlient of multiple correlation (R |)) Wa s

{23k
to he 9.9, The combirmabtion

‘found to be .59 and the Tysty

of all three tests of prediction ig Little better than the

Orleans test alones Attempting to wedlct individual achleves
'

Wont Trom these soores along would be unjustified. Carrets”
states, "For r's of .80 orileas . « » pvedioﬁionslofAindivi&
dual scores based upoh th@fregression equation are Little
better than 'guegses'." I? should be borne in mind that

when success in a course ié being measured by the use of a
stanéardized achilevement ﬁést; such a test ig quite cartaiﬁ
not to measure SOma éflthé§e factors whilch have been object-
ives of the eéurse. Also,ﬁtha test 18 likely to be measuwihg
acﬁiavemant in some araaé which have not been obj@¢t1vas of‘
the course. In bthar‘WOrds, any achievement tasﬁglatamdardw
izéd on students taught by many teachers in many schools

may lack valldity when used as a messure of achievement in
courses taught by onenspééific Instructor. However, |
teachers' grades are not likely to be Superigﬁ aé a ériﬁ@rion
when caleulebting the correlation between prediction amd
achisvement if the objectives Qf.ﬁh@.achievamanﬁ tést under

congideration pargllel those of the cours&.?

611’)1(}‘3 P 3360 .
7&69 chapter Iii” Pe 224
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However, because of the significanﬁ coefficlents of
correlation, these BCOYESs may be usafu1 when congldered in
conjunction with other indicators of aahievemaﬁt. It should
be posalble to choose most of those students For whom the |
satudy of geometry will be esgpeclally difficult and thmsé who

will need addltional topiecs to challenges thelr abllity.

Summary. This chapter desceibed the experimental
computations and the results of the statlstical analysis,
The significance of these results was also considered.

The computation of single and three and four variable

multiple correlation coefficlents indicated significant

relationship at the one per cent level in a8ll cases. However,

the goefficlents of correlation were not found to be gulfi=-
clently high to be useful to make accurate predictions of

individual success in geometry.



CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summery. This study was undertaken in an attempt

to evaluate the use of the Orleans Geomebry Prognasis Test

-~ in the Lodl Union High School. Tt was sought to determine
the degree to which the Orleans test 1s mwedicting sudcess
and the aﬁounﬁ by which prediction could be Improved by
combining 1ts results with either or both of two other
eptitude bestss Two tésts wﬁose predictive value in combina~
tion with a standardiged geometry aptitude test had not

bsen previoualy reported were chosen. These tests, the

Differential Aptitude Tegt of Numerical Ablility and the

Differential Aptitude Test of Abstract Reasoning, were re=

ported by thelr authors to correlate significantly wlth
achievement in geometry. It was hoped they might measure
some of the mental capaclties required for success in geo-
metry that were not being measured by a test such as the

Orleans Geometry Prognosis Test. If so, it seemed that a

comblnation of test results might be more useful for predictw-
ing individual success than the results of any one testb.
Beores from the three aptitude tests and from the

Seattle Plsne Geometry Test (achlevement test) were obtained

and babulated for a sample of one hundred sizty-three geo-

metry students. These students were enrolled in eight
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classes taught by the same instructor during the school yesars
- 1957-568 and 1958-59, Linear and three and four varilable
maltiple corvelatlons were calculated. The multiple regrese
sion aQuation for the uge of the r@sulﬁs of all three
predictive tests was developed as well as the standérd eprror

~of estimate.

The —correlations obtalned were ail found to be signi=
ficant at the one per cent l@V@lnl However, the largeatb
coefflclient of corfelationg the four-variable mulbtiple, was
only «59 and was not much larger than the simple correlation
between the Orleans prognosls test and achlevement measured
by the Seattle btest (.546). Although usseful in group gr@die«
tions, the gtandard error of catimste 1s so large (9.94) that
even the results of all three teéts are not sufficlent cri-
teria for maklng accurate individusl predictions. It will,
however help to determine 1f a student's chances for success
“are great or small and should therefore be useful in eounsele

ing indlividual students.z

Conclusiong. The results of thls study and of those

reported in Chapter IT seem Lo bear strong evidence that a
rather large portion of the qualifications necessary for s

student to be succesdsful in the study of plane geometry ls

18@@ Table I; p. 2%, and Table IIT, p. 2¢.

2
See Conclusions, pe 34
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not being measured by the criteria which are being used for
this purpose. Of the numerous tests and achlevemsnt evalua«
tlong examined in this and the other stﬁdias, the best estl-
mate of a student's chance to succeed seems to be obtalned
from the combination of a standardlzed geometry aphltude

teat and the student's success iIn first yesr aslgebra. Combine

ing the results of the Differentlial Aptitude Tests of Numeris
cal Ablllty and of Abstract Reasoning with the Orleans

Geometry Prognosis Test as reported in this study does nob

seem to predlct much betbter than the prognostic test alons.
Apparently most of the geometric aptitudes or abilitles
measured by the Differential Aptitude Tests considered here

are also belng measured by the Orleans Geometry Frosnosia

Teab.

This study, as well as the related studles reviewed,
seems to indicate that SOme‘ability factors which have not
been measﬁred or otherwisa determined, contribute signlfil-
cantly to the success of a geometry student. The degres to
which success depends upon_these indeterminate qualities may
be greater than suggested by some of the authors of geometry
Aaptitude tests. A groﬁing awareness to the lwmportance of
thege less btangible abllities sucﬁ as intellectual curlosity

and persistence, as determinants of academic achlevement
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18 evidenced 1in recent researéhe The studles by SilovakyB
and Rowlandu are examples of these,
It must be coneluded that aptitude for the study of
plane geomstry is a difficult gquantity to assess. Aﬁyone who
hag the réﬁpbnsibility of screening,; or counsellng, applicants

for admitﬁance to the course should be cognizant of thig

Polowil

il i

-

e 7,,7

conclusioms He sh uld consider the motivation df‘ﬁfﬁdénts
of doubtful aptltude who aspire %o enroll. IF ﬁh@y‘aré
stréngly motivated,'tﬁia gtudy produces no evidence upon
which to base a denial of their right to enter the course.

4

Recommendations. Because the Orleans Gaometry Prog-
nosls Test provid@sfusqul supplamental informatlon regard«
ing a student's liklihood of sﬁccess'in.studying plane
geometry, it is recommended that 1ts use be continued.
Although the resulbs éf,tbis g tudy ihdicate that the proge
noétic tost 1s not a goo&iindividualvétudent peedictor,

- scores weéll aboveyor beldwvthe mean will usually help to

determine 1f a students chandes for sutcess are great or small,

There 1s no evidence in this study to indicate that

BCeorpe Tia bilovsky and Kenneth H, Anderson, "4 Study
of ‘the Relationghips of Non~Academlc Correlates to Achleve-
ment - Participants and Non-Participants in the National Meriltb
Scbolarwhﬁp Teating Program," School Sclence snd Mathematics,

527:191-198, March 1960

_ uﬁs Kenneth Rowland, "A P)ychomebyﬁe Study of Student
Abtitudes as a Measure of Academic Motivation," (unpublished
Doctor's theslie, College of the Vaeific, Stockbon, Calilfornia,
- 1958), 81 pps : ’
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the practice of considering a grade of "B" or better in first

year Algebra an automatle recommendation for enrollment in

geometry 1s unwise. Use of the Orleans Ceomehry Prognosis
Test to galn additional information upen which to base a
recommendation to enroll in geometry for those students with

"o" Algebra achievement is recommended.

P

a8 e i
L b Aw WL P OUOHIGE

Youla of Numerlical Ability and of Abstract Ressonlng be used

in determining a student's eligibility to enroll in geometry
unless there 1s reason to belleve that his algebra achieve-
ment and prognostic test scores are not valid samples of

his abilities.

Recommendations for further study. If further re-

search on geometry prognosis 1s to be attempted, it is recomw
mended that consideratlon be given to attributes which
encourage academic success other than those which can be
measured by tests of specific abllity. This study and others
reviewed hereln have indicated that a considerable portion
of the attributes which a sbudent needs to possess in order
to succeed In the study of plane geomebry are not measurved

by tests of academic ability which have bheen used.
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- APPENDIX A

FORMULAS USED TO CALCULATE THE ZERO-ORDER
AND THREE-VARIABLE MULTIPLE CORRELATIONS

(References are to pages in Garrettl)
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1 Henry E. Garrett, Statistics in Psychology and

Education, (New York: ILongmans, Green and Company, 1947).
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APPENDIX B

FORMULAS USED TO CALGULATE THE FOUR-VARIABLR
MULTIPLE CORRELATION AND THE REGRESSION EQUATION

(References are to pages in Garrett™)

(6) Partial Correlation Coefficients of the Second Order 415
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| APPENDIX © :
THE NUMERICAL VALUES ﬁsan 0 COMPUTE THE SINGLE-ORDER :'
COEFFICIENTS OF CORRELATION

£l o742, 5589 999 228992 | 30511
;: 3840 -118 599 9015 30511
£l 3866 ~159 999 10906 30511

. 153; 5589 «159 228992?‘ 10906 7
Bl 2973 5589 | ~118 228992 9§i5
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