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Abstract:

The problem investigated in this study has been the assessment of the adequacy of preparation of
Montana State University (MSU) majors in elementary education in selected concepts of geometry and
the estimation of the effectiveness of certain mathematics courses in such preparation.

Mathematics course requirements in the curriculum were Math 107 and, since 1970 , Math 108, a
sequence taught using Webber and Brown's Number Concepts and Geometry. Annually since spring
quarter, 1969, an informal geometry course using Smart's Introductory Geometry has been offered by
the Department of Mathematics.

Literature research failed to reveal an instrument adequate for testing knowledge of geometric concepts
common to modern mathematics programs in the elementary school. Consequently, a test was
constructed based upon a detailed analysis of the geometry of four widely recognized text series:
Houghton Mifflin, Laidlaw, SMSG, and GCMP. Construction of the twenty-nine item test and
confirmation of its validity, reliability, and discrimination formed an important part of the study.

Test score data were gathered from the following groups with the indicated mean scores on the test
instrument: 1971 seniors in elementary education, 13.60 [with 109, 23.50; with 108 but not 109, 10.17;
with 107 only, 9.80]; students who completed Math 109 spring, '71, 23.88; students who completed
Math 108 winter, '71, 13.83; and students with no college mathematics, 8.69.

Results were as follows: 1. The effect, on scores of seniors of the most advanced course in the
mathematics sequence taken was significant at the .05 level. No evidence was found to support the
hypothesis that the grade point average or the time lapsed since the last mathematics course was taken
had an effect on test scores. The multiple linear regression model explained over fifty-six per cent of
the- variation among the test scores of seniors.

2. The hypothesis that completion of Math 109 had the greatest positive effect upon knowledge of the
selected geometric concepts was supported. This has been based upon (a) the Mann-Whitney U test for
equality of scores for students completing Math 109 and those completing Math 108 being rejected at
the .01 level of significance; (b) the rejection (at the .05 level) of the null hypothesis that the scores for
Seniors with Math 108 as the highest course and those with Math 109 were the same using the
Wald-Wolfowitz runs test; and (c) the significance of the effect of the highest level mathematics course
taken by seniors. Direction was indicated by the group means.

3. The hypothesis that seniors with both Math 107 and Math 108 had better knowledge of geometry
concepts than did those with Math 107 was not supported at the .05 level using the Wald-Wolfowitz
runs test.

Major conclusions were that (1) many elementary teachers prepared at MSU have insufficient



background in the geometry taught in elementary school; (2) Math 109 should be strongly
recommended as an elective by advisors or should be made a required course; (3) the year in which the
mathematics sequence is scheduled and the academic excellence of the student may not affect
proficiency in geometric concepts; (4) the content of Math 109 has been effectively taught at an
appropriate level; and (5) the Math 108 requirement cannot be justified on the basis of geometric
content.
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ABSTRACT

The: problem investigated in this study has been the
assessment of the adequacy of preparation of Montana State

. University (MSU) majors in elementary education in selected

concepts of geometry and the estimation of the effectiveness

of certain mathematics courses in such preparation.
Mathematics course requirements in the curriculum

were Math 107 and, since 1970, Math 108, a sequence taught

'by the Department of Mathematics.

Literature research failed to reveal an instrument
adequate for testing knowledge of geometric concepts common
to modern mathematics programs in the elementary school.
Consequently, a test was constructed based upon a detailed
analysis of the geometry of four widely recognized text

"series: Houghton Mifflin, Laidlaw, SMSG, and GCMP. Con-

struction of the twenty-nine item test and confirmation of
its validity, reliability, and discrimination formed an
important part of the study.

Test score data were gathered from “the follow1ng
groups with the indicated mean scores on the test instrument:
1971 seniors in elementary education, 13.60 [with 109,

23.503 with 108 but not 108, 10.17;: with 107 only, 9.807;
students who completed Math 109 spring, '71, 23.88; students
who completed Math 108 winter, '71, 13.83; and Students with
no college mathematics, 8.69. '

Results were as follows:

1. The effect on scores of seniors 0f the most advan-
ced course in the mathematics sequence taken was significant
at the..05 level. No evidence was found to support the
hypothesis that the grade point average or the time lapsed
since the last mathematics course was taken had an effect

on test scores. The multiple linear regression model

explained over fifty-six per cent of the variation among
the test scores of seniors.
2. The hypothesis that completion of Math 109 had

- the greatest positive effect upon knowledge of the selected

geometric concepts was supported: This has been based upon
(a) the Mann-Whitney U test for equality of scores for stu-
dents completing Math 109 and those completlng Math 108

being rejected at the .01 level of significance; (b) the

rejection (at the .05 level) of the null hypothesis that the

e p—prya




xi-
_scores for seniors with Math 108 as the highest course and
those ‘with Math 109 were thé same using the Wald-Wolfowitz
runs test; and (c) the significance of the effect of the
hlghest 1evel mathematics course taken by senlors Direction '
was indicated by the group means.

3. The hypothesis that seniors with both Math 107 .
and Math 108 had better knowledge of geometry concepts than
~did those with Math 107 only was not supported at the .05
level using the Wald-Wolfowitz runs test. :

Major conclusions were that (l)‘many elementary teach-
ers prepared at. MSU have insufficient background in the geom-
etry taught in elementary school; (2) Math 109 should be
strongly recommended as an electlve by adv1sors or should be
. made a requlred course; (3) the year in which the mathematics
sequence is scheduled and the academic excellence of the
student may not affect proficiency in geometric concepts; (4)
the content of Math 109 has been effectively taught at an
appropriate level; and (5) the Math 108 requirement cannot be
justified on the basis of geometric content.




Chapter 1
" INTRODUCTION

Speaklng before the Oklahoma Conference October 1,
:1962, Bernard Jacobson, Assoc1ate Director- of the Commlttee
~on the Undergraduate Program in Mathematlcs (CUPM) of the |
"Matheéematical AsSociation.of AmeriCa, stated:

the level of the high school program will depend

upon the mathematics taught at the elementary school

. level and upon how it is taught. More important is the
 fact that a student's attitude toward the subject may be
" fixed for life by the.time he finishes the elementary
grades. . . . Probably nowhere else in the.educational
world do teachers understand as little of the material
that they are teaching. 1In most cases this is not the
fault of the elementary school teacher, but is due to
the fact that in the past little or no attention was
pald by college people to their mathematlcal tralnlng

_The preparatlon of elementary school teachers of mathematlcs,

then, is a crucial factor in mathematics education.

THE PROBLEM

\

‘-Statement of‘the_Problem~

The problem waé‘to‘ascertain‘the adequacy of the

‘lBernard'Jacobson, "CUPM--Its History, Activities,
and Elementary School Teacher Tralning Recommendations,"'Ten

Mathematlcs, CUPM Report Number 7 (Berkeley: Committee on
the Undergraduate Program in Mathematics, February, 1963),

© p. 23,
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_;preparatlon of graduatlng Montana State Unlver81ty (MSU)
”majors in elementary educatlon 1n the geometry of modern
'elementary school texts. A subs;dlary problem was the
determination of the effectiveness of certain courses in

‘mathematicS'offered by the Department of Mathematics at MSU.

Purpose of the Study

The purpose of the study was, threefold
1. the development of -an 1nstrument to test‘know—
Iedge of selected geometrlc‘concepts common - to elementary
'school mathematics text series
2. ftﬁe,use of:statisficai;ahalysis:of test'scores on
this instrument to‘esfimate"(a) the competency of MSU
gelementary‘education'seniors relatiVe to these selected
;geometricfconcepfs, (b) the effectlveness of courses in the
Math 107'c108; 109 sequence in. contrlbutlng to such know—
ledge, and (c) the" effect of other factors such as total
grade point average (GPA) and the lapse of time 81nce the -
,most advanced mathematlcs course was taken'
3.  the determinafion of possible improvements in
.course‘confent orﬁcourse requirements ofrthe curriculum of
’fhe MSU Departmeut‘of;Eiementary,Education based upon'the

inferences resulting from the statistical analysis.




”x_Imporfance of the Prob;ém‘:

CUPM Lgvei.l;recommendations deal with the prepara-
,vtion.of‘teaChers of mathematics for the'élemeﬁtary grades
~and are recognized as impoftant.and realistic criteria.
Thesé.redomméﬁdafions, based upon a-prerequisite_of‘two
years of coilege preparatory mathematics in high school,

o éﬁggést'as minimal requirements (1) a two course sequence
'déVoted‘£O<theistructﬁré.0f the.real nuﬁber_system and its
 ‘subsystéms, (2) a coursé devoted to the basic.concepts of
.‘élgebra, and (3) a course in informal geometry.3 The texts
used'iﬁ~fhe Math 107, 1083 109 sequence are cléimed to
-féatisfy:CUPM.Levei I recommendafions.u ' The impdrtance of .
a course iﬁ,informai geomefry forfMSU‘elementary education

'majors has been investigated in the present study.

(

. , 2Committee on the Undergraduate Program in Mathema-
tics, Forty-one Conferences on the Training of Teachers of
Elementary School Mathematics, CUPM Réport Number 15 (Berke-
ley: Committee on the Undergraduate Program in Mathematics,
‘June, 1966). (The Committee on the Undergraduate Program
in Mathematics is hereafter referred to as CUPM.)

i CUPM Ten Conferences .on the Training of Teachers of
Elementary School Mathematics, CUPM Report Number 7 (Berke—
ley: CUPM, February, 1963), p. 1.

L'LG.'Cchhbe'rt Webber and John A. Brown, Number Concepts
and Geometry (Reading: Addison-Wesley Publishing Company,
1969); Jameés R. Smart, Introductory Geometry: An Informal
Approach (Belmont: Brooks/Cole Publishing Company, 1968).

~
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. The mathematics required for the elementary education

",currlculum at MSU has 1ncreased durlng recent years Prior

- to the 1970 1972 Montana State Unlver81ty Bulletln the

requlrement was a one quarter mathematics content course,
Math 107, and a course in‘methods'of arithmetic.5 As‘of
HJUly,-1970,'anfadditional'mathematics course, Math 108, has
been required'.6 At the present time completiOn of Math 107
and Math 108 presumably prepares MSU's prospective elemen—
tary- teachers in the background needed to teach modern
'mathematlcs programs 1n the elementary schools

A course in informal geometry, Math 109, was initi-
ated by the MSU Department of Mathematics spring Quarter,
1969, and.has.been offeredjannually‘since then.7 In prac-
tice, some‘geometry has been taught in Math 108.8 Although
the three courses are listed as a sequence, the practice

_has been not to demand Math 107 and Math 108 as

5Montana State Unlverslty, Montana State University
Bulletln, Biennial Catalog Issue for 1968-1970 (Bozeman:
Montana State University, February, 1968), p. 207. (Montana
‘State University.is hereafter referred to as MSU.)

: GMSU, Biennial Catalog Issue for 1970-71 and 1971-72
(Bozeman: MSU, July, 1970), p. 109.

7

Ibid., p. 257.. o

SWebber and Brown, op. cit., pp. 220-253, 307-33H. :




';Jﬂprerequisites for Mathﬁlp9:9

HoweVer; completion of Math
‘i07 has been requiréd for registration in Math 108.
If fhe“CUPM récémmendations involvingﬁtWO years of
mathematics content were used as fhe criteria; MSU graduates
. who- completed only the two duarters of required mathematics
courses would be deemed poorly prepared to teach the mathe-
‘matiés-of‘kihdergarten throughisixth graae (K-6). Certainly
"~ the brief intfoduction fovgeomefric concepts in Math 108
f would not approach thé recommended level of a semester
‘courSeﬂin infofmal geometry. Such a geometfy éourse éppears
desirable in view of the faét fhat a survey of mathemétics
“text series for K-6 revealed that aé‘much as twenty-four
per cent of the‘total‘pages in a student text may be devoted
.:to informal geometry, not including‘coordinate‘geometry or
-the extensive use éf_géOmetry in fhe development of fhe
number line, fractiéns,‘and gréphing.
A needﬁfof a.definitivé study of the.mathematiés
'preparatién of MSU elementary education majors has existed.

Geometry is an<impdrtant part-of fhe mathematics taught in

‘9Comment by Dr. Adriep L. Hess, March 3, 1971.

lpSchool-Mathematics Study Group, Mathematics for ‘the
" Elementary School, Grade 4 (Stanford: The Board of the
Leland Stanford Junior University, 1962). (The School Mathe-
matics Study Group is hereafter referred to as SMSG.)




6
elementary education curriculum A course ‘in informal geom-
etry recommended for preparation of elementary teachers has
been made available Dby -the MSU Department of Mathematics
If Math 108 adequately'prepares the students in needed geo-
metric concepts,,Math:lOQ‘WOuld.not be considered a justifi-
able additional.reqnirement. The‘significance of Math 109
in preparing students'specifically in the geometry‘of modern
elementary mathematics texts is of concern.to both the
Departmentccf Elementary Education and the Department of
Mathematics. |
| How well the elementary eddcation majors performed on
tests of Math 107, lQ8, 109 content was not the question.
The question was whether the graduating senior was knowledge-
able in the mathematics of modern programs for grades K-6.
The construction of a test with items related directly to
:geometric.concepts'ccmmcn toiselected elementary:school
mathematics texts constituted an important preliminary
project.. A searCh:of the literature has failed to reveal an

adequate instrument to measure such understandingS; )




" ANALYSIS OF THE STUDY

w

The-reseafch design involved (1) the constructioh of
a testing instrumenf,.(Z) the‘admininetration of the test to
appropriate subjects, (3) the choice of statistical models
“to ellc1t 1nformatlon about the 81gn1f1cance of the data,
and (4) draw1ng valld 1nferences theratuwe research has
been an integral method used 1n‘thelpresent study at each
. stage. Accepted standard methods'have been used to con-
‘struct an inetbﬁment‘of suitablelvalidity and reliability.
‘ The.opiniqnsaof experts have‘been sought, and their sugges-
tions have been impleﬁented. Dafa have- been analyzed ﬁsing

computer programs for the IBM‘Sigma 7 ccmputer.

The‘Hypctheses

The,hypqtheses‘tc be‘tested were:

€. .Test perfopmance by elementary education seniors
is a functlon of several factors: ‘Ca)_the mathemafics
courses completed in the Math 107 108 lOQ'eequence;‘(b)
'.the general academlc ability as ev1denced by total .GPA; and
.(c) the tlme lapsed since. the most advanced mathematlcs
course taken was completed.

2. ‘Completicn'of Math 109 has the greatest positive

effect on knowledge of geomeffy contained in the mathematics




_:.gexfs of elementafy_sethT. |
3. Seniors wnp eomﬁleted both Matht107 and Math 108
have signifieantly“better knoﬁledge of the selected geomet-
ric concepts than do seniors who completed'only Math 107.
| 4}‘ The course content of Math 109 specifically pre-

.pares students in the concepts of geometey belng tested
THEORETICAL FRAMEWORK

For‘the‘purposes of the present study certain defini-
tions, certain basic assumptions, and certain_iimitations

have been specified.

Definitions of Terms

Eiementary education‘seniors. The‘term "elementary
educationvseniors".has referred to those MSU students who
ereTinvthe fourth and finaltyeargofnthe regular elementany_
edueation cupricuium. The objectTVe of the curriculum is

the preparatiqn of graduates.to teaeh‘in grades K-6.
. : !

Math 107, Math 108, Math 109. Math 107, Math 108,
~and Math 109‘are‘ceufsesfoffered by the MSU Department of
Mathematics. . The catalog descriptions indicate that Math

107 and-Math 108 are quarter courses to be taken in sequence




g ' ‘
‘ﬁwéhd are intendedth bgﬁﬁgn;introdudtiog to basic mathemati-
éal cdnceptsand-étrﬁéture.”ll The text used for this
éequeﬁce'hasibéen that‘authofea by Webber anderbwn. Math
109 is‘fitled‘“Geometry from an Intuiﬁivé Approaéh"!and has
‘used the text by Smaft;‘ The_three'course sequence "gives

an understandiﬁg of modern mathematics‘as if is found in the

elementary gradeé.hl2

texts. "Geometric concepts of elementéry school mathematics

texts" has been used to indicate those cbncepts presented
by the four elementary mathematics text series for grades
K-6 that were used in this stﬁdy. The text series have been

widely recognized and used in numerous school systems.

Basic Assumptions

In thié study the éssumption has been made that

elementary - education seniors have been prepared for the:

i-‘teaching‘of elementary school mathematics through the Math

ilO?5 108, 109 sequence and the mefhods of arithmetic course.

' Other courses in mathematics may have been completed by

11MSU)'Mohtana State'UhiVersity'Bulletin, Biennial
Issue for 1970-71 and 1971-72 (Bozeman: MSU, 1970), p- 109.

127p54.




(}lndi?idual seniors; but‘tne:empnasis'inﬂsuehdeourses has not
been tﬁe mathematics backgreund for .elementary education,

| "The'elementary edueatienrseniors of‘the 1871 class‘
were assumed to be representatlve of such classes in all
- instances of generallzatlon from the data of a sample of the
1971 seniors to more- 1nclus1ve‘groups From the standpoint
of the overall GPA means shown 1n Table l the assumptlon
Lseemend réeasonable. Attentlonvls dlrected tofthe,faet that
the group of all elementary educatiQn students included
transfer students, all college classes, and‘somerstudents

‘who would not‘complete the curriculum.

Table l

Total Grade Polnt Averages of Elementary Educatlon Majors

3

| Description of Group ' Mean I Range

All students, elementary teaching

option, fall, 19697 2:85 2.03-3.73
1971 seniors® S 2.75  2.20-3.87
Sample used in studyC : : 2.93 2.20-3.87

‘ Data from Dr. Albert Suvak, Head, Testlng and Coun-
: sellng, MSU, Bozeman, Montana. N = 78.

b . , . . ‘ .
Thevsenlors-whose mathematlcs courses were taken at
MSU from the Math 107, 108, 109 sequence. N = u5.

°N = 15.
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A further assumption has been that the experience
received in a_giuen course'has’not differed significantly
from year to year nor from instructor to instructor. Math
107 and Math 108 have been multi-sectioned courses with as
’"many'as six different lnstructors teachingvthe>various
sections However, Dr. Adrien L. Hess, Professor of Mathe-
matlcs, has been the superv1sor of the sequence and has
arranged the class schedules 1dent1cally in the sectlons
‘ Unlformlty of course content has been 1nsured also,‘by
common testing ‘and evaluation procedures.

The geometry concepts contained in‘the four selected
- elementary school mathematics‘text.series have heen assumed
- not to'differrslgnificantly from the geOmetric COnceots of
sother contemporary progﬂams 1n mathematlcs for the elemen-
Jtary school, Slnce the School Mathematlcs Study Group
- (SMSG) texts have been used as models for revl81on of many
commerciallycpublished textS‘and since*the‘SMSG te2t~series
for“K~6 has‘been one‘of the four series used in the present

study the assumption seemed justifiable.l3‘

' 13Phllllp S. Jones and Arthur F. Coxford, Jr.
A"Reform, 'Revolutlon,‘ Reactlon 1945 Present i A Hlstory

Thlrty second Yearbook of the Natlonal Counc1l of Teachers
of Mathematics (Washington: NCTM, 1970), p. 76.
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; Limitations‘

; No attempt has been made in this study to investigate
effects on_elementary education sseniors' knowledge of’the |
‘selected geometric concepts except for the follOwing“

'.(1) the courses in the Mafh 107, 108,‘1b9 sequence experi-
.‘enced; (2) the t§tal‘GPA; and (3)‘the tiﬁe‘lapsed éince the
most_advancéd~mathematics course was completed. In par-
“ticular, an‘analysi§ of the effect of the required course in
methods of arithmetic has not been a part ofqthis stuay,‘nor
. has the high.school‘mathemafics preparation been researched.

The populatién involved:-in the pfesent sfudy has con-

sisted df.thoSe‘elemehtary‘education seniors whose college
mathématiés'éburses were from the Math 107, 108, 109
seqﬁence. ‘Seniors‘who trénsferred from another major into
3'e1ementary-edUCatigﬁ, who‘transferred mathematicé‘crediés‘
éubstituting for Math 107 or Math-108 from anofher institu-
tién, or who-completed more ad&anced‘éouPSeé offered by the
MSU'Departmeht of Mathematics have not been a part of thé
‘presént‘stUdy. |

In aaditionnto‘tﬂe senioré,'certain groups of students
who had jus£~compieted Math:108, who‘had just completed Math
109, or wﬂo had experienced no coilege mathematics beyond

,intermediate‘algebfa have been involved in the study. In
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. wgsome-cases and for some‘subéets of these groups, the major

‘ahd thé claSS rank of studenfs have not been cqnsidefea.
No claim has been made that the instrument construc-

‘ted to detérﬁinevknowledge of Seléétéd geometric concepts
assesses all the geometric compefencies that should be
possessed by_eleméhtary_éducation seniérs. All statements
related td‘thé achievement of eiementary education @ajors
‘and others on théftest instéument refer only to the geometry

contained in the test items.




Chapter 2
REVIEW OF RELATED LITERATURE

Much has been written about the elémentary school

feacher's 1ack of preparation in mathematics. The evidence

has supported such a conclusion and has resulted in the

‘announcement of goals and recommendations for teacher edu-

cation in mathematics. The CUPM Level I recommendations
have been discussed. Other significant groups have proposed

plans for improving the situation--the Cambridge Conference

on Teacher Tpaiﬁing-of‘lQBSl and the joint committee of the

National‘Assodiation offState‘Directors‘of‘TeaCher Education

and Certification and the Amerlcan A88001atlon for the

Advancement of Sc1ence

In 1964 Roush presented results that demonstrated

that of the four'main‘areas of subjects taught in elementary

school,'mathematics was the subject that received the least

'Mathematlcal Educatlon of Elementary School Teachers

(Boston: Houghton Mifflin Company, 1967).

2Natlonal A85001atlon of State Directors of Teacher
Educatlon and Certification and the ‘AAAS, Guidelines for
Science and Mathematics in the Preparatlon Program of

Elementary School Teachers (Washington: AAAS, 1961).

™TTT
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attention relative to the time spent\on the subject area in
the classroém. For the intefmediate grades‘thé'comparison
of preparatioﬁ and practice time was as shown in Taﬁle 2.
Thus, although seventeen per cent of an intermediate!
teacher's classroom time might be spent in the teaching of
arithmetic, only four and one half per cent of the semester
credit hours of the teacher's college curficulum were

devoted to prepardation in the subject.3

Table 2

Preparation and Practice Time of Intermediate Teachers

Preparation : Practice
Subject (% of 132 semester (% of classroom
¢ hours) B time)
Social studies 18.2 o 12.5
Language arts 16.7 : 28.0
Science . .y - 12.5
Mathematics ' 4.5 | ©17.0

Source: Donald C. Roush, "Implementation of CUPM Recommen-
dations," Forty-one Conferences on the Training of Teachers
of Elementary School Mathematics, A Summary, CUPM Report
Number 15 (Berkeley: CUPM, June, 1966), Chart I, p. 31.

3ponald C. Roush, "Implementation of CUPM Recommen-
dations,"™ Forty-one Conferences on ‘the Training of Teachers
of Elementary School Mathematics, A Summary, CUPM Report
Number 15-(Berkeley: CUPM, June, 1966), pp. 30-31.
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Other research.haé indicated the consequences of such
inadequate mathematics training. Reys found that fifty—
five per cent of the preservice elementary education majors
in his study scored below the median for eighth or ninth

grade students on the Contemporary Mathematics Test, Algebra

Level.u Wozencraft in a study at a highly selective state

university had shown earlier that althdugh the elementary

education students were in the sixty-fifth percentile on the

American Council on Education’Psychological'Test they only
achieved at a seventh grade median on a standardized mathe-
matics-tesf.5 In a similar vein, Carroll_cbncluded that
education Stqdénts had only about half thé mathematical
understandings needed to competently teach arithmetic.6

The critical need for improving the mathematics
preparation of elementary school teachers has been recog—

nized nationwide. Fisher found that in almost every state

*Robert E. Reys, "Mathematical Competencies of Pre-

service Elementary School Teachers," School Science and
Mathematics, April, 1968, pp..302-308.

5Marian Wozencraft, "Even the Teacher Can't Do It!,"
Journal of Teacher Education, September, 1960, pp. 387-390.

6Emma C. Carroll, "A Study of Mathematical Under-

- standings Possessed by Undergraduate Students Majoring in

Elementary Education" (unpublished Doctor's dissertation,
Wayne State University, 1961).
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.reSolutions were passed in support of the CUPM Level I
recommendations at the various regional conferences. . There
the delegate téachers agreed that the present requirements
for-elementary school teachers were inadequate.7 Research-
reported by Kenney in 1965 showed that teacher experience
did not increase understanding of mathemétical concepts or
processes. Kenney constructed an instrument to test under-
standings of number systems, measurements, graphs, scales,
whole numbers, common fractions, decimal fractions, and per
cent. Kenﬁey was not testing.geometric concepts, yet he
found no adequate instrument in the literature to measure the
understandings being tested°8

Research findiﬁgs'have supported the notion that
completion of mathematics courseé by preservice or inservice
elementary teachers serves to increase conceptual under-
standings of mathematics. Garnet found that scores on a
‘mathematical concepts test increased as the number.of high

school and college mathematics courses increased. Here,

7John J. Fisher, "Extent of Implementation of CUPM
Level I Recommendations," The Arithmetic Teacher, March,
1967, pp. 194-197.

" 8Russel A. Kenney, "Mathematical Understandings of
Elementary School Teachers," The Arithmetic Teacher, October,
1965, pp. 431-442, ’
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again, Garnet found it nepgssar& to construct the evaluation
instrument.s A 1970 research report concluded that elemen-
-tary‘teachers did progressively Eetter on a test of mathe-
matical.understandings.with more years of high schogl mathe-
matics, with more college mathematics courses, and with more
exposure to “modern" mathematicis.10

The relationship between a teacher's mathematics
preparation and his pupils’ achievement has interested
researchers. Hunklerll investigated the achievement of
sixth-grade pupils in modern mathematics related to their
teachers' mathematics preparation and concluded that (1) com-
pletion of oné college mathematics course had no effect, (2)

completion of two or more college mathematics courses had a

positive effect, and (3) three years of college preparatory

_ gEmma Whitlock Garnet, "A Study of the Relationship
Between the Mathematics Knowledge and the Mathematics Pre-
paration of Undergraduate Elementary Education Majors,"
(unpublished Doctor's dissertation, George Peabody College
for Teachers, 1968).

10Thomas C. Gibney, John L. Ginther, and Fred L.
Pigge, "A Comparison of the Number of Mathematical Courses
taken by Elementary Teachers and Their Mathematical Under-
standings," School Science and Mathematics, May, 1970,
pp. 377-381. ' )

llRichard Frederic Hunkler, "Achievement of Sixth-
Grade Pupils in Modern Mathematics as Related to Their
Teachers' Mathematics Preparation,” (unpublished Doctor's
dissertation, Texas AEM University, 1968).
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mafheﬁatics in‘high.schOOl had a‘positive effeet ohly if the
‘ecdurses were'in a modern prpgram. - An inferestihg studylby‘
Moody involved the relatlonshlp between fifth-grade student
and teacher performance on selected tasks in nonmetrlc
geometry. This investigator found support for the hypothe-
sis that the‘level‘of success of the teacher on'those'selec—g‘
ted conceptual tasks and‘the level of Suecess”of pupils in
the class following instruction<tehded‘to be the same.12
‘The interrelationship betWeen teacher mathematical compe~
tency and pupll understandlng was supported further by the
work of Lampela. %3

In a stﬁdyfﬁdre cloeely related to the present study,
Kipps investigated elementary.teachers"ability to under-
stand. concepts used in;dew‘mathematics curricula. . A.section
on geometfy‘was iﬂcluded in the test instrumeﬁt and the

‘test was based upon mathematics concepts in sixteen textbook

12william‘Braun Moody, "An Investigation of the Rela-
tionship between Fifth-Grade Student and Teacher Performance
on Selected Tasks Involving Nonmetric Geometry," (unpubllshed
. Doctor's dissertation, Unlver81ty of Maryland, 1968).
18ROland Mitchell Lampela,f”An‘Investigation of the
. Relationship between Teacher Understanding of Selected Con-
cepts and Change in Pupil Understanding of Selected Concepts
in Elementary School Mathematies," (unpublished Doctor's
dissertation, University of California; Los Angeles, 1966).
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Mﬁeeries (K-6) published since 1962. The geometry section of

the instrument included the following subsections: names

and properties. of common shapes; boundaries and regions;

- eongruence5 Similarity'and symmetry; measurement and estima-

tion of lengths, areas and volumes, and graphs (Circle, bar,

line)' construction and interpretation of tables The test

of forty -two’ questions covered twenty-eight subsections of

which geometry involved the five given above. The results

indicated that’the-mean scores.on the geometry section were
lower than on any other part of the test, that less than

half the teachers‘inv01Ved'in the study‘could find areas of

- common geometric figures (given a picture on graph paper or

a formula), that half knew the nanies of different kinds of
triangles, and‘that'onevfourth knew‘criferia for determining
a flane figure; One of the.conclusions of the study was
thet an appropriate course.in'informal geometry needed to be
offered or required in more teacher_trainiﬁg in.stitutionsv14
‘Neafrour researched the'geometric content in the

mathematics curriculum of the middle school. He found that

while the geometric'content varied greatly among the sixteen

luCarol Kipps, "Elementary Teachers‘ Ability to Under-
stand Concepts. Used in New Mathematics Curricula," The
Arithmetic Teacher, April, 1968 pp. 367-370.
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7 mathematlcs texts used in 156 middle schools in a nineteen
state region, that the geometrlc-content was roughly three
times as much as that . of 1900 and emphasized informal geo-
metry.ls' Suoh results”wouid‘be,expected since_matnematies
edncators have‘been‘oonoerned about the geometry content of
elementary school mathematics.‘ All theoexperimental pro*
grams have stressed the need for geometry to be introduced

at an earller grade and to be 1ntegrated in the currloulum.

.Hawley andrSuppes'publlshed Geometry for Primary Grades in
an attempt to_improve‘tneﬂgeometry‘of the early grades.

. The‘decisions’of major‘study groups who developed
. mathematics text‘series have been put'into”praotioe by the -
commerc1al publlshers of textbooks. Hughes17 did a study
to determlne the 1mpact of SMSG and of the Greater Cleveland
'Mathematlcs Program (GCMP) on contemporary texts. An

analys1s of ninety-four textbooks involved readablllty,

_ 15Charles Raymond Neatrour, "Geometric Content in
Mathematics Curriculum of the Middle School" (unpublished
Doctor's dissertation, Indiana University, 1968).

16Ne’Wton Hawley and Patric Suppes, Geometry for Pri-
mary Grades (San Francisco: Publishers Book Service, 1960).
17Eugene Morgan Hughes’, "The Impact of Selected
Expeérimental Curriculum Projects on Commercially Published
Elementary School Mathematlcs Textbooks: (unpublished
Eoctor S dlssertatlon, George Peabody College for Teachers,
968
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vocabulary, scops andﬂsssuence, and teachingstratsgies°
The gpnblusioh reached was that SMSG had‘a,greatefmovsrall
impact on post‘l960 textbooks than GCMP had. Hughes specu-
lated that this was due to the fact that SMSG was developed
to serve as a model and a‘source of suggestions for authors
of commercially-published textbooks.

In summary, a diligsnt search of the literature has
revealed no study comparable to- the present reséarch aesign.
No studies of a nature similar to the present one have been
found amosg the research papers and dissertations at MSU.
No instrument to test the knowledge of the geometry of
elementary school mathematics texts has been located. One
test was based upon the mathematics of elementary schosl
texts, but this test did not involve geometry as the main
sabject matter nor was it of the comprehensive nature neces-
sary for thelpubposes of this study. The 1iteratufe has
provided ample research findings to confirm the importance
of geometry in elementary school mathematics programs, the
importance of SMSG and GCMP text series in the field, and
the lack of elementary school teacher preparation in

mathematics.

T




Chapter 3
DESIGN OF THE STUDY

The. research study has involved_(l) the construction
of a valid, relaible instrument to test knowledge of the
geometry content of selected contemporary elementary educa-
tion %exts, (2) the administration of the test to subjects
whose scores would supply the desired information, (3) the
choice of suitable stafistical.models for eliciting infor-
mation about the significance of the fesulting data, (4) the
use of such models to determine the various statistics, and
(5) the interprétation of the 'statistical analysis and dis-

semination of the conclusions and recommendations.
CONSTRUCTION OF THE TEST

The construction of the test instrument has been
based upon .the geometry taught in modern elementary school
programs. Since the study has beén'designed specifically to’
relate to the MSU elementary education curriculum, texts
likely to be used by these graduates in the field have been
considered. Construction of the instrument has involved

(1) the selection of elementary mathematics text series to
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Abé used as a basis for test content, (2) the analysis of the
ééometry content of these selected series and determination
of common concepts, (3) the construction of a test form from
items testiﬁg these concepts, and (4) the revision of the-
test on the basis of accepted iﬁdications of validity,

reliability, and discrimination.

Selection of Elementary Mathematics Text Series

A survey of MSU elementary education graduates of

thé years 1968 through 1970 revealed that, in Montana, the
public school systems hiring the greatest numbers (per
single system) of MSU graduates in eleméntary education were
Billings, Great Falls, and Bozeman.l Therefore, the text
series used in those systems were chosen as two of the
series: the Laidlaw series, used in most of the Billings
schools, and Houghton Mifflin,.used‘in the Bozeman and Great
Ealls systems.2 The other K-6 mathematics text series
chosen as a basis for geometry content selection were the

nationally well-accepted SMSG and the version of the GCMP3

~

lInforma'tion received from Mr. John Breeden, Assis-
tant Director, MSU Career Placement Office, October, 1970.

2See page 25.

3The GCMP originated as a project of the Educational
Research Council of Greater Cleveland.
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Lfﬁubliéhéd by Sciencé‘ﬁééeéfch Associates. The elementary
school mathematids text series aPalyzéd for_gedmefry céntent
aioﬁg with the‘symbol or abbreViation used throughout this
paper in referring to the chosen text series wefe as’fbllows:‘
Gundlaéh,'Bernard H. ahd others."Thé”NeW'LaidlaW'Mathe—

matics Program. River Forest, Illinois: Laidlaw
Brothers Publishers, 1968. (LAIDLAW) .

Duncan, Ernest R. and others. ' Modern .School Mathematics,
" . Structure and Use. Boston: Houghton Mifflin Company,
1967. (H-MIFFLIN) ' ‘ '

SMSG. Mathematics for the Elementary School. +New Haven:
Yale University Press. Publication -dates range from ‘
1962 to 1965 for various grades. (SMSG)

Educational Research Council of America. Greater Cleve-
land Mathematics Program. . Chicago: Science Research
Associates, Inc., 1968. (GCMP)

In each case both the student text and the ‘teacher's edition.

have been-utilized for analysis of geometry content.

Analysié of Geometry Cgﬁtent

The geometry‘contént‘of‘the-four text series was'
subjeétéd to careful analysis. From detailed, annotated
lists of‘geometric ébntenf~which omitted coordinate geometry
and use of geometry related to development of the number line,
fractions, and graphing, the concepté‘commonfto at leasf two
of the series were determined. After careful cohsideration

of exact terminology and differences in definitions and usage,
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.a selection of concepts.from the master list was made. A
thirty item test was constructed based upon this list of

I
common concepts.

'The'Test—;Item.Discriminafion, Validity, Reliability

The test was constructed with detailed attention to
the vocabulary and to the éymbolism used in the text series.
Familiarity with elementary set theory and operations on
sets has been assumed since each of the four series used a
point-set épproach to geometry. Nevertheless, caution has
been taken not to use a symbol when a written word would
be understood énd not be too cumberséme. For example, the
symbol for interseétion of sets has not been employed.

No item was included in the test that used a defini-
tion or notation about which the text series differed. The
terminology reiated‘to area différed. H-MIFFLIN defined .
"area" for a recfangular region with region defined as the
interior of a simple closed curve. SMSG defined "area" of a

rectangﬁlar region, but in this case the region was defined

to be the union of a simple closed curve and its interior.
GCMP, on the other hand,'discussed the technical idea .of a

region in ‘the Teacher's Edition but used the phrase "area of

*See Appendix A, pp. 105-111.
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E rectangle.” .Therefofe; no item on the test has sought the
definition of either "area™ or "region," but instances for
calculation of areas have been provided. Another consider-
ation was the term "suﬁ set which was peculiar to t%e
H-MIFFLIN series. That term has not been used in any item
of the test. |

The thirty-item test was administered to ninety-
seven students on the final day of classes for Math 108,
winter quarter, 1971. An item analysis was made for these
scores whigh has been reproduced in Table 3. The biserial
correlation was used as a measure of the discriminatory
power of each item. Thé number of students who answered a
question incorrectly and who chose each of the four incor—-
rect choices indicated the drawing power of that choice.
In cases in which no student selected a choice, revision of
that particular completion was indicated.5

| Based upon the item analysis, the initial revision

of the test had altered forms for the following questions

5George A. Ferguson, Statistical Analysis in Psychol-
ogy and Education (New York: McGraw-Hill Book Company,
1966), pp. 242-244. The program used for the IBM Sigma 7
computer was originated by Dr. ‘Albert Suvak, Head, MSU
Testing and Counseling Service, who acted as a consultant
in test construction and designated significance levels
for the biserial correlation.
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" op choices: 1(b); 2(a), 2(b); u4lec); 7(b), 7¢e); 8(c); 9(a),

9(d); 11(b); 12Ce); 15(b); 18(d), 18(e); 223 25(d). . The
exact changes may be seen by comparing the preliminary test
form and the first revision of the test. Both of these
test forms have been reproduced in Appendix A.

The revised form was then submitted for validation
by expert opinion to Dr. J. Eldon Whitesitt, Professor and
former Head, MSU Department of Mathematics,; and to Dr.
Adrien L. Hess, Professor of Mathematics and Supervisor of
the Math 107, 108, 109 sequence. The final form of the test
instpument incorporated the suggestions of these two experts
in the field mathematics education.

Thé finél form of the test was composed of twenty-
nine items. Item number 28 of the original form was omit-
ted from the final form because Qf a negative biserial
correlation. The teét guestion was as follows:

The union of two distinct angles in the same plane

(a) may be the empty set, 0.

(b) may be a set with just one point as an element.
(¢) may be & ray. :

(@) may be an angle.

(e) None of the above choices is p0581b1e

The opinion of the author and of the expert consultants was
that this question should not have been difficult for

students who had completed Math 108. Dr. Hess suggested
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" that there may have béen sdéme reluctance to choose the

cofrect.reSponse; choice (e)., because of its nature or
because Item 28 was the only completion of that type.
Ancther possibility was that the studentJThbught "inter-
section" rather than "union." The interéection‘of two:
distinct angles may be the empty set, a singleton set, or
a ray among the choices offered. Such an error in thinking
would not account for the twenty students who chose "may
be an angle," however. The decision was made to elimingte
this question from the test.

Further confirmatioﬁ of the wvalidity bf the test
was possible after other_groﬁps of students had taken the
test. A comparison of performénces of students with no
college mathematics and those who had just completed
Math 109 has been made relative to percentage of each group
correctly answering a given problem. The per cents have
been given in Tablelﬁ. If the item were valid é higher
per cent of students completing Math 109, the course in
informal geometry, should complete the item correctly.
Two items, number 1 and number 27, havé not been considered
since the.concépts involved have not been stressed in
Math 109. For every item the per cent for students who had

completed Math 109 was greater than for students with no
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-...college mathematics. :All ©of the group who had Math 109
énswered items U4 .(definition of angle), 8 (lines of
symmetry of a plane figure); 13 (relatidnship of squares
and rectangles), 17 (area of a circular feéion),.l8!(defi%
nition of‘scalene triangle), 22 (definition of octagon),
and 29 (the intersection éfvé line and a plane) correctly.
The per cenfs-for the group with no college mathematics
ranged from twelve to sixty-four for these same problems.
Other instances were Item 11 (coﬁcept of a prism) and

| Item 12 (lengths of sides of a right triangle)‘whiCh less

than ten per cent of -the group with no mathematics in
collegé‘answered correcfly while over seventy per cent of
the group who had taken Math 109 responded correctly on
these items.r:Since the signifiéande of the‘differences
Eetweén the pef cents for the two groups wés obvious, no
statistical tests have been necessary.

The Kuder Richardson COrrelation has been used as an
indiéator of test reliability. The fact that the test
iﬁstrument was constructed on the basis ofmmaferial not all
a part of Math 108 content influenced thevvalue for that

group.6 The Kuder Richardson formula 20 statistic for the

®Ferguson, op. cit., pp. 379-380. 385-386.

T—— T T T T ) i m o
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Table 3

Computer Print-out:

Item Analysis, Correlations
for Preliminary_Test'Eorm.

Pef cent .

: . . Choice ! :
Ttem . pprect biserial R A B C D E
1 36 .28598 20 7 25 35% 9
2 55 .13902 1 Suy* 2 10- 29
3 39 .30069 25 2 38% L 28
4 83 21674 g1% 6 0 6 4
"5 71 .37678 69% 16 b 1 7
6 18 .33486 19 18% | 8 uo 11
7 59 .30543 19 1 1 17 58%
8 20 .20938 20% 51 1 9 1y
9 35 06999 18 3y* 0 6 38
10 39 .20581 10 11 10 38% 25
11 . 5 .26827 26 0 5% 5 60
12 32 246904 10 32% 1 22 25
13 69 . 34400 67% 4 10 6 9
14 o .06685 10 1y 19 15 39%
15 61 .18665 5 1 3 60%* 25
16 68 .36927 3 3 15 7 66%
17 49 48726 3 Lg* 18 3 25
18 80 46721 11 78% 2 0 5
19 16 .2677Y4 7 24 16% 27 21
20 43 .32162 . 13 3 32 % 6
21 27 34147 27% 12 15 5 31
22 89 .09366 1 87% 3 3 2
23 29 34803 n7 29% 3 2 10
24 61 .28760 18 3 4 12 60%
25 52 .32138 22 5 1% 0 18
26 59 .36655 4 2 24 58% 7
27 55 29806 5y 6 15 2 16
28 L -.04633 32 12 12 20 17%
29 15 .25106 1 15% 45 13 22
30 - 61 . 34830 17 8 - B60%® 7 3
*Correct choice for the given item.
N = 97. Mean = 13.84536. Sigma = 3.78413.
" Kuder Richardson Correlation = .59201. Variance = 14.31962.
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. Table U4

Performance on Test Items by Students
.with No College Mathematics and
Students Completing Math 109

Item

" Per cent correct response

No math coursea Math 109b
1¢ 38 50
2 20 81
3 30 75
L 12 100 .
5 48 93
6 12 50
7 25 93
8 25 81
9 64 100
10 15 81
11 7 75
12 5 81
13 Bl 100
1y 30 81
15 33 81
16 38 93
17 " 20 100
18 33 100
19 23 43
20 30 87
21 12 87
22 87 100
23 20 93
24 Ln3 75
25 . 28 68
26 L3 81
27¢ 25 37
28 15 93
29 33 100
N = 39. by = 18
?Concept not stressed in Math 109.
Source: Computer print-outs.

See Appendix B.
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~participating groups has been given in Table 5. . The corre-
latién for elémentary-education seniors, .9397., denoted a
sufficiently high reliability for the test relative to this

major group of students. !

Table 5

Kuder Richardson Correlations on the Final Form
of the Test for Various Samples

Group of students Kuder Richardson

correlation
Students with no college math .5991%
Students completing Math 108 - .5993%
Students completing Math 109 .5522%
Elementary education seniors .93972

d5ee Appendix B. -figurés rounded to the
nearest ten-thousandth.

The test instrument used in the present study has
been shown to be 'a valid and reliabie test.. Validity has
been determined by means of an item analysis and the opinion
of experfsg and later validity was checked by comparison
of per cents of two groups, students with no coilege mathe-
‘matics anq‘studenﬁs completing Math 109, selecting the
correct anéwer‘fbr each of the tWentY—nine items.

. The Kuder Richardson correlation for the scores of

g ——
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elementary education seniors, .9397, was close enough to
the perfect correlation, one, to indicate high level of
reliability. Ferguson has explained:
. . . It may be shown that if a test is split in all
possible ways, the average of all the split-half relia-
bility coefficients with the Spearman-Brown correction
is the Kuder-Richardson formula 20. - .
The Kuder-Richardson formula 20 is a measure of the
. internal consistency, or homogeneity, or scalability,
of the test material. In this context these three
terms may be considered synonymous. If the items on
‘a test have high intercorrelations with each other and
are measures of much the same attribute, then the
reliability coefficient will be high. 7
Item discrimination has been checked using the
biserial correlation statistic which correlates an item with
the total test score. These correlations served to indicate
those items to be revised after administration of the
preliminary form of the test. A variation for a given
item has been noted. For example, Item 27 had biserial
correlations .29801, .49678, -.01978, and .1l8408 for the
various participating groups. However, because the .29801
value was for a groﬁp of size ninety-seven and the .49678
value was for the group of size thirty~nine these are the

values to be considered since the significant levels are

lower as the number in the group increases. During the

7Ibid., pp. 379-380.
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construction of the test instrument 6nly the data for
étudents‘complefing Math lOB'were available. -For the
final test form the discrimination of the items.was at

ah accemptable level.8
THE DATA

Data perfinent to the‘pfeéent study have been
gathered as-Sécrés‘bn fhe‘test instrument from féUr-dis—
tinct‘samples of MSU students. In some cases the test
was administerédlin a élasspooﬁ situation. Other grbups

were volunteers.

Sources‘of the‘Data-

Maximum‘information about the preparation of MSU
elementafy éducation éradﬁates entering the teaching
profession has beenwobtained from test data from a sampie
of the 1971 seniors in elementary education. Participants
have been selected with the foliowiﬁg'restfictioné:

ld“The senior had experiencéd his college mathe-

matical preparation at MSU from among those courses

. 8George W. Snedecor and William G.‘Cbchran,‘ ‘
Statistical Methods (6th ed., Ames, Iowa: The Iowa State
University Press, 1967), p. 557.

T T"TTT e e
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designated for training in elémentary school mathematics:
Math .107, Math 108, and Math 109. Seniors whose matheﬁa—
tical background did not fit this specification have not
been a part of the study.

2. The senior volunteered as a participant by
attending_oné of the meetings écheddlea for administration
of the test. Since the nature of the study was not given
to the seniors‘in the announcements, the volunteers were
not seniors who felt well prepared in mathematics.

These restrictions did not cause the sample to be
atypical as far as the overall GPA was concerned. The GPA
of the seniors has been compared with other groups in
Table 1, page 10. 'Othef'evidence supporting the similarity
of fhe sample and other elementary education seniors who
met the given restrictions has been found in the statistical
analysis and the: score means.

In ordef to determine the relevance and'effectiVeness
of Math 108 and Math 109 in instilling knowledge of the
selected geometric concepts of elementary school mathematics,
the test has been administered to samples of the following
students:

1. gtudenté completing Math 108 winter quarter,

1971 (those students in attendance the final day of classes)
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2. students completing Math 109 spring quarter,
1971

3. students who had taken none of the Math 107,
108, 109 sequence and had not more than an intermediate
algebra course during college.

Students with no college mathematiés were selected
from two populations. Students regiétered for Psychology
103 were chosen since that course is required for the
elementary éducatiOn major as a lower level course, prior
to the scheduled mathematics curriculum. This sample
consisted of volunteers. Another group was composed of
those students taking Math 107 summer quarter, 1971, who ‘

had no previous college mathematics courses.

Methods of Gathering Data

Methods used in gathering the test scores for the
selected.groups of students varied in the location and time
.of administration of the test. Answers were recordeé
using IBM Form 1230 Document No. 512, a standard form,
since the mark sense forms were to be processed using the
IBM Sigma 7. No time limit was imposed on the test. Scores
were guaranteed to be treated confidentially. Directions

for taking the test were the same for each group and were
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“given either orally or both orally and written. . The

instructions were as follows:

DIRECTIONS:

1.

On the answer sheet enter your name only. Do
not enter your Social Security number.

READ each multiple choice question CAREFULLY
and COMPLETELY.

Record the letter of the ONE MOST CORRECT AND
COMPLETE CHOICE FOR EACH COMPLETION. .

If you are uncertain about the correct choice:
a. Consider each possibility.
b. Enter the letter of your best educated
guess. :

Now take the test. Scratch paper is provided.
There are five (5) pages. There are twenty-

‘nine (29) questions. Do not write on the test.

. This test is scored by the number of correct

responses.

Elementaryreducation.seniors. During May, 1971,

two times were designated for administration of the test

instrument.

Seniors who met thevspecifications previously

stated were invited to the meeting by a letter mailed to

each senior from the Department of Elementary Education.

The letter was composed jointly by Dr. Willis Vandiver,

then Head, Department of Elementary Education at MSU, and

the ‘author.9

Purposely, the letter did not mention the

nature of the meeting since it was felt that a prior

9See Appendix C, p. .125.




H#ehnoﬁneement of the'ﬁethemetics teet{might-(l)-eneourege‘
the. 'student to review his mathematical experience or (2)
diseourege the“student_from.attendihg the'meetihg;

'Eleven elementary education seniors attended the

-first-seheduled‘meeting, and, after a follow-up communi-

cation,lo four more seniors: attended the second meeting.

There were flfteen elementary educatlon:senlors partici-

pating in the Study;

Stidents completing Math 108. FOuf‘seetiOns of

hMath 108 were offered’winter quarter, 1971. The test was
given in.each of the four.seetiens on the last class day.
The sample inelﬁded every student whe ettended class on
the given day, irreSpeetive of the Stﬁdeht's major, GPA,
or ~other factors No dlfferentlatlon has been made among
the sectlons taught by the three 1nstruetors of the |

various sections.

Students with no college mathematics. An effort

was made to administer the test to a satisfactory group of
elementary education majors who had taken none of the

‘required'mathematies courses of the elementary education

0gee Appendix C, 126.
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currieulum."When this plan met with failure through no
- fault of the author, a substitute plan was'implemented. A
group of volunteers wéere obtained from among students in

an_introductory course in psychology, Psych 103. Dr.

Truman M Mast, Ass001ate Professor of Psychology, assisted

by maklng announcements of the administration of the test
to his .classes.” The Psych 103 course has been required by
elemeutary edueatiOn majors; usually during the first'year
of the curriculum.llt The test was administered for this
group in combination with the second group of‘elementary
"education seniors in May, 1971.

Additional subjects in this category took the test’
during the first week of summervquarter, 197l.‘-The test
‘was glven during a regularly scheduled Math 107 class by
Dr. J Eldon Whltes1tt the instructor. Those students in
'the class who ‘had taken no other mathematlcs, except possi-
bly a. course in 1ntermed1ate algebra, and who had no
dexperlence teaching mathematlcs in elementary school were

included in the sample.

. ‘llMSU MontanaIState University Bulletin, Biennial
Catalog Issue for 1970- 197l and 1971- 1972 (Bozeman -MSU,
1970), p. 109 |

\
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41.
The sample employedfin the study, then, has been
éomposed of all Studeﬂts with no college mathematics who

eithef‘volunteered-dr who took: Math 107 during summer, 1971.
_ ‘ . !
'THE TEST INSTRUMENT

‘The teéf used to elicit the data has.beeﬁ‘cdnstructed
és anwintegral‘part‘of the present study. The purpose of the
test has béen to ascertain the knowledge of geoﬁeﬁric con- |
cepts of elementary school mathematics attainéd‘by‘selecte&'
studeﬁté at MSU; Content of,thé‘test itemS‘has been deter-
mined by an analysis of the geometry of four‘selécted élemen-
fafy‘échool mathematics text sérieé. ‘Thehfinal'form‘of the
instrument and Table 6 which is a tabulation. of the test
items and the grade leVel or levels at which fhe giVen‘éon—

cepts appear in each of the text series have béen. presented

~here.

The data in Table 6 disclosed that in some instances
a given concept wés introduced in the Teacher'é Edition
notes or iﬁ,the‘student‘text‘at approximatély the same level
in most of the text séries. On the other hénd, some con-
cebts may have been‘omitted-from‘a‘given'séries for grades

K-6. The choice of the grade level 1istéd in Table 6 has

‘not been intended to convey the impression that‘the given
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»levei represents the ehtifé'development of the concept. The
given notion may have been de&eloped at more elementary
grades and usually has been extended in subsequent grade
levels. The actual term involved in the test ifem may not
have been used in a text in order to have that level entered
in the table. The attempt has been made to test the concept
at the teacher's level. For example, once the sum of mea-
sures of angles has been introduced and the right angle has
been défined in terms of degrees, the notion of "complemen-
tary angles!" naturally arises whether or not the phrase has
been used in a text. Another instance was the term "scalene
triangle." Three of the text series introduced the term in
the Teacher's Edition, two introduéed the term in the student
text, and one did not introduce the term. Howe&er, since
all terms used in fest item No. 16 other than "scalene" had
been defined‘and developed in each of the four text series,
the question is appropriate for prospective teachers of each
of the elementary school mathematics programs.

As references for item construction ahd for defense
of the multiple~choice question type two publications of

the Educational Testing Service have been . used: Making the

classroom test: A guide for teachers and Multiple-choice
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mquestions: A close lopk,%z

'The Test
For convenience, the final form of the test instru-

ment has been reproduced here.

1.

Figure 1 Figure 2 Figure 3 Figure 4 Figure 5

A geometric figure is illustrated in

(a) Figures 5 and 4 only.

(b) Figures 2, 3, and 4 only.

(¢) Figures 2, 3, 4, and 5 only. :

(a) All .of the figures; 1, 2, 3, 4, and 5.
(e) None of the above choices is correct.

2. A closed curve is illustrated by

(a) o ) (o).

(e) More than one of the figures shown.

l2Educational Testing Service, Making the c¢lassroom
test: A guide for teachers (2nd ed.; Princeton, N. J.:
Educational Testing Service); Educational Testing Service,
Multiple-choice questions: A close look (Prlnceton, N. Y.
Educational Testlng Service, 1963).

=TT T T




4.

Ly,

By definition, two.lines are said to be parallel if and

only if
(a)

(1)
(@)

(d)
(e)

they are

any two lines whose intersection is the empty

set.

“opposite sides of a parallelogram.
lines in the same plane whose intersection 1is

the empty set.

any two lines in

different parallel planes.

Both choice (a) and (d) are correct.

By definition an angle is

(a)
(b)

(c)
(d)

(e)

the union of two
common endpoint.
the union of two
.in common.

the union of any
the union of two
and all segments

noncollinear rays with a
line segments with one endpoint
two rays in the same plane.

rays with a common endpoint
that have one endpoint in one -

of the rays and the other endpoint in the other

. ray.

the union of two

Consider the

intersecting lines.

triangles shown at the left.

The intersectiqn of AABC and AXYZ is

(a) the empty set, 0.

(b) AABC.

(e)  AXYZ.

(d) points A, B, and C (i.e., {A,B,C})
(e) None of the above choices is

correct.

The relationship between angle ABC (LABC) and the
triangle ABC (AABC) is that

LABC is a subset of AABC. ’
the intersection of LABC and AABC is the union

(a)
(b)

(c)
(a)
Le).

of AB and BC.

line segment AC is a subset of LABC.
More than one of (a), (b), and (c) are correct.

None of the above

statements 1s correct.
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If the sum of the¥ measures, in degrees, of two angles
is 90 then the angles are said to be

(a) right.

(b) adjacent.

(c) congruent.

(d) supplementary.
(e) complementary.

8. A triangular pyramid is also called a

(a) tetrahedron.

(b) +triangular prism.

(¢) triangular solid.

(d) solid with five faces.

(e) None of the above choices is correct.

w

A figure that has four different lines of symmetry is

O
(a) '- .(b)‘ [— —l. (e)

(d) (e)

10. A plane is separated uniquely into exactly three sets
of points which are disjoint in pairs by ' '

(a) any curve.

(b) any closed curve.

(¢) any simple curve.

(d) any simple closed curve.
(e) none of the above.

T 1T T




T 1.

12,

13

14,

0f the

(a) -

(b)
(c)

(d)

(e)

A.right

U6

-
-

(1) | (5)

figures above the following show prisms:

e

figure (5) only.
figure (3) only.
figures (1), (2), (3), and (4) only.
figures (1), (2), (3), (4), and (5).
None of the above choices is correct.

triangle (one angle has measure 90°) may have

sideg with lengths

(a)
(b)
(e)
(d)
(e)

8, 9, and 12 units.

5, 12, and 13 units.

12, 13, and 25 units.

More than one of (a), (b), and (c).
None of the above choices is correct.

Which of the following is a correct relationship?

(a)
(b)
(c)
(d)
(e)

All squares are rectangles. .
All rectangles are squares.
All parallelograms are squares or rectangles.
No rectangle is a square. '

Every quadrilateral is a parallelogram.

The intersection of three distinct planes in space is

always

(a) the empty set, 0.
(b) a single point.
(c) a line.

(d) a line or a point.

(e) the empty set or a point or a line.
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““45. A plane is determined by

(a) any three distinct points.

(b) any two distinct rays.

(c¢) any two lines.

(d) any three distinct points not all in the same
.line. : ‘ |

(e) More than one of the above choices are correct.

16. - A triangle that has no two of its angles congruent is
called ‘ :

(a) equiangular.
(b) equilateral.
(c) isosceles.
(d) right.
(e) scalene.
17. Point C denotes the center of the
Q circle shown at left. The length of
PQ is 8 units. Then the area of the

circular region, in square units, is

(a)  8m.
(b) 1lém.
P " (e) bBum. -
(d) lm.
(e) um2.

18. A triangle with two of its sides congruent is called

(a) an equilateral triangle.

(b) an isosceles triangle.

(c) a scalene triangle.

(d) a.right triangle.

(e) ©None of the above choices is correct.

19. 1If the intersection of a sphere and a plane is non-
empty then the intersection is

(a) always a circle.

(b) always a circular region, i.e., the union of a
- circle and its interior.

(c) always either a circle or a point.

(d) always either a circular region or a point.
(e) always a point, a line segment, or a circle.
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20. The surface area of a cube measuring 4 feet on each
edge is '
’ (a) 16 square feet.

(b)
(c)

24 square feet.
64 square feet.

(d) 96 square feet.
(e) 256 square feet.
'21. Let k denote a counting number greater than one. If

there are k distinct points, no three of which are
collinear, then the number or lines determined is

(a)

(b)

(e)
(a)
(e)

k(k = 1) .

‘ 2

k(k + 1) .
2

k.

2k.

2k + 1.

22. A polygon with eight sides is called

(a)
(b)
(c)
(a)
(e)

a decagon.

an octagon.

a hexagon.

a pentagon.

None of the above choices is correct.

D The figure ABCD is a parallelogram.
- EF is perpendicular to BC.

The measure of AB is 5, in inches.

The measure of BC is 10, in inches.

(b)
(c)
(d)
(e)

c The measure of EF is 4, in inches.
area of the simple closed region ABCD is

50 square inches.
40 square inches.
32 square inches.
25 square inches.
20 square inches.
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AT A . 'If* %, and %3 are parallel lines then
' 21 B C (a) LBEF and LABC are congruent
e 7 ' angles.
(b) LBEF and LEBG are congruent
: angles. ‘
Lo - (c¢) LGBA and LHEF are congruent
— E F . angles.
(d) Choices (a) and (b) only are
correct.

(e) All of the choices (a),

and (c) are correct.

(b),

In the diagram at left suppose LSBC
and LSBA are congruent. .Then we say
LABC is bisected. The bisector is

25.

(a)
(b)
(c)

(d)
Ce)

26. The faces of a pyramid are

(a)
(b)
()
(d)

two faces.

the line BS.

the angular region SBC.

the half line determined by
point B and containing point

s, BS.

the line segment BS.
None of the above choices is
correct.

always triangles or rectangles.
always closed triangular regions except for

always closed triangular regions.
always closed triangular regions except per-

haps one face, the base.

(e)
27.

P

parallel in pairs.

>

R

S T

Using the points R, S, and T as shown above, the line

can be named in

(a) exactly 6 different ways.
(b) exactly 4 different ways.
(c) exactly 3 different ways.
(d) exactly 2 different ways.
(e) more than 6 different ways.




50

28. If two triangles have corresponding angles congruent
then

(a) the triangles are equal and congruent.

. (b) the triangles are similar.

(c) the triangles are congruent.

(d) . the triangles are similar and congruent.
(e) the triangles are;equal, similar, and congruent.

29. The intersection of a line‘and a plane

(a) must be a unique point. .

(b) " must be either a unique point or the empty set.

(¢) must be a unique point, the empty set, or the
line itself.

(d) must be the line itself.

(e) None of the above choices is correct.
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Table 6

Grade Levels at Which Test Item Concept Is Introduced

in Teacher's Editions of the Four

Mathematics Text Serles

Grade level at which concept introduced

Test

item H-MIFFLIN% LAIDLAW# SMSG#* CCMP*
1 X 1 1 K
7 K T T
3 3 I 3 3
I 7 2 i 5
5 3 3 2 5
6 5 3 M
7 5 6
g 5 5

g T 6 2
10 T 3 3

1T 5 5 i

W) 5 5

13 ) T T I
T I n n
15 n m m m
16 6 7 6

17 6 6 3
18 6 5 m

15 G m

20 5 5

21 3 2 T
vy, 5 5

73 3 5 5
o 6 6

Wi 6 5

76 m m

37 3 I

78 5 5

79 m m

*See page 25 for code.

vl




Chapter Y4
_PRESENTATiON AND ANALYSIS OF DATA

The data, test scores, have been gathered from
stﬁdeﬁts with four distinct tyé?s of méthemafica; prepara-
tion. ’Soﬁe discussion of the sémple of_elementary.education
séniors ﬁas been included...The various groups have been 3
coded  for cénvenience of reference. A presentation of the
reasoning behind the Qhoicé.pf aﬁpropriate statistigal

models has been given; Then- the statistical tests and

analyses have been recorded in this section of the thesis.

THE POPULATION

)

The four éémples to whom the tést was'administered
were (1) elementary education seniors, 1971, (2) studeﬁts
wh§ completed Math 108 winter quarter, 1971, (3) studenté
who completed Math 109 spfing quarter, 1971, and (4)

students-who had completed no. college mathematics courses

other than perhaﬁs Math 114, a course in intermediate

~algebra at MSU. The fourth group, students with no college

mathematics, was administered the test mainly to provide a
validity check for the test -instrument. However, the mean

and the range of scores for this groﬁp has also been of
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ﬁiﬁferest in this study?? "‘

Forﬂconyenienée the several groups have been coded.
The samples, fhe number of students in each, and the coding
- symbol have been given'in Table- 7. | |
Table 7

Code Symbol and Number of Students
for Participating. Groups

~ Group : ~ Symbol "~ Number in group
Elementary‘education seniors A  ‘ ‘ 15
with Math 109% Al
with Math 108% A, B
with Math 107% A, : 5
Students completing o
Math 109 sprlng, 1971 B , 16
Students completing . _
‘Math 108 winter, 1971 - C ‘ 97
Sfudents'with no : o -
college mathematics D _ 39

*Highest level course completed.

" Group A
How representative Group A has been of the elementary - -

educatién.éenidrs whose mathematics was taken at MSU has
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”g;en 5f intereét becaﬁée any generalization from the déta
depgnds‘uPOn randémnéss of the sample. Group A consisted

of volunteers and wés not a random sample. The sample has
been eéamined with respect to thé highest 1eveiumafhematics'
course in the Math 107,.108,H109 sequence taken, the overall
GPA, aﬁd the academic year in which the highest level .

]

mathematics course waé-taken. These. have been'thé.factors
whose effects have been analyzed in thg study for Group A.
No other factors have been investigated. The number of
students and the per cent of the total group for each factor
1eVe1_combination havé been compiledfin Table'8,

The voluntary participants, Group A, constituted
‘roughly dhe'fhird of the 1971 seniors in eiementary educa~
- tion .at MSU who had taken their matheﬁatics‘coqrses at MSU
- and who were available at their liétediaddrésses at the
times th§ test was administered. A few seniofs were student
feaching in'otﬁer-pérts of the state. forty—five seniors
qualified and wefe'invited.to attendifhe-meétingé. In all,
fifteéﬁ senidrs attended oﬂe of the two meetings and became
'participanfs in'thevstudy. The figures shown in Table 8
indicatéd‘that oniy’six Qf those fofty—five seniopé eiected
to complete Math 109. Of thesé, four respohded and took |
the test. The six who had taken‘Math 109 were 13.3 per
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‘“cent of the eligible”ééﬁidrs whereas the four seniors in
Group A, were:26.7 per cent of Group A.  Another difference
was that 40.0 per cent of Group A belonged to Group A2
while 58.7 pef cent of the forty-five seniors had Math 108
as the highest level mathematics cOurée.

| The conclusion has been that Group A, the partici-
pating senicrs, was of a slightly higher level of mathema-
tical experience thaﬁ was the groﬁp of all eleﬁentary
" education seniors who had completed their mathematics at
MSU. Additional differences have been noted. For example,
differences have Eeen observed in the per cents of the two
groups taking the highest level mathemafics course prior
to the 1969-1970 academic year. Some of the factor'COmbi—
nations have no representatives in Group A but do have
as many as 8.8 per cent of the forty-five seniors as
representatives. Necessarily caution has been taken when-
" ever data from Group A has been uéed to make ihferenc_es°

In spite of thé mény differences some qualified

statements have been possible. The importance‘df lack of
a factor combination repreéentative in Group A decreases
when only one or two representatives were available in the
entire group of forty;five seniors. A study of Téble 8

revealed that in only two cases, both involving the academic
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Table 8
.Thg Cdmposifion of Gréup A énd_of Fofty;five Elementary Educatioh Seniors

Group A

Math 107% | Math 108% |  Math 109%

GPA :?riop : , ' 'Priof ' Priov| : -
| to |68-69|69-70|70-71] to |[68-69|69-70|70-71| to |68-69|69-70;70=71

, 168-69 | 4~ | - |68=69 b b le8-69]. | ,
2.00- | 1 ' 1 , o 2

- 2.82 16.7% | - L 113.3% 1 | s
©2.63- | 3 . 1 S 1
 _3.05 [20.0% B - , ) 6.7% S :

3.06< 1| ' 1 ] 1 S P N S
4.00 16.75) | | 6.7% L7%] 13.3%
Totals -5 (33.3%) .6 (yo 4. (26.7%)

[))
se '

P
o
~J
o

P
o
~J
o®
(o)
J
oR

ol
~

 Forty-five Elementary Education Seniors

2.00- | 2 | 1 1 S| T o 2
2.62 | 4.4% [2.2% o 8.8%|15.5% I R e ,
2.63- 7 ] 1 3 m 1 | s 1
3.05 A . 6.6%| 8.8%| 2 o .
3.06- 2 - . 2 | 2 2. 3
_4.00 juous| o : Lob%l bou%] u.u%] ) 6.6%
Totals 13 (28.9%) . 26 (57.8%) 6 (13.3%)

=
T~
o

o
[N
N
P
1oe

i
ol
.

jo7

IS
N
[N
oe
(O34
N
N
e
[N
N
oe

g=
=
(O34

oe

~*Highest numbered mathematics course taken by student.

95
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”year 1968—1969, were ;ore fhan two representatives available
in the larger group of seniors and no representative in
Group A. These findings together with the use of nonpara-
metric tests for some analyses have allowed inferences under

such conditions.
THE STATISTICAL ANALYSIS

The Statistical analysié‘has involved several
mathematicalimodeis because of the particular pfoblems
involving assumptions, small numbers, and lack of fandomness
among the samples. Both parametric and nonparametric tests
have ‘been emplojed-in order to elicit aé valid infgrences

as possible in the present study.

The Statistical Models

Multiple linear regression has been utilized to
estimate the selected effects on test performances fdr
Group A and its subgroups. Two nonparametric statistical
tests have been used: (1) the Mann-Whitney U test.for
equality of means and medians and (2) the Wald-Wolfowitz
runs test which tests the null hypothesis (Hy) that two
samples have been drawn -from the same ﬁoPulation against
the alternative that the two samples differ in any way

whatever. More detailed description of the models follows.
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Multiple linear regression. A given test score may

be thought of as a functidn of the selected factors and
others whose effects would be included in experimental
error. Multlple linear regre851on appeared to be a suit-
able and adequate manner in which to analyze test data from
Group A in order to estimate the effécts 6f the various
selected factorsul

The mathematical model expressed a given test score
in the following manner:

Yo = Bg ¥ B Xy T B, T BXy, gy

L =1, 2, 3, «.. 5, 15 indicates the i—fh‘senior;
YL is the test score of the AL-th senior;
Xli denotes the most advanced course of the
Math 107, 108, 109 sequence taken by the £{-th senior;
' o4 is thé grade point average of fhe'i—th
senior; | : | |
XSL denotes the academic year the most advanced

mathematics course was taken, i.e., prior to 1968-1969,

1968-1969, 1969-1970, or 1970-1971, by the i-th senior.

lRoy N. Byrd, Ph. D., served as a consultant for
the choice of statistical de81gns approprlate for the
partlcular data of the present study.
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€ represeﬁfé fﬁe experimental error for the «-th
score;
the B's represent the unknown parameters which

are to be established from the test score data. !

The assumptions are that the X's are measured with-
out error and that thé.ei's'ére independently and nérmally
distributed with zero mean and with variances independent
" of the X's.

Dr. R. L. Lund's Multiple Linear Regression Program

for the IBM Sigma 7 computer was used. The output of this
program has been described as follows:
Normal output includes program and.regression
titles, data formats used, check values for the
first observation both before and after transformation,
and for the regression selection: means, standard

deviations, regression coefficients, t values,

intercept, R2, standard error and ANOVA.2

The grade point averages were entered on the data cards
exdctly as received from the Office of the Registrar with-
out coding or interval assignment. The other two variables
were given codes to indicate intervals for the GPA and

the academic years.

2Richard E. Lﬁnd,‘”Multiple Linear Regression Pro-
gram" (Bozeman: MSU Department of Mathematics, February 17,
1970, p. 1. (Mimeographed.)
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The Mann-Whitney U fest. “According to Siege1,3‘the

Maﬁn—Whitney U test may be used to test whether two inae—
pendent groups have beeh drawn from the same popuiation.
The test has been referred to as Qne.of the most powerful
of the nonparametric tests and a most useful alternative
to the parametric t test when the meééﬁrement in the
research is weakef than interval scaling. The test employs
a method of ranking.combined scores and calculating the
statistiec U which giyés the number of‘times a score of one
~ group precedes a score of the other group.

Siegel has discusséd the power-efficiency of the
Mann-Whitney U test: ‘ |

If the Mann-Whitney test is applied to data which

might properly be analyzed by the more powerful
parametric test, the t test, its power~efficiency

approaches % = 95.5 per cent as N increases and is

close to 95 per cent even for moderate sized samples.
It is therefore an excellent alternative to the t
test, and of course it does not have the restrictive
assumptions and requirements associated with the

t test.4

3

A 3Sidney Siegel, Nonparametric Statistics for the
Behavioral Sciences (New York: McGraw-Hill Book Company,
1956), p. 116.

%1bid., p. 126.
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Tables are avaiiebie for experiments involving groups
of size less thah nine -each and for groups in which the
larger group hes eize not greater than twenty but greater
- than eight-'5 For groups in which the larger group has over
'twenty members, a z value is calculated and tested in the
regular manner.6 No prov1s;on for tled‘scores.has been
made fof the first two cases; a correction for ties is
available fer fhe normal curve approximation'employed‘for
.large samples.7 In the present study, then, because of
tied scores and beeause of group sizes, only the Mann-
Whltney U test for 1arge Samples has been used. The actual

formulas have been glven w1th the statlstlcal ana1y81s

The_Wald~Wolfowitz runs test. The Wald-Wolfowitz

runs test is.a nonpafametric test used to test the null
hypothesis fhat‘fwo‘independent samples have heen drawn
from the same population against. the alternative hypothesis
that the two eamples differ in any respect whatsoever. The
Wald—welfowitz runs test makes the assumpfion that the

variable under consideration has an underlying distribution

SThbid., pp. 117-120. ~ B1pid., pp. 120-123.

7Ib1d,, pp. 123-125. : : .
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that is continuous and. requires that the measurement of
that variable be in at leést an ordinal scale.8 These
conditions can be assumed satisfied in the case of data
used in the present study. L

| A run is any sequence of scores from the same groﬁp
when the combined scores have been ranked. Calculation of
the statistic r has beén simplified by determining the
absolute minimum value..” Since the critical values for
are given in a table9 and the

groups with sizes n., and n

1 2
significance of the calculated r» (at the .05 level) depends
upon the number of runs being less than or equal to the
critical value, the least possible r value allows the test
to be made. Any other r value would necéssarily be greater
than or equal to the minimum. |

\In order to understand the rationale of.the Wald-
Wolfowitz runs test suppose two samples are from the same
population. Then the scéres of the two samples would be
well mixed. In such}a case r, the number of runs, would be

relatively high and H the hypothesis that the two samples

03

are from the same population would fail to be rejected.

That null hypothesis would be fejected when r is small

9

81bid., p. 136. Tbid., p. 252.
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éhough. it can be shé&n'tﬁét r would be small whenever
there was a sufficient difference in central tendency, in
variability, in skewness, or in medians.

In discussing'the powér—efficiency of the Wald-
WolfowitZ runs test, Siegél has stated:
Little is known about the power¥efficienqy of the

Wald-Wolfowitz test. Moses points out that statis-
tical tests which test HO against many alternatives

simultaneously--and the runs test is such a test--
are not very good at guarding against accepting HO
erroneously with respect to any one particular
alternative. :

For instance, if we are interested simply in
testing whether two samples come from populations
with the same location, the Mann-Whitney U test

would be a more powerful test...t0

The Mann-Whitney U test would have been a preferable
test in the present stﬁdy where the Wald-Wolfowitz has
been employed. However, the occurrence of tied scores with
small numbers prevented use of the Mann-Whitney U in two
instances beéause of the lack of a correction figure or

becausé no tables of critical U values were available.

Analysis of the Data
The means and standard deviations have been listed

in Table 9 for the various groups participating in the

10rhi4d., p. 1uy.
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(‘ﬁ$gtudy. Some statistiéglﬁe;e taken from computer print-
oufsll‘and somé were calculated by hand.v As would be
expected, Group A had the-gréatest staﬁdard deviation since
the,mathematical backgrounds for members of.this'group were
less homogéﬁeous than in other groups. Interesting also
were the standard deviation$ for the subgroups of Group A:

2.646 for Group A 8.785 for Group A,; and 8.174 for Group

A3( Obviously, Group A., those seniors who took Math 109,

had much less variation among scores on the test. Whereas
the small number in,Group Al’ four, the size of‘Gfoup A2,
3> five, were not much.greétér.

Further, the‘meahs and‘sténdérd deviations for Group Al and

six, and that of Group A

for Group B, stﬁdents‘completing Math 109 winter quarter,
l197l, were in close‘agréement as shown by the entries in
Table 9.

An inspection of the means given in Table 9 revealed
that Studenfs with no college math, Group D, pérformed
1Qast-Well on the instrument, students with Math 109 whethér
in Group A or Groupr scored highest, and stﬁdents with

Math 108 as the most advanced mathematics course achieved

a mean bétween those for Group D and students who had taken

llSee Appéndix B.

~
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" Table 9

Means and Standard Deviations of Scores
‘ - for Participating Groups

'Greﬁﬁa n Mean® Standard deviation®

A 15 "13.60 | 7.149
Ay m 23.50 2.646
A, 6 10.17 | 8.785
A, 5 . 9.80, 8.174
B 16 23.88 2.630
C 97 13.83 3.805
D 39 © 8.69 3

.555

Group descriptions:

A --Elementary education senlors

A_ --Seniors whose most-advanced mathe-
matics course was Math 109

Aé——Seniors whose most advanced mathe-
matics course.was Math 108

A3——Senlors whose most advanced mathe-

- matics ‘course was Math 107

B --Students completing Math 109
spring quarter, 1971

C --Students completing Math 108
winter quarter, 1971

D --Students with no college courses
in mathematles

bRoundedﬂtQ_the nearest hundredth.

CRourided to the nearest thousandth.
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;;Math 109. Certainly the»difference between the mean scores
for Group B and Group C as wei} as for Group B and Group D
_indicated'thafaa significant difference existed. Howevér,
no tests for the significance‘of differences of means has-
been made here becaﬁse of failure to meet the.necessary
assumptions and restrictions. Nonparametric tests havé beeri

~used for this purpose.

-~ Analysis of selected factors affecting Group A

s

“scores. .The effects of (1) the highest level mathematics
course-completed,.(z) the overall GPA, and (3) the time
lapsed since-the most advanced‘méthematics course was taken:
have been investigated for Group A‘by'means of a multiple
linear regression analysis. The mathematical model has been
discusséd.12 Thenprogram was run on the Sigma 7 COﬁputer
at the MSU Compufér Center. The effects being teéted,
their codes and their levels were as follows:
Y = Xl : the dependent variable, the test score.
X2 = the mOstladvanCed mathematics course taken:
1: Math 107
2: Math 108

"3: Math 109

| 128ee pp. 58-59.




67

Xé = the GPA, rfoundéd to two ‘decimal piécés, as of
‘ the end of winter quarter, 1871. i
X, = the academic year during which the most advanced

mathematics course was Completed:
1: prior to autumn quarter, 1968
VA 1968;1969

3: 1969-1970

4: 1970-1871

'Information entered on the data cards has been
compiled‘in‘Téble‘lO. The print-out for the original run

.of the mﬁltiple 1inear.regre$sion has been reproduced in
“Table 11.

The value of R squared, .5655, for the regression
analysis with three independent variasles indicated that
approximately 56.55’§ep cent of the variation had been
explained by the model. This result was safisfactory
since a'numbér'of possible effects have not been investi-
gated and these have‘been reflected in the error term.
Among these would be the high school mathematics experience
of the participants‘and_the arithmetic methods course
required in th¢ éurriculum.

- The t value for testing the effect of X, the
'academic year during which the highest level mathematics

course was taken, was -.2672. The negative value has
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5~=:“iTab1e 10

:Scores, Most Advanced Mathematics Course Taken,
GPA, and Year Course Taken for Group A
15 Elementary Education Seniors

L | L, a b - C - d
:Student Y_—_Xl X2 . X3 ,.X#
1 17.0° 1.0 2.78 1.0
2 . 6.0 2.0 2.20 3.0
3 9.0 2.0 +2.58 3.0
L 8.0 1.0 2.58 . 1.0
5 8.0 2.0 .2.10. ' 3.0
6 7.0 1.0 2.78 1.0
7. 8.0 1.0 3.35 1.0
8 18.0 2.0 2.10 2.0
g 21.0 3.0 3.87 2.0
10 12.0 2.0 2,97 3.0
11 8.0 2.0 3.08 1.0
12 9.0 1.0 2.8L 1.0
13 2u.0 3.0 3.28 2.0
14 - 22.0 3.0 2.46 L.,.0
15 27.0 3.0 3.01 b.0
éY = X1 = the test score.
_bX2 :‘théfmost advanced mathematics cburse:
1-=Math 107 '
2--Math 108
| 3--Math 109
Cx3“= the  GPA.
'dXHV: the'aCademic year in which Xi was

taken: )
l--prior to 1968-1969

.~ 2--1968-1969

. 3--1969-1970
4~-1970-1971
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“‘QﬁEeSUlted from the assignment of code values and was not

important. The absolute value of t was 0.2672. TFrom a
table of t values with eleven degrees of freedom, 0.2672
-indicated a ﬁfobability slightly less than .80 that the

null‘hypothesis that X, , the time lapsed since the most

L{_)
advanced mathematics course was taken, had no effect would

12

be accepted. " This result led to a decision to run the

multiple linear regressién analysis with only effects X2
and X3‘béihg considered. The @eéiéion was suppofted by
the lack of COrrelation between test scores and aéédemic
year of the most advanced matﬁematics course observed in the
scatter diagram shqwn in Figure 1, page 71.

‘Since the t value, .4u425,.indicated that the probabi-

1lity that H Xg‘has no effect, would be accepted'was

0°
gfeater than. .60 but less than\!?OQ the decision was to |
keep this factor, the GPA, in the model.

The computer print-out for the multiple linear
regression program with the two independent factors5 most

advanced mathematics course and GPA, has been reproduced in

Table 12. The R squared for this analysis, .5626, indicated

leilliam G. Cochran and Gertrude M. Cox, Experi-‘
mental Designs (2d ed.; New York: John Wiley & Sons, Incl,
1957), p. 613. | . ’ |




Table 11

Computer ProgramrPrint—out:~ Multiple Linear Regression,
‘Effects of Three Variables on Group A Test Scores'

Variable Mean Standard Correlation Regression = Std. error Computed

humber* : deviation' X vs. Y coeffigient of reg. chf. t value
2 1.933 .7988 - .7329 6.930 3.408 2.0333
3 - 2.933 - 4067 w3492 2.096 4,737 Lu4u25
4 2.133 - 1.1250 - L4332 - .6407 _ . 2.398- - .,2672
Dependent , '
1. 13.600. 7.149
*See footnotes, Table 10, p. 56.
‘Intercept: -4.579. R squared: .5655. Std. error—SYiX: 5.317
Aﬁalysis of Vépiance for the Regression
Source of variation Degrees of . Sum of Mean F value
. , freeder squares _squares ) -
Attributable to ' ' ‘
regression 3 4o4.642 : 134.881 | 4.,77134
Deviation from 11  310.958 28.2689

regression

Total (N = 15) 1  715.600

-~

0L
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.approximately 56.26 pef‘cent of the variation was accounted
for by‘thé‘quel. Again, this finding has supported the

deletion of the X, factof since with the X, effect included

m m
the model -explained 56.55 per cent of the independent

variables' effect on the test scores.
Tests were made concerning the significance of the

%t values for effects Xé and X3 at the .05 level: 1In all-

discussions H, hﬁs‘beén used to represent the null hypothe-

sis and Hl the alternative Hypothesis. The regression

coefficient for X, has been denoted by 82 and that for X

2 3

has been denqted by 83 for convenience.

The test for signifiéance of effect X2° the most
advanced mathematics course taken, at the .05 level was as
follows: | |

i) “Hy:o B, :_O, i.e., the most adVancéd‘mathematiCS‘
. éourse‘taken by a senior had no effect upon his test score.
CHy: -82:¢ 0, i.e., the most advanced mathematics
course taken by a senior had an effect on the test scofe.

ii) If Hy, is true, then t12 is the ratio:

- regression coefficient , ,
standard error of the regression coefficient

for the regression coefficient B,

if |t

-1ii) Reject Hy _12[ > t0-975;12 = 2:179. This .
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- is for a two-tailed téSt.at’the‘.OS level.

.y _ 6.165 .
iv) From Table‘12, t12 = 7933 C 3.477.

=

Now 3.477 > 2.179. Therefore, reject HO'
| .
mathe-

v) The effect 6f the most advanced course in
" matics taken is not'zéro unless a five per cent Sampling
.error has béeh made. | |

if the'fesult of the t test just given is considered
in light of the means for the different subgroups of Group A
the conclusion may be given that completion of Math 109
had a positive effect upon test performance.

The tést for the significance (at the .05 level) of

factor X, was exactly as the test just completed for steps

3 ¥
ii and .iii. The. other three steps were as follows:
i) Hoc BS': 0, i.e., the GPA has no effect on the

test scores for Group A.
Hy: 83

test scores for Group A.

# 0, i.e., the GPA has an effect on the

iv) ~ From the computer print-out given in Table 12,

2.911 .
T.G80

was not rejected.

.8359.

~using the coefficients for Bys Tyy =

li ' .
Since .8359 < 2.179, Hy
v) - There is no evidence at the .05 level thaf the

GPA of students in Group A had an effect on test scores.




74

’ The test for s%gnificance of factor X3 Has indicated
that the GPA of the seniors in Group A has not been a
" significant effect on test performance. Here the conclusion
has been drawn that.the highest level mathematics céurse
completed by a senior has the greatest effect of 'the effects
tested u@on“his test score oh the instrument constructed for
the present study.

Becaﬁse of the results of these two tests, a tést of

the'hypothesié HO’ 82 = Bgl= 0, has not been warranted.

Analysis of.thé effeqtiveness of Math 108 and Math

109 as_preparation for the selected concepts of geometry

tested using Group B and Group C. The Mann-Whitney U test

seemed the most appropriate and powerful nonparametric test
erhgstimatioh of the effectiveness of Math 108 and Math 109
in pfeparing Studenté in the selected cohcepts of‘geometry
testea in the'presenfrétudy. Because 6f the large size of
Grouﬁ C the calculations for large samples (one gfouﬁ with °
size greater than twenty) has been used. Since there were
several iﬁstances of tied scores aé shown in Table 13, the
correction.for ties has been employed to make the statistic
as accurate-as possible. The notation and formulaé givén
by‘Siegel have been used throughout the discuésion of the

Mann-Whitney U test, as have been the form for presenfation




" Table 12

Computer Program Print-out: Multiple Linear Regression,

Effects of X2 and X3 Variables on GrouplA Test Scores

.Variable Mean Sténdafd COrreiation 'Regreésion Std. error"Computed

number* o deviation . X vs. ¥ coefficient 'of reg. coef. t value
2 1.833 .7888 .7329 . 6.165 1.773 3.477
3 2.933 U067 3492 ' 2.911 3.482 .8359
Dependent ' :

1 13.600 7,149

*See footnotes, Table 10, p. 55.

Intercept: -6.85u. R squared: .5626. Std. error-S, ., = §.107

Analysis of Variance for the Regression

Source of variation Degrees of © . Sum of Mean - F value
R : _freedom . squares ___squares
Attributable to ' } : : .
regression - 2 402.624 o 201.312 7.31860
D ‘ . . R R .
eviation from 19 . . 312.977 26.081k4

regression

Total (N = 15) . o 1n ' ~ 715.600

SL
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‘l;of thé anéiyéié.lg Thesrahking of the éombined'scores has
been‘éiven in Table 13. In the case of tied scores, the
mean-of‘the'positioﬁs occupied has been assigned as the rank
for .each of fhe‘tied sdores...This technique was not!deman-

- ded whenever all the ties Were from the same group. Table
lS‘eﬁtries that are tied scofes have all been treated in the
same ﬁanner for the-éake of cbnsistency.

Usihg‘the data given ‘in Table 13, the Mann~Whi£ney
| U test reéulted in the following analysisf“ |

i) Null hypothesis. H Group B, the students who

0:
were taking Math 109 spring quarter, 1971, and Group C, the

"studenfs'@Ompleting Math lO8 winter quarter, 1971, are
equaliy well‘prepéred in the geOméfric conéeptS'tested.'
le.‘GfQupoAand Group C have. not been dra@n from_the same
population, i.e., the two groups'are not equally well

prepared in the geometric concepts.

ii) ~Statistical test. Group B anleroup C constitute

~independent groupsvinsofér as the highest level mathematics
course completed and the test used to measure knowledge of
geometric concepts is ordinal at best. For these reasons

the Mann-Whitney U test for large numbers is appropriaté for

13giegel, op. cit., pp. 120-126.
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gﬁanalyZing these data;ﬁgﬂggr

iii) Significancé”lgVel. Let o = .01. ny ;,16 = the

number of students in Group B. n, = 97 = the number of

~

students in Group C.

.iv)"Sampling distribution. For n, > 20 and since

" there are tied scores,

;')4‘nln2 '(Ng;N - where
‘N(N—l)) \"17 T ZT)

T is found by summing over all groups of tied observations

3 - ¢

and T = , t the number of observations. tied for a

given rank; '
N = n, + n,, the total humbér of scores;

(n _ 1}2({12 + l,) - R

. b
7 : 2 2

where R2 is the sum of the ranks éssigned to Group € and

‘Rl is the sum of the ranks assigned to Group B, respectively.

“v) Rejection region. Since Hqy predicts the direction

of difference, the rejection region is one—taiied. It‘ié
all leues df‘Z which are-so'eétreme”that fheir associated
-ppobability ié eéual to or less than a.:.;Ol.
'vi)‘“DeCisiOn. The rankipg aséigned to each of the
113 scores has been shown in Table 13. For these data,
R, = 4768.5 and R, = 1672.5. Then the caléulation.of the-

T aim)
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2 scores of 53
3 'scores of 83 .
5 scores of 9, - 10.
3 scores of 103 - 182.

2 scores of 11;
10 scores of 123
15 scores of 133

7 scores of 1lU;
11 scores of 15,

' 87.
280.
28,
110.

HMHEHEAASEEAEEEEEaaaaaEa '
T T TR TR TR TR P (N N LN R L R L L L L
cnm.mzﬁomz:nbommmooom.mo'bom‘

10 scores of 163 . 82.

6 scores of 173 17.

2 scores of 18;

5 scores of 19; 10.

3 scores of 20; 2

3 scores of 21 2

2. scores of 22;

3 scores of 23; 2

2 scores of 24,

2 scores of 25,

?2 scores of 26; .

2 scores of 27; .

T = 814.5
Then
u= aeyor) + EJUT) 6755 = 15,5

‘ 15.5 - (97;(16) | o 760 5

and z = : ' = - — < =8.U5.

T3 N . 89.13
//Y(97)(16) ),GJ3 113 oy o) ,
(113)(112)/ \* 12 ’

Under HO’ p( z'i‘—3.43)-is less than .0003. Hence,
for o = .Ol,‘réject HO in favor of Hi. That is, students

just completing Math 109 are better prepared in geometry

‘concepts of elementary school mathematics than are students

il =TT

just completing Math 108.
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‘... Table 13

. Test 'Scores and Ranks for Group B and Group C

L

C B drank] © B lrank] © B Rank
SCores| scores sScores | scores Hgoores (scores .
5 | 1.5 13" ‘ 45 16 75.5
5 | 1.5) 13° 45 16 75.5
6 {3 13° 45 16 75.5
7 4 13 45 16 75.5
8 6 13" lus 17 84.5
g8 6 13 45 17 84.5
8 6 13 L5 17 84.5
g9 10 13 b5 17 - 84.5
g 10 13 45 17 84.5
9 10 13 45 17 84.5
9 10 13 us5 18 87.5
g 10 13 45 18 | 87.5
10 19 13 {us 19 91
10 19 13 45 19 " 91
10 19 14 156 19 91
10 19 1y 56 19 91
‘10 119 1y 56 . 19 91
10 19 14 56 20 : 95
10 19 1y 56 20 95
10 119 1y 56 , 20 . g5
10 19 1y 56 21 98
10 19 15 65 21 .| 98
10 19 15 65 21 98
10 19 15 65 22 100.5
10 119 15 65 . 22 1100.5
11 26.5{ 15 65 23 © . 1103
11 26.5) 15 65 ' 23 ]103
12 '32.5} 15 65 23 |103
12 32.5] 15 65 24 105.5
12 32.51 15 65 24 [105.5
12 32.5 15 65 2.5 107.5
12 '32.5 15 65 25 107.5
12 32.5 16 175.5 26 109.5
12 32.5 16 75.5 26 109.5
12 {32.5] 16 75.5 . 27 |111.5
12 132.5¢ 16 75.5 27 111.5
12 132.5 16" 75.5 28 113
13 16 75.5 \
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Analysis of th@Jgﬁf§CtiVeﬁeSs of Math 108 and Math

109 as preparation in geometric concepts for elementary

education seniors. No member of Group A, was a member of

Group C. Therefore, in detefmining-the effectiveness of

Math 108 and Math 109 as preparation in the geometric

1

reference samples. The:Mann—Whitney §]

" concepts of eiementary school mathematics Group A, and

Group Az‘weré,thef
test was ﬁot suitable in this case because of the lack of
approﬁriate tébles for the U value calculafed. The Wald-
Wolfowitz runs test waé chosen for this analysis. The nota-.
~tion and form récommended by S..iegell!1L have been followed.

i) Null hypothesis. H.: the test scores of Grbup A

0- 1
~and Gfoup A2 are the same. Hl: the test scores of Group Al
and Group A2 differ.
D) Statistical test. Since the data are in an

ordinal SCalé‘and since the hypothesis relates to differences
of 'any kind between the test scores, the Wald-Wolfowitz runs

test is appropriate.“

iii) Significance level. Let a = .05, the signifi-

caﬁce level for which a table of critical values of r is

available.15 nq =:4'i_number of students in Group Al and

MIpia., pp. 136-1u0. S1pia., p. 252.
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n, = 6 = number of'spygenﬁs in Group A . There were no tied

e
scores for these two groups.

iv) Rejection region. Thé‘region,of rejection con-

sists_of‘dll values of r where nl'=‘4 and n, = 6 that are
so sﬁall thaﬁ the probability ésséciated with their‘océur—
fenée:under HO is equal to or is less than d = .05.  Thus,
in.this instancé, H, would fai; fo be accepted if r < 2.

‘v) Decision. Eabh test score has been tabulated for
Group A, and Group A,.

Group A S21 .22 o2 27 0. . -

1
Group Ayt 6 8 8 9 12 18

Combined and arranged in increasing order, this gave

Score 6 8 8 9- 12 18 21 22 24 27
Group . A2~ A2 A2 .Az A2 ‘"A2 ..Al Al Al Al
Run T o1 | 2

- Hence, r = 2 which allows rejection of H, at the

0
.05 level. The decision was that the scores of Group Al

and of Group A2 differ.

Analysis of test scores for Group A2 and Group Aé.

The Wald-Wolfowitz runs test was utilized again to test

any differences between the test scores of Group A2 and
Group A3. The difficulty of tied scores was solved by

calculation of the ﬁinimum‘number of runs possible with
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“wpnder~any permutatithQj;the'ties. If this. value was
greater than the critical value for r then all other numbers

~of runs would also be greater.

6
i) Null hypothesis. H the test scoreés for Group

0°.

A2 are the samewas'those for Group'AgJ Hl: the test scores

” and for Group A3 differ.

for Group A
| ii) 'Sfatistical ‘test. Since the data are-in an

ordinal scale and since the hypothesis relates to differences
of any kind among test scores for the two groups, the Wald-
Wolfowitz runs test appeared appropriate.

iii) Significance level. Let a = .05; nl'=‘5 =

the number of students in Group A3; n, = 6 = the number of
students in Group A2;'

iv) ' Rejection region. The region of rejection con-

‘sists of all‘valueé for r where ﬁl = &5 and n, = 6 that are

so -small that the probability associated with their occur-
rence undéf‘HO is equal to or less than .o = .05. For these

- group SiZes,vH ‘would fail to be accepted if r < 3.

0
V) Décision.' The test scores for Group A2 and
_Group A, have been_given‘below.

Group A 7 8. 8 9 17

3°

Group A 6 8 8 .9 12 18 :

27

The scores were then combined and arranged to‘give'the least
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5 g value. The followihg 'Ssequence resulted, with the

indicated number of runs:

Score -6 7 '8 8 -8 8 9 9 12 17 18
Group A, Ag | Ay A3.' A, A, A, iﬁ éﬂ éﬁ ég
Run I 2 R 3 T 6 7

" The value of r in this case was seven and this was
‘the‘least poseible number of runs. Seven is greater than
the dritical’velue r = 3. Therefore, Hy was not rejected.

There was insufficient evidence at the .05 level to reject
fhe hypothesis that the scores made by seniors with Math 107
only.were the same as:seores made by séniors with both

Math 107‘and Math‘lbé. In other words, for the geometric
concepts being tested there .is no evidence that Math 108
has increased the knowledge of members‘of'Group A2 related

to the geometry of elementary school mathematics programs.
SUMMARY

An instrument testing selected concepts of geometry
found in selected elementary school mathematics text series
‘wes‘conStrueted. The eonceptsyof gebmetry were chosen after

an analyeis.of‘the‘eontent of four text'series likely to
be used by.MSU elementary education graduates upon entering
the‘profession, The outline format, the characteristics of

the instrument were as follows:

o




1. a high 1é$éléof reliability asjevidenced by the
KuderRichardscn Formula 20 value for elementary education
seniors on the final form of the test, .9397

2. . suitable.validity as Qerified'by experts 'in the
field and by a compariscn of per cent selecting the correct
choice for a given item of students with no college mathe-
.matics courses. and of students With exposure to the giQen
concept

3. appropriate item discrimination as shown by the
biserial correlation coeff1c1ents and item analyse’s
The test instrument constructed for use in this study has
s been demonstrated to be suitable for use for etaluaticn of
hncwledge of;the‘selected concepts of geometry involved.

iThe preliminary form of the test was administered
to. students who were completing Math 108 Winter quarter,
l97l ‘After test reVision, the answer sheets for this
‘grou@-of ninety-seven students were reVised so that the
_results were for an equivalent form of the test in length
. and.in-concepts tested, ‘The item analysis for test results
froﬁ this group and from other participating gronps using
the final'test form have been made available in Anpendix;B.

Other'groups involved in the present study have been

seniors who were in the regular elementary education
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>;W%curriculum, class_bfﬁlgll;‘students,Completing Math 109,
‘spring quarter, 1971, and,studeﬁts with no.college'mathema—
‘tiés other than perhaps a course in intérmediate algebra.

_ The data'gatheréd was subjeéted‘to‘sfatisticél
analyses. Béth parametric and nonparametric statistics
appropriate for the samples aﬁd for the test data were
.:utilized,‘ |

| For the factors infiuencing test performance of
elementary. education seniors the following results were
obtaiﬂed'from the ﬁultiple linear regression analysis?

1. the time lapsed sincg completioﬁ 6f the most
‘advanéed‘ﬁathematics course taken had no effect (at the .05
Ievel) upbn‘test seores;

2. the overall GPA had no effect (at the .05 level)
upon test'séofes'fér this gfoﬁp of fifteen.éeniors;

3. lthe most'advanged‘mathematics course in the Math
107, 108, 109 éequencé taken by a senior had an effecf
significant at the‘.OS level.

'Thgse findings consideréd in view of the mean scores
for the various subgroups of‘participatiné‘seniors showed
vthat Math 109 completion‘had the:greatest.positive effect
on feSt'scgres. For the sample of seniors Math 108 com-

pletion had no effect on the geometry test scores.
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‘ste of‘nonpardmetrlc’tests.produced.the following
findings: |

1. students completing Math 108 spring quarter,
1971, ahddstudents completing Math 108 winter quarter, 1971,
do not come from the same populatlon, i.e. ,‘there is a
slgnlflcant difference (at the .01 level) between test
scores oflthe‘two groups of students;

2., thepe is a 81gn1f1cant difference (at the .05
level) between scores on the geometry test of participating
seniors who completed Math 109 and those who completed only
‘. Math 107 and Math lO8 |

3. there is no slgnlflcant dlfference (at the ;05
level) between test scores of seniors who completed only
Math 107 and those who completed both Math 107 and Math
108. | |

“In'summery, then; a valid and reliable instrument
has beenfdeveloped‘to test‘the knowledge of selected con-
cepts of geometry found in modern mathematics programs for
the.elementary school. Analyses;of data.in the fopm‘of
test scores fof.various participating groups have resulted
in’ flndlngs about the 81gn1f1cance of several effects:
the overall GPA, the tlme lapse 81nce a mathematics course

“was taken, and‘the most advanced course in the Math 107
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“H0g, 109 sequence téﬁ%ﬁ?gqbthéf-findings‘have‘related to the

. extent to.which Math 108 and Math 108 content prepares

students in the geometric concepts being tested.




Chapter 5
.SUMMARY, CONCLUSTONS,,AND RECOMMENDATIONS

" The CUPM Level I reoommendatlons include a semester
course in 1nformal geometry The geometry content of con-
temporary elementary mathemat;cs programs has‘ohanged
greatly during the past fifteen years by an inorease in the
amount‘of geometry introduced and by adoption of an informal
or intuitive approaoh.“The present study has investigated
the preparation of'majors'in elementary education at Montana
State University in geometrio concepts common to‘seleoted
elementary.sohool'mathematics texts. A summary‘of the

study, a discussion of conclusions supported by .the research

findings, and reoommendations suggested by these conclusions

for the elementary eduoatlon ourrloulum, for the content and

teaohlng of certaln mathematlos courses, and for further
4 .

research have been presented here.
SUMMARY

The problem investigated in this study has been the

~estimation. of the adequacy of preparatlon of Montana State

Unlver81ty seniors in elementary educatlon in selected

concepts of geometry. Estimation of the effectiveness of

A,
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wowceptain courses in mathematics for such preparation was a

second important'prdbiem.

Litefature research revealed no test instrument
adequate for thé purposes of the study. Consequently, the
construéfion‘qf'a reliable and Valid instrument based upon
con¢epté of géometry necessary for uﬁdérstanding thé content
of the selected text series was a major part of the study.
The Kuder Ricbardson cqrrelatibﬁ, biserial correlatioﬁs and’
item analyses, eipert_opihion, and a comparison of pérform—
ance on items in the test By students completing Math 109
énd by Studeﬁts with no éollége mathémafics‘were employed
in afriving at'tﬁe finéi ermvof'fhe‘instfument.ﬂ‘

| The‘test‘was'édministered to groups of students in

order to gathér data sﬁitable for statistical analysis.

These groups Were; (1) elementary éducation seniors who
,respondéd to an invitationxto_one‘of the twé séheduied
a meetings, (2) studeﬁts completing Math'108‘wint¢r quafter,
1971, (3) studenfé coﬁpleting Math 109 spring quarter,
1971, and (1) studénts Who had experienced no‘gqllege mathe—
matics béyond.intermediate,algeﬁra. |

- The statistical‘treatmenf involved three types of

' tests: (1>:test$ for thensighificance of the studenf t

-statistics resulting from a.mﬁltiple‘linear regression.
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.i--analysis of test scores. for seniors, (2) the Mann-Whitney

‘U‘test, and (3) the Wald-Wolfowitz runs test. The multiple
linear regreéSi§n modei invblves paramefers. The Mann-
Whitney U test and the Wald—Woifowitz,runs test are: non-
parametric iﬁnhature. The statistical tests were chosen
SO that a‘minimumfnumber of_assumptions héd to be met and
‘so‘thét uneQual.and smali nuﬁbers Wére permissible,
Any-stafement‘about the‘resgarch‘findings has meaning
only in relation to the selected concepts of geometry
teéted by,thé‘inStrumént constructed‘for this Study: The
fiﬁdings have not been ‘claimed to hold for populétions other
“thah fhe Samples uééd in the-présent.study except where
spécifiéélly statéd;" | |
| | The multiple linear regression model was found to
account for overlfifty—six per cent of the vériation of
test scofes whether three factoré (most‘advancéd mafhemé—
_ ficé ﬁourse taken, oyerall GPA, and the‘academic.year‘the
~course was taken) were used as independent'vériables or
whether oniy the-first two:factors listed were uséd. Thus
fhe‘mulfipie linéar‘régression model was satisfactory for
analysié of déta‘from,participating seniors in elementary
education although the number, fifteén3 was small. Deci-

sions considered with Sample_méans yielded imporfant
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relationships. Subsamples of the sample of seniors were
also treated nonparametrically.

The findings of this research study, based upon
statistical treatment of data, have been as follows:!

1. The hypothesis that the most advanced course in
the Math 107, 108, 109 sequence completed by a senior in
elementary education had a Significant effect upon the
test.score (khowledgé of tested geometric concepts) was
supported at the .05 level.

‘2. There was insufficient evidence at the .05 level
to support the hypothesis that the overall GPA had an effect
upon.the test scores of seniors.

3. The hypothesis that the lapse of time since a
senior experienced the most advanced course in the sequence
had .a significant effect upon the tesf scores .was not
supported at the .05 level.

Y. The hypothesis that completion of Math 109 had
the‘greatest positive effect upon knowledge of the selected
geometric concepts has been supported. This hypothesis has
been accepted because of the resul{s of three distinct
statistical tests and because of the.means for the various
groups. Regardless of their curricula, students completing

Math 109 performed at a higher level on the test than did
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. students with only Mé?h;;g? and Math 108 when the Mann-
'Whitney U test fqr large Sémples was employed and the mean
Séores were considered. A Wald-Wolfowitz runs test resﬁlted
in rejection of the null hypétheéis that seniors who
completed Math 108-and those who completed Math\109

were drawn. from the same population. The third result has
been given as the first finding listed. The mean for
students who‘cqmpléted Math i09‘was greafer than twenty—
three. The mean'fbr students with Math 108 but not Math 108
was less than fourteen. The fact that both the sample of
seniors and the groups finishing Math 109 and Math 108, for
whichuthe sample was essentially the population, have been
involved made sﬁpport for the hypothesis quite strong.

5. The hypothesis that Math 109 content specifically
prepareé students in'fhe concepts Qf geometry tested in the
study has been supported. The éupport has been seen in.the
méans for the scores of the groups and in the consistent
finding of significant differences when students with Math
109 have been tested against other groups.

With the limitations and restrictions imposed by the
nature of fhe groups involved well in mind, the results of
the;reséaréh may be stated in.a more abbreviated manner:

1. There was no difference in the scofes'obtained
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wion the test of geometric concepts between students with
Math 107 and studénts with Math 108 as the most advanced
course completed.

2. . There was a aifference in the scores obtained
on the test betWeen students with Math 107 and Math 108
and students with Math 109 aé‘the(most advanced course.

| 3. Tne GPA of the senior and the time lapse since

completion of highest level mathematics course were not
significant effecté on test scores.

4. Math 109 specifically prengresin tne geometric
concepts of elementary school mathematics.

5. Of all the factors investigated Math 109 had

the greatest postive effect on test scores.
CONCLUSIONS

Conclusions based upon‘the present study are rélated
to the test instrument, to the research design, and to the
statistics and the analyses. These conclusions have been
given in itemized form.

1. The test of knowledge and understanding of
selected geometric concepts of elementary school mathema-
tics constructed as a part of the study is é reliable,

valid instrument with good discriminatory power among the
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“”ﬂatems. Since the teStlwastbased upon content of nationally
.‘recognized text series and tests only conCepts‘introduced in

at least th of the series, the test would be of vaiue (1)
in future research at Montana State University, (2) in
‘asseSSingftheaeffectiveness of geometry preparation of
H majors in elementary education at other 1nst1tutlons, and
(3) as a dlagnostlc instrument for practicing elementary
school teachers. Slnce no test of thls nature has been
located through research - in ‘the 11terature, thls .instrument
may serve as a model.

5. The design of the Study‘allowed satisfactory
. testing of -the stated hypothesee. ImprOVements cdnld be
made in using random samples and in securing larger numbers.
.However, at the time of thie study, -sixteen students con-
stitUted»tne total registration in Math 109. Only'éix
seniors would have completed Math 109 By gradnation. Since
joint‘research inﬁolving the Department of Mathematics and
the Department>of'Elementary Education at Montana State
University has been sadly neglected perhaps this study
may set a precedent for similar research into student
preparatlon in other mathematlcal toplcs |

3. 'Wlth,the mean score for every group of students

who had not taken Math 109 under fifty per cent of the
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“twenty—nine questionéxé‘édélified conclusion is that
many elementary teachers prepared at Montana State Univer-
sity have insufficient mathematical background in the
geometry taught in the elementary schools.

4. The geometry taught in Math 108 is ineffective
as far‘aé the concepté tested in this study. Therefore,
the addition of Math 108 as a reguirement in the elementary
education curriculum is not justified from the standpoint
of geometry content alone.

5. Math 109 should be  strongly recommended as an
elective to every elementary education major or should be

required in the -curriculum.

6. The year in college when the elementary education

majbr takes the Math 107, 108, 109 sequence appears to have
no relation to that student's knowledge df geomefric concepts
df elementary school mathematics at the time of graduation.
7. The total grade point average of an elementary
education senior has no éemonstrated relationship to his
understanding of the geometric concepts for K-6 tested.
The informal geometry of Math 109 has been taught at an
appropriate .level and manner.fOP suCCeséful learning by

the general run of students.

T Im) et
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RECOMMENDATIONS

Sevetal‘reoommendatiOns based upon the conclusions
of the Study may be made In eaeh‘case; however, the
v, llmltatlons and sometimes the small numbers of the research
data should be con51dered.
| A recommendation‘is made that a long-range study be
initiated to 1nvest1gate the geometry preparatlon of
Montana State Unlver81ty majors in elementary educatlon
Reseapeh flndlngs of this study empha51ze the importance
of the prdblem‘and the-need for‘eareful research on a
continuing basis. The'suggestion is made that avlongitud—
1nal study be 1mplemented
Further, the study could be extended to other topics
innmathematies or to mathematics in general in the curric-
'ulum for elementary education majors Not only should
course eontent be examlned but also the type of instructor
assigned to such courses and the teaching approach.

'_Regandless;of.the limitations_of the present study,:
sufficient evidence of -the positive effect of Math 109 upon
knowledge of geometric ooncepts of elementary school mathe-
matics. has teen demenstrated.tC)mapraﬁt e0nsidemation‘of

Math 109 ae‘a,required‘COurse or as a strongly recommended
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elective. The.Departmentéof Mathematics has made an
éppropriate course in informal geoﬁetry available. The
Department of Elementary Education would take another step
toward satisfying the CUPM Level I recommendations if
the course were a part of the curriculum. Therefore,
the recommendation is made that Math 109 be made a fequired
course for elementary education majovs.

Further, a fecommendation is made that elementary
education maﬁors be madé,aware of the research findings
presented here. More of these students.might be encouraged
to register for Math 107 voluntarily.’

The results of the étudy appear to indicate fhat‘the
geometry content of Math 108‘has no significant effect upon
the knowledge of geometry for the samples involved. The
recommendation is made that the éeometry content of the
course be exéﬁined in detail. Perhéps time spent on
geometry in Math 108 could bé utilized to greater advantage

with other mathematical topics. On the other hand, with

- a change of text or with additional time devoted to the

.present geometry- content the entire situation might improve

asrelative to knowledge of geometry.

The extension of the present close cooperation

between the Department of Elementary Education and the




. 98 :

'“QDepartment of Matheméiiéswét'Montana State University to

a combined effért toward productive research is urgently

recommended; The major objective should be improvement
|

of the mathematics preparation of prospective‘teachefs of

elementary school arithmetic.
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THE TEST~-PRELIMINARY FORM

Consider figures 1 through 5 shown below.

°

Figure 1 Figure 2 Figure 3 Figure 4 Figure 5

¢

A geometric figure is illustrated in

(a) Figures 5 and 4 only.

(b) Figures 2, 4, and 5 only.

(¢) Figures 2, 3, 4, and 5 only.

(d) All of the figures: 1, 2, 3, 4, and 5.
(e) None of the above choices is correct.

A closed curve is illustrated by

R

(a) (b) (c) (d)

(e) More than one of the figures shown.

Two lines are said to be parallel if and only if they are

(a) any two lines whose interseetion is the empty set.
(b) opposite sides of a rectangle.

(¢) 1lines in the same plane that do not 1ntersect

(d) any two lines in different parallel planes.

(e) Either choice (a) or choice (4d).

By definition an angle is

(a) the union of two noncolllnear rays w1th a common
endp01nt

(b) the union of two line segments with one endpoint
in common.

(c) a vertex of a triangle. :

(d) +the union of two rays with a common endpoint and all
segments that have one endpoint in one of the rays
ahd the other endpoint in the other ray.

(e) +the umion of two intersecting lines. '
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'Consider the triangles shown at left.
The intersection of AABC and AXYZ is
(a) the empty set, 0.

(b)Y AABC.

(c) AXYZ.

(d) points A, B, and C (i.e.,
{A, B, C} ).

(e) None of the above choilces is
correct.

The relatlonshlp between angle ABC (LABC) and triangle
ABC (AABC) is that
(a) LABC is a subset of AABC.
(b) the intersection of LABC and AABC is the
union of AB and BC.
(¢) 1line segment AC is a subset of LABC.
(d) More than one of (a), (b), and (c) are
correct.
(e) None of the above statements is correct.

If the sum of the measures, in degrees, of two angles is.
90 then the angles are said to be
(a) ©right.
(b) reflexive.
(¢) straight.
(d) supplementary.
(e) complementary.

A triangular pyramid is also called a -

(a) tetrahedron.

(b) triangular prism.

(¢) -truncated cone. ,

(d) solid with five faces.

(e) None of the above choices is correct.

A figure that has four different lines of symmetry is

8 O AN B ©

(a) (D) | (c) (@) - (e)




11.

(L)

Of the

(a)
(b)
()
(d)
(e)

(a)
(b)
(c)
(d)
(e)

(a)
(b)
(c)
(d)
(e)

107

E10. A plane is sepa%ateébinto'exactly three sets of points
which are disjoint in pairs by

(a) any curve.
(b) any closed curve
- (¢) any simple curve.
(d) any simple closed curve.
(e) None of the above.

(2) (3) (4) (5)

illustrations above the following show prisms

figure (5) only.

. figures (2), (3), and (4) only

figures (l), (2), (3), ahd (4) only.
figures (3) and (H) only.
figures (1), (2), (3), (4), and (5).

12. A right triangle (one angle has measure 90°) may have
sides with lengths

8, 9, and 12 units.

5, 12, and 13 units.

13, 25, and 28 units.

More than one of (a), (b) and (c).
None of the above choices is correct.

13. .Which of the‘following is a correct relationship?

All squares are rectangles.

All rectangles are squares.

Al parallelograms are squares or rectangles.
No rectangle is a square.

Every quadrilateral is also a parallelogram
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15.

16.

17.

18.
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The 1ntersectlon of three distinct planes in space is

'always

(a) the empty set, 0.

(b) a single point.

(e¢) a line.

(d) a line or a point.

(e) +the empty set, a point, or a line.

A plane is detefmiped by

(a) any three distinet  points.-

(b) any point and ray. :

(¢) any two lines, not necessarlly 1ntersect1ng
(d) any three distinct points not all in the same
) line. -
(e) More than one of the above choices are correct.

A triangle that has no two of its angles congruent is
called

(a) equiangular.
(b) equilateral.
(e¢) isoscleles.

(d) right.

(e) scalene.

. Point C denotes the center of the

Q circle shown at left. The length of

P PQ is 8 units. Then the area of the
circular region, in square units, is
(a) 8w '
(b) 16w
(c) 6L
- (d) b
(e) um?

A triangle with two of its sides congruent is called

(a) an equilateral triangle.
(b) an isosceles triangle.
(¢) 'a scalene triangle.

(d) an obtuse triangle.

(e) a right triangle.
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20.

21,

22.
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If a sphere and a plane intersect the intersection is

(a) always a circle.

(b) always a circular region, i.e., the union of a
circle and its interior.

(¢) either a point or a circle.

(d) either a point or a circular region.

(e) a point, a line segment, or a circle.

The surface area of a cube measuring 4 feet on each
edge 1is

(a) 16 square feet.
(b) 24 square feet. -
(c) 64 square  feet.
(d) 96 square feet.
(e) * 256 square feet.

Let k denote a counting number greater than one. If
there are k distinct points, no three of which are
collinear, then the number of lines determined is

(a) k(g—l) .
(py KAL)
(e¢) k.
(d) 2k.

(e) 2k + 1.

A polygon with six sides is called

(a) a heptagon.
(b) a hexagon.
(¢) a pentagon.
(d) an octagon.
(e) a quadrilateral.
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" Then the area. of the simple closed reglon is
(a)
(b)
(¢)
(a)
(e)

50

40

32
25

20

C

square
square
square
square
sguare

If
ta)

> (b)
()

(e)

In

(
(
(

(
(

(c)
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The flgure ABCD is a parallelogram
ET is perpendlcular to BC.

The measure of AE is 5, in inches.

The measure of BC is lO, in inches.
The measure of EF is 4, in inches.

’1nches.

inches.
inches.

‘inches.

inches.

£, and %, are.parallel lines then

LBEF and LABC are congruent angles.
LBEF and LEBG are congruent angles.
LGBA.and LHEF are congruent angles.
Choices (a) and (b) only are correct.
All of the choices (a), (b) and (c)
are correct.

the diagram at left suppose LSBC and

LSBA are congruent. Then we say LABC is
vblsected The bisector is

a) the llne BS.

b) ’"the angular region SBC.

c) the half line determined by point
B and contalnlng point S.

d) AABC.

e) ©None of the ch01ces is correct.

26. The faces of a pyramid are

~(a)
(b)

(@)
(@)

(e)

always closed rectangular‘regions

always closed triangular regions except for
two faces, the bases.

always closed triangular reglons

always closed triangular regions except perhaps
one face, the base.

parallel in pairs.
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28.

29.

30.
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Using the points R, S, and T as shown above, the

"line shown

The union of

(a) may be
(b) may be
(c) may be
(d) may be

above can be .named in

(a) 6 different ways only.
(b) 4 different ways only.
(¢) 3 different ways only.
(d) 2 different ways only.
(e) More than 6 different ways.

two distinct angles in the same plane

the empty set, 0.

a set with just one point as an element.
a ray.

an angle.

(e) Non- of the above choices is possible.

If two triangles have correqunding angles congruent

Then (a)

(b)
(c)
(a)
(e)

the triangles are equal.

the triangles are similar.
the triangles are congruent.
Both choice (a) and (c).
Both choice (b) and (c).

The intersection of a line ‘and a plane

(a) must be a unique point.
(b) must be either a unique point or the empty set.
(¢) must be a unique point, the empty set, o¥
the line itself.
(d) must be the line itself.
(e) None of the choices above is correct.




Figure 1

112

THE TEST~--FIRST REVISION

Figure 2 Figure 3 Figure 4 Figure 5

A geometric figure is illustrated in

(a)
(b)
(e)
(d)
(e)

Figures 5 and 4 only.

Figures 2, 3, and 4 only.

Figures 2, 3, 4, and 5 only.

All of the figures: 1, 2, 3, 4, and 5.
None of the above choices is correct.

(a)
(e)

A closed curve is 1llustrated by <::::2J
“ (d)

(b) (e)

More than one of the figures shown.

Tio lines-are said to be parallel if and only if they

are

By

(a)

(b)
(c)
(d)
(e)

any two lines whose intersection is the

empty set.

opposite sides of a parrallelogram.

lines in the same plane that do not intersect.
any two lines in different parallel planes.
Both choice (a) and choice (d) are correct.

definition an angle is

(a)

()

the union of two noncollinear rays with a

common endpoint.

the union of two line segments with one

endpoint in common.

the union of any two rays in the same plane.

the union of two rays with a common endpoint and
all segments that have one endpoint in one of
the rays and the other endpoint in the other ray.
the union of two intersecting lines. :
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Consider the triangles shown at left.
The intersection of AABC and AXYZ is -

“(a) the empty set, 8.
(b) AABC.

(c) AXYZ. _
(d) points A, B, and C (i.e., {A,B,C}.

(e) None of the above choices is
correct.

The relatlonshlp between angle ABC (LABC) and trlangle
ABC (AABC) is that

(a)
(b)

(c)
(a)
(e)

LABC is a subset of AABC. |
the intersection of LABC and AABC is the union

~of AB and BC.

line segment AC is a subset of /L 'ABC.
More than one of (a), (b), and (c) are correct.
None of the above statements 1s correct.

If the .sum of the measures, in degrees, of two angles

(a)

(b).

- (e)
(d)

(e)

is 80 then the angles are said to be

right.
adjacent.
congruent. )
supplementary
complementary

A trlangular pyramld is also called a

(a),

(b)
(e)
(d)
(e)

téetrahedron.

triangular prism.

triangular solid.

solid with five faces. A
None of the above choices is correct.

A flgure that has four different lines of symmetry is

o

(a)

O O L P -i_j

(b) (c) (@  (e)
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- 10. A plane is separated 1nto exactly three sets of points
whlch are disjoint in pairs by

(a) any curve.

(b) any closed curve.

(¢) any simple curve.

(d) any simple closed curve.
(e) None of the above.

11.

€1) (2) (3)
O0f -the figures above the following show prisms:

(a) figure (5) only.

(b) figure (3) only. .

(¢) figures (1), (2), (3), and (4) only.
(d) figures (1), (2), (3), (4), and (5).
(e) None of the above choices is correct.

12. A right trlangle (one angle has measure 90°) may have
sides with lengths

(a) 8, 9, and 12 units.

(b)) 5, 12, and 13 units:

“(c) 12, 13, and 25 units.
" (d) More than one of (a), (b), and (c).
(e) None of the above choices is correct.

13. Which of the following is a correct relationship?

(a) All squares are rectangles.

(b) All rectangles are squares.

(c) A1l parallelograms are squares or rectangles
(d) No rectangle is a square

(e): Every quadrilateral is a parallelogram.
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‘a:{ju. " The 1ntersectlon of three distinct planes in space

is always

(a)
(b)
(c)
(a)
(e)

the empty set, 8.

a single p01nt

a line.

‘a line or a point.

the empty set, a p01nt or a line.

15. A plane is determlned by

(a)
(b)

(c)

(d)

(e)

-any three distinct points.

any two distinct rays.

any two lines, not necessarily 1ntersect1ng.
any three distinct p01nts not all in the

same line.

More than one of the above choices are correct.

16.. A triangle that has no’ two of 1ts angles congruent
is called

(a)
(b)
- ()
(d)
(e)

17,

equilangular.
equilateral.

~1sosceles.
~right.

scalene.-

Point C denotes the center of the circle
shown at left. The length of PQ is 8

units. Then the area of the circular
- region, in square units, is '
- (a) 8.
(b) 16m-
(c) 6B4T.
(d) M4,
(e) un

18. A triahgle with two of 1ts‘sides‘congruent is calied

(a)
(b)
()
()

an equilateral triangle.
an isosceles triangle.

‘a scalene triangle.

a rlght triangle.

-None of the above ch01ces is correct
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21.

22.
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If a sphere an&maﬁplane intersect, the intersection is

(a)

(b)

(e)
(d)

(e)

always a circle. _
always a circular reglon, i.e., the union of
a circle and its interior.

always either a circle or a p01nt

always either a circular region or a p01nt
always‘a point, a circle, or a line segment.

The surface: area of a cube measuring 4 feet on each

edge 1is

(a)
(b)

16 square feet.
24 square feet.

(c) 64 square feet.
(d) 96 square feet.
(e) 256 square feet
Let k denote'a COuntlng number greater than one. If

there are k distinct points, no three of which are
collinear, then the number of points determined is

(a)

(b)

(c)

(a)

(e)

(a)
(b)

(e)
(a)
(e).

k(k-1)
2 °
k(k+1) .
R
k.

2k.
2k + 1.

A polygon w1th elght 81des 1s called

a decagon

an octagon.

a hexagon.

a pentagon.

a quadrilateral.
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EF is perpendlcular to BC.

: D .The flgure ABCD is a parallelogram.
AJ// The measure of AB is 5, in inches.

B

Then the area of the simple closed region is

_(a)
(b)
(c)
(d)

~(e)

F C The measure of BC is lO _ in dinches.
' The measure of EF is 4, in inches.

!

50 square 1nches.

40 square inches.

32 square inches.

25 square inches.

20 square inches.

It 21 and L2 are parallel lines then

, (a) LBEF and LABC are congruent angles.
—>+(b) LBEF. and LEBG are congruent angles.

(c) LGBA and (HETF are congruent angles.
> (4) Choices (a).and (b) only are

correct. ‘
(¢) All of the choices (a) (b), and
‘ (¢) are correct.

In the dlagram at left suppose wSBC and
L:SBA are congruent. Then we say LABC‘'is
bisected. The bisector is

(a) the line BS.

(b) the angular region SBC.

(¢) - the half line determlnedwgy point B
and containing point S, BS.

g

(d) +the line segment BS.
_(e) None of the choices is correct.

(a)
(b)

(e)
- (a)

(e)

~always triangles or rectangles.
-always closed triangular regions except for

two faces., ,

always closed triangular regions.
always closed triangular regions. except
perhaps one face, the base.

parallel in pairs.
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~ Using the‘points R, S, an

can be named in

(a)‘
(b)
(e)
-(ad)
(e)

6 di
L di
3-di
2 di
more

fferent ways
fferent ways
fferent ways
fferent ways
than 6 diffe

T
d T as shown above, the line

only.
only.

only.

only.
rent ways-.

‘The. union of two distinct angles in the same plane

(a)
(b)
(c)
()
(e)

If twe
then

(a)
(b)
()
(@
(e)

may

may -
may

may

be the empty

be a set with
be a ray.

be an angle.

set, #.
just one point as an element.

None of the above choices 1s possible.

triangles have corresponding angles congruent.

the

the
the
the
the

triangles are
triangles are
triangles are
triangkes are
triangles are

equal and congruent.
similar.

congruent.

similar and congruent
equal, similar and congruent.

The intersection of a.line and a plane

“(a)
(b)

(c)

ay
(e)

must
must
set.

- must

1ine:
must

None

be a uhique
be either a

be a unique

itself.

be the line.
of the above

p01nt ‘
unlque point or- the empty

p01nt the empty set, or. the

itself.
choices is correct.
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e +Table 14

Computer Print-out: .Item Analysis, Correlations
Group A--Elementary Education Seniors

' Per cent .. . . Choilce ! -
Item coprect. ‘Blser}al R = B ) —F
1 33 .656277 1 0 5 5# j
2 13 .18653 0 2% 1 -0 12
3 53 .17196 0 1 g% 1 5
4 40 - .71187 6% 0 1 ) )
5 66 .5736h 10% 0 0 3 2
6 13 .21396: I 2% o - 7 2
7 - 60 ©.60147 2 0 2 2 g%
8. 33 - 259342 5% 2 4 2 2
9 _ . 80 .32170 o1 12%* 0 0 2
10 53 13458 0 0 6 8% 1
11 33 g .85087 2 -3 5% L 1
12 53 .75138 2 8= 2 1 2
13 60 .65858 g% 1 3 2 0
s 33 .53408 1 6 0 -3 5%
15 he 25794 -3 0 1 VAL )
16 66 .59342 0 1 b 0 10%
17 , 53 77007 0. 8 2 -0 5
18 60 © .67761 2 g# 0 3 1
19 33 .27693 0 ok 5% 1 5
20 33 .73189 3. 1 6 5% 0
21 4o - - .71187 B* 4 1. 0. 3
22 .83 20934 0 HRTE . 0 0.
" 23 ‘ 33 - .81320 7 5% 3 0 0
24 BB - .29671 2 0 0 3 10%*
25 33 .. .17803 5 0 5# 5 0
28 LXCR .73091 2 0 ) 6% 1
27 33 -.01978 . 5% 3 7 0 0
28 60 .67761 3 g% 0 2 1
29 40 42636 7 0 6% 1 1
*Correct choice for the given item.
N = 15, Mean = 13.60000. ' Sigma = 7.14973.

Kuder Richardson Correlation = ,939701 Variance.= 51.11429.




.Table 15
~ Computer Print-~out: Item Analysis, Correlations
T Group B--Students Completing Math 109
g Per cent R . Choice
Item correct Biserial R N B e D i3
1 .50 . .04753 0 4 -2 g% 2
2 81 L46L25 -0 .13 0 0 3
o3 75 . .46649 1 i 12% 0 2
4 100 .00000 16% 0 0 0 0
5 93 . -.11047 S 15% 0 0 0 1
6 50 .57035 1 g#* 0 4 3
7 93 - ~.01229 0 -0 1 0  15%
-8 .81 .15982 13% 0 0 0 2
-9 100 . .00000 0 16% o .. 0 0
10 81 . 3U247 0 0 0 13% 3
11. o 75 .30185 0 .t 12% 1 3
12 81 -  .58602 1 13% 0 1 1
13 - 100 - .00000 16% 0 o 0 0
i - .81 < 34247 0 2 1 0 13%
15 181, ".22071 I 0 .0 13% 2
16 93 -.01229 1] 0 1 0 15%
17 - - 100 . 00000 0 16=® 0 0 0
18 - “100 .00000 .0 16% 0 .0 0
19 u3 42516 -3 0 7% 3 3
20 - 87 .62875 0 0 2. 1y 0
21 87 .62875 RIS 1 1 0 0
22 100 - .00000 0 - 16% 0 0 0
.23 o 93 .18408 1 15% 0 o 0
24 75 .24697 0 1 0 3 12%
25 : 68 .01922 4 0 1% 0 1
26 81 - .22071 0 0 2 13% 1
27 . 37 .18408 6% 2 7 0 1
- 28 93" .28225 0 15% 0 6] 1
0 0 i6% 0 0

29 100 .~ .00000

*Correct choice for the given item.
‘N = 16. Mean = 23.87500. ‘Sdgma = 2.62995.

Kudef Richardson correlation-z .55221. Variance = 6,91667.
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¥ S Table 16

Computer Print%odt: Item Analysis, Correlations
Group C--Students. Completing Math 108 .

Choice

- Per cent . .

Item corpect Biserial R A B o ) i3
1 36 .2891Y 21 7 24 35% 9

2 56 .14349 : 1 5h#% 3 9 29

3 39 .30u417 o 25 2 38% L 27

L 83 .20818 - 80% . 6 0 6 L

5 71 .374L8 " B9% 15 L 1 7

6 18" . . .33668 : 18 18% 8 40 11
7 59 -~ .30937 s - 1 1 18 57%
8 20 .21796 - 20% 50 1 9 14

9 35 .07251 18 3h% 0 6 37

- 10 : 38 .20344 - 10 11 10 37% . 25
S 11 -5 .26901 , 25 0 5% 5 60
12 32 .47522 . 10  31% 1 22 25
13 68 © - .3u8ug . 66 ol 10 6 9
©1n . -39 . 06345 10 i+ .19 15 38%
15 62 16399 : 5 - 1 3 60% 26
16 67 .37374 3 3. 17 7 68%
17 L8 .48650 3 L7% 18 3 25
.18 80 .45923 11 77% 2 0 5
19 - 15 .27521 o 7 24 15% 27 22
20 43 .32560 13 3 32 . L2% 6

S 21 - 29, .33529 ‘ 28% 12 15 - 5 30
.22 -89 .08365 1 86 % 3 - 3 3
.23 30 .35079 : 4e. = 29% 3 - 2 10
24 61 .29157 18 3 T 4 59%
25 53 . .326L2 - 21 5 51% 0 18
26 60 . .36762 b 2 - 23 58% 7
27 56 - .29801 - 54 % 6 16 2 16"
28 . 15 .26767 -1 15% s 13 22

29 - 62 . 35061 17 8 60%* 7 - u

- #*Correct choice for the given item.
N = 97.. Mean = 13.83333  Sigma = '3.80489.

Kuder Richardéon COrreiation = .59928. . Variance = 14.4772.
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Table 17

Computer Print—outfv Item Analysis, Correlations
Group D--Students with No College Mathematics

. - Per cent 4. o Choilce | :
JItem  corpect  Biserial R A B C D E_
1 38 - .11289 9 2 8 15% 5
2 20 ~.02748 L. - 2 42y
3 30 .32335 6 3 12% 7 11
b 12 . .37835 Y5k 10 2 3 19"
5 48 . 43065 19% 3 0 6 11
6 12 -+ .038319 - 17 5% 5 10 2
7 25 - .19948 16 1 6 6 10%
8 25 . .18296 10% 13 12 3 1
9 By - -.01966 2 25% 0 b . b
10 15 .27678 9 .3 - 6% 17
11 7 -.02915 9 7 3% 12 8
12 . 5 .08552 5 2% ) 14 13
13 -4l .58537 16% 1 6 13 3
14 30 . =.16107 1 11 7 8 12%
15 33 .06120 10 2 2 13% 12
16 38 ».33526 3 b 17 0 15%
17 20 66910 12 g% 2 13
18 .33 - .h1308 12 . 13% 3 7 b
19 23 45823 4 11 g=* 6 . 8
20 30 +229589 6 2 11 12% 7
21 12 .31364 5% 13 8 0 10
22 87 © .25726 -2 34* 0 2 1
23 . " 20 <43691" 18 g* 4 3 L
24 4.3 »22152 3 5 2 9 17%
25 : 28 .50301 17 2 11=* 5 1
26 .43 .+ .35242 + 3 1 13 17+% 2
27 . 25 .49678 10% 6 4 8 8
28 _ 15 33674 5 - 6% 8 8 8
29.° 33 .56608 9 L4 13% -1 6
*Correct choice .for the given item.
N = 39. Mean = 8.69231. Sigma = 3.55523.
"' Kuder Richardson correlation = .59913. Variance =

12.63968.

B
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LETTER OF INVITATION

-Montana State University—

Bozeman, Montapa S97L5 Tel. 406-587-3121

Hay 10, 1971

As you probably realize, the Department of Elementary
" Bducatfon conducts a continuing analysis of the ‘curriculum
in order to initiate frequent fimprovements. As a senior in
Elementary qucation, you could be of great hélp to us if )
you vill lend your support to a research study now in progress.

I am asking your cooperation as a participant in a
current study. This research imvolves data from 1971 seniors.
We anticipate the findings of this study to pefmit inferences
that will affect future changes im the curriculum you are now
completing.

i : ) He need only about 35 minutes of your time and effort at
e ' ’ a genetal meeting set up as follows:

Date: Tuesday, May 18 1971
Time: 7 p.m.
Place: 201 Reid Hall

Please return the section below with appropriate infor-

'mation.
Cordially,
: . Dr. Willis C. Vandiver
W/keh . ’ Head, Elementary Education

I am willing to participate in the research study. I
will be at 201 Reid Hall, Tuesday, May 18, at 7 p.m.

I will not be at the meeting because .
. Rowever, I am willing to
cooperate at another time to be specified.

Signed:'
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'FOLLOW-UP COMMUNICATION

vDeér Senior: -

A copy of the 1ettér you received earlier urging
jouf"participatﬁon'in a research study is attached. Again, |
the impoffance of‘your'pafticipation is beiﬁgrstressed.

‘ Siﬂce you were unable fo,attend the‘Tuesday-meéting,
énothef meeting héé‘been set as fo}lows:‘
DATE: Wednesday, May 26, 1§7i
TIME:' 7:00 p.m-..
PLACE: 201 Reid Ha11"
Ydur returning the form at the bo{tom of the 1ettef
‘wopld bé‘helpful. waeVer, in any case, we look férward

. tOZSeeing you this Wednesday! .
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