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Abstract

3

The stwo purposes of this,study were to provide an
indepth analysis of the ability‘of students.to-section
solids and to investigate the'relationship,between thisj
ability and geometry achievementg TQo forms of a seetigning
test were deveieped.and'adminisfered‘to‘BS classes. of
-students in grades 5 to 10 in the'EdmopIOn area. The first
form was administered just prior to each class's regelarly
scheduled geometry unit and fhe second, form just after the
uhit. ’ - ’

For the first purpose a 6 x 2 x 3 grade by sbx by
. ability design was used with a‘stratified raﬂdbm sample of
432 subjects. The results indicated that by grade 7
- most students.could successfully section SOlldS involving
all cuts except the obllque cut. The transverse cut on the
cone also cagsed dlfflcultles. Some‘sections were more |
:difficult tO'fepresent by drawings than'by selection from
a set of distractors. These included sections which were
equilateral, parallelograms, oe}s}lipse31 The Van Hiele
_theory was used.to help exﬁlain/these difficulties.._ .

Sectidhing abilit& appears te be ver& ébhplex._ Some
sections appear .to require a unlque ablllty to recognize
whlle other pOSSlble factors include the shape of the
gection, the SOlld and perhaps the cut. Whatever the
_ factorlal constructlon of the ab111ty, the ablllty to

section sollds increased with grade level, éales consistently
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epored higher than females, and the higp abilityastudents
scored higher than those of average ability who in turn did
better.than low ability students. The sex difference was
particularly‘noticeable at the low ability level. Large
increasee on‘scores 55 the seetioning tests occurred with
average ability students\between grades 5 and 6 and with
students of low ability between grades 8 and‘9.

For the second purpose, two situations were identified
at each grade level. Each consisted of all students in one,
class, or in a group of classes whichdstudied the same
geometry under similar conditions. The sectioning tests

were found to be useful in predicting geometry achievement

in grades S5, 7, and 8, particularly in grade 8 where the

content was rainri. tr- tudy of motion geometry. In grades
\

6, 9, and 10 the testk were of limited use in predlctlng

achievement, both by themselves, and when considered W1th

other possible predlctors.

The results of the study suggested many poss1b111t1es
for future research, particularly in the factorial

construction of sectioning ability and in. the use of the

sectioning tests for predicfing geohetry achievement in

" certain situations.
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CHAPTER I

The Problem

Background to the Problem

Geometry has formed an integral part of the mathematics
corrioﬁlum Ssince the time ofﬁPlato. Since that time the
content of geometry and the appro?ch taken to it have
remained relatively static. The content continues to be the

geometry of Euclid, the method of teaching continues to

- emphasize the process of deduction, and the high school ~

continues to be -the main site for the teaching of geometry.
During the 1960's major reports such as. Goals for

School Mathematios, The Report of the Cambricge Con’erence

on School Mathematics (1963) in the U.S.A., Mathematics in

the Primary School (1965) in England, and Geometry,

Kindergarten to Grade 13, Report of the (K-13) Geometry

Committee (1967) in Canada recommended changes in the role

of geometry within the mathematics curriculum. More
geometry was adv %ted throughout the'gchool program,
particularly doring the elementary and jonior high years.
Each of these reports urged that the_appfoach to geometry
during these early yeafsibe highly intuitive and involve
extensive use of concrete materials. The content throughout
the school program, although 8till based heavily on.

tradltlonal Euclldean concepts, would ‘include material from

geometric approaches such-as coordin%tes, vectors, .



transformations and elemeritary topology.

In the 1

.

9?O's the dlalqgue continues to focus on what

geometry should be included in the curriculum, what

pedagogical techniques are most appropriate for the teaching

of geometry,

and what prerequisite behaviors are necessary

in order that children might experience success with .

geometric concep%s. The 36th yearbook of the National

Council of Te

: \
achers of Mathematics, Gtomekry in the

Mathematics Curriculum (Henderson, 1973), provides insight

into both inf

ormai and formal apﬁroaches to geometry from

kindergarten to grade 14. Many of the approaches to

geometry, as well as'the me‘thods of teaching, are similar

to those recommenfied in the reports mentioned above.

A recent. workshop was held at the University of Georgia

=

objective of

to stimulate dialogue among mathematics educators with the

synthesizing existing knowledge concerning the

child's conception of space and‘geometry. The report of

this workshop, Space and Geometry (Martin, 19764), contains

a wealth of information about how children, particularly

‘ those of elementary school age, perceive spatial and

geometrical concepts. After reflecting on the pabers‘

presented at the workshop, Martin remarked on how littlé we_

know about the child's conception of space, despite this

wealth of %Nailable information. Since a firm foundation in

_spatial. concepts is a prerequisite for study in geometry,

the necessity
conception of

The aims

of extending our knowledge of the child’'s
space 1s of immediate importance.

of the study of geometry are perhaps best put




forth in the Cambridge report (1963).

To develop the planar and spatial

’ intuition of the pupil, to afford a
source of visualization for
arithmetic and algebra, and to serve
as a model for that branch of natural
"science which investigates physical
space by mathematical methods.

p. 33, underlining mine)

-~ The development and use of spatial abilities are =

emphasized by these aims. This emphasis has been

put forth by eminent mathematics educators throughout the
past 10 years., Dienes and Golding (1966) define geometry as

the exploration of space. Adler (1968) considers geometry

. as the mathematical model of physical space. Fehr (1972)

sees one role of geometry to be to transmit information

about space and Fawcett (1970) states his first major

objective of a'geomefry program as "geometric literacy and
competence in using the basic facts of geometry to explore

the spatial relationships of two- and three-dimensional

figures." Martin (19764) expressés the opinion that the
instruction fogeometry in the elementary school should be

aimed at assisting the child to develop a well organized

concept of space. Similar statements could be made
concefﬁing the junior aﬁd senior high geometry pro%pams;
There can be little doubt_of the intimate>relationship
| existing between the study{of geometry and the stﬁdy of
space. ' .

The impétus for much of the recent work on children's
ability to perfbrm fundaméntal operations in space and

geometry, including the Georgiawworkshop, liesin the two



publications, The Child's Conception of Space (Piaget and

Inhelder, 1967) and The Child's:Conception of Geometry

(Piaget, Inhelder, and Szeminska, 1960). The child's
ability to perform particular tasks in topological space,

projective space, and in Euclidean space 1s examined in detail

i ‘ . . \ . .
-in these two books. Of inﬁerest in this| study is Piaget's

experlment on sectioning solid figures (Rlaget and Inhelder,
1967). Piaget and Inhelder claim that th% ability to
represent the sections of solid figures is\an indication of
the-emergence of "the ability tocoperate in boﬁh projective
and Euclidean space. Although a. variety of approaches are
presently used in the instruction of* geometry, all rely
almost entirely on the Euclidean properties of the geometric

objects studied. The emergence of the ability to operate

in Euclidean sgace is very relevant to the study of geometry

throughout the school mathematics program.

Statement of the Problem

ﬁespite the genefal agreement as to the importance of
spatial relationships in é;e study oﬁ geometry, the
importance of the‘study of geometry, and the abundance of
research available indicating that children can experience
success with a wide variety of geometrlcal s1tuat10ns
(Wllllford, 1972), studehts and teachers alike often express
dlfflculty with geometry, dislike of geometry, or both.
There seems &o be a general opinion among mathematics

educators that elementary school teachers either omit

geometry or introduce it only if there is ext#a time




\ * -

(Trafton and LeBlanc, 19735. Similar statements could well
be made of secondary school teachers.. Gearhart (1975)
reports that in the opinions of teachers, many high school
students do not experience success with geometry and do not
enjoy the subject. . Whether the concentration, in the4high

. schoel programs is on the traditional Euclidean appreach, a
ﬁransformatiohal approach, a cartesian or vector apgpoach,
or soﬁe other approach to the study of geometry, success
‘depends on the ability of the elementary and junior high

- schools to provide e firm background of.experienees in
Eueiidean space. At present the programs in these areas

do not dppear to be meetiﬁg this need:. adequately.

To bring about improvement in the teaching of geometry,
research is needed which will provide classroem teachers
with more information as to hbw'children learn geometry.

The problem considefed in this_stﬁdy was to inbestigéte a
particular spatial ability, that of sectioniﬁg solid figures, -
and to determine what relationship existsAbetween this

ability and achievement in geometry.

Definitions

A §g;ig‘is a model of a three—dimensional object. The
SOlldS employed in this study were the cube, triangular
prlsm, paralleleplped, cone, rectangular prism, cylinder,
star;'and square pyramid. These solids were constructed_of
c'ardbo‘e.rd and are described in detail in Chapter III.

A section is the plane flgure formed by the “intersection®

‘of a plane with a geometric solid.




" these factors u31ng carefully redesigned’ tasks administered

A cut i's the orientation of the plane which intersects
the solid. The»cuts employed in the present study were
identified as longitudinal, transverse, parallel, and
obliqué and are described in detail in Chapter III.

The -act of sectioning a solid is the representation of

the sectionyresulting from a cut on a solid with a drawing

o *

of the plane figure or by selecting a drawing of the section

from a set of five options.

Purposes of the Study

The major purposes of this study were two- fold. The

ﬂélrst of these was to provide an indepth analy31s of th§>

ability of students in grades 5 through 10 to section SOlldS.
A testing instrument was developed based on the research of
Piaget and Inhelder (1967) and on the related work of i
Dodwell (1961), Lovell (1962, 1971), Boe (1966), Davis /
(1969), Bober (1973) and Pothier (1975). Considerable/
information on the-ability of subjects of a particular sex,
age, and ability to pefform various sectiening,tasks ie
available in these reports. They will be reviewed in detail
later in this'report.ﬁ-This study was designed to investigate
in a group setting to a large sample of students from )
grades 5 to 10.

The results of the‘researeh cited above indicate that
some sectioniné tasks are much more difficult to perform

than others. For example, subjects of all ages experienced

difficulty on all solids with taSks involving the oblique




cut. It is possible that the-ability to‘identify sections
which result from an oblique cut is different from the
ability to identify sections resulting from other cuts.
Two methods of response were used in several of the sectioning
experiments cited above; These were drawing the section and
selecting.thé correct section from a group of options. Thé
data from the Pothier study were analyzed and the possibility
that the ability to draw might be an important factor in
experiencing success on the sectioning tasks was indicated
by the results. In this study the factor structuré of
sectioning ability was explored and an attempt was made to
determine if the ability-to section solids is a uni-factor
trait or if there are several underlying factors present.
Underlying factors might include drawing ability or'ability
to recognize sections resulting from a particular cut such
vas the oblique cut.i

The second major purpose of’this study was to
investigate the relationship between the ability to section
solids and achievement in geometry. The use of the testing
instrument on sectioning‘éolids as a predictor of achi;;ément
in geometry was compared to the use of other predictors
such as sex, age, previous year's mathematics grade, last .
mathematics test score, and IQ. Each of these predictors |
was reaéily availabie to the classroom teaahers participating
in the study. Tﬁis aspect of the study was also exploratony' .
in nature. The predictive validity of the sectionihg test
was evaluated at each grade level used in the study. A

variety of geometric settings were investigated as they



occurred in existing classrooms. The purpose here was to
provide inf&rmation which could prove valuable to the
classroom teacher in determining which students might be
expected to experience difficulty in learning geometry.
-These two purpoées are summarized in the four research

questions listed below.

1. How do students respond to sectioning tasks

involving particular cuts and solids?
) /

5. Are there differences in the ability of students of

a particular sex, grade level, and ability to section solids? [”’/

3. Is the'ability to sécﬁion s01ids a uni—factgr‘ —
trait -or is it a composite of seﬁeral igdepeﬁﬁggg/;;ii/////
related abilities? V/,/,>///;’/////// ’ |

\ 4, TIs a test on sectioning.solids'gseful to the
classroom teacﬁer for prédicting‘achievement in geometry?
A closely related question 1is: Doeé a test on secfioning

solids contribute to other predictors which are readily

//aVailable to the classroom teacher? o

Need for the Study

Lovell (1971) writes, "There is little doubt that

spatial work has in the past been neglected in the education

1

of small children." Dodwell (1971), while commenting on the

firmness of the empirical base for Piaget's statements
/4/

etry and spatial

concerning children's understandin geom

relations, states th ery little attention has been paid

toﬁéhiidféﬁré perceptions and their geometrical notions."

While commenting on the mathematical abilities of students

Ty



entering a Canadian university, Coleman, Edwards and Beltzer
(1975) ncte "A lamentable weaknhess under the old and new
regime was‘and is their lack cf‘tﬁree—dimensional spatial
ability."” These.statements taken together with similar
statements referred to earlier in this reéort strongly
suggest a need for research into the area of spatial
relations, particularly®as it relates to the study of
geometry.

A report supported by the National Science Foundatlon

in thé United States, Overv1ew and Analy31s of School

Mathematics Grades K-12 (1975), states that "Though geometny

is mentloned as being parts of texts, obgectlvef, and
testlng, 78% of the teachers regfrt spending fewer fhan 15
class periods per year on geometry topicsv" Their conclusion
is that the acceptance of geometry in'elementany and junior
high progrems has been slow indeed. Similar conclusions
may be arrived at from observations of the results of
yatioqal Assessment of Educational Progrees reports
(Carpenter, Coburn, Reys, and Wﬁlson, 1975a, i975b). Only
bs# of 17 year olds could recall the name of a cube while

' only 74 could_idehtify the %hape of a cube. The resultsn‘
for younger childreﬂ‘and other shapes were considerdbly ‘
lower. The conclusions of these reports also suggest that.
bacic concepts of length, area and volume are not well
understood. ‘A‘need certainly exists to provide teachers
with more information on abilities prerequisite to the-
learning of geometry concepts.

ansiderable research has already been conducted.on

3
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the ability to section solids, as mentioned in the previi%s
section. Y ., ‘f these studies, only that of Bober‘(1973)
had a direc cownection to the study of geometry and to the
classfdom‘in general. | |
Graduate students have been accused af conducting
re;earch that is fragmentary, uncoordinated and of low impact
(Clifford, 1973) As a result classroom teachers see most
research as being of llttle dlrect value. to them. In this
study an attempt was made to bring together the results of
pfevious work in a given area and to build upon those results.
The desigh of the test was improved upon by maintaining
consistency in the posifioning Of the solids|and the diyection
of the cuts. A group method of testing was used and eech
student had a set of multiple cholce dlstractors of his own,
whereas prev1ous group testlng experlments had used the

overhead progector. Finally, an attempt was made to determine

" the relatlonshlp,of the test to.achievement in geometry as

- it was taught in/ existing classrooms.

The need for this étudy can be summarized,by~tﬁé”
follow1ng two g otations. .

Especially in geometry, children make
T mathematlcal judgements using qualitatively
different methods than those typically used
by dadults. Yet the hature of these
differences is not clearly understood.
Consequently, research concerning the)
evolution of spatial concepts would help
mathematics educators better understand

the dlﬁflcultles that are implicitly
involeéd in a wide range of mathematical
concepts. (Lesh, 1976, p.186)

Applications of an underlying theory of
the child's conception of space or the
child's conception of geomet are .
minimal. (Martln, 1976d, p.l ;

/ |
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In this‘study the body of knowledge concerning the
ability of students to section geometric solids was extended

and applied“in selected classrooms where geometry was being

taught. ¢

- Delimitations of the Study

1. The study was delimited to‘stud;nts enrolled in
grades.5 through 10 in the Edmontonqublic and Séparate
School systems. ‘ .

2. The study‘was delimited to the particular solids
and cuts selected for use on the testing instruments.

3. There exist countless possibilities for the
selection of both content and teaching methbd for a unit on
geometry. With regard to the purpose of investigating the
predictive validity of the sectioning test, this study was
delimited to the geometry content and to the teaching:

methods used by the teachers participating in the study.

v

Limitations of the Study

3

- A significant feature of the shkudy wags the use of the
group method of testing. The use of this method aliowed a
large'number of subjects to be tested in a short“period of
time, therefore it was more efficient than an individual
method of testing. However, several assumptions must be-
made when using the group method. It was assumed that after
the short preliminafy instructibns, each individual student

_undqrstood the nature of the task he was asked to perform.

¢

Each student was able to view each sectioning task performed

a minimum of three times. It was assumed -that every student

x - : . >



. \
was able to make at least one-observation from the desired
direction. These directions- are descpiped in defail in
éhapter I1r.

The tests were administered in 38 classrooms over a
pério@ of 7 months. It waéléssumed that the conditions
existing in a classroom at the tima of testing, such as time
ofoday, time of year, lightiﬁg, or seating arrangements did
not affect the results. Although the tester generally
followed strict protocols in administering.the test, it was
éssumed that ény flexibility allowed for in the protocols
'did not infiﬁence the responses of the students. Thg
protocols are presented ih'Appendix_l—and are discussed

{Jfurther in Chapter III.

| The subjects were requiredlto_draw\the sections on

* - one po;tion of the test. It was assumed that the sub ectc
were abie to represent the sectibns they perceiygd3by a.
.drawing. This required, the subject to draw what he belicvec
the section to be. For example, if he thought the sectio-
was a Square,.it was assumed he could draw a square;
‘Sdoring the drawing responses imposed further limitations.
Rigid ‘criteria were composed for each drawing and it was
assumed thét if a drawing met these criteria, it was an
indication that the subject knew thé-cog:ect section.

For the purpose of investigating the predictive validity
of the sectioning test, intact classes were used in the study.
At least two classes we;é tested at each grade level where |
the content and teaching techniques were similar. Even in

. these cases the size of the sample was(small for the purpose



of anal sis. Although this aspect of t'. ~tudy was considered
to be e v ore ory in nature, the small :...ples constitute
a limitati... of the study. |

The tests used to measure achievement in geometry were
construc%ed by the teacher. AlSo measures of the previops
yedf's final mathematics grade and the last mathematics test
score were collected from the cumulative records and the
teachers' records respéctively. It was assumedlthat these
tests were valid and reliable measures of achievement.
Although this must Be}viewed as a limitation due to the
statistical procedures employed, the teacher-made tests were
the only wvalid énes to use if the information obtained was
to be applicable to "real" classrooms. Lorge-Thorndike IQ
scores were also collected from the cumulati#e records and it
was assumed that these scores were indicative of the- H

cognitive ability of the sub jects.

Qutline of the Report

The statement of the problem has been presented in thic

first chapter. Chapter II contains a discussion of the

‘literature related to the problem. The design, administration,

and scoring of the sectioning tests are discussed in Chaptef
ITI. The design of the study, description of the sample,
and the hypotheses tested 'are presented-in Chapter IV. It
alse includes a brief description of the methods of analyses
employed in the study. The resulfs are stated in Chapter V.
The final chépter consists of a summary of the study, a
discussion of the results, and implications for education

angd for future research. ) -

13



| . CHAPTER II

Review of the Literature

The ability of youngsters to section geometri-~ solics
was first investigated by Plaget and his ass001atés over 30
years ago (Piaget and Inhelder, 1967) In this chapter,
Piaget's theory of development is discussed as it relates to
the child's conception of space and geometry. The Van Hiele
theory on levels of thought in geometry is brlefly dlSCUSSed
as an alternative to Piaget's theory as it relates to the
sectioning tasks. The research dealing with the sectioning
of geometric solids is reviewed and thé results of these
studies are compared and contrasted. Thénresearch on
- prediction of achievement in geometry as it relates to the
presentvstud& is examined. This literafure is related to

form a framework. to help answer the questions of Chapter I.

@Piaget and the Childfs Conception of Space

Most recent résearch basic to tyf study of spatial
and'geometric concepts has had its roots in the work of
Piaget. Theaﬁajor themes of Piaget's studies in the areas
of space and geometry have been put forth by Kidder (1976,

p. 41). ;

i .
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First, Piaget's major focus in space ‘
development is on space representation,
not space perception. Second, he
believes that those spatial
representations are built up through
the organization of mental "actions"
performed on objects in space. And
third, he claims that the child's
earllest spatial notions are
topological in nature and that his
projective and Euclidean concepts are
concomitant extensions of those
topological concepts.

Smock (1976) listed similar themes while extending the
organization of mental "actions" to include the role of
}ogico—mathematical experience .in the building up of spatial
representation. Flavell's (1963) summary of the three .

"leitmotifs" which run through The Child's Conception of

Space (Piaget q&i{lnhelder, 1967) are in agreement with the
themes suggested by Kidder and. Smock.

‘ The distihgtion between space representation and space
perception is made clear by Piaget, and Inhelder (1967).

- The evolution of spatial relations
proceeds at two different levels. It
is a process which takes place at the
perceptual level and at the level of
thought or imagination.... (p. 3)

Perception is the knowledge of
objects resulting from direct

contact with them. As against

this, representation or

imagination involves the evocation
of objects in their absence or,

where it runs parallel to perception,
in their presence. (p. 17 : .

Kidder (1977) stated that the perceptual level is
based on sensory impressions such as feeling and seeing.
Representational space, on the other hand, both extends and

benefits from perception. The child is able to perform



meﬁtal operations on objects that can be only imagined, as
well as objects that are present. Mental imagery is
particularly adapted to spatial representation (Montangero,
19?6). However, the fiﬁal representation is the result of a
long and)ar@uous developmental construction which is more

dependent upon actions than upon perception per se (Flavell,

1963). S S °
Spatial representation evolves through the organization

of actions performed on objects in space, beginning with
‘sensorimotor actions, and moving later to internalized
actions which eventuate in operational systems (Flavell,
1963). This developmental aspect of represenfation suggests
that the.représentative‘spacé of aaults differs from that of
children. This is due to %he vast advantage iﬁ adult
possesses with regard”to‘exberience in activeiy manipulatingﬁ
the spatial envirdnment (Martin, 1976b). |

' Piaget (1964) also makes a distinction between the
figurative and opera%ive aspects of knowing. The figurative
aépects‘deal essentially with fixed states independent of
any-transforﬁatibns and inélude perception, imitation, and -
mental imagery. The operative function involves‘physical
transformations 6f’objects as well as interiorized mental
bperationsi Montangero (1976) notes that the elementary
- forms of operative knowing are concrete ope;ations while the
more advanced forms are mental operations with group—liké
structures.

" In the present expesiment, each subject observed the

tester holding a geometric solid and watched him illustrate

16



a hypothetical cut on that solidT The subject had to
imagine, .or form a mental image af the resultant section,
perform a mental Operdtiop on this representation, and then
draw\a'copy of this image in his answer booklet. Alternately’
he héd to select a copy of his_image from a setwof

distractors. The task of sectioning solids thus required

each subject to operate in representational space using

interiorized actions.

Since the geometric solid was not actually cut, the

section itself could not have been envisioned by operating

'only in perceptual space. Subjects who based their initial

Qecisions regarding the sections only on perception would
not be operating on‘the section itself but only on the solid.
This would lead to errors in the identification of the
section in many instances. All subjects in the sample were
over 10 years of age and could be assumed to be either at

the goncrete or formal level of operations in their.thinking
(FlaQell, 1963). Théy would therefore be likely to form a
ﬁental image of the solid and operate on that image, rather
than‘base their decision on their perception of the solid
alone.

Thére.are at least two ways, consistent with Piaget's

“theory, as to how the section could be represented internally.

The mentaléactions could have been‘thé result of empirical
observations of the situation together wjth perceptions of
what had occurred, or they might have been logico- |
méthematical in nature, drawn from reflelction on the actions

of the tester and deduction from the properties of the solid

] i '. \ }
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(Montapgero,.1976). The transformation of this mental image
. to a drawing or to a set of distractors could also have been
a result of either tyoe of action. No attempt was pade in
the present study to determine ln which fashion eaoh sub ject
_was operating, or if he was operating in an entirely
different fashion. .

From the previous discussion it appears clear that the
ability to section solids may depend on the child's previous
experiences with geometric figures and objects. The direct
experiences with the solids employed in this‘study consisted
only of being able to observe the exoerimenter perform the
cuts. Quite different results might be expected lf the
subgecto themselves were to manlpulate the solids.

~The third major conclusion froM‘Piaget's,work on space
and geometry is that notions of topological space develop
first ,in the child and these notlons are followed by the
development of notions of projective and Euclidean space.
Replications of ?iaget's experiments oonfirm his findings
as to the sequence of development of abilities to do
partlcular tasks (Page, 1959, Lovell, 1959; Lovell, Healy
and Rowland, 1962, Dodwell, 1963; Rivorie, 1961; Laurendeau
and Pinard, 1970). More'recent work byvthe Geneva group also
Supports the earlier resulte (Montangero, 1976). Criticisms
of the sequence have.centered more on the mathemati%al
interpretation of the tasks?‘rether than on the tasks
themselves (Lovell, 1959;jK;badia, 1974; Martin, 1976a,
1976b). Although the sequence of development is generally

agreed upon, differences have arisen in other areas. The

18



age levels at which children ekpefience success with
particular tusksh such as the sectioning tasks, has varied

“ om oatudy to study. Also the age range for success appears
e nlderably greater than that suggested by Piaget.

L ot sectiohing‘solids‘may be described

pro ec ©as a "geometry of viewpoints",{and in Euclideén
te ms ~comet - or Hbjects". The cutting of the solid
involve. ot oL the civting instrument and a

ccisidern . o o i Iucl  2an properties of the s0lid such

as‘lengtb «. 71+ 31ze. and narallelism.s The observer must

consider the so proj ~tiv>ly from several viewpoints

other than his own in orucr to envision the section as well

as the entire solid. The final operation involves performing

a Euclidean fransformation of the section from the solid to
a drawing. The/abflity to section solids can then be used

as an indicator of the child's ability to operate in

Euclidean space.

Van Hiele Theory

"The Van Hiele theory of development in geometry was
propdsed in 1957 by P. M. and Tiﬁa Van Hiele. Theé%iscussion
presented here is based on a summary of the Van Hiele
theory by Wirszup (1976). | ‘

The VanﬂHieles proposed five leygls in the  development
of geometyic thought. They postulated that initially, young
children perceive geometric figures in their totality. The
shape or figure isnviewed as a whole. Relationships among

components of each figure and betweeh-figures are not

19



considered. HoweQer,'at the second level these relationships
begin to emerge in such a way that students recognize
figures by their properties. The properties are not yet
connected with each otﬁer. Foﬁ instance, a student at this
stage may know that a paralleiogram is a quadrilateral[&ith
opposite sides équal and parallel, opposite angle: equal,. and”
diagonals which bisect each other, yet he does not know that
the propérties are éOnnected with one another. This
connection occurs at the third level when the properties are
put into a logical structure with the possibility‘of one
property following from another, howevér the role of axioms
is not yet fully understood. Deduction appears only in
conjunction with experimentétion. At 1é§el four the .
significance of‘deduction emerges, followed at the fifth and
final level by a Hilbertian standard of rigor when theory is
developed without the necessityiof concrete interpretation;
The Van Hieles noted discontinuities in the leafning
curve revealing the presence of these levels. Children often
appear to be between levels when very ittle progress is made.
Progress to a higher level proceeds under the iﬁfluence of
learning and depends on conteqt and‘instruction. In Piaget's
theory development from ohe stage to aﬁothe; may occur in the
absence of direct instruction, but not in the absence of
" learning.- The learning, however, occurs within an experiential
context and not necessarily from direct iﬁstruétion. Like

Piaget's stages, however; the skipping of levels in the

Van Hiele theory does not occur.



© 21

The Secetioning Experiments

The task of sectioning solid figures used in thisg study

is based upon Chapter 9 of The Child's Conception of Space

(Piaget and Inhelder, 1967). 7The following portion of this

paper will discuss Piaget's results on the ekperiments

investigation.

Piaget

Piaget's method of reportlng resea ch in the form of
dialogues and related discussions often makes it difficult
to form generallzatlons. Piaget's subjects fanged in age
from 4 to 12 years. Various solid shapes made of plasticine
were used ranging in difficulty from the cylinder, prlsm,
parallelepiped and hollow ball to the cone ang eventually
to more complex objects such as closed annular rings, a
foun pointed star, a cornet, a flex, and a helix., The exact
cuts made on partlcular objects are difficult to ascertain
:'from the dialogues given. Two methods of response were
elicited from each subject. The child was asked to draw the
expected surface and also té pick it out from a selection of
comparison-drawings. .The childr;n were given ‘hints and
suggestions in accordance with their ablllty. These hlnts
ranged from beglnnlng to make a cut to actually cutting a
solid. This individual attention may well account for the
early ages of success reported by Piaget,

The results of Piaget's sectioning exy r- ntg are
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summarized by Holloway (1966). Prior to age four no
meaningfuﬂ responses were given to the. sectioning tasks.
Until age six the child was unable to show the section prior .
to the‘a;tual cutting. He had difficulty in distinguishing
the int. .1, viewpoint, which rep?eséntsjthe section, from
the visible form of the solid. The result was often a
medléy of viewpoints in a single drawing. At age eight @he.
sub jects experienced success on mény of the.sectiohs and b§>
age 12 Piaget claiﬁed that the cﬁildrgn were able to predict
the secti&ns bf simple shapes including the cone with few
errors. In Piaget's view, then, the child can effectively.

operate -in Euclidean space by age 12.

Rivorie Y ’ . e

Rivorie (1961) investigated the sequential development
of represéntatiohal Spacerin ch%idren from 4 to 15 years of
age. She concluded that the ability to section geometric
solidé was Sfizl not.fully developed in-all 14 year olds.

In her opiniochhiidren could not operate at the Euclidean

level before age 10 and many still had difficulty at age 14,

Dodwell _
Several of Piaget's tasks were‘replgcated by Dodwell . -
(1963) with nanadian children, aged 5 to 11. Included in
hic tasks were six on sectioning solids. Dodwell reported
stages 1m11ar ‘to those of Piaget, but he found very llttle
con51stency from one cut&or SOlld/%O another., Many of the

older children in his sample still performed at an immature

“level on one or more'of the tasks. -

Y

/
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Lovell

Lovell (1965, 1971) ﬁencrally concurred with Dodwell’s
roxuitx. He reported an increasing accuracy of the drawings
with age, with th; majority not very good before age 10 -
(Lovell, 1965). He also noted greater discrepanciee~between
the stages reached by a child using various solids than

Piaget admitted. He further noted that the advanced stages

come rather later than those reported by Piagetv(197i).

Boe (1966) administered sectioning tasks individually
to subjectc in grades 8, 10, a. 1 12. She used four cuts on
each of four solids, the cube, - _.inder, rectangular prism,
and-the cone. Her methods of res: nse were similar to those
used by Piaget. The results were Lnterpreted'to be in
disagreementjwith those of Piaget with Boe reporting that
her subjects were not'able to successfully section all
solids and cuts. Her criterion for suooess wac a perfect
score. Males consistently‘performed better than females
although differences were not significant. High'ability&
students performed significantly better than average ablllty
students who in turn performed better than low ability \
students. The cone was the most difficult of the solids
with the oblique cut being more difficult than the other
three cuts employed. No grade differences were detected
although this waS«probably due to the advanded grade levels

_ \
sampled. ’ 3
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Davis
Davis (1969), in an attempt to exblain the variance
between the results of Boe and Piaget, repeated Boe's
seetioning experiment with subjects in grades 6, 8, and 10.
He used basically the same'solids and cuts as Boe but
”‘ employed only the multiple choice mode of response. Groups
of six students were tested simultaneously. Davis also
included a short work period before the‘testing to acquaint
subjects with sihilar tasks. It was concldded that grade'6

students scored sighificantiy below those in grades 8 and

10 on every cut and every solid. This ffhding{;when

-

considered with Boe's results, suggests perhapslthe“abiliQ%‘
to section solids stabilizes between grades;ﬁ&éHd?thgﬁavis
also reported males scoring higher fhanhfemaies oe all cuts
and solide. High abilit& students scored higher than did .
low ability sfudents;- Tﬁe cone and oblique'cﬁf}agaiﬁ posed
the mo - 4i7ficulty for the subjects. Davis interpreted

his resuiis to be in more agreement with those of Piaget
than with those of Boe since he coﬁsidered-a perfect score

not to be essential to full development of the abiiity to

section solids. ’ : |

Palow’

Palow (1970) used ah instrumenf‘consisting of
photographs of soi&d‘figures with aﬁ arrow indicating the
perspecfive'from whieh the student was to view each solid.
A multipie choice fofmat-was usee'for responses. The

instrument was administered to classroom groups. Age was



found to be a significant = ctor w1th the ablllty to envision
qollds from different perspectives well developed by grade 6.
Males and high qblllty students again were superior to

females aﬁd low ability students respectively. ﬁo differences

were detected among various socio-economic groups.
L

_B_ob;e_r_‘ £

- Two studies conducted at the University of Alberta have
linvestigated the abilit& to section solids. Bober;(1973)
developed two forms of a sectioning test using thejsame four
solids _as used by Boe and Davis together with a square
pyramid, a parallelepiped, - triangular prism, and a four
pointed star. His subjects included students in grades 7,

.8 and 9. He concluded that students at each of these grade
levels had not attalned the Euclldean level of thought.
They failed to meet either Boe's crlterlon of a perfect:
score or the more liberal 75% criterion suggested by Dav1s.
Grade 9 students were reported to score significantly |
higher on the test than either grade 7 or grade 8 students.
No sex diffefenqes-were detected in this study.

An experimental group was given a treatment rich in
‘geometric experiences but not including the sectioning tasks
"used on fhe tests. This group scored significantly higher
than did a control group on the sectioning posttest. Bober's
results stfongly suggést that the ability to sectioﬁ;solids

can be developed through appropriate geometric experiences.

»

25



P
N

P?thier

The stidy by Pothier (1975), also conducted at the
University of Alberta, employed the same solids and culs as
those used by Davis and Boe. Her sample included students
in grades 6, 8, and 10. Both methods of response were used
after a short bfesession in which geometric figures and
solids were discussed. Pothier reported scores similar to
those of Davis yet significantly below a perfect score of 32.
Males again scored higher than females. Grade 10 students |
scored significanfly higher than grade 6 and 8 students;

The oblique cuts and the cone again posed the most difficulty.

Chetverukhin

A study in the Soviet Union by Chetverukhin (1971)

"employe "~ lque sectioning tasks. In the first, a sphere

located .. a cube, the diameter of the\sphere being equal

" to the edge of the cube, wasvsectidned in four ways. The

second involved the sectioning of a torus. Subjects were
in gradeélg;\9;~and 10 (ages 16-19). The results of the
first sk indicated that a cut through the major axis of
the < - was easier than ; cut off the major axis but
parallel to it, og “than dlagonal cuts. With the torus, a
cut parallel to the major axis and tangent to the inner
circle was more difficult than either a cut through the
maJor axis, or other cuts parallel to that axis. Males

~

scored higher than females on both tasks. . -
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Discuccion of the Dectioning Experiments

v

The studies just reviewed had several differences in
design. Different age levels of subjects'ﬁere investigated.
The method of testing differed in several.respects, as did
the activities of the subjects prior to the testing.
Subjeéts were tested in individual situations iﬁ éome
studies and classroom groups in others. Solids and cuts
were different in some of the studies. The studies, with
the exception of Bober's, did not relate directly to the
teaéhingoof geometry. '

Piaget and Inhelder (1967) contend that the ability to
section solids is fully developed by the age of 12. The
results of the other stqdies indicate that defelopmént
continues until apprﬂximatelj agé 14 and then,levels off.
Boe report?d that ¢ 1 twelfth grade subjects still (
experienced some difficulties. The Van Hielés‘suggest that
"discontinuities" exist between le=ls in the develobment of
geometric ahility. 'Perhaps a discontinulty exists in the
Lability to section solids at the 13 to 14 age range. If
¢ deductive ability is necessary to section solids, mahy
| sﬁbjects of thiz age may not yef have attained level three
or -level four on the Van Hiele scale. . |

The experiences of ~the students prior tojand during the

test may have accounted for some of the differences in the

ages at which success occurred. For example, Davis reported

higher scores at grade 8 than did Boe. Perhaps this was
due- to. the short presession which Davis included in his

experiment. The Van Hieles, unlike Piaget, claim that

~
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instruction is necessary to move upward in the levels.
Davis® preééssion, though short, could hav i?ovided.that
stimulus for many students. Piaget's dialogues could alsQ
be interpreted as instruction and thus success was attained
at a.lower‘age. Whatever the circumstance, the ability to
section solids almost certainly iﬁcreases with age.

Several of the studies reported siénificant differences
between cuts aﬁd between solids. In particular,the cone
presented difficulty’onﬁgeveral cuts and the oblique cut was
difficult for students of all ages. Boe reported a
signifiéant inﬁeraction between cuts and solids suggesting
that particular cuts on particular solids created speéial
difficulties. The transverse cut on the cone is an example

f this. These results indicated that the » ility to section
solids may be a multifactor rather than a uni-factor ability.
One purpose of this study was to test this conjecture.

Piaget did not categorize children by either sex or
abiliﬁy in his experiments. However, in zlmocst every case
where these variables_wFfe included in the design.by other
researchers, they accounted for a significant portion of the
eriahc It has been well documented that ﬁales out-perform
femaleé on most spatial taéks (Fennema, 1974; Mitchelmore,
1976). This pattern of_results continues with the sectioning
experiments. In every experiment where sex.was used as a
variable males scdredias well as, or higher than, females on
the sectioning tasks. Fennema'(1974)'suggesfed‘several
reasons for this male supériority in spatial ability rahging

from inherent mental factors to the kinds of toys children
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play with and the play activities in which they engage.

'In studies where the ability factor was studied,
significant differences were found between high and low
ability subjects. In addition, the high ability =ihjects
outscored those of average ability who in turn scored higher
than those of low. ability. There seems to be little doubt
that the ability level“of a student 'is highly correlated
with his success in sectioning solids.

The present study further examined these factors of
grade level, sex, and ability level using modificétions in

"

the sectioning tasks and employing a group testing format.

L}

Predicting Achievement in Geometry

“As indicated by the studies reviewed in the prévious
sections of this chépter, considerable effort has been
exertéd on research cdncefniné the sectioning of solids.
These efforts have given us a great deal of information as
o how children of a given sex, age level; IQ, and socio-
economic status will reply fo questioﬁs on sectioning
sblids. The stuﬁies revealed little, if any, infofmation
that is directly usable by a teacher in a plaéSroom
situation. The second major purpose of this study was to
determine if the ability to section solids is in any way an
effective predictbr of success in the study of geometry.

If this is the case, this information should prove valuable
to the teacher'of geometry.
Prior to 1960 very little geometry, even of an

informal nature, was taught in the junior high and elementary
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schools. The literatﬁre dealing with prediction of
achievement in geometry therefore deals almost exclusively
 with senior high school students and with the traditional
grade 10 Euclidean geometry course. The results of these
studies are somewhat applicable te the present study since
many of those concepts found in the high school geometry
programs of previous courses now appear much earlier in the
curriculum. No studies were located dealing with the use of
~sectioning solids as a predictor of geometry achievement.

Hanna (1966) proviaed the most recent summary of the
literature on prediction of achievement in geometry. He
reviewed the literature under the four headings: previously
acquired abilities, aptitudes, interests, and temperament. |
The first two are of significance to the present study. All
of the studies reviewed by Hanna in these categories were
completed prior to 1950, a fact that Hanna 1ndlcated probably
signifies a general acceptance of these earlier flndlngs.

The results generally indicated the(;alldlty of past
course marks and achievement‘tests in alg;bra, arithmetic
and reading as predictors of achievement in geometry (at the
high school level). IQ is also reported to correlate hlghly
with geometry achievement. Hanna feels that- 1ittle
improvement,can be made in prediction if We limit our efforts
to the traditional domain. This study soﬁght to. make a
contribution to that improvement by investigating the use of
a test on sectioning eolids as a predicter of geometry
achievement.

Reviews of many of the same studies considered by



Hanna were Conducted by Douglass (1935) and by Douglass and .
Kinney (1938). Théir conclusions coincided with those of
Hanna. 1In addition they suggested that achigvgment in
geometry may be predicted with only a fair degree of
accuracy when using any single predictor. The more useful
predictions were obtained when two or more fredictér

variables were used. The best of these were pfognostio test

=

Scores and marks received during the previous school year. .

More recently Sowder (1974) examined the National : \

Longitudinal Study of Mathematical Abilities (NLSMA) data
for high school students and identified eight variablés
which when considered together resulted in a correct
classification of over 90% of those students previopsi&w
classified as high or low achievers in geometry. He noted
that of these eight measures, four were prior achievement
measures, hence lending support to the conclusion that past
performancé is a.good{éﬁdicator of present school success.
Thfee of the remainiﬁg measures were labeled as éognitive
scales.} Two of them supposedly measured the ablllty to
handle novel mathematlcal situations whereas the third, a
paper folding test, tested ability to manlpulate spatial
patterns. The final predlctor was an anx1ety measure.
| In the elementary'school D'Augustine (1966) concludéd
that- reading and arithmetic achievement wefe ;ignificaht
factors in achievement with topi&é of topology and geometry.
Age was not found to be a significant factor. Williford
(1972) concurred with these results. “ |
A recent study by Guay and McDaniel (1977) examined the

9{;!1" lane b



‘relationship between mathematics achievement and spatial

abilities among elementary school children. Spatial tests

E

on serial integration, embedded figures, coordination of
viewpoints, and surface development were used. ‘They
concluded that high matﬂematlcs achievers have greater
fspatlal ability than low mathematics achlevers. This
relationship was maintained across grade levels and applied
to both low and high level spatialﬁabilities.

Previous achievement measures, particularly when used
in conjunction withtprognostic measures, appear to be the
best predictors of achievement in geometry. Ih this study.an
attempt.wae made to determine if a test on sectioning solids

will predict equally as well or can add to the accuracy . of

predictions of other variables.

Summary

What can be learned with respect to the four questlons
of this study from the above literature? First, much is

known about the sectioning tasks. Age, sex, and cognitive

ability are all important factors which influence the ability

to section solids. The oblique cut is hypothesized to be
more difficult than most other cuts on all solids. The
transverse cut on the cone is also very difficult. Yet there
is»surprisingly little information on how students at various
ages or grade levels function, particularly beyond age 12,
and on whether sectlonlng is a uni-factor ability or

: eonstructed of several lndependent or related abilities.

The Van Hiele theory should enable one to describe the

agen
SERY RS



33

| ,
empirical fésultsUfrom a more mathematical point of view.
With respect to sectioning, Piagetian theory says that the
ability to section solids is indicative of the child's
ability to operate in projective space, that is, to consider
vieypointé other than his own, and also in Euclidean space
where he or she must consider Euciidean properties such as
distance and angle size. Van Hiele theory allows for
elaboration on Piaget's theory by considering the relationship
between properties of the solids and of the sections and the

methods by which these relationships are considered. Are .

the properties considered in isoiationjby the student or are

they seen as following from one another? What is the role

of deduction and must the child understand the deductivé
process to soive some sectioning tasks? The Van Hiele
theory permits extension into these more mathematical arenas.

0f the research to date, only Bober (1973) has 'sought

o relate sectioning and geometry instruction. While the

prediction literature is limited and somewhat dated, it

does suggest that the value of sectioning tests as

predictors of achievement is open to question. To identify

situations where the sectioning tests are of value as

predictors of achievement was one purpose of this study.

Q
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CHAPTER III

The Sectioning Tests

The tests on sectioning solid figures were the cenfral
focus of this study. The first purpose was to determine
how students at a particﬁlar grade level énd of a particular
séx_and ability level responded to the sectidning tasks, and “
the abilities required for success on these tasks. Sechdly,
an attempt was made to determine the utility of one form
of the sectioning test in predicting achievement in geometry.
In the previous chapter, the results of studies using
similar sectibning tests were reported. In this chapter the
evolution of the presgnt forms of the tests from previous
studies and the ways they differ from the.previous versions
are described. Detailed descriptidns are given ofﬁeach
solid and each cut used in the study, as well as‘for the
protocols for administering and scoring the tests. . Finally,

the reliability of the sectioning tests is discussed.

Development of‘Tests

9
5

J
t

The %ask of sectioning geometric,éqlids was first used
by Piaget and Inhelder (1967) in their investigations into
the child's ‘conception of space. Theyadescribe their

experiments as follows.

34
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The experiment consists simply of looking
at objects made of plasticine, such as a
cylinder, a prism, a parallelepiped or a
cone, and predicting the shape of the
ssurface produced when the solid is cut
along various planes with a large knife.
(p. 248)

To ensure that the child's responses are
-a genuline product of his spatial or
geometrical concepts, and not merely
artifacts of the experimental technique,
we invariably asked him to (a), draw
the expected surface before the section
is cut, and (b), pick it out from a |
selection of comparison drawings, both
questions being put in the course of]
conversation aimed at following his
train of thought. (p. 249)

From the descriptions and sample dialogues reported by
Piaget and Inhelder (1967) it is difficult to determine from
what position the child viewed the solid and the exact
orientation of the cut. Onl, a .few sample drawingslwere
reported and very little indication was given as to what
was included in the selections of comparison drawings. The
dialogues used in the testing depended on the responses of
the student and hence differed from student to student.
These features are éharacteristic of Piaget's clinical ‘
method of experimentation. /

Dodwell (1963), who used ohly drawing responses,
developed a standardized dialogue for administering his
sectioning tasks.

' The tester said "I am going to cut this
roller (cylinder) in the middle like
this (perpendicular to the main axis,
indicated by a gesture). I would like
you to draw the side you'll see where
it has been cut... . Then showing a

cut section: "Djid you think it would
. look like that?" (p. 147)
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This dialogue was modified slightly for each task
depending on the solid ané cut involvediy’ The dialogue was
further modified in subse;&ent studies to include the
multiple bhoice method of response, however changes were

minor. Dodwell, like Piaget, \did not provide exact

descriptions of his cuts, or methods for determining what

~constituted a correct response.\\

The fasks were further refined by Boe (1966) who
\

provided descriptions of each cut\together with diagrams

, ) | |
which indicated how each solid was held. She describes the
cuts as follows.

A longitudinal cut which was a
perpendicular bisector through the o
major axis; a transverse cut which
was perpendicular, but not a
bisector, through the major axis; an
oblique cut which traversed the solid
figure oblique to the surface upon
which it rested, beginning and
ending within the bounds of the solid
figure; and a parallel cut which was
parallel to the surface upon which
the solid rested. (p. 56?

These same four labels - long;tudinal, transverse,
oblique, and parallel -~ have also been used to gescribe the
cuts used in studies by Davis (1969), Bober (1973), Pothier
(1975), and Kuper.(1975), as well as inh the present study.
The description of the cut was basically the same in each of
these sFudies, however in some instances different sections
resulteé due to the solid itself being held differently. In
'this study care was taken to ensure that the orientation of ‘

each solid remained the same for all cuts, and that the

direétion of movement of the cutting instrument was the samé



for a particular cut on all solids.

Piaget and Inhelder's (1967) discussion of their
sectioning experiments was divided into three portions
depending on the\solids used., The first group of solids
included the cylinder, prism, rectangular parallelepiped,
and the hollow ball. The second portion dealt exclusively B
with the coné, while the last set included "complex objects"
such as annular rings with both circular and square cross
sections, a pair of circular discs connected by a
paralltelepiped, a f¢ - pointed star, a cofnet, a flex, and
a helix.

To introdﬁce her subjects to sectioning tasks;‘Boe
’1966) selected as sample solids, 4’sphere because of its
familiarifyband a triangular prism because of its variety of
sections. For her tests, the reétangular prism, cylinder,
cube, and cone were selected. These same four solids were
in turn used by Davis (1969) and Pothier (1975).

Bober (1973) used an oblique parallelepiped‘and a
triangular prism together with the cube and cone for one
form of the test, and added the square pyramid and four
pointed star to the rectangular prism and cylinder for a
second form. He reported the two forms of the test to be
of equal difficulty on the basis of a pilot study,.however
his data, particularly that for grades 7 and 9, suggest that
perhaps the second'forﬁ1was less difficult than the first.
Bober also used Piaget's complex objects in his laboratory'
treatment. In the present study, the same two sets of

solids used by Bober were employed.
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Boe (1966) scored each drawing response either "1" for
an acceptable answer or "0" for an inappropriate answer.

]

An appropriate response implies in
the case of straight line drawings,
not more than one error or two
symmetrical errors .such as a
rectangle for a square. 1In the case

A of curved drawings an appropriate

response implied a clearly
recognizable figure such as a
circle or an ellipse. (p. 62)

This description, alfhough helpful in scoring drawings
as. appropriate or inappropriate, does not provide precise
criteria. Did angles have to be exactly 9Q° and did sides
of a square need to be congruentﬁ What level of tolerance
was acceptable? The studies vy Bober (1973) and Pothier
(1975) also elicited drawing responses, however neither

/ .
provided specifit criteria for scoring the drawings. Bober
indicated that a drawing was appropriazte if "the figure was
clearly recognizable as the appropriate figure". Pothier ™
used the term "established expectation" but did not
indicate what these expectations were. The present .study
developed specific criteria for scoring the drawings and
they are presented later in this chapter.

Boe (1966) also developed selections of multiple choice

distractors for each of the four cuté on the cube, rectangular

prism, cylinder,'ahd cone. The selections were based on
pilot stﬁdies with chilaren from grades 1, 4, 6, 8, and 10.
These same sets of distractors were subsequently used by
Davis (1969), Pothier (1975), and Bober (1973). Bober's
experiment required an additional four solids for use in a
pretest-posttest désign. On the basis of his pilot work he

B}

-
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. .
selected a triangular prism, a Square pyramid, a four pointed

8star and an oblique pafallelepiped as additional solids.
Selections of diséractors for the multiple choice questions
dealing with these solids were also based on this pilot study.

Kuper (1975) made refinements 1n the drawings of several
of the distractors for all eight solids. This was done to
make the measurements of the dlstractors more proportlonal
to those of the actual solids, Also, several of the
distractors were c. Anged as a result of her prellmlnary work
with the 1nstrument Only mlnor alteratlons were made in
Kuper's distractors for the present study. :

The sectioning tests developed for thls study were
essentially the same ag those, used in the related works
reported upon prev1ously in thls chapter and in Chapter II
Two forms of the sectioning test were developed and these
were labelled Test I and Test IT. Complete copies of these
Utests may be located in Appendix 1. The‘protocol for
admlnlsterlng each test, ‘the order of Presentation of items
on both the drawing and multiple choice portlon of each
test the multiple choice distractors, ang the correct
answers are also included, as is a sampl; student answer
booklet, ‘

The éctivities brior to the administration of the
sectioning tests have differed from study to study. Piaget‘
and Inhelder (1967) 4digd not use g bresession, but presented
thelr Subjects .with more 1nformatlon about the tasks early

in the admlnlstratlon than was the case with later tasks.

With some chlldren they found it necessary to show one or

l
id
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more.sample sections. Boe (1966) introduced the tasks by
demonstrating cample sections on the sphere qnd on a
triangular prism. Davis (1969) used a 25 minute'worgaperioo
where the subjects cut up styrofoam objects and wefe ésked
quostions about the cross sections. This could be construed
as a training session. Bober (1973) used only the cuts on
the sphere'to introduce%his tests. This exclusive‘use of
the sphere may havé given,his subjeots a false sénse of
‘gecuri%y since all sections.were the sa;e and were no doubt
"eaéy“ in comparison to some of‘the’other sections.
Pothier's (1975) presession consisted of a short discussion

on plane geometric shapes followed’by a sample‘cut on the

sphore. ThlS was followed by a demonstratlon of the four

4N,

cuts on the octahedron. In the present study, one cut on e

the sphere was illustrated followed by the four cuts on the e

1y

[}

) octahedroo. The sections on the octahedron were easy
enough for the subjects to envision, or at least accept when
+ they saw the section, and difficult enough to make t =m
‘realize that they must ;pply themselves to théwtésk and not
rely on thelr perception of the solid alones’ |
Plaget and Inhelder (1967) and Boe (1966) both
admlnlstered the tasks 1nd1v1dually. Dav1s (1969) used
small groups of six pupils. Bober (1973) and Pothier (1975)
used the group format of testing. Tb present study used '
the class-group method of testing in.an attempt to further
test the results of the previous studies, eSpeciallywthoéédwr
of Davis who tested in groups of six, and Boe who tested

ihdividuaily. Bober was more concerned with pretest-posttest
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differences than with performance on individual items or on
the test per se. Pothier's study, altheugh similar in
several aspccts to tﬁe‘ﬁresent study,.included only grades
6, 8, and 10 and used only four solids. The present study
provided additional information on the group method of

testiné as compared to the individual or small group method.

Description of the Solids

Each solid employed in the study was constructed of
white cardboard with the exception of the sphere. The sphere
was made from white styrofoam. The dimensions of each solid

are presented below.

Sample Solids

!

. 'a. Sphere: The radius of the sphere was 5 cm.
1 _
‘be Octahedron: Each side of the regular octahedron

was an equilateral triangle with sides 15 cm.

Test I Solids

o

a. Cube: Each side of the cube was a square with
sides 15 cm. |

~ -

b. Triangular Prism: The base of the prism was an
equilateral triangle with sides 12 cm. '@he height of tﬁe
prism was 20 cm. ' _ | |

" c. Parallelepiped: Each of the six faces of any

parallelepiped are parallelograms wlth opposite faces being
both parallel and congruent. The faces of the parallelepiped
employed in this study were 12 cm by 15 CT' 12 cm by 20 cm;

and 12 cm by 20 cm. The dihedral angles between adjacent



b2

~ides meacured 700 and 110O

d. Conc: The cone had a circular base of radius

7.5 cm. The perpendicular hcight of the cone was 30 cm.

Tect IT Solids

| a. Rectangular Prism: The rectangular prism was a
parallelepipéd with dihedral angles of 90°. The faceé were
recfangles which measured 8 cm by 15 cm, 8 cm by 20 cm, and
15 cm by 20 cm. |

b. Cylinder: The cylinder had a radius of 6 cm and
its height was 20 cm. | ‘

c. Star: The face of the solid resembled a four
pointed ctar. Each of the two faces was constructed by
pla01ng an equilateral triangle externally on each side of
ta square. Each side of the square was 10 cm. The two star.

shaped faces were 12 cm apart.

| d. Square Pyramid: The base of the pyramid was a

square wifh sides 15 .cm. The perpendicular height was 20 cm.
- For thé purposes of tables throughout the remainder of

this report.the folloﬁing:abbreviétions will be used to

jdentify the solids: cube . S1, triangular prism - 52,

vparalleleplped - S3, cone - Sk, rectangular prism - S5,

cylinder - Sé, four pointed star - S7, and square pyramld -

S8. " . .

s
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Description of the Cuts

Each of the cuts employed in the study was determined
by three factors: +the orientation of the solid from the
subject's point of view, the direction of movement of the
cutting instrument, and the placement of the cut on the
solid. '

An exemination of the cuts used in previous research
(Boe, 1966; Davis, 1969; Bober, 1973{ Pothier, 1975)
revealed differences, both between and withiﬁ studies, with
respect to each of these factors. For example, Boe positioned
the cylinder with the base parallel to the floor for the
transverse cut.and perpendicular to the floor for the other
cuts. Davis positioned the base,berpendicular’to the floor
fer all cuts on the cylinder. "Bober placed the cylinder in
‘this position: for the loﬁgitudinal and oblique cuts and
Pothier for only the oblique cut;'ASiﬁilar illustrations
may be made with respect to the direction of m" ment of the
cufting instrument and the plaeemeht of the cut on the solid.
In tﬁe preeent study, the orientation of each solid was kept
constant for all cuts, and the direction of the movement of
the cutting instrument remained the same for each cut on all
solids. The placement of eaeh cut of a particular type was
eohsistent for all solids. A visual description of each eutv
on Test I and Test II, as seen by the tester, is .presented
in Figures 1 and 2 respectively.

The cube was held with one face parallel to the floor

“and one face poiﬁting directly at the subjects. The
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triangular prism had its triangular faces parallel to the
floor and a vertical edge pointed directly at the ‘Subjects.
As a result the plane of one face of the prism was parallel
to the plane of the tester's body. The parallelepiped was

" held so that the largest face was parallel to the floor and
the smallest faces were to the tester's left and right. The
bottom edges of the smallest faces werevfurther to the right
than were the top edges. The\face pointing at the tester
’had the bottom edge hearer to the tester and the top edge
nea??r the subjeécts. The cone was-held with its base
barallel to the floor.

v The réctangular prism was held with the largest face
parallel to the floor and the middle-sized faces pointing

ét the subjects and the tester. The star was oriented so
that the plane through two opposite vertices was parallel
to the floor. The star shaped face was Perpendicular to
the floor and facing the subjects. The cyllnder was held.
with its faces parallel to the floor. The pyramld also was
held with its base parallel to the floor and w1th ong edge
of the base facing the subjects.

The .longitudinal cut was made through - the major axis of
the solid being cut., The plane formed by the cut(was
berpendicular to the Plane of the floor and also to the
. Plane of the tester S body. '

The transverse cut resulted in a plane perpendicul;f
to the floor and parallel to the tester S body. Each solid
was cut approx1mately half way between the major axis and

the front edge of the solid, the front edge being visible to

-

Lé
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the subjects tested. The direction of movement of the cutting =
instrument for the longitudinal and transverse cuts was |
downwards. .

The parallel cut produced a plaﬁe parallel to the floor.
The intersection with the solid occurred midway between the
uppermost and lowermost parts of the solid. The direction
of the cut was mage from the tester's right to his left.

‘fﬁ$he oblique cut formed a plane oblique to the plane of the

floor, and perpendicular to the plane of the tester's body.
The plane intersected the solid slightly below the top (or
top edge) of the solid on the tester's right and slightly
above the bottom edge of %hé golid on the tester's left.

Although the orientation of the solids, the direction
of mofément of the cufting instrument, and the placement of
the cuts‘bn the solids are described in Qetail above, the
group method of testing employed in tﬁis‘study imposed
limitations on the accuracy of tgése descriptidns as they
related to any individual student. It was not possible to
hold the solids in éuch a manner that each student could
view theﬁ from exactly the same perébéctive. Nor was it
poSsible to ill@strate a cut so that the plane formed by the
cutting motion was always seen from the same viewpdint. To

- compensate for these factors eachbéut was illustrated a

+ * minimum of three times. The mechanics of this procedure are

given in the next section.
- In the tables of this report, the cuts will be
identified by .the following abbreviations: longitudinal - Ci,

transverse - C2, parallel - C3, and oblique - Cl,

i



Protocols for Administering the Tests

The protocols for administering Test I and Test II are
presented in Appendix 1 and are discussed only briefly here.

Prior to the administration of Test I, a short session

was given to familiarize the subjects with the kinds of tasks

they were to perform. A sphere was shown to the subjects
and itsyproperties were discussed. The subjects were then
asked what plane shapeﬁwqpld result if the sphere were cut
into two parts. After some discussion, a model which could
be taken apart was examihed and it was shown that the answer
was a circle. The tester fhen dréw a circle freehand on

the chalkboard and the subjects did likewise on their answer
booklets. The entire procedu:g"was repeated for each of the
four cuts on.the octahedron. Each of the plane figures was
discussed, as well as what constituted a correct dréwipé.
The criteria for correct drawings are given in the next
section. Many subjects were concerned about their freehand
drawing ability and this brief session helped to relieve
them of this anxiety.

The session prior to the administration of Test II
consiéted only of a demonsfration of a cut on the sphere and
the-longitudinal cut on the octahedron. This brief review
allowed the subjects [to recall the nature .of the sectiqﬁing
tasks from Test I. In‘cases where some subjects could not
recéll the nature of the tasks, additional cuts on the
octahedron were demonstrated.

During each prese®sion the direction of ‘each of the four
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types of c\{%s was illustrated without the use of a solid to
make the students aware that © e direction remained the same
throughout the test. For example, the parallel cﬁt was
demonstrated by making a movement with the cutting instrument
parallel to the flqor. When the cuts were illustrated during
the actual tests the names of the cuts were not used. Each
cut was demonstrated by placing the cutting instrument on the
solid and saying, "The knife goes iﬁ here and moving the knife
to the place of exit, without cutting through the solid, and
concluding "and comes out here." 1In the case of the oblidue,
cut the phi.ses " just be¥ow the top" and " just above the boftom"
were ysed to further describe the entering and exiting
positions. In instances where subjects asked for clarification,
the cut was shown agéin and the direction explained in terms
such as "straight up and down" or "parallel to the floor".
Prior to the test, the subjects were requested nof to
ask questions during the test. The only exception was to
indicate by raising their arm that they wished a cut shown
again. Déspite this request there were several instances
when questions Qere askéd. Thevtwo most common of these
were, "Which part do T draw?" and "Didn'% you already show
that one?" The first question was answered by asking the
subjecf,to recall what was done with the solids in the
}preééssion. The second was answered by telllng the subaect
‘ that the cut was dlfferent, however the resultlng sectlon
might be the same, or it might also be dlfferent. These
responses satisfied the questioners in all cases, at least

in the sense that further questions were not asked.

[



It was important that®™or each sectioning task; each
subject had the opportunity to view the cut from the desired
direction. For this reason each task was demonstrated at
least three times. The tester stood in front of the classroom
near the center and demonstrated the cut while facing the
back of the room. The same task was demonstrated a second
time after the tester made a 45° turn to the right and a third
t;me after a 45° turn to the left of the initial position.

If an individual requested a ‘i ~ther denonstration, tﬁé/
tester faced thgt individual a = demonstrated the sectioning
task. This procedure gave each subjecf an opportunity to
view the solid from the desired direction. .

A task was not repeated after it had.been demonstrated
and a new task considered. This meant that the subject had to
decide on a response while the cut was being demonstrated and
coyld not use information which he might ob%ain later in tﬁe
test. In the same fashion once the multiple choice portion of
the;test was.beéun, subjects were not permitted to return to
their drawing responses. Each of Tests I and II required
between 40 and 60-minutes to administer,

The order of the items was different for the drawing
and multiple choice portions of each of Test I and Test II.
For each of the four subtests, the items were randomly
selected in sets of four. - Each set of four items included
.one for each solid used. on that test. Since the answer
booklet prov1ded space for four drawings on each page, and
;each page of distractors contained sets for four items, the

above procedure discouraged the students from comparing
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‘heir responses on a given solid.

Protocols for Scoring Drawing Responses

The method of response on Tests ID and IID was the
drawing of a plane figure. After a ssctioning task was
demonstrated the subjects were asked to draw freehand the
pPlane surface they would see if the "~1id were taken apart
where it had been cut. Line segments which were straight,
congruent, or parallel in the sections were to be represented
as straight, congruent, or parallelvin the drawings.

. Conyversely, line segments which were curved, not congruent,
or not parallel were to be represented in the drawings as

curved, not congruent, or not parallel. Right angles and

equal angles present in the sections were to be preserved in

the drawings. The drawings were not. expected to be in the
. Same proportions as the sections. It was emphasized that
the shape of the drawing was the critical factor and the
orientation of the drawing on the paper had no significance
as to its correctness. | |
Since the drawings were made freehand, they were not
expected to be perfect and allowances were made for
inaccuracies. The subjects were asked to be as neat and
accurate as possible under the glven\condltlons. In order

to be as objective as possible in scoring the responses,

cp;tari, Whmarking the draWings were developed by the
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A sample of tests was randomly selected and the drawing
.responses were scored independently by the researcher and
two colleagues using the criteria developed by the researcher.
A total score on each test was determined by each rater and
~the scores ranked. Significant differences_were found among
' the three sets of ;ankings using the Friedman test (Winer,
1971). Differences -éﬁbng the raters in scoring individual
responses were detecfedffor 15% of the drawings. These
differences were discussed by the tdree raters and
modifications were made in the criteria. More precise.
interpretations'of the criteria were also discussed and
agreed upon. : |

A second sample of tests was then selected and scored.
The resulting rankings were again significantly different,
with 7% of drawings beingkscoréd_differently.by the raters.
The criteria were agailn discussedlbinterpretations clarified,
and modifications made. The scoring of a third sample of‘
tests resulted in high agreement among the raters on the
rankings of total scores, and less than 3% difference in
scoring drawings as correct or incorrect. This final set of
criteria was then used by the researcher to scofe all
remaiﬁing tests. \
The correct plane figurég representing each, section :

_ N C
are presented in Table 1. Following are the criteria used -
. \ . <

'in scoring the drawings. \

Squares =

The 1ongitud;na1;’transverge. and parallel cuts on
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Table 1

il

Correct Plane Figure Representing Each Section

‘-i\“7\~223\‘ Longitudinal Transverse Parallel Oblique

Solid

. Cube | -

“  Triangular - ' z{iiji}x Af///A\\\\\ o
prism : )

‘ "n
Parallelepiped f / '1// v //, 1// . //] 1{{:::::;;7
- AD OO

Rectangular
prism

»

~Cylinder ° o ’ - (::;;:>///'<:::::::>. S

Pyramid




Parallelograms
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cube, and the parallel cut on the pyramid resulted in
sections which were squares. To be classified as a square
the drawing had to be a quad@ilateral with the ratio of the

longest side to the shortest\side less than 1.2:1, Angles

could not deviate more than 5° from a right angle.

Rectangles

“All cuts on the rectangular prifm, the longitudinal

and transverse cuts on the trlangular prism and - the cyllndQE [

the obllque cut on the cube, and all cuts except the
transverse cut on the star resulted in rectangles. To be

classified as a rectangle the dra@ﬁng had %o‘be' in
: G

v,
{

quadrllateral with the ratlo of the longest 81de to 4ﬁe «}.,

A

‘shortest 81de greater than 1.2:1., The one exception to thls

4 Loty

was the oblique cut on the cube where the ratio 114].was

accepted. Angles could not dev1ate more than 5 from a

r Hnt'angle.

Equilateral triangle

The parallel cut on the triangular prism resulted in ‘an
equileteral triangie. The ratio of the longest side to the

w
'

shortest 31de had to be less than LZ 1.

>

All cuts on the paralleleplped resulted in sections

which were parallelograms., The flgures-had to be

E quadrllaterals with pairs of opposite sides having a

“ifference in slope of not more than 10°, Angles had to

deviate,more than 10° from a right angle, The ratio of the

/. . . - s 1

it ety T .
[ A NN T

ok

'
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long cide to the short side had to exceed 1,2:1 except for

the longitudinal cut where 1.1:1 was acceptable.

)
Isosceles triangles

HFor the prism ‘the ratio of the base to the longest

The oblique cut on the triangular prism and the
longitudinal ‘cut on the cone and the pyramid resulted in
isosceles triangles as sections. In all three instances the

ratlo of the two "congruent" sides had to be less than 1.2:1.

"congruent" side had to be greater than 1,2:1 while on the

other two solids the ratio of the shortest "congruent"” side

. S
to the basc had to be greater than 1,2:1.

The vertical angle of the isosceles trlangle formed by
the obllque cut on the prism was approximately 90 Because
of the orientation of the prism aqp the diregtion of ‘the
oblique cut, it was not pbséible for thedfertical angle

resulting from any ¢ " ique cut on this.solid to be 60° or-

+less., Hence, only angles in the rénge 650 to 110° were

considered acceptable. For thé other two cuts it was
required that the vertical angl be: less than 60° and the

base angles %gss than 8o°,

One Nappe of a Hyperbola

The transverse cut on the cone resulted 1n the sectlon

being one nappe of a hyperbola on a flat base. To be

correct the draw1ng had to have a. flat base and the sides

had to be curyed. The top also had to be curved and not g

peaked.

s



Circles

Both the parallel cut on the cone and on the cylinder

-resulted in a ‘circle as the section. To * ‘onsidereq a

circle the drawing had to resemble a circlc .ith no two

diameters having a ratio greater than 1,2%1,

k. hses

- >th the cone and cylinder yielded ellipses as
sec Lois when cut obliquely. The ratio of the major axis
to the minor axis had to be greater than 1,2:1. Both sides

had to be curved with the curvature being similar at each

~end.

~Star

The transverse cut on the star resulted in a four

pointed star as the .section. The four "points" of the star

- were equilateral triangles erected externally on a square

base. The ratio of the longest to the sh-~" st side of
each triangle could not exceed 1.2:1. The base of each
triangle could not differ by more than ZQ% from any other

-

base.

. Isosceles trapezoids

‘The transverse and oblique cufs on the pyramid resulted

‘in sections which were isosceles “~ipezoids. The drawing

had to bea quadrllateral w1th base angles less than 80° and

not alfferent by more than 10 The ratio of the "congruent”

e

81des coukd not be greater than 1&31.

Appendlx 2/ contalns 1llustrated examples of common -

/
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. errors made on drawing responses.

N .
Reliability of the Sectioning Tests

None of the previous reports, on studies concerned with
sectioning solid= included a discussion of the reliability‘
of the sectioning tests. Kuder-Richardson 20 coefficients
were calculated for each of the two tests used in this
study. The coefficients were .81 for Test I and .91 for
‘Test 1T, indiéating that each test was internally consistent.
The correlation between Test I and Test IT was .76. |

Piaget and Inhelder (1967) claimed that the drawing and
multiple choice methods of response are equivalent means of
testing the pupil's ability to section,ggli&s.' Boe (1966)
investigatgd this claim and found a correlation of .55 -
between all 1152 responses via the drawing method.and the
corfésponding multiple choice responses; She concluded that
this coefficient was not high enough to justify Piaggt's
qlaim.

In the present study correlations were calculated
between the drawing and multiple choice responses for each
sectioning task.  These correlations are located in the

dimgonal of _ble '+ for items on Test I, and Tablie 44 for

Test II. 3o0th ~ables can be found in'Appeﬁﬁ§x§§% ‘The

3,

correlation. _ige from .01 to .55 with a’ﬁ@@ﬁkéf/.BO. 5
These low correlations support Boe's contention that the two

methods of response do not measure the same thing. S

The correlation coefficient between total scores b%;“fggﬁp;

g -~
. Caa

Tests ID and IMC was found to be +69 and between Tests IID”'éggg“/»
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and IIMC, .81. When the scores on Tests ID and IID were added,
the correlation between this totn1 score and the overall total
score of Tests IMC and IIMC wzs .%5. These correlations
suggest that for a set of sectin in: tasks, the drawing and
multiple choicé modes of response are comparable means of
testing sectioning ability. 'This interpretation éupports
Piaget's claim and is contrary to that made by Boe.

An item analysis was performed on each of Tests I and
II, "The diff. -ulty, reliability, discrimiﬁétiﬁg power,
and biserial correlation of each item with the tesf were
calculated. These results are reported in Tabléé ks and 46

and can be found ih Appendix 3.

Summary

In the first part of this chapter the‘sectioning tests
were discussed as they had been used in previous research
studies. Based on this previous work, changes were made in
the instfumgnts for use in this study. Solids and cuts were
described in detail as were the protocols for administering
and scoring the tests. The relfabilities of the tests wefe
discussed briefly and evidence presented indicating that the
\‘ sectioning testsdwere internally.éonsistent. However, it
was pointéd out that the drawing and multiple choiée methods
6f fesponse may measure different aspecté of spatial
knowledgé.

“ In the next chapt&r theVSample aﬁd gesign of the stud§
are described., The tests discussed in this chaﬁ%er occupy

a central position in the design of the experiment.

¢



CHAPTER IV

The Experimental Design

J
|

The~pur; 'ses of this study were to provide an indepth

anaiysis of the ability to section geometric solids, and to

investigate the-felationship between this ability an@

achievement in geometry in existing classrooms. A detailed

description of the sectioning tests, together with how they

were administered, was presented in the previous chapter. In

.the present chapter the design of the experiment is described

as 1t relates to each of the two purposes. The questions

and related hypotheses to which answers were sought

aﬁd’the methods used to analyze the data are also presented.

Basic Design

Throughout.the study, an effort was .made not to'disturb
the existing ecology of the participating classreoms.' To
ensure the utility of the sectioning test in predicting
geometry achievement for the classroom teacher, classrooms
were investigated as they existed. The regular mathematics
teachers taught their scheduled geometry units and used the

methods of instruction and evaluation that they normally

used. The only restriction was that the teachers were asked

not to include aqx smaterial on sectioning solids in the unit.
A more detailed discussion of the content and methods ueed

in selected classrooms is presented later in this chapter.

594
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The reseércher administered Test I to each class
participating in the study just prior to their regular unit
on geometry. The time of administration varied from early
Nobember until mid-May due %o differences in times when
geométry was taught at different grade levels.and in
different classrooms. The test was given during the regular
mathematics period and required from 40 to 60'minutés to
complete. The younger students generally required more time
thah did the older ones.  The mathematics teacher remained
in the claésroom in most cases, but did not participate in

“

the administration of the test.

«

The géometry units varied in length from 4 to 7 weeks
depending on the grade and material covered. Teachers were
asked to maintain a log, briefly deséribing the content and
mcthods'used, and to include copies of any tests givén. The

instructions’given to participating teachers are included in

4 .
v

Appendix L. ‘ )
Immediately following the unit on éeometry, the
researcher administered Test II. The procedure followed
paralleled that used for Test I. Subjects were not given
theif_results from Test I until after Test II was completed.
.-The above procedure permitted both'purposes of the
study to be carried out. For the purpose of analyzing the
ability to section geometric solids, a stratified random
sample of 432 subjects was selected from the population of
students teéted. A detailed explanation of this sampling

procedure is given in the next section. For the purpose of \

investigating the reldtionship between sectioning ability



and geometry achievement, two situations were identified at
each grade level tested. Each of these situations consisted
of all subjects enrolled in one or more of the classes tested.
They were described in detail following‘%ﬁe'description of

the stratified sample.

Sample
Two to three classes from each of grades 5 through 10

wéré requested from each of the,Edmonton Public and Edmonton
Separate School systems. It was requested that the schools
be as representativepas possible of the systems at each

grade level., The classes included thosé previously obtained
for use in studies by Ong (1976) and Kuper (1975).

The researcher was‘assigned to five schools from the
Public sysfem'and eilght schools frém the Separate system.
Nineteen classes from each system were'involved. A list of
schools and the gradeé of participating classes are
presented in Appendix 4. A list of participating teachers
is also included. ' | |

" Overall 1,004 sgbjects were tested.  Of these 155 were
.absent for either Test I or Test II. Lorge-Thorndike IQ
scores were co lected from cumulative records and were used
as a measure of ability. Scores resulting‘from tests
administerea within the 3 years prior to this s%udy‘were

o5 .
his resulted in full

'availéble for all but 94 subjects. T
data for 755 subjects.

| The Public school system reports IQ scores as a total
raw score, Whereas the Separafe system reports both verbal

and non-verbal scores as percentile ranks. The total raw
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scores were converted‘to percentile ranks based on a mean of
100 and standard viation of 16. The verbal and non-verbal
percentile ranks were convérted to standard scores, averaged,
and this average convertefi to a single percentile rank. Three
ability groupings were used in the analysis and labeled as
high, average, and low. To ensure an accurate classification
according to ability, subjects wﬁose IQ fell between the 42.5
and 47.5 percentiles and between the 67.5 and 72.5 percentiles
were eliminated from further analysis of the test. This
resulted in 85 subjects being eliminated and left a sample.of
670, Approximately one-third of these were classified as
being each of low, average, or high ability.‘

Grade level and sex, in addition to ability level, were
employed as independent %fariables. This resulted in a
6 x 2 x 3 factorial design with 36 ceils. The ‘number of
subjects in each cell ranged from 12 to 30, In order to

maintain equal frequencies in the cells, subjects were

randomly eliminated résulting in 12 sub jects per cell and a

final sample size of M32a ‘This sample was used in the
analysis related to the fifSt purpose of the study.

To determine the utility of Test T in predicting ”
achlevement in geometry, s1ngle classes or groups of classes
were selected from among those tested. 1In cases where
groups of classes were selected, each clsss in the group
studied the same: content under similar conditions. Two
situations were chosen at each grade levei The classes not
chosen contained too few students for a meanlngful analvsis.

Each s1tuatlon is described brlefly below. The descriptions
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are based on information provided by thé" teachers involved.

Situation §5-1

This grade 5 class was located in a Separate school in™"
northeast Edmonton. The class was homogeneous in ability and
complete data were available on 30 of 35 students in the class.

The unit in geometry followed a unit on estimation. It
was 4 weeks in duration and included material from Chapters

5 and 12 of Elementary School'Mathematics - Book 5 (Eicholz

and 0'Daffer, 1969a). The topics studied included the use
of the compass and protractor, angle measure, perimetqy and \
area of simple plané figures, and volume and area of cuboids.
Some work with constructions was also completed.

The teaching method was primarily one of demonstration
by the teacher followed with practice by the students. Models
constructed of paper and plastic were used tb illustrate some
concepts. The'evaluation‘of the unit consisted of two short
tests;lone given at the end of each chapter. The tests

were those provided to accompany the textbook. The unit

grade was arrived at by averaging the two test scores.

Situation 5-2

This group consisted of all three grade 5 classes in a .
Public school in west Edmonton. The grade 5 classes were . e

taugﬁt by a team of three teachers who planned their activities
jointly.) O0f 71 students invthe three classes, complete.data
were available on 63. Fifteen of these were uséd in the
analysis to»cross-validate the.prediction equations.

The previous unit of study was on rational numbers and

included the addition and subtraction of fractions and

I 4



decimals. The geometry unit was b weeks in duration and

W,
included the same content as that described in situation 5-1.

In addition to this content, Chapter 14 of Elementary School -

Mathematics - Book 5 was also studied. This included

introductory work in coordinate geometry where the students
learned to identify the coordinates of points in the
Cartesian planec. .

Afain the teaching approach emphasized giving the
studcﬁts practicc in the concepts they were to learn., More
attention Waﬁlplaced on the nomenclature of the point-set
approach to geometry than in the previous situation.
Evaluation consisted of a tecacher-made test given ét the
concluéibn of the unit. Items were similar to those-

practiced during the unit. _ -

Situation 6-1

This class was from the same school as the grade 5
class in cituation 5-1. Complete data were available on all
33 students in the class.

The unit in geometry follpwed a unit on elementéry

number theory. The unit was 5 weeks long and included

material from Chapters 5 and 11 in Elementary School
Mathematics - Book 6 (Eicholz and-0'Daffer, 1969b). The

concepts in Chapter 5 were extensions of those studied the
previous year, including the terminology of the point-set
apprdgch to geoﬁéfny, and fundamental work with construction,
congruence, areas, and perimeter. Chapter 11 contained -

introductory work on the circle and extensions of previous

6l



~work on volume and space geome'try.

The teacher described hlS approach as lecture and
dlSCUSSlon. The students' work closely followed the
exercises in the textbook. The only instance of work with
concreté materials was the construction of the cube,
tetrahedron, and octahedron. The final ‘unit grade wa;
arrived at by averagiﬁg the results on the two chapter tests

which accompanied the textbook series.

Situation 6-2

The two grado 6-classes described below were located in

a Publlc schooi in northwest Edmonton. There were 59
students in the two classes for which there were complete
data on 56. Fourteen of these students were used for
cross~validation purposes,

Both content and teachlng format were very similar to

Q@

bn 6-1. The previous unit was on

that‘dcscribed in si}iéf
de01malsv The same%@h ters in the same textbook were used
in both s1tuatlons: In this situation the emphasis was on
the terminology used in geometry. Assignments were given
regularly and the students received considerable practice
on the concepts-of area and volume. The evaluatlon was

a teacher constructed test given at the conclu31on of the:

unit.

Situation 7-1

Situation 7-1 consisted of two grade 7 classes 1n
a large Public junior hlgh school located in south

Edmonton. Both classes were taught by the same
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instructor. }There were 58 sﬁudents in the two elasses

and complete?data were obtained on 5k. Thirfeen‘students

were used fo} cross-validation of the prediction equations. ~
The geosetry unit was 4 weeks in length and was

preceded by a short unit on measurement. The content

consisted of the grade 7 geometry unit in the Junior
High Mathematlcs Consortium (1975). This progfam is

objectives-based and éhe geometry unit for grade 7 contalned
24 objectives. The objectives included work on congruence
of polygons; slidws, flips and turns, and their basic »m
_properties; ciassification of ?olygons; and parts of the
circle. |
The teaching method was mostly démonstration on the:
overhead projector”for the motions and the use of the '
discover .py -ach for work with polygons. The students
discovered many of the properties of polygons through the
use of the three ba51c motlons. - , ”
The final test consisted of 35 multlple ChOlcT items '
together with some questions on performlng motions. The
multiple choice items were frem those provided by the

Edmonton Public School system.

Situation 7- 2

The classes involved in this situation were also
involved in a study proposed by Kuper (1975). These
‘grade 7 students were located in-three schools from -

. + & :

the Edmonton Separate system. All were located on

the west side of Edmonton. There was o ~ class in each
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.8chool which received Kuper's tredtment. Data were
available on 61 of 74 students in these classes. g;fteen :

of the students were used for cross-validation purposes.

The treatmént consisted of the gnit Making Rectangular
Solids (Kuper and Walter, 1975) and required .10 to 12
class periods to compléte. The lessons were given in
mathematics-option classes over é 10 week period. : The
unlt consisted of a booklet of activities which the students
carrié&,but and dlscussed W1th their teacher. The students
constructed‘boxes of various sizes given the possible .
lengths of the sides. They then discussed which boxes
had the greatest volume and later calculated that volune,
Work was then done on folding nets of squares into open
boxes. The students disc0v€red which nets folded into |
boxes ahd thch did not. Problems were then posed about
the diégdna;s'of thé cubes and experimentation done bj #he
students. | v

The teaching method used in the -unit consiséggfﬁhiniy
of letting the students construct objects and diséﬁverafhe
propgrties themselves. The teacher's role was to assist the
students when nécessary and to lead 'discussion at‘various
.points‘in the treatment. Kuper‘devised a test for the unit
consigting of several problems which required the Ftudents
to determine if a given net could ‘¢ tolded into é particular
solid. Several other spatial tyme proplems were also

_;ncluded. G,
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My;Mathematlcs Consortium (19”5) It followed a unlt on

- various motions and geometrlc flgures. Frequent use was

2‘1tem bank malntalned by the school system.v

Situation 8;1ﬂ‘

The two classes in this situation were in the same

U' school as those in situwtion 7-1. The classes were taught

by différent teaehers who planned JOlntly and used the same

v

“evaluatlon 1nstruments. 0f 55 students in the two classes,

complete data were obtained on 49. Twelve efvthese<were

used for cross?validation of the prediction equations. -

The unit was 7 weeks 1n duratlon and 1ncluded the

T

'obJectlves from the grade 8 geometry unit 1n the Junlor ngh

e
oo

yv .

el ; \~1" s
measurement. Obgectlves in the geometry un1t 1ncluded the

study of the propertles of slldes, turns, reflectlons, and )

slide reflectlons and the use of-: these motlons in the study .
‘of angles, trlangles, and.other polygons.‘ The teachlng
method emphasized the dlscovery of the propertles of the ~$

"

>

4

made of dot paper and graph paper. Teacher-led dlscu581ons
were used frequently to arrive at generallzatlons. The
students spent a large proportlon of thelr time worklng on

exerc1ses related to the motlons.

Ca
N

Evaluatlon of the un1t con81sted of “two multlple ch01ce

N

“tests admlnlstered at the end of the unlt The tests

contained a totaliof 65 1tems a&d were obtained‘ﬂrom the

k. ]
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Situation 8-2

This situation consisted of the fwo eighth grnde classes
used by Ong (1976). Both classesvwore in a Separate school
-in north cootral Edmonton and wéfoffaught b& the same
teacher. » Ono class recoivequho regular geometry program

“while tho\ econd class received a special treatment of the ’

same objectives. o

The peometry unit Vollowod a short unit on measurement.
‘Thb objectivef oi the 6 week unit: were 1den§1cal to tho%e
de“crlbed for: the program in <1tuatlon 8~ 1. In both classes'

in this alduatlon the development of the concepts followed

-

*that SUJge ted in the Junlor ngh Mathematics, Consortium

4.(1975).‘ The difference in.the treatments recelveg by~ the

two classes was that the flrst group received only the v

":',

exer01soP contained. in the program. These exercises were
converygent in des 1gn, usually requ1r1ng a Jlee correct
ﬂolﬁtion. The;uocond group recelved inventive dlvergent
questions requlrlng a varlety of” reoponses, in addltlon to
the,exer01oes»rece1ved by the first ~group. This 1nvent1ve'
e treatmenf‘thu4 required the teacher to elicit inventive

~ di?érgent'solutlons from the students. Thisuwggvnoﬁ:dOQ§;ih.
the regular proup. B ' Se
.Four7testJ were glven at the conclu31on of the unlt
Tho,e included an achlovement te t on thé unlt,la test on
¥rea, a creatlve motlon geometry’ test and .a creative

ﬁeomctty test. Each of these 1nstruments as well as the

o



Sltuatlon 9 1.

These two grade 9.classes were in the same scliool as
the classes in srtuatlons 7-1 and 8-1. They were both
~taught by-%he same %eacher. Data were avallable on 52 of
the 56 students in the two classes. Thirteen of these were
chaosen for cross~validation gurposes. |

The ! geometry unit followed a unit on ratlonal numbers

and was 6 weeks in length. The unit consisted of the

obJectlves in the geometry portion of the grade 9 Junior ngh

Mathematlcs Consortium (1975). Some supplementany laboratory

act1v1t1es were selected from Geometry (Armour, 19?4) The
unlt contalned a review of area and perimeter concepts
followed by several objectives deallng with Pythagorus'

theorepm. The major portion of the unlt was work on surface

areas and volumes of a varlety of thr”'Cdlmens1onal/ob3eots.

9
The teacﬁgng method was described by the teacher as lecture
followed by seat work. Phys1égl models were used for
demonstration purposes as often as possible. The students
spent a’ larne portion of tlme calculatlng surface areas and'
volumes by substltutlng into formulae. Evaluatlon‘ofuthe
uhitﬁﬁas done bj a 36 item multiple‘cholcedtest given after
“$he unit had been completed. - | _ ‘O >

Y S N ' .
e G N o o ‘ - . -

"uation;9—2 . L -

)

b All three grade 9 classes 1n a Separate school in west
Edmonton were used-in thls 51tuat10n. All three classesyuxg

;:;§ " were instructed by the same teacher. Compete data were |

-t . . . L
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" available on 86 of 93 students of which 21 were used to
cross-validate the prediction“equations.
The unit was 7 weeks in‘length and included the same
‘objectives as those in the previous sltnation. More emphasis
was placed on reviewing the work from previous grades than
 was the case in situation 9-1. This teacher made ample use

of models, the overhead projector, mobiles and charts in

her teaching. She adhered closely to the lesson deQelopment

suggested in the learning package of the Junior High

Mathematics Consortium (1975).. For the most part the:concepts

were demonstrated by the teacher and exercises completed by
- the students. Five multiple chmi“e tests*were administered
‘*at regular intervals over the 7 week perlod and the unit

R

score was the average of these test scores.

‘Situation 10-1 |
T This was a Mathematics 10 class in a large Public high
&hoChOOl in south Edmonton. 'Mathematics 10 is a.course ﬂ
}récommended for the top 40 to 60% of students in the |
E tenth grade. There were 37 students enrolled in the class '

and data were avallable on 34 of these.

The geometry unit cons1sted of the flrst seven chapters

in Geometry A Modern Approach (Wllco§f 1968) The
materlal was covered in one 80 minute perlod per day over
a 7 weexk. perlod. The firgt four chapters contained basic
termlnolongand concepts related to, sets, relatlons,

postu1ates, and p@oof. much of whlchuwas rev1ew of prev1ous

work. The empqﬁﬁigqﬁﬁ thé unit. was on the latter three
i _ e

. 4 - )f}{“‘
i CEe TP
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v .
chapters which dealt with deductive geometric proofs using

theorems related to congruent triangies and parallel'lines.
The teaching approach employed was lecture and o
demonstration. The majority of the students' class timeé%ﬁs

spent on doing exercises and proofs. The teacher diécu“sed

" the proofs with students both individually and as a class.

t 4

Onc test was given after the first four chapters and a final
examination given on the entire unit, The final examination
wags one—half'multiplé choice questions and one-half proofs.

It was constructed by the regular teacher.

gltuatlon 10 2

This group was .a Mathematics 13 cﬂﬁso in‘the same

" school as the class in the previous situation. Mathematics

13 .is offered to/uhe.midq1e25%‘tof§§% of the students in
grade. 10 and leads to university, technical institutes or

apprenticeship programs. of 32'students in the class, 29
completed the unit ) | ‘ . &

5 "';

The unlt la:ted 4 weeks and contained the material in

Chapter 2 of Principles of Mdthematics 1 (Dean, Graham and

Moore, 1970). The contont 1ncluded olaﬁﬁification of

anglles, triangle;?h_f“polyqona; ne@&pnaqy and - )ufflClCHL ’
; . e ) _

comditions'for'co”griént‘and similar triangles; Pythagorus'
/

‘thoorem parallol line);'and aréas of polygonal regions.

The approach to these topics was prlmarlly inductive rather

/than deductive in nature. The teaching method ‘was mainly
r/ ' . ‘ . ’ .
/discussion of the concepts with the students working on the

exercises in the textbgok; Filmstrips were uséd to 7

=% . = v “;x ‘;_:,-;c"“

c e



sectioning item correbtly. ‘Piaget (i964)lhas used the
! i

- of this type, their data supported Boe's results. To

73

illustrate some concepts.

Short quizzes were given regularly and used directly as
parttoT the lessons. The final test cdntained numerous items
on terminology, others on numerical applicatﬁons of the
geometrip concepts, and several items on the recognition of
Esngpuqnt triangles. |

X

Questions and Hypotheses

The %Wo purposes of this study were fulfilled hy

examining four research questions, This section ol the

report restates these questions and the related hypotheses
areupresented.. The statistical procedures used to test
these hypothést, and thus provide answers to .the qyestiohs,

are also outlined.

Question 1 M ¥

‘How do students.fe3pond to sectioning tasks - wvolving

u;particular cuts and solids?

This queétion was answered by first considering the

proportion of students at each grade level who answered each

criterion that a.problem is considered to be solved by

‘ . .
~children of a certain age when 75% of the children of this

age respond corggé£iy. In this study é more conservative
criterion of 7q£%;as used due to the group method of testing.
Boe (£§66) rep&rtéd a significant interaction between o
cuts and solids in her experiment.- Although neither Davis
(1969) nor Pothier (1975) formally fested for intéfaétions

o .
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examine further the relationship between cuts and solids the
following hypothesis was teeted forTestsID, IMC, IID and
IIMC by employing a chi-square test of 1ndependence.

Hypothe31s 1: The ability to 1dent1fy

the section resulting from a given cut

on a solid is independent of that solid.

Finally, a, comparlson was made between the performances
on sections 1nvolv1ng the cube, cone, rectangular prism, and
cylinder obtained in thls study with those obtained by Boe
(1966), Davis (1969), and Pothier (1975). This comparison
was descriptive in nature and served to give an indication

of the consistency of the resplts among the different

sectioning experiments.

Question 2

Are there differences in the ability» of students of a
particular sex, grade level, and ability to sectlon solids?

'The previous studles of Boe (1966), Davis (1969),
Bober (1973), and Pothier (1975) all examined one or more
aspects of this question. 1In eech instance an analysis of
variance (ANOVA) was used on each of the drawing and
multiple choice subtest separately, or on the_subsoorés
for each solid or iteM.; ANOVA fails to take into o

.'i‘:,;f .

con81deratlon the correlatlons between the varlous subtests :

d
.;.) SN B AR <4

“in a muIﬁlvarlate experiment. On the other hand multlvarlate i

analysis of variance (MANOVA) makes use of theLe correlatlons

and should be employed in cases where the dependent o ;‘
LG

variables are correlated as was the case in the present A
study (Tatsuoka, 1971; Bay, 1969a, Morrlson, 1967 !ﬁ%ests a s

were admlnlsteregvon two separate occaS1onSa Each 1ncluded
A

S S B W
g b . .



a drawing and a multiple choice subtest. IEach of these four

tests, ID, IMC, IID, and IIMC we{e considered as a dependent

variable for purposes of testiné the following hypotheses.
Hypothesis 2a There 1is nf aignificant v

difference between the grade mean vectors
on Tests ID, IMC,. IID, and IIMC.

Hypothesis 2b: " There is no ,significant

difference between the sex mean vectors

on Tests ID, IMC, IID, and IIMC.

Hypothe31s 2c: There is no significant

difference between the ablllty mean

vectors on Tests ID, IMC,. IID, and'IIMC.
Prior to arriving at a deci “on as to whether to accept
or reject the e hypotheses, possible interabtions between:
the th#ee main effects of grade level, °ex, and ablllty were
examined. In those cases where the maln effects were
interpretable and significant, an attempt was made to
-determine the exact location of the significant differﬁ;ﬂe$§m

. . CANGS Y
When hypotheses such ac those above are rejected I diN§R . @'/« -

w TP

mUltivériate ekperiment the differences may be furthér'ﬁfwwAf*

dependent Varlable (Amick and Crlttendon, 1975). | Thlu
comb1nat;on :u/ﬂdure of MANOVA followed by 1nd1v1dual
o ANOVA'“'r':‘ >~ a consictent experiment—w1se error ratc i\

'dnd keeps -nc poHability of a groﬁp of errors ogcuffing low }\\\\
(HuMmel and Sligo, 19/1)  A three way ANOVA was‘complétod | |

-

on each of tﬁé four dependent variables uoed above to
- "

further axamlne the hypotheseq of no 31gn1flcant dlfferences -
due, to eLther grade level, ‘oex,‘or ablllty on each of the

sectlonlng tests. « . oo .0

P, . . . ) ((v, . .

, G - .
, . - . " ; .7 o
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Question 3

Is the ability to section solids a uni-factor trait or
is. 1t a composite of several independent or related abilities?

This questioﬁ was investigated by considering each item
on each ol Tests I and II as a variable and determining the
correlation matrix for cach of these two sets of variables.
Principal axis factor analysis was carried out on euch of
these corrolatibn matfices using squared multiple corrolatijns
in the diagonal as estimates of the communalities. Tho I
factors cxtracted were rotated by the varimax procedure to
approximate orthogonal simple structure. Since the
investigation was‘exploratory in nature ana the intent was$a¥
to determine underlying traits affecting'sectioning ability,
the method of principai axis factdring was selected rather
than*é}incipal components analysis (Korth, 19”5). Based on
observation“'of the.factor "ffudture obtajnod Hypothe51s
was tested for each of the two sets of varlable

' Hypotleolg 3: The ablllty to oectlon
bolldsnl a unl factor trait.

In the event that the ability to oecthhﬁSOlldS was not
a uni-¥actor trait and Hypothe51s 3 wés rejected, several
Faotorﬁbhavo been uupne°tod by the literature rev1ewed
carlier in this report. P0331ble factors included one
determined by thg method”&%,response, pérticularly the
draving response. © Other possibilities included facto;SA
whiéh rcsultéd Trom a particular nolia or cut. An oblique
.IdCtOT was a dl”tlﬂct possibility. It was also poséfﬁleg
that a alvcn'cut on a particular 30lid required a unique

~ability.
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In addition to the above possibilities, factor
structures might be different for subjects at diffepent'
grade levels, of a different sex, or of different ability
levels. Each of ﬁhese possibilities was explored and

reported upon by observing the factor structures.

Question 4

Is the test on sectioning solids useful to the
classroom teacher for predicting achievement on geometry?

For each of the 12 situations described previously,
correlations were found between Tests ID, IMq; and I and

the achievement score on the geometry unit. In those
: :
| .

instances where each of these correlations was not

Vsighificant, it was concluded that the sectioning tests

were of limited use to the teacher of geometry and further
analysis was not pursued. In situations where the
correlafions were significant, additional correlations

were examined between the geometry achievement score and

other predictors which were readlly avallable to the teacher.

.

These 1ncluded sex, age, prev10us year's final mathematlcs

grade, the achlevement score on the previous mathematics

-

unit, and the IQ score. For some situations only - the total

L S
IQ score was avallable whereas for others both verbal \ﬁﬁﬁig

'ﬁ R . k-
non-verbal score§r%€§emavallable. In each 1nstance the

v
<.
)

score recorded in tﬁe cumulative record was used in*the

analysis.’ If .one of the sectioning tésts oorrelated hlgher

[

~than any other- avallableopredlctor, then Hyﬁ%the51s b was

w9

re jected and it was concluded %hat the sectlonlng test was

of possible use to the teacher. In all other cases the

g



78

" techhique of -stepwise regression (Draper and Smith, 1966)
was used t6 t¢  Hypothesis 4.

Hypothesis 4: The efficiency of
prediction of geometry performance is
not s1gn1f1cantly improved by adding
tests on sectioning solids to a
battery of other student scores
including age, sex, the previous year's
final mathematics grade, the last
mathematics test score and IQ.

In addition to the above, Hypothesis 4a was tested to
determine if the sectlonlng tests s”gnlflcantly imporved the
ggzalctlon equation obtained by u51ng only the previous year's
Tlnal qgthematlcs grade or the last mathematics test score or
the IQ scoré&. 1In 1nstances whé&e one of the sectioning tests

correlated more highly w1th geometry achlavement than did

the individual predictor, Hypothesis ha'waé also rejected.

Hypothesis 4a: The efficiendy of -
prediction of geometry performance is
" not s1gn1flcantly improved by addlng
tests on sectlonlng solids to the
previous year's final mathematics-
grade or the last mathematics test
score or the IQ score.
L
In all' cases where fwo or more classes were availlable

in é 81tua%10n, approx1mat@ly 25%_ of the sample was removed
for purposes of cross- vi&lﬁatlon of the prediction equation
(Tatsuoka, 1969). The predicted scores were calculated

" and f%e cofreiation between these predictéd scores and

the acfual scdres was determined. This cross-validation
multiple-R was compared with the original multiple-R

corrected for shrlnkage as suggested by Tatsuoka (1969)
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Analysis of Data

The analysis of the data was carried out on the
University of Alberta computer using the programs provided
~ by the Division of Educational Research at the university.
Programs used included TEST@L fof the item analyses, -
DESTZ2 for correlations among tests, MULV35 for the
univariate analyses of variance. FACT18 was used for the
principal axis factoring and MULRZ6 for the stepwise
&regression-portion.of the analysis.

The results of -these analyses.are presented in detail

in the next chapter and discussed in Chapter VI.



CHAPTER - V

Results of the Study

The results of the study &re presented in this cha:
which contains four main sections corresponding to the. :
main questions posed in Chapter I end restated in the
previous chapter. The first three questions related to the:
first:purpose of tﬁe study - to provide an indepth analysis
of the ability to section geometric solids. The fourth

Sa

question related to the second purpose - to investigate the

relationship between the ability to section.solids—and

achievement in geometry. Tny y sults presented on the'

following pages will be a‘;ﬂ,}‘ 4

. %i{“:’ r::, o

chapter of this report. '@Ffﬁj;‘

Question 1 _ : ’

A

How do students respond o sedtioﬁing tdsks involving
particular cuts and solids?

]

ThlS questlon was,answered»in a descriptive manner by
observing the proportion of students answering each '
sectlonlng item correctly ~ The percentage of students at

each grade level giving a correct response to each item on

Test I is presented in Table 2. An item was con31deredftp
be solved by chlldren at a glven grade level when 7Q%‘ :
students at that grade level couldwanswer the item correctly.
The percentage of studepts Qho cofrect;y answered each item”

tended‘to*iﬁcrease as the grade level increased. Thus,kif .
' \\\ R t
‘ ;.80 -
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Tablelz

Porcent of Each Grade Level Answe. .ng

Each Item on Tests ID and IMC Correctly

17

- e N EEeee - ? : /
*.In the tables of this chapter the following notation was

—S/5 .__ ‘

rectangular prism, S6 - cylinder, S7 -.four pointed star,

58 - pyramid, C1 - longitudin
C3 - parallel cu

used to identify solids and- cuts::
triangular prism, S3 - parallelepiped, S4 - cone,

t,, C4 - oblique cut. -

S1 - cube, S2

al cut, C2 - transverse cut,

Test ID Test IMC
Item* ‘ —
5 6 7 8 9 10 5 6 7 8 -9 10
S1 C1 65 76 71 82 89 88 78 83 ‘92 83 96 96
c2 75 64 83 85 92 85 . 88 83 Y3 93 96 100
C3. 60 68 71 75 86 7541 74 89 96 90 94 9k
ch 13 13 18 22 31 28 06 19 13 15 15 31
s2¥ ¢t 64.69 69 71 75 85 B sk 72 79 75 83
C2 64 69 71 83 88 86 42 sk 69 79 75 86 °
C3 b2 58,7176 83 89 83 88 99 89 9k 96
Ck 06 10 07 08 10 1k 38 38 25 31 1k 227
53 €1 58 61 65 72 79 82 85 “sp 82 83 86 78
c2 58 65 69 85 89 90 82 79 83 .82 76 9ob
C3 60 63-65 64 88 78 86 81 83 88 92 90
©Ck 25 31.31 36 50 k2 53 63 58 56 58 67
5K €1 63 75 72.83 8i> 75 51 57 65 63 72 79
Tcz 03 o7 18 24 18 14 11 15 29 22 28
€3 78 89 94 B8 94 96 78 86 90 85 D0 9k
cl 10 18 29 29 25 25 19 24 54 _46'/46 Ll

i }':‘rd ;

31
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over 70% of a given grade level reqpcnded correctly to an
item it wac considered that subsequent ”T‘(ld(‘ levels -had als
magtercd that itcm. ‘

of the 16 1tems on Test I requlrlng a multiﬁle choice
methdd of reSponse, 8 were answered correctly by over ?Q%
the fifth grade students. These 1ltems 1nvolved the
lonvltudlnal transverse, qnd parallel sections on the cube
and the paralleclepiped, and the parallel section on the
triangular ﬁrism and the,ccne. With the drawing dode of
response, only'the perallel section on the corie: and, the
transverse cectipn on the ‘cube welre represented correctly by
over /O% of the flfth gradc students in the sample.

, By grade 6 over 70% of the students could draw the
1onﬂ1tud1nal section on the cube and the ‘cone. Just under
70% of thls group were successful in drawing the parallel
section on the cube, and the longltudlnal and trans - rse
sectionsgon the trlangular prism. These latter two sections,
both of which were rectangles, were correctly selected from
“the multlple ch01ce distractors by approx1mately 707 of the
seventh grade Jtudent" N

The parallel se¢ tlon on the trlangular prlsm st fir: tm
drawn corroctly by over 70% of the: students at the grade. 7
level. At this level 69% of the students could draw the
transverse section cn the-parallelepiped. It was not.until
orade 8 and 9 respectlvely that over ?d% of the studentst
conld repres ent by drawings the longitudinal and parallel
'cctlon) on the paralleleplped . These three sectiogs cn

the paralleleplped were parallc]ograms and the ability ta

82



draw this figﬁre appear® Lo develop later than the.ability
to select the figure‘f‘( et of distractors.

The longitudinal uodtimn.ogﬁtHEZCOne, an isosceles
triangle, was not selected from the distractors by more than
70% of'the,students untii grade 9. 'This was somewhat -
éufprising since the same section was dréwn correctly by 75%
of the students in the sixth gradé; '

All items which invoilved qbiiddd cuts, as well as the
transverse cut on the‘code, weré answered cofrectly by less
thaq 70% of the students at~each grade leQel.testéd. Oﬁ/
these items, only the oblique.sections}nlthe paralleiepiped

and cylinder 'were ideﬁ%ified.correctly by over 50% of the

subjects at any grade level.

N

Prior to presenting the results for Test II, it should
o~ -
\

be recalled that different subjects were exposed to a -
variety of geometric treatments between Test I and Test II. -

Although none of the treétments_included distussion of

1

geometric sections,gﬁome or all oflthe\tréétments might ‘have

affected the student's™ability to section solids. For this
‘reason, caution must be exercised in interpreting the
results for Test II throughout this report.

The percentage of students at each grade level giving

a correct response for each item on Test II is presented in

‘Table 3.

T

Ten items on Test II were correctly answered by -over
‘ /

70% of the grade 5 subjects. This criterion was met for the

longitudinal section on the rectangulér prism and the square

' pyramid, and the parallel cection on the cy%inder under both

3

v
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Table 3

Percent’of Each Grade Level Ancswering

‘Each Item on Tests IID and IIMC Correctly

Test IID Test IIMC
Item -

5 6 7 8- 9 10 5 7 8 9 10

¢1 92 90 99 96 100 100 72 88 86 92 99
c2 96 93 97 97 99 99 b7 61 74 96 ob
C3 90 90. 9% 94 100 99 63 89 85 96 92
cl 36 43 60 65 75 72 33 L9 64 81 78
ct 53 67 71 79 93 82 49 67 71 92 85
C2 81 69 69 72 92 82 60 78 78 94 89
C3 94 100 100 96 97 100 - 90 100 96 9% 99
Ch 21 39 L2 42 68 71 49 . 68 75 75 86 88
c1 58 79 86 86 90 93 51 82 81 86 88
c2 51 63 58 69 86 68 89 96 94 97 96
C3 58 75 87 83 89 92 Ly 69 85 90 92
Ch ”9 67 81 75 79 85 39 65 79 86 90
c1 88 97 97 89 93 97 85 96 90 93 100
c2 61 - 69 75 92 89 85 51 76 92 86 90.
C3 4 74 72 79 86 83 71 85 82 90 86
Ch 22 31 35 %0 57 63 W6 65 83 89 81
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modes of response. The transverse section on the star and
the parallel sectlon on the pyramld were selected from sets
of dlstractors. The parallel and transverse sectlons on the
rectangular prism were correctly represented.br drawings. '
These latter two sections were not selected from the sets of
distractors by over 70% of the students at a.given grade
level untll grade 6 and grade 8 respectlvely

All sections on the rectangular prlsm were rectangles.
As ‘noted in the previoys paragraph, these se.tions were
drawn correctly before thej were selected from the sets of o
dlstractors. ThlS pattern also appeared for several other
sections Wthh were rectangles. The longitudinal and
parallel sections on the star were first drawn correctly by
over 70% of the students in grade 6 whereas th® same
‘criterion was not achleved using the multiple choice.format
until approximately grade 7. Thewtransverse and longitudinal
sections on the éylid&er indicated a similar 1 year delay
from grade 6 to grade 7 and from grade 7. to grade 8
respectively.  These same two sections on the triangular
prism 1n Test- I also ﬁollowed thls pattern.‘

£
W1th some other sections the opposite trend appeared to

occur. Over 70% of the students 1n grade -5 could select the
parallel section on the pyramld, a square, from a set of
distractors; however, it was not until a year later that this
same criterion was met for the drawing responses. This same
phenomenon occurred on Test I where the sections on the cube

were squares. The transverse section on the star was not

drawn correctly by over 70% of the studentsvuntil grade 9 .
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compared to its selection in grade 5., This section was
star-shaped with an equilateral: trlangle constructed outward
on each side of a square. On Test I where the parallel
section .on the trianﬂular prism wasian equilateral triangle,
there was a 2 year delay from grade 5 to grade 7 before 70%
of the students could represent the section by a draw1ng.
Figures with several congruent segments appeared to be very
difficult for the students to draw. N

One other section waS'represented correctly by grade 6
studenfs. The transverse section on the pyramid was drawn
correctly by 69% of the students in grade 6 and selected by

néh from the distractors. ) "

. The obllque sections again were the most difficult to
recognize; however, the dlfflculty was not as great for the.
SOlldS on Test II as for'%hose on Test I. The oblique
sedtion on the star, .a rectangle, was first drawn correctly
by over 70% of the seventh grade students; however, it was not
selected from the distractors until 1 year later. For the
- cylinder where the oblique section was an ellipse, over 70%
of the students at the grade 7 level selected the correct
draw1ng but were unable to represent the section by their
own drawing until grade 10. The oblique ‘section -of the .
rectangular prism’was both drawn and selected from the
distractors initially by over |70% of the stbjects in grade 9
For the pyramld, 83% of the grade 8 students selected the
correct response but at none of tue grade levels tested

could 70% of the subjects represent the section correctly

with a drawing.
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Many 51m11ar1tiee existed between tﬁe resulte of Test I
and those of Test IL. These similarities have been noted ,on
the previous pages w1th careful reference to Tables - and 3.
.They_willobe dlscussed further in the next chapter. Further
results exploring the relationships between the cuts and the
solids follow. ‘

The number of correct responses on éach cut and each‘
solid on Test ID and Test IMC are presented in Tables 4 and
5 respectively. Hypothesis .1 was tested for each test
using awchifsquare test of 1ndependence. |

ijothe31s 1: The ablllty to identify
. the section resulting from a given cut
on = solid is-independent of that solid.

For Tes* ID = 2t ~91are of 294 was obtained with 9
degrees of freedom. This was 51gniflcant "at the .001 level.
For Test IMC a chi-~ square of 27& was found, also with 9
degreee of freedom. This was also 81gnif1cant at the .001
level. \Hypothe31s 1 was therefore re jected for both Test ID

q

and Test IMC, ﬂ ) 7
Rejection of Hypofhesis 1 impliedwthat there was not an
inherentvdifficulty associated with each cut nor with each
s0lid used on Test I. When the totals for each cut are '»
considered independently; tHe oblique cut was much more |
4ifficult than any of the other three cuts. Yet the
vtransverse cut on the cone was more difficult than three of
the four oblique cuts’ on each of TestsIDand IMC. To say
that the oblique cut is the most difficult of the four cuts

is therefore mlsleading.

A similar argument ex15ts for the solids. By observing



Table L / ‘ .
Number of Corrdet Responses on
|

Fach Cnt 'aind Fach Jolid on Toot ID

Solid -, ‘ .
‘ N - E - Total
cut - S1 S2 S3 Sh for Cut
ct 339 312 31 2k 276
c2 . T 348 332 529 60 - 1069
a 313 302 00 v 283 | 1303
cl 39 39 iy 98 ' 380
Total for T
Sol d 1089 985 . 108k £70
Maximum N ﬁér cell was 432. o
Téb]e'5
Nﬁmber of Correct Respdnses on
Each Cut and Solid on Test IMC
" Solid
‘ ‘ : ' ' Total
Cut S1. S2 .. 83 ; S4 for Cut
C1 383 295 358 279 : 1315
cz. . 397 291 358 88 1134
c3 .. 386 395 373 377 1531
ch 64 119 255 168 606
Total for |
Solid 1230 1100 1344 - 912

Maximun N per cell was 132.

e



the Golal number of correct responsen Por emich 50lid on Quch
test, tHe conc appeared to be the most difficult of the four
solids. Yet the section reSulting from the parallel cut on
the cone was drawn cos Lectly by more subJects than any other
sectlon, and was one of the easiest to select from the *°
distractors.. Again, to say that the cone pas the most
d fficult solid is mic leadlng |

Threc of the sectlonc on Test I were very difficult for
.alrost all students in the sample. Lheue were the[transvorse
section on the cone, and the oblique section on the cube and
the triangular prism. |

Only 60 correct drawings were obtained for the
transverse section on the cone and only 88 subjects --ould
select the correct figure, one nappe of a hyperbola, from
the dlstractoru. The most common error with this section .
was to 1gnore the curvature of the 31de of the hyperbola.
Many .subjects also represented the top of the figure as .
pointed rather thaﬁ curved.

The oblique cut on the cube resulted in a rectangle as

“wdhe section. The most common response for this section was

the drawing or selection of,a square. Subjects appeared
unable to overcome their perception of the cube, every side

of which wan a square.

The most difficult section to draw was the” oblique
section on the ppiangular priSm. This section was an
isosceles triangle with the vertical éngle approximately
equai to 909. Due to the orientation of the prism and the

direction of the oblique cut used in this study, it was not

%

89



90

possible for any‘oblidue section on this solid to be an
isoskceles trjang&r with a veftical anglehléss than 60°, If
the prientation of the solid.ere chénged slightly, say a
300 turn about the vertical axis, the oblique cut would have
resulted in a section which was an isosceles triangle whose
vertical angle could not have been grgater than 60°. Many-
subjects cither drew or chose an isosceles triangle with a
small vertical angle and this was marked incorrect. In Theh
multiple choicc format, none of the figures were correct
resulting in "none of these" be?ng'the correct answer, . This
may have cauced additional difficulty.

Hypothesis 1 Was also tested for Tgst ITD and Test IIMC,
The number of correct responses for each cut and each solid
on these two tests are presented in Tables 6 and 7
respectively. n " . .

For Tect IFD &4 chi-square of|77:9 with 9 degrees of | '
freedom was Tound and for Test IIMC a chi-square of 46.9,
again with 9 degrees éf ffeedom, was reported. Bot* we.2
cignificant at the ,001 lével. Hypothesis 1 was thr i tore
rejected Tor each of the two tests.

Ac war the case with Test I, rejection of Hypothesis 1
for Tects IID and IIMC implied that there was not an inherent
difficulty‘aSSOCiafed with eatch. cut nor with eaéh solid used
on Test II. The oblique cut was again by far the most
difficnlt when the total number of resbbhses for each cut
wére;considcred. fe+ the ﬁfansverse section on the star was
more difficult to represent by a drawihg than the éblique

cut on that solid. Many students had difficulty representing
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Table 6- A
Number of Correct Responses on .

Each Cut and Solid on Test IID

Solid :
R — - . . Total
G e D085 .. 86 87 S8 - for Cut
ct o T Thrs . 320 355 yo4 , 1494
c2 - b18. 314 285 339 - 1356
c3 409 Lok 349 323 1505
ch 253 203 . 313 185 95k
.Total i ,
for Solid. 1495 1261 1302 1251
Maximum N per cell was 432.
Table 7
Number of Correct Responses on
Each Cut and Solid on Test IIMC
|
Solid
. - : Total
Cut ' S5 S6 S7 S8 - for Cut
c1 381 308 326  h4o2 "fﬁi?
ce - 317 335 o7 340 1399
c3 362 k1sg 321 353 _ 1451
- ch 257 318 302 299 1176
Total \ ’ ‘_ Q '
for Solid 1317 1376 1356 1394

Maximum N per cell was 432,
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®

the star-shaped transverse section whereas the oblique

v

sectlon, which was a rectangle, was perhaps ea81eﬂ to draw.
On Test IIMC this transverse gection was very easy to select t
from the distractors with 407 correct responses whereas the
obllque section was only recognized correctly 302 times.
On Test IIMC the oblique section on the cylinder, an
- ellipse, was marglnally ea31er to recognize than was the
longitudinal section, a rectdngle. However, on the Test IID
the ellipse was drawn correctly only 203 times compared to
320 correct drawings’of the rectangle.
These two examples, while illugtrating the interaction
of the cut and solid,“also suggest that the mode of response
was a significant. factor. Some sections, such'as the star
or elllpse, mlght have been correctly represented by the
chlld in hlS or her mind, but were not represénted correctly
as a drawing. | )
Previods gtudies by Boe (1966), Davis (1969), and
Pothler (1975) "used the cube, cylihder, rectangular prism,
. and cone on their tests. The average total score on these
four solids for each of grades 6, 8, and 10 was found for the
. drawing (D) and multlple choice (MC) modesfof responée. In .
the present study the cube and+cone were used on Test I and
the rectangular prism and cyllnder on,Test II. The data were
" therefore collected on twq separaﬁedocca81ons. Also it is

,\/\

recalled from Chapter IIT that Ahes

\ ous studies dlffered
in several aSpectS'Ml%h regar@‘%o the orientation of the
solids and the admlnlsfgatlon of*the test. With these

11m1tatlons in mlﬁa the. “means for the three previous studles

3



together with those for the present study are given in Table 8.

n

Table 8
Comparlsons of Means of Sectlons on ‘the Cube,

Cone, Rectangul .- Prism, and Cylinder w1th

Those Obtained 1n.Prev1ous Studies R
Grade | . A
6 " 8 . 10
Study D, MC D MC D MC
Boe - - - 11.4  10.4 11.8 11.2
Davis -, 10.5. - 12,7 - 1345
Pothier 10.7  10.7 11.9 © 11.5 13,0 . 13.1
This Study ¥ 0.0 10.4 11.3  11.3 11.9  13.8

When compared with Boe's (1966) results, the means
obtalned at the grade 8 and grade 10 levels on the drawings
vare almost identical to those obtalned in this study. In
the multiple choice format, the present results were
somewhat hlgher, partlcularly at the grade 10 level where o
the dlfference in means was 2.6. Davis (1969). used only the
multiple ch01ce mode of response ‘and the means for grades

6 and 10 are very similar to those from the present study

whereas the results at grade 8 showed Davis' subgects‘

performlng sllghtly better. ” (ﬁ“

Pothler s (1975) study, also conducted in Edmonton,\
yielded results at each of grades 6, 8, and 10 which were

.‘marginally. higher than those obtained in this study. The

2y > I R A A



one wxccﬁ%ion to this was at grade 10 where her students did
&
rnot perform as we]} on the multlple ch0lce portion ol the

test.  Overall the dlfferenoen in reoulto on the four tudies
are very small.. This gives some indication that variations

in the testing procedure did not appear to affect the

results very much.

L

Question 2 . . ” E . f \

Are there differences in the ability of students of a
partlcular sex, grade level, and ability to section solids?

A" 6 x 2 x 3. factorlal de)lgn was -used to answer this
quyestion with the dependent varlables being grade level, sei,
oand ablllty_reSpectlvely. .The means for each of the 36 célls
on eaéh of Tests ID, IMC, IID, and IIMC-ére preéented in:
Tgble5~9, 10, 11, and 12 respectiveiy. The meé&~profiles
for each of the three variables on the four tests are

présénted in Figure 3. Observation of the three #raphs

Q
suggested that significant effects'wer present for grade
level, sex, and ability. HYpothese% 2a, 2b, and 2~ were

tested uolng MANOVA to investigate these p0531b111t1es.
Hypothesis 2a: There is no s1gn1f1cant .
difference between the grade mean vectors .
on Tests ID, IMC, IID, and IIMC. e . .

Hypothesis 2b: There is no significant
difference between the sex mean vectlbors-
on Tests ID, IMC, IID, and IIMC.

' Hypothesis 2c: There is no 51gn1f1cant
differcnce between the ability mean
vectors on Tests ID, IMC, IID, and IIMC.

1

The results of the MANOVA are presented in Table 13.

All three main effects yielded F-ratios which were i

[V

significant at the .001 level.. However, the grade by

L 4
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Tabla 9

"Cell Mcan: on, Test ID

Grade.

( -
Ability Sex 5 6 7 8 9 10  Xavility
L M 6.92 7.08 7.50 7.58 10.2 10.3 7.60
F 5,92 6.67¢ 5.42 7.00 8.83 7.75
A M 6.83 8,08 9.25 10.0 11.1 10.0 9_29
F  5.92 8.58 9.50 10.6 10.9 10.8
o M 9.k2. 9.75 11.6 11.9° 12.1 11.9 11.1
F: 9,50 9.92 11.0 12,0 11.5 12.3
Xgrade 742 8.35 9.04 9.85 "10.8 11.5
XSex ‘ xMale = 9.53 XFemale = 9.11
~Table 10

4

'Cell Means on Test IMC

Grade
Ability Sex 5 % 6 7 8 9 10 . favility
I » M 8.67°8.75 9.83 10.3 11.0 10.8 - 4 3¢
"F  7.58 8.00 -9.83 8.50 8.33 10.7 |
A M 8.75 11.2 11.6 10.8 11.8 11.7 10.9
F 8.25 10.1 11.4 11.3 11.5 12.3
H M 11.1 "10.8 12.3 12.4 12.3 12.6 44 ¢
F 10.6 10.5 11.3 12.1 11.6 11.8
YGraqe 92;5 9.89 11.0 10.9 11,1 '11.6
XSex - XMa16 = 10-9 Xpemale = 10-3

v

le.
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Table 11

Cell Mqanu on Test IID

N Grade ‘
Ability Sex . & 6 v 8 9 10 Ability.
L Mo 9.17. 10.3 11.3 10.9 14.3 13.4 0.7
: F o 8.33 8.75 9.42 9.67 11.7 10.9
a M 8.17 12.0 12.7 12.8. 14.2 14,1 12.3
“ F o 8.33 1 12.7 13.0 13.7 13.3
, Mo 12.9 12.4 13.8 14.8 15.3 .15.3 . 4 g
F o 11.4 13.1 13.5 14.8 14.6 15.,2°
© Xgrade 9.72 11.4 12.2 12.7 13.9 13.7
Xsex ‘ xMaIé = 12.7 Xpemale =19
Table 12
'ﬂ Cell Means on Test IIMC
; ) Grade
Ability Sex 5 6" 7 8 9 10 Xavpility
L M 8.08 10.2 10.9 12,9 140 1.2 10.8
"R 7.83 8.08 9.08 8.50 12.7 12.6 '
A M 8.83 12.9 ‘13.3 13.9 15.1 14.7 io.8
F  6.92 12.3 13.3 13.2 14.6 14,8 .
. M 14,2 t4.1 15.3 10.5 13.8 15.6 ,’14;3
F  13.9 15.3 15.0 13.3 14.8 15.4 -
:
Xarade 9.39 11.8 12.L 13.1 1L4.5 1L.4
XSex XMalq =-13.2 Xpemale = 121

96 .
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Mean ProfTiles by Grade, Sex, and
Ability for Tests ID, IMC, IID, and IIMC

;



98 |

Table 13
Multivariate Analysis of Variance

(MANoyA) for Tests ID, IMC, IIC, IIMC

~Source sSsp ar F Prob  Wilk's A

Grade (G) ™ 605 : 7 20, 13044 10,3 O 614
389 302 .
717 L78 875

| 880 588 1080 1330

Sex ()3 18.8 1 4, 393 5.18  .0005  .950
28.1  42.2 : ’
R 33.3 50.0-  59.3 .
i L 48.8" 73.1  86.7 127] )
Ability (A) [ 868 7 8, 786 ?3.7 0 649
' 561 380

815 525 761
- Lewy 582 823 901
G xS "13.0 20, 1304.2  1.51  .069 .927
A58 - 12,2 ’
10.9 1.62 15.1
10,8 3.10 -16.8 43.9,

SxA (46,5 T 8, 786 1.58 .126 .969
24,9 15.6
51.7  27.4  57.5
| 41.9° 81.8 46.6 37.9
G x A " 116 1 o, 1492.1  1.67 .0058 - .B47
41,1 59.3 '
99.6 72.2 139
[ 114 97.9 157 226 .
G xS xA [25.1 7 so, 1492,1  1.16  .234 .891
-6.79  33.6 /
1.60 -3.22 20,6 : /
| 5.79  5.73 28,9 97.3 /)
" Error 2150 ] : C '
1090 1640

1230.© 957 2400
L1130 941 1800 2830




ability interaction was also significant at the .01 level.
Although the grade by sex and sex Dby ability interactions
were not significant at the .05 level, their possibilities
of occurring were great enough that further examination of
these interactive effects was deemed necessary prior to aﬁy
interpretation of the main effects. |

Since the results from the MANOVA indicated significant
interactions and main effects on the vector means of Tests
Ip, IMC, IID, and IIMC, a three-way ANOVA Qas chducted on
each of the four tesfe Separately. The results of these

ANOVA's are reported in Tables 14, 15; 16, and 17.

99

The redults from the MANOVA indicated that an hypothesis =7 7

of no significant grade by sex interaction would be rejeetea
at only the .069 level off significance. The probability
levels obtained from the separate ANOVA's indicated that
this hypothesis was tenable and should not be rejected for
any of tﬂe tests. Graphs of the grade by eex interaction on
each test are shown in Figure b, These graphs illustrate
that on Tests IMC, IID, and IIMC, males scored@igherf than
females at every grade levelf _On.@est ID, males scored
higher than females at each grade level eicept grades G\and_w‘
8 where the mean scores were almost the same. ' |
On each of Tests ID, IID, and IIMC, pefformance N
inereased with each grade level for GOth malee and females
&with the exception that grade 9 students scored as high oﬁ
higher than grade 10@studenfs. On Test IMC the pattern was
. similar except ﬁhat‘grade 8 studentsﬁof both sexes did not

score as high as grade 7 students and grade 9 females sco:
' ' N
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Table 104

Analysis ol Varlance lor Test ID

Source | SS ar MS P Prob
Grade (G) 506 5 121 22.3 0
Sex (8) 18.8 1 18.8 3,45 .06
Ability (A) 868 2 L3k 80.0 O
cxS 13.0 5 . 2.59 48 .79
S x A 46.5 2 23.3 L, 28 .01
G x A 116 10 11.6 2.1 .02
GxSxA 25.1 10 2.51 46 .91
" Error 2150 396 5.43 - '
Table 15

Analysis of Vériance for Test. IMC

Source sS ar  MS F . Prob

Grade (G) - 302 5 -, 60.5 14,6 0

Sex (8) = k2.2 1 he.2 10.2 ~ .002

Ability (A) 380 > 190 welo .0

G xS 12.2 5 2.45 .59 .71

3 x A 15,6 -~ 2 7.80 = 1.89 .15

G x A | 59.3 10 5.93 1.4 .16

G xSxA 33.6 10-  3.36 . .81 .62 .
Error , 1640 396 - W.13 | |

o
Y




Table 16

Analysis Jf Variance for TesfxlID

i
4
\
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2830 396 7.14

Source S5 Var ms | F Prob

Grade (&) 875 5 175 \\ 28.9 0

Cex (! 59.3 1 59.3 | 9.78 002

Ability (A) 761 - 2 380 62.8 0

G xS "15.1 5 3.02 .50 “,78

S x A 57.5 2 28.8 b7 . 009

G x A 139 10 13.9 2.30 012

G xS xA 20.6 10 2,06 3k .97

Error 2400 396 6.06 .

N . N
Table 17
Analysis of Variaﬁde for Test’IIMC

Source SS af MS F Prob

Grade (G) 1330 s | 266 37.3 0

Sex (8) 127 L 127 17.8 0
CADbility (A) 901 2 - Ls1 63.2 0

G x5 43.9 5 8.78  1.23 .29

S x A 37-9 2 18.9 = *2.65 .072

G x A 226 10 22.7 3.17 . 0006

G xS x A * 97,3 10 9.73 1.36 20

Error
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still lower than grade 8 females. The lines in each graph
presented in Figure 4 are thus close to being parallel and
~very little interaction4between sex and grade level is
evident.

fhe sex by ability interaction, although not significant®
using the MANOVA analysis, yiei&ed significant results for
both Tests ID and IID with the individual ANOVA}S. ‘The
graphs of this interaction for each of four tests are )
presented in Figure 5. The four graphs are similar with
- males scoring hiéher than females at every ability level on
every test with one exception. Average ability femaiegﬁ
scored higher than males of similar ability on Test ID. The
‘source of “interaction was due to the fact that high and
average ability males scored only marginally higher than
their female counterparts with the one exception noted above.

The differences between males and females of low ability were

more pronounced. High ability students of both sexes

Al

- scored higher than average ability students cof the same sex

who in turn scored higher than low ability students. This
same pattern occurred”én all four tests. The interaction
between sex and ability therefore was due to large differenceé
in scores between males and females of low ability.

The third interaction, grade by ability, was significant
- (p<.01) on the MANOVA. Observation of the results of the
individual ANOVA's revealed this interaction significant for
Test ID (p< .05), Test IID (p<.05), and Test IIMC
(p<.001). Graphs of the grade byiability relationships on
all four tests are presented iﬁ Figure 6. ‘

—
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On each of the four tests, high ability students
scored better than those of average ablllty who in turn
scored hlgher than low ability students. ThlS pattern °
occurred at every grade level W1th the exception of grade 5
where low ability students scored‘margdnally higher than
those of average ability on fhe three tests where the grade
by ability interaction was significant. On Test IMC where
the [in.eraction was not 81gn1flcant the average abllltyya
fifth grade students also scored higher than the low ablllty
students at that grade level. |

With some exceptions the scores on all tests 1ncreased
for students at each ability level as the grade level
increased. On each draw1ng~test th average and low’
ability grade 10 students scored lpwer than their counterparts
in grade 9; whereas the high ability students in grade 10 ‘
scored higher. On Test IMC the same pattern occurred
between.grades7 and 8. On both forms of Test I there was a
slight drop in scores of tbe high ability students from
grade 8 to grade 9. These drops‘from grade to grade were
small in all cases and tended to occur with more than ‘one
'"ablllty level at each grade level thus mlnlmlzlng any
llnteractlon. A

Although the performance of average ability grade 5
students was very low, there was.a sharp 1ncrease on all
tests for this group between grades 5 and 6. A similar
increase was evident f¥r students of low ability between'

grades 8 and 9, especially on'Tests ID, IID, and IIMC.v Other

portions of the graphs had very similar slopes for each




ability level. The grade by ability interaction’therefore
appeared to be a result of these sharp increases in

performance.
ne m.in effeét of "grade level was found to be a

siéniflcant‘factor on each of the four tests as well as the
vector of means on these tests. ‘The grade by sex interaction
was not significant for .ny of the tests. For each sex, the
means increased as the grade level.increased except between
grades 9 and?lQ; The grade by ability inieraction, although
sighificant, was due méinly to the increase in performance
of average ability students between grades 5|and 6, and, of
low ability students between grades 8 ang 9:A Again, the
means increased fér each ability level as the grade level
increasev, with égﬁe‘exceptions;-especially betweén grade 9
and grade 10, J | - |

Hypc shesis 2a was rejected 'and the altegnate hypothesis
that there are significant differences between the grade
. mean vectors was acéeptéd: The individual ANOVA's fﬁrther
revealed that grade level was a signifiéant factor on all
four fests. | |

Using the procedure sugggéted by Bay (1969b) within fhe

multivafiate analysis, comparisons were made between the |
perfbrmanqes at each grade levél._ The F—ratiqs are4pfesented
in Table 18. ; | \ |

" Grades 8, \9[, and 10 all scored significantly higher
xthan érade 5 on eaéh'of the fdur tests with the exception
of the coﬁparisbn.betweeq_grade 8 and*gradevﬁ on Test IMC.

Grade 7 students also scored significantly Nigher~than the
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' [0
.grade 5 students on Tests IID and IIMC. The level of
significance Was .01 for‘qil comparisons involving grades 9
and 10 with gréde 5 except for the gradeé 5 and 9 comparison
on Test IMCs All other comparisons aboye‘were‘sigﬁificant
;at the .05 leQel. This level of significance was also
attained for the compaiisons between grade 9 and grade 6 on
Tests ID, IID, and IIMC. . ¢

The proéédure for cafr&ing out multiple comparisons on
multivariate data is much more conservative than using a
similar procedure on each of the variables 'separately. The
qigation for the multiple cémpgribons éone separztel; on
each toat are also presented in Table 18.

Under this more liberal\procedure every other grace
w,levél scoréd significantly higher than grade 5 on eazh =T
%he=foUr tests éxcept grade 6 on Tests ID and IMC. Tne level
of signiiicahce was less thén .01 in evefy case., Grades ©
' énd 10 also scored signific&ﬁtly higher than grade 6 on all
;tésts,:énd higher than grade 7 students on all tests except
Test IMC. The level of significance was less than .01 in
all céSeslexcept the comparison betwen grades 10 and 7 on
Tests ID and IID and the comparison betWeen grades 9 and 6
on Test IMC. Here the significance level was less than .05.

Two other comparisons were significan§ at the‘.OS level.
Grade 8 students scored higher tﬁan grade 6 stﬁdents on
Test ID and gradé 7-students highef than.grade 6 stgdenfs on
Pest IMC. -

To summarize the above, two conclusio may be sfated,

with rcasonable certainty. First, studehts'in both gradesJ
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9'gnd 16 scored higher on the sectioniné tests than did
students in eitner grade 5 or 6. Sécondly, students in
gréde 5.in the sample employed in this study were less
- successful on the secticning tasks than students at
succeeding grade levels; The Qery low performance of
average- grade 5 students may account for the latter resuit.

| Neither interaction involving sex was significant using
the MANOVA pfocedure. When ANOVA was carried out on each
test, the scx by ability interaction was significant on Tests
ID and IID. Except for Test ID, where average acility females
scored marginally higher than males, the interactions were
ordinal;v Hypothesis 2b was therefore rejected. Males scored
higher than females'on all four tests, the differences being L
significant (p<& .01) in each case except on Test ID. Here -
the difference was not significant, the probability level
“being only .06, It should be noted that for students of low
: ability“the difference was somewhaf greéter than at ihe
higher ability levels. The sex difference, although.
sta%istically significant, accounted for only a small
portion of the variance of each test. The educational
significance of this difference therefore is minimai,
especially for students of average and high\ability.

‘As noted previously the third main effect, ability level,
interactéé significantly with both sex and grade'levcl on
seVéréi of the tests. The interaction with sex was ordinal,
‘cxcept as noted above. Interaction with grade was due
mainly to sharp increases for students of avérage.and low

ability from grade 5 to érade 6 and from grade 8 to grade 9
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respectively. Although this latter interaction posed some
limitation on the interpretation of the ability main effect,
mulﬁiple comparisons were conducted on each pair of ability
levels. The F-ratios are reported in Table 19. Using the
‘MANOVA comparisons, high ability students scored higher than
those of average ability who 1in turn scored higher than
"those of low ability. All comparisons were significant
(p<.01) except the high-average comparison'on Test IMC.
Using ANOVK comparisons, the résults were thé same, excépt
the high-average comparison on Test IMC was significant
(p<€.05). Except for gradé 5 where there was little |
difference betwéen students of low énd.average ability it
was concluded that ébility to Sectién solids inoregsea with
the ability level of the 'student. Hypothesis 2c was therefore

<

re jected.

guestibn 3
) Isvthe ability to section solids a uni-factor trait
or is it a composite of several independent or related
abilities? ‘
Using the entire sample of 432 subjects, correlations
were found betweeh each item on Test I aﬁd are reported in
Tables 39, 40, and 41 in Appendix 3. Table 39 conta® s the
correlations among items on Test iD{\Table Lo, the }
correlationé aﬁong items on Test IMC; and T4ble 41, the
correlations between items on TestsIDand IMC. The
correlations range fror -.14 to .53. Any correlation whose

absolute value is greater thegn or equal to .13 is

significantly different from .zero Qp<ﬂdi)sfor a sample of

\



432. Although many of the correlations met this ériterion,
few exceeded .30. The variance common to items was |
fhereﬁbre very low in almost every instance.

Despite’the low correlations, it was felt that it was
desirable to proceed with the principal axis factoring since.
this portion of the study was explorafory in nature. The
correlation matrix was therefore subjected to principal axis
factoring, the factors extracted'being rotated by the vafimax
prpcedure to approximafe orthogonal  simple structﬁre.
Squared mean correlafions Qere-used in the diagonal as
estimates of the communalities. |

.élthough only ohe eigen value greater than one was
found, the choice of four factors seemed to provide the most
m;aningful interpretation. - This four factor solution is
presented in Table 20 The communalities among these four
factors accounted for only 22.3% of the total variance;
however, this was expected due to the lack of hlgh entries
.in the correlation matrix.

Using. the criterion of .30 as the minimum absolute
- value for a factorvloading to be:interpreted, the first F
factor was found to have 13 such ioadings. The longitudinal
"and parallel sections on the ﬁube and on the cone, and the 
transverse and pafallel sections on the triangular prism |
were included in these 13 under foth the drawing'and multiple
choice reoponses. No appérent connection existed among
these 1tems and therefore this factor could represent a

general sectioning ab;llty. This is a very liberal

Ehterpretétion of this factor since it accounted for only

113
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14

Table 20

Varimax Rotation for Test 1 - Entire Sample

W

Total Variance Accounted for

22.3%

-

4 Factor
Variable 1 2 3 v Communalities -
st c1 35 24 19 18 25
c2 24 12’ 20 14 15
c3 35 17 27 11 2k
@ cl 02 27 . 09 17 11
@ s2 o1 12 60 07 "oz 38
é cz 31 o ok 15 28
2 c3 30 03 16 27 19
% cl 06 05 -08 -01 01
< s3 c1 22 17 Lo 19 28
gi c2 16 19 51 15 34
c3 06 19 7 > 50 12 30
cl 13 19 36 ok 18
sk c1 L2 13 09 03 20
c2 08 19 07 .34 16
c3 49 20 13 13 32
cl 13 08 09 Ls 23
S1 Ct 52 06 12 15 31
. c2 30 14 27 -02 19
@ -¢3 s oe 25 11 36
5 cl 01 26 06 08 08 -
B s2 c1 27 65 09 . 12 52
i ce2 37 52 10 19 ks
' c3 46 03 ol 12 23
é ch -13 -0 06 =17 05
. S3 ct 12 -10 27 09 10
:p, ‘€2 09 06 17 =07 L 05
:5 3 15 01 36 -08 16
2 cl 19 oL 10 -09 06
sk c1 b2 31 15 02 29
c2 . -09 08 02 35 14
c3 46 16 18 06 28
Ch 18 09 05 Ls 25
Eigen valueg 4,87 .91 .69 .66
Variance 2.64 1.88 1.52 1.09 .
% Total Variance 8.25 5.86 k.75 3.40 -
£ Common Variance 37.1 26.3 21.3 15.3
" Sum of Communalities 7.12 i
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, 8;23% of the total variance.

The cecond factor had high loadinasion the longitudinal
and transverse sections of the triangdlar prism under both
modes of response. These two sections‘were very similar in

" that they were both rectangles. The only other rectangular
section resulted from the oblidue cut on the cube. The
loadings for that section were  just less tpan the LBO
criterion. The only other significant 1%ading on this

factor was the multiple cﬁoice‘response to the longitudinal

.
\

cut on the cone.
| The third factor hadvloadings greater than .30 on all
four'sectionslon the parallelepiped using the drawing method .
of response. The only other "high" loading‘was for the
parallel sections on the parallelepiped with the multiple
choice response.* Since only the sections 1nvolv1ng the
‘ /parallelepiped were nonrectangular parallelograms, this
factor appeared to reflect the ability to recognize these
B figures, or more specifically to draw nonrectangular
parallelograms. |
The four significant loadings on the. fourth factor were
the two forms of each of the transverse and oblique ‘sections
on the cone. These two sections were one nappe of a
hyperbola and an ellipse respectively. The ability tg
represent these conics thus:was the main characteristic of
this factor. | _ .
As mentioned previously caution must be exercised in
the 1nterpretation of these factors due to the low =

percentage of variance for which each accounted.
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A correlation matrix was also determined for the items
4 . .
on Test II using the sample of 432 subjects. Table 42
~artains the correlations among the items on Test IID;

o

43 the correlations among the items on Test IIMC; ‘and -

T.. ‘4 the correlations between the ltems on Test IID and

Gl . Test lIMC A1l three tables are found in Appendix
»

3'

T . ationc for Test II, although still low, were
R )
margin 1y higher thar for Test I, they varied from -.04 to

.75. Agai- -y co-relation greater than or effual to .13 was

"81gn1flcantly diffe >»nt from zero (p<.01). As was the case

for Test I only -~ few correlatlonq exceeded .30,

The correlation-matrix was again factored using
principal ax1sofactor1ng with varlmax rotatlon. Two elgen
values were found greater than unity, however the five

factor solution appeared to .be the most interpretable. That

- solution accounted for 35% of the common variance and is

presented in Table 21.
The first factor contained loadings greater than .30

on both modes of response for the oblique section of the

: rectangular prlsm, the. longltudlnil and transverse sections

of the cyllnder, and the parallel sectlon on the pyramid.
In addition the longitudinal section on the star with the
draw1ng response, and the trangverse section on the

rectangular prism and obllque section on the star with the

" multiple ch01ce response also loaded on thls factor. All of

these sectlons were rectangles except the parallel sectlon

.on the pyramid which was a square,. the only square on Test II.
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Table 21

Varimax Rotation for Test II - Entire Sample
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{

‘ Factor ’
_yariable 1 2 3 L 5 Communalities
S5 Ct 12 12 14 14 19 10
" g2 06 S 11 ~03 15 06
C3 09 18 02 16 09 07
o ch 36 34 24 11 27 39
5 s6 c1 69 20 12 02 08 5k
é c2 74 15 11 o4 13 60
& c3 -03 05 -03 18 09 05
w Cl 12 16 10 11 54 35
g s7 ot 37 26 46 12 05 R :
x - —~—
8 cz 20 31 12 10 15 ﬂ,Jia_/Jﬁgr~___f:
Q c3 28 19 b9 24 27 L8
ch 27 36 24 26 11 34
s8 ci1 -02 07 10 26 09 09
ez . 15 55 13 13 12 37
. ¢3 32 20 22 | 22 19 28 :
cl 21 50 17 11 12 35 ' .
Ss' C1 14 08 14 30 19 17
c2 30 13 25 25 23 29
2 c3 03 08 a1 34 20 26
g ch 41 3h 20 - 14 29 Lyl
b s6 c1 69 24 31 13 16 67
= c2 68 30 27 01 08 63
§ c3 23 05 08 49 -o4 30
é ch " 10 10 10 09 54 33
> s7 ¢t 29 29 63 15 08 60
= c2 -05 20 ok L2 00 22 .
P c3 28 26 62 16 24 61
2 cl 33 39 49 14 19 55
S8 c1 18 10 14 62 -03 45
c2- 14 46 17 23 09’ 32
c3 37 09 28 21 32 36
cb 16 50 13 19 10 33
Eigen values 8.22 1.15 '.69 .62 .54
Variance ) 3.46 2.32 2.32 1.72 1.40
& Total Variance 10.8 * 7.26 7.24 5.37 4,37
£ Common Variance 30.8 20.7 12,5 \

Sum of Communalities
Total Variance Accounted for

20,7 15.3
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Although severai other sections on Test II were rectangles,
it appcared this first factor was related to the ability to
represent the rectangulér sections.

The . oblique sections from both drawing and multiple
choice modes of résponse'for the rectangﬁlar prism, star,
and pyramid all 1oaded on the second facto}. These sections
on“the ?rism and star were rectangles whereas the oblique
section on the pyramid was an isosceies trapezoid. The only
other section which was trapezoidal in shape, the transverse
section on the pyramid,.alsq loaded on this factor. The .

other two loadings greater fhan «30 were the drawing of the

. transverse section on the star, a star‘shape, with a loading

.of .31 and the multiple choice selection of the éame cut on
the cylinder, a rectangle, with a ioading of .30. This factor
could be associatéd with the obliqﬁe cuts,hbwever tﬁe four
highest loadings were for the items involviﬁg the trapezoid;
The fourth oblique cut, that on the' cylinder, resulted
in aﬁ ellipse as a seétion. Both items involving this section
loaded on the fifth factor, the two loadings being . 54.
There was énly one other loading on this factor méeting the
criterion, that for the multiple choice response tovtﬁe
paraliel item on the4pyramid with a loading of .32. This
factor appears to be similar‘to the fourth fac%or on Test I
where the oblique cut on the cone, also an ellipse, and the
transverse cut on the same solid contributed the éignificant
loadings. It seems more reasonable then to accept an
interpretation of factor two above as one due fo the

trapezoid rather than the oblique cut.
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'S

On the third Tactor loadings ﬁroater(thsn L5 were
found for the longitudinal and parallel section on the star
under both modes of response and for the oblique section'on
the same solid.with the multiple choice response. The
loadin~ for the drawing response of the oblique section was

~

" .24, These sections were all rectangles. The “transverse .

.~
)

Gseetion on this solid was star shaped and had loadings of
.12 and .04 on this factor. The factor therefore appeared
to be determined by the rectangular seetien resulting from
the longltudlnal, parallel, and oblique cuts on the star.
Two other sections, again both rectangles, had ioadlngs on
this factor of .31. This was quite low .in comparison to the
loadings for.the star. _ .

Factor four on Test II had five 1oadings greater than
.30. All were from the multlple ch01ce method of response
and no apparent relatlonshlp ex1sted among the items. This

“was the only case. Wthh suggested the possibility of some

difference in abilities being required for the two modes of

response.
P

_,».

The precedlng analysis wasvconducted to arrive at a
decision regardlng Hypothes1s 3. |

Hypothes1s 3: The ability to section
solids is a uni-factor trait.

. Since the correlations between sectioning items were
/low,- less than .30 in most instances, and since the factor
analysis, although accountlng for only a small portlon of
the ﬁotal-varlance, suggested the possible existence of;

several factors, Hypothesis 3 was therefqré re jected.
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Briéfly, it appears that method of response is not a,
factor since in most instances both 1tem involving a
particular )ectlon loaded on the same factor. The type of
section appearcd to‘determine upon which factor an item
loaded in sevcral instances, for example rectangles,
paralIelog ams, trapezolds, and ellipses. - The solid, S
partlcularly the paralleleplped and the star also appeared
to influence the loadlngs. Slnce any interpretation of -
these results must be somewhat subjective, further
‘discussion is reserved for the. concludlng chapter.

Principal axis factoring was also carrled out on Test T
and Test II separately Tor each sex, for each ability level
and)for grades 5 and 6 ombined, gradesﬂ?\and 8 combined,
and grades 9 and 10 com: _-2d. In every case the correiations
were very low,.similar to “hose presented in the two
previous analyses Many more were not 51gn1flcantly .
different from zero due to the smaller sample size.

.

The four factor solutions on Test T for each of thf(
~above cases are presented in Tables 47 to 54 in Appendlx 5
For Test II the flve factor solutions are given in Tables
55 through 62. Many of the patterns described on the
Prev1ou' Pagco are evident in these tables,Ahowevereall | \\\\
factors were not interpretable. Due to the low correlations
and small portion of -accounted variance, no attempt was made
.to determlne if the factor structures werewglfferent for the

two sexes, or for different ability groups,\or for

different grade levels.
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v

Is the test on sectioning solids useful to the
classroom teacher for predicting achievement in geometry?

‘Phe analysis for each of the 12 situations described in
the previous qﬁapter is reported independen%ly on the
following pages. . Similarities and differences between the
results in the various situatiohs will be discussed in the
concluding chapter of this report.

Hypothesis U anq La are restated here for reference
since they are tested 1in most of the situations which follow.

Hypothesis 4: The efficiency of
prediction of geometry performance 1is
not. ulgnlflcantly improved by adding
tests on sectioning solids to a
battery of other student scores
including age,-sex, the previous year's

final mathematics grade, the last.
1mathematics test score and IQ.

#

Hypothe51s La: The efficiency of - o
prediction of geometry performance is .

not significantly .improved by adding ‘ .

tests on sectioning solids to the,

previous year's final mathematics

grade or the last mathematics test

score or the IQ score.

51 ual_on 5-1
1n this grade 5 ciads, Tests ID, IMC, and I all had

- sipgnificant correlations with geometry achievement. Thcck
correlations are reported in Table 22. The beét predictor
of achievement in this situation was fhe lést mathematics
test scofe with a co;relation of .70.

.The results of the stepwise regression for the‘battery.

&

of tests are reported in Table 23. The first prediCtof to

_enter the regression equation was the last mathematics test

A

P



Table 27

~Corrclation iatrix lor Situation H-1
1 2 3 ly 5 6 7 8 9

1 Sex 1
2 Age -e23 1
3 IQ(T) =25 =,10 1
I, PG* -.31 -.03 .89 1 ) , R
5 LT .36 -.12 .56 .54 1
6 ID .1 -.21 J16 .18 W48 1 |
7 IMC ~ .06 .17 .25 .27 W45 .69 1
8 I 03 -.21 .21 .24 .51 .93 .90 1
9

GEO L35 -.01 .50 .63 .70 .50 .49 sk 1

)

p(L=0)< .01 if |r|> .46 j
p(L=0)< .05 if |r|>.36

¥ In the tables and discussion of this section the following
abbreviations are used: PG - previous year's mathematics
grade, LT -~ last mathematics test score, ID - Test 1D,

‘IMC - Test IMC, I - Test I, GEO - geometry achievement.

Table 23

Stepwise Regression Summary Table for

Situation 5-1 Using All Predictors |

'F Value for Prob. of

/ L a
Entering . Entering  Entering R? Total.F
Variable Variagble Variable (per cent) Value
Last Test 27.5 0 U9 27.5
Previous Grade 5.61 .025 58 18.8
Test T 3.73 .06k 6l 15.1 ¢

-~

Best P?edlctlon Equation Y.pq = 2O0bl +7.3%Xpn F .5HXLT




score which accounted for Log of the Variance. The second
variable to enter the equation significantly was the final
mathematics grade 1in grade L which increased the variance’
accounted for to 58% Test I was the next to enter the

equation, however it did not increase the variance accounted

for significantly. Hypothesis L was therefore not reJected

. i
" for situation 5-1.

Using the three sectioning scores with the final
mathematics grade from grade 4, the first variable to enter
the equation was the previous year{s mathematics grade,

F = 18.5, p<.001, Test I was the next variable to enter
¢ ¢ antly, F = 9.90, p£.01 with'the percentage of
va. accounted for.increasing to 60% From Lo%. The

regression equation containing these two variables was
. ~ ‘

" Yago

The last mathematics test score accounted for almost

= 2.2 + 59Kpg T 1.3Xg. )

“ 0% of the variance of the geometry test. Velther the
’dltlon of Tests ID, IMC, nor I 1ncreased thls percentage

51gn1flcantly.

Test I correlated 54 with gedtmetry achievement and
was a slightly better predictor than IQ which correlated only
.50. The addition of IQ to the regress1on equation.
containingQiest I increased the percentage of variance

accounted for from 29% to 45%, F = 7.70, p <.0i. The

-

regression equation was

GEO 1q(r) T 1M

Hypothesis La was therefore rejected for the previous

\'?'? = -3.2 + 40X

year's finai mathematics grade and IQ but not for the last



mathematics b

Situation

I ¥
)Ty

For situation 5-2,

_with geometry achievement of all avallable

0t

score.

correlations are presented in Table 24

prédictors.

Test IMC had the highest correlation

The

Hypothesis 4 and ka

were therefore rejected for this situation.

Q

Correlation Matrix for Situation 5-2

Table 24

6(

1 2 3 4 5 7 8 9 10

1 Sex 1

2 Age -.28 1

3 1Q(V) "~ .10 -.37 1

‘4 IQ(NV) .00 -.28 .67 1 _

3 PG 1,00 -.12 .35 .h2 1

6 1T -.01 -.38 .51 .5k A9 1

7 ID -.22 .11 .18 .31 .22 .27 1

8 IMC : 5.01 -.04 .28 .42 .30 .16 .68 1
‘9 T -.13 oL .25 .39 .28 .24 .93 .90 1

10 GRrO .05 -.12 A1 L49 W43 s 41 .58 .53 1
p(P=0)& .01 if Ir}> .37
p(P =0)< .05 if |r| > .28 s
The addition of each of the variables, grade L final .

mathematics grade, the last mathematics test score, and both

verbal and nonverbal IQ to the regre881on equation

significantly Licreased the percentage of varlance accounted

for by Test IMC.

Wwhen the grade "4 f¥nal mathematics grade

124
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was added, the percentage of variance accounted for increased
from 33% to 40%, F = 5.3%,1)(.05. For the last mathematics
score the increase was to W%, F = 10.9, p< .01 and for ’
verbal IQ to bo%, F = 4,98, p<.05. For nonverbal IQ fhe
increase wags to Wh, F = 5.54, pL .05, Tn none of the above
cases did a third variable add significantly to the

prediction. The regress}on equations for these four .
. 4 ’

N

situations were as Tollows.

Yigo © 23 7 «19%pg + 2:9quc
Tpo = =7+2 * +51Kpp + 3. 0%qye
Topo = 2.7 * +27Xgq(vy T 2-Mque
Yopo = 5.7 * 26K )t 2.6k

In situations whiéh included two or more classes,
approximately 25% of thg‘subjects were removed for purposes
gf cross-validating the regression equations. A cross-
Validétion multiple-R was calculated for each of these
situations and compared with the original multiple-R,
corrected for shrinkage (Tatsuoka, 1969). In those

ituations w@ere these two values. were similar, thé
regression equatioﬂs were considered to be valid.

For situation 5-1, 15 §ubjects_from the original sample
were used to validqﬁe‘the above regressionlequations.'.After
correcting fhe multiple corrélations for shrinkage, the
corrected valuecs were compared to each crosS—yalidation.
multiple-R as folloWs:‘ .66 to .4l for the équafion :

‘ contaihing the last mathematics test score, .62 to .57:for
the previous year's final mathematics grade, .61 to .57 for

verbal IQ and .62{$o .59 for ponverbal IQ. In each case the
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corrected value was dreater than the cross—validation
multiple-R, the differences being less than .06 for the

latter three equations.. .

Situation 6-1 »

The correlations petween Tests I, ID, and IMC with
geometry achievement were .45, (p< .01); .43, (p< 05);
and .37, (p< .05%) respectively. The complete correlation
matrix is found in Table 25. None of these tests added
significantly{to the efficiency of prediction pro&ided
singly- by the last mathematicé test score, the previous.
year's.final’mathematics grade or 1Q. ‘These variables
alone accounted for 76%,.74%, and 56% 'of the variance
. respectively. The bestFregressiOn equation obtained
from the battery of variables contained the last
mathematics test score and the previous year's final
mathematics.grade, the latter variable increasing the per
upit of variance accounted for to 82%, F = 9.75, p&£ .01.

4

The equation was

?EEO - 13 + 38Xy + oMXpg e

Hypothesisc 4 and ha were therefore not rejected for

situation 6-1.

1

Situation 6-2

i The correlations for this situation are presented
in Table 26. Neither Test I nor Test IMC correlated
significanfly (p<€.05) with achievement in geometry. The

correlation with Test ID was significant,_p<ﬂq05. Each'of
. |



Table 25

Correlation Matrix for Situation 6-1

1 2 3 4L 5 6 7 8.9
1 Sex 1 B
2 Age 221
3 IQ(T) 01 -,22 1 , \
« I PG ' 10 .16 .68 . 1
5 LT .19 -.03 .73 .83 1
6 ID .29 -,17 36 .52 L1 1
7 IMC .13 -.06 .38 .48 .36 .57 1
8 I 23 -.13 .42 .56 .44 .88 .89 1
9 GEO W04 ,03 .75 .86 .87 .43 .37 . .45 1
p( =0)< .01 if Irl> . bW |
p(P =0)< .05 if |r|> .34
Table 26
Correlation Matrix for Situation 6-2
. &
! 1 2 3 4 5 6 7 8 9 10
1 Sex 1 .
2 Age ~.01 1 )
3 IQ(V)  -.16 .y 1
L IQ(NV) -.18 -.50 .69 1
5 PG -0k —.07 .50 .66 1
6 LT 32 -.17 .34 Jh9 451
7 1D ~.01 -.33 .42 .44 .39 .40 1
8 IMC .13 -.30 .34 .31 .36 .36 .41 1
9 I -.08 -.37 .46 b5 .45 .46 .87 .81 1
< 10 GEO .09 —.12 .42 48 42 66 .34 .16 .30 1

p(P =0)< ,01 if |r| > .39

p(P =0)< .05 if fr}> .30,
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the other variables,.except age and sex, had significant
correlations with achievementy héwever, only the last
mathematics test accounted for more than 40% of the variance
of the geomeﬁry test. Ih no ‘case did the addition of a
second variable to'the’fegression‘equation increase the
mﬁltiple correlation significéntly. -For this si;uation
neither Hypothesis 4 nor lLa was rejected.

The regression equation containing the last mathematics
test score wés validated ﬁsing a sample of 14 subjects
chosen from the two classes in this situation. The equation
was B _. | ' ' -

Qugo = 23 * .58X£T.

A cross-validation R of .89 was.found in comparison with

the original correlation of .66 between the last mathematics

test and geometry achievement.

Situation 7-1 ‘.

The correlations for situation 7-1 are found. in Table
\27. Tests IMC and I both correlated significantly with
Lgeometry achievement., The highest correlation with
échievement was with the last mathematiés test score,
r = .,57. The second vafiable to load on the regression
equation was Test I, significantly increasing the percentage -
of variance accounted for to 39% from 32%, F =‘4.37, ’

p<£ .05. The rigression equation was
~~

Y

GEO 17 + .41XLT + 1.4XIﬂ

A cross-validation multiple-R for this equation of .63 was

&
Q-



Table 27

Correlation Matrix for Situation 7-1

129

o

1 2 3 4 5 6 7 8 9 10

1 Sex 1

2 Age -.01 1

3 IQ(V) .18 -.21 1

L IQ(NV) -.05 -.13 .41 1

5 PG .05 .06 .63 Lt 1

6 LT . .02 -.05 .33 .39 .48 1

7 1D -.09 -.05 .11 .34 .20 .11 1

8 IMC -.13 .19 -.,03 .46 .24 .35 .54 1

91 ~.12 .05 .07 .44 .24 .24 .92 .82 1
10 GEO -.17 .02 .31 .39 .44 .57 .30 .42 .39 1

" p(P=0)< .01 if | > .39
p(P =0)< .05 if |1} > .30

found compared to the original multiple-R of .62. Hypothesis

L was therefore rejected.

The stepwise procédure was conducted using Tests I, 1D,

and IMC with the grade 6 final mathematics grade, ,verbal IQ

and nonverbal IQ respectively.

The addition of Test IMC

significantly increased the variance accounted for by the

vgrade‘é final mathematics grade -from 19% to 29%, F = 5.11,

<.05.

L)

GE ,
The cross-validation multiple-R was found to be .53 compared

The regrecsion equation was

o~ 5.0 f 7°8XPG + B'SXIMC'

to the original multiple-R corrected for shrinkage of .50.

Test IMC correlated higher with geometry achiévement

than either verbal or honverbal'IQ. When considered with
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4

Test IMC, verbal IQ significantly increased the variance
accounted for from 166 to 27%, T = 5.50, p&.05. A cross-
validation multiple~R of .61 was found for the regression

equation

= L3 + + 4, .
Lugo = 13 * -SBgqny T X1me
The addition of nonverbal IQ did not significantly'increase
the multiple correlation.

Hypothesis lia was therefore rejected for the previous

year's final. mathematics grade, the last mathematics test

score, and verbal and nonverbal IQ.

Situation 7-2

The final grade 6 nathematics grade had the highest
correlation with achievement on Kuper's test, r = .60, p< .01.

The complete correlation matrix is given in Table 28.

¥
Table 28

Correlation Matrix for Situation 7-2 Treatment

1 Sex Yo 1

2 Age -3 1 .

3 1Q(T) .20 -.37 1

L PG 05 -.34 .76 1
-5 ID _.25 .11 .b0 .25 1

& INC ~.21 137 .36 .32 .57 1

7 I | ~.26 .13 .43 .32 .92 .85. 1

8 GEO _.05 -.25 .45 .60 .32 .41 KO 1

p(P =0)< .01 if |r| > .37
p(P =0)< .05 if 1> .29

-~
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The last mathematics test score was not used as a
variable in this situétion since classes from three different
schools were included in the situation. \The previous year's
final mathematics grade was retained since in any. given '
classroom, the teacher is faced with students who weré in a
variety of clasées or schools in(the'pfevious year. . |

On the stepwise regression analysis, Test IMC was the
second variable to be admitted to the regression equation
increasing the variance accohnted for by the gréde 6 final
mathematics grade to 42% from 37%. This increase was not
significant, F = 3.73, p = .06, The;efofe, Hypothesis 4 was
not rejected.

TestHIMC increased the* variance accounted for by the IQ
score from 20% to 27%, F = u.o7,1><.05; The regression
equation was
| T.n = L0 + 034X

GEO IQ(T) e "
The cross-validation multiple-R was .57 compared to an

+ 31X
original multiple=R of }52.

Hypothesis Ua'Was re jected for IQ but not for the
pre#ious year's final mathema@}cs grade.A It was not tested ]
for the last mathematics test score.

For this situation a confrol group also took the
achievement test administered to the treatment group. The
éorrelations for thié group are reported in Table 29. The
highest correlation with achievement was with Test ID,

r = 49, p<.01. In no instanée did the addition of the

other predictors to the regression equation significantly

increase the percentage of variance accounted for by this
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¢

Table 29
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1 2 3 I gt () '/’ 3
I
1 Sex . “‘1
2 Agc .07 1
3 IQ(T) .00 -.24 1 f
I PG oL -.16 .78 1
5 ID -.12 07 Jh2 W43 1
6  IMD -.13 =14 .37 .36 .56 11
7T C -1k -.03 b5 Jbs .91 .85 1
& GEO - 14 14 k0o .33 J49 .29 1

s

p(P =0) .01 il Ir}> .37
p(P =0)< .05 if Irt> .29

[}

test. Both Hypothesis 4 and ba were rejected

had the greatest corre.ation with achievement.

Situation 8-1

The correlations of Test I, ID, and IMC with geometry

since Test ID

achievement were .70, .69, and .65 respectively, all .

significantly different from 0, p< .01.

of correlations is found in Table 30.

The complete table

On the stepwise regression the grade 7 final mathematics

grade was the first variable to enter the equation,

accounting for 61% of thc variance. The second variable to

enter the equation was Test I, increasing the variance

accounted Tor to 72%, F-= 13.8, p<.01. The addition of

further variables did not significantly incréase the
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multiple correlation. The regresclon equation was
: A :
e C R -}2 V}‘ .- ]
AYGEO 8.8 + : XPG OBXI ////
The cross-validation multiple-R was .81 compared to a
multiple=R corrected for shrinkage of .84, Hypothesis I was
re jected for this cituation.
Table 30
Correlation Matrix for Situation 8-1
1 2 3. 4 5 6 7 8 9 10
1 Sex 1
3 IQ(V) =-.21 =-.33 1
-5 PG -.27 =14 .63 .73 1
6 LT -.20 -.31 .61 .67 .82 1 K
7 ID —108 —.36 .45 n58 -52 .60 1 ‘ ’
8 IMC -.10 -.25 .39 .48 .50 .49 .82 1 '
9 I "-10 _-33 -L"s .56 '5“‘ -58 -97 -93 1 <

10 GEO -.24 -,33 .55 .73 .78 77 .69« .65 .70 1

p(P =0) <L .01 if |nf> .41
p(P =0)< .05 if I > .32

The above indicated that Test I added significantly to
the battery of tests, in particular to the final mathematics
'gfade from grade 7. When the last mathematics test score
and Tests I, ID, and IMC were subjected to analysis, Test IMC
was the second variable to enter the regressioﬁ equation,

significantly increasing the percentage of variance accounted
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for by the last mathematics test score from 60% to 70%,

F = 10.8, p<.01. The regre581on equation was

T = 3.6+ J2UX o+ 2.0X
) YGEO - 3. 02 XLT . IMC'

The cross—vglidation multiple~R was .89 compared te the
original multiple-R of .83.

ALl three sectioning tests correlated higher with
achievement than verbal IQ. Tes 5t I had the hlghest
correlatlon and entered the regre581on equatlon flrst. The
addition of verbal IQ to the equatlon 51gn1flcantly

increased the percentage of variance accounted for from

L% to 564, F 5.39, p<.05. The regre ssion equatlon was

'

_ GEO 1Q(V)
The cross-validation multiple-R was .78 compared with an

= "‘1“’ + .22X + 103XID

. original multiple-R of .75.

The addition of Test I to the equation containing
nonverbal IQ increased the variance accounted for to 66%

Trom 53%, F = 12.4, p<.01l. The regression equation was

o)

YeEo

The cross-validafion multiple-R was .75 compared to an

=.-16 + 'BOXIQ(NV) + 1.OXI.

original multiple-R corrected for shrinkage of .80.

Hypothesins l4a was rejected for each of the previous

year's final mathematics grade, last mathematics test score,

and nonverbal IQ since the sectioning test increased the
efficiency of prediction. It was also rejected for verbal
IQ since each of the sectioning tests correlated higher

with achievement than did this predictor.
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Situat ion] 8-2

Thls 81tuat10n, whlch also was involved in the study by
ong (1976), consisted of two groups. One group recelved an
inventive treatment of motion' geometry and the second
reoelved a more tradltlonal treatment similar to that of the
prev1ous situation. Each ‘of these groups received the same
four post treatment measures, two of which were achievement
tests and two of ‘which were labeled creative tests. The
results of the group receiving the spventive treatment are
_presented‘firSt. .

The correlation‘matrix for the inventive group is
presented in Table 31. None of the correlatlons between e
Tests I, 1D, or IMC with either of the two créeative tests,
variables 10 and 11, werc significantly dlfferent from
zeroe 1t was therefore concluded that the sectioning tests
were not good predlotors of - aohlevement on these tests and
no further analysis was conducued1 Neither Hypothesis Ly
nor 4a was rejected for these two variables. |

The correlationS\with,the achievement measures; however,
were all eignificant;jp<.01. First consider the post
motion geometry test. On the stepwise regression, the grade
7 final mathematics grade was the first variable to enter
the equation. ‘The second variable to enter, Test IMC,
significantly increased thejpercentage of variance accounted
for from 58% to 74, F = 17.0, p<.01. The addition of
further variables did not significantly increase this
percentage. The regression equation was ‘

= 29,0 + .30%pg * 13Xpye:

~

YsE0



Correlati

on Matrix

Table 31

for Situation 8-2 -~ Inventiwve Group

1 2 3 W 5 6.7 8 "9 10 11 1?
1 Sex 1
2 Age ~J 1k 1
3 1Q(T) .26 .07 1
L PG L9 L06 W71 1
5 LT .32 =015 .52 .63 1
6 ID -.08 .19 %65 .47 .38 1
7 TMC ~.26 .05 .57 .29 .30 .75 1
8 1 ~ 16 J1h .66 42 ,37 .95 .91 1
9 Post ' : ’ e
Motion A7 L11 .75 .76 .53 .61 .61 .65 1
Geometry i
10 Creative o
Motion .20 -.13 .35 .40 .30 .19 .30 .25-.41 1
Geometry
1 giiiﬁi?ﬁ L3 —.15 .68 J64 L5 34 .27 .33 .60 Juh 1
12 Area .23 =.02 .73 .59 .40 .73 .55 .69 .62 .55 .68 1

" p(P=0)L . 01 iflrl> .

47

p(P =0)K .05 if |r|> .37

b

Hypothesis,h‘was therefore rejected fot this: group on the

post motion geometry test.

When thc three sectioning'%ests'were considered with

the last mathematics .test score and the above achievement -

test, Test I entered the equation first accounting for 42%

" of the variance.

Hypothescis 4a was therefore rejected.

The

last mathematics test score entered next increasing the

variance accounted for to 52%, F

<]

= Sfo?! P_?<-05'
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The regression equation was
Y = 2.1 + 12K q + J75K; |
‘ When IQ was considered with the sectioning tests, it
entered the prediction equation first, followed by Test IMC.
However, Test IMC did not significantly increase the_

variance accounted for, F = 3.26, p = .08. 'Hypothesis ba

"wa, therefore not rejected for this gronp w1th IQ as a

predictor of success on the motion geometry test. It was

re jected for each of the last mathematlco test ocoreo and

\
~—the-previous.year! 8. final mathematlcs grade. -

—

\
With the second achlevement“\‘riah\e, varlable number 1z,

~
IQ was the first variable to be entered into the- preqigf}on e

equation. Test ID was the next to enter increasing the’
percent of varlance accounted for from 53% to 64%, F = 7.88,

p€.01. The addition of further variables was not s1gn1flcant.

¢

The regression equation was

/Y\ = 28 + 42X

AREA q(m) T 3 1X

ID*

3

' Hypothesis 4 was therefore re jected for this,variable, as

was Hypothesis l4a for IQ as a predictor..

Test ID and Test I correlated higher with. schievement -
on this crlterlon than either the grade 7 flnal mathematlcu
grade °r the last mathematics test score. Test IMC also

correlated higher than did the last mathematics test score.

Hypothesis Uda was thus re jected. for these varlables. When

" the last mathematics test was added to the regre581on

equation containlng Test ID there was no significant
5

improvement in the predlctlon. }When the grade 7 final

mathematlcs grade was added, the percentage of variance
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A

o

lncreaoed 51gn1ficant1y from 53% to 61%, F = 5.27, p< .05,

ThlS regression equation was

g
AREA

The correlations for the second group in this situation

= 7.7 + Jh5Xpo t halXpp

are found 1n-Table 32. For thls group, the correlations
between Tests I and ID and variable 10, the creative motion
geometry test, were ulgnlflcant at the OS\and .01 level
respectively. However, the final mathematics grade from
crade 7 was the first variable to enter ﬂhe regression

| equation and neither of the above tests added 81gnlflcantly

to that predlctlon.r Hypothe51s - was not reJected nor-——-

e

Test ID correlated higher with the creative motion
geometry test than cither of the last mathematlcs test
" score or IQ. HypothESlS La was rejected for these two
predictors. The addition of neither of these variables
to the regrecsion eduation formed with Test~iD significantly
increaced the efficiency of prediction. ‘
| For the secohd creative test, Tests I and IMC both
correlated ulgnlflcantly (p<£.05) with the test on creatlve
geometry.  The correlatlon in each case was 42. This '
was the hlﬂheut correlation of all the predlctors. Since
ﬁﬁ@he other correlations were not significant, the analysis
. was nov pursaed. However,, Hypotheses L and 4a were
rejected in this case. o

A5 with the inventive group, the correlations in this

group‘betwecn the ,ectlonlng tests and the achievement tests

5

138
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able 32

Correlation Matrix for Situation 8-2 - Regular Group

p(P =0)< ,05 if |r|> .37

were much higher than with the creative tests. When

1 2 3 4 5 6 7 8 9 10 11 12
1 Sex 1
2 Ase -.28 1
3 1Q(T) 07 -.32 1.
b PG ,22/é;g9,465” 1
5 LT W31l .42 .68 1
/fb " .15 -.,13 .50 .70 .54 1
7 IMC .03 -.14 .35 .44 31 .72 1
8 I 005 "llo QL,’J. o53 l39 .86 -96 1
9 Post
Motion .08 -.19 .71 .83 .72 .70 .58 .64 ¥
Geometry
10 Creative - :
Motion =-.10 .03 .45 .54 ,51 .52 .31 .38 .60 1
Geonmetry .
11 Creative_ o9 _ 15 .33 .26 .17 .37 .42 .42 .34 44 1
’Geor‘letry L] [ ] - [ ] L ] L] - L ] L ] g L] ‘ -l
12 Arca ' .07 -.09 .45 .63 .57 .65 .44 .53 .65 48 .10 1
p(P =o)<‘.01 if Il .47 '

variable 9; the post motion ~eometry test was considered,-

the four va?iables - previous year's final mathematics grade,

Test IMC, last mathematics test score, and IQ - entered the

regression equation significantly in that order. Hypothesis

ll. was therefore rejected for this situation. .The’results
N ¥ .

of that analysis are presented.in Table 33.
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Table 33
Stepwise Regression Summary Table for
Situation 8-2, Regular Group and Using All

Predictors and Post Motion Geometry Test

F Value of Prob. of' ' 5
Variable Variable Entering R® ‘ Total I
Entering Entering Variable (percent) Value
Previous ‘
Grade - 62.0 0 70 62.0
#Test IMC 5,89 .02 75 39.6
) Las’p Test L,9L Lol 79 32.0
1Q 6.33 .02 8l 30,7

Best Prediction Eqﬁation

o)
Yopo = =20 7 A5Kpy 456K qye t -11Xpp + 093X 1q(m)

The three sectioning tests were then used with each of

~the grade 7 -final mathematics grade, las. mathematics test

score, and IQ separately. As indicated by the second step
in Table 33, Test IMC added significantly to the'érediction
‘of post motion geometry scores by the grade 7 final |
mafhematics grade. The regression"oquation containing these
“two variables was

”

v YG:EO = _093 + 031XPG + .62XIMC0 ‘ i °
sing the last mathematics test score, Test I increased
the variance accounted for by the last mathematics' test

The regression |~

‘equation was

A' . - _’ l
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' Test ID was the second variable to enter the equation

|

“when IQ was used, raising the percentage of variance

accounted for to 67% from 50%, F = 12,5, p<.01. The

.

regression equation was

Tipo = 9+5 + «16Xpo(qgy * 1:0Kpp.

Hypothesis 4a was therefore rejected for each of these
predictor variablecs.

The second achievement variable, a test on area,
corrclated hichest w1th Test ID, r = .65,1)(.01. None of
the ' remaining predlctoro, when added to the regression
equation containing thic test,,81gnlflcantly improved the
variance accounted for. The regressidn'equatmon was

YyrEn = 28 * 3.2Xpp
Therefore Hypotheses L4 and 4a were rejected for the test oh‘

area.

Situation 9-1

The correlations of Tests I, ID, and IMC with geometry
achicvement in situation 9-1 were .28, .24, and .26 \
respectively. None of these correlatlons were significantly
different from zero. The grade 8 final mathematlcs grade, \
the last mathematics test score, and verbal IQ all had
sipnificant correlations W1th the criteria, .73, .58, and - j
.63 respectlvely. The complete correlation matrix is found ' \\
" in Table 34. Due to the nonsignificant correlations further
analysis was not pufsved and it was cencluded that Hypotheses

"4 and ba were not rejected.
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Table 3

Corr~clation Matrix for situation 9-1

.1 2 3 i 5 6 7 8. 9 10
1 Sex 1
2 Age .07 1 ,
3 1Q(V) -.21 -.44 1 -
b IQ(NV) -.22 -.52 .52 1 | '
5 PG .07 —.24 42 .70 1 ¥
6 LT -.08 -.21 .37 .57 .82 1
7 ID .07 -.07 .29 .08 .32 .h2 1
8 IMC .11 -.34 .19 .22 .32 .45 .58 1
91 11 -.23 .27 .17 .36 b9 .88 .89 1
10 GEO .05 =.35 .28 .63 .73 .58 .24 .26 .28 1

p(° =0)< .01 if Ir|> . 1O
p(£=0) .05 if Ir|> .31 (

]
»

Situation 9-2

The correlation matrix for this situation is found.in
Table 35. The correlation of Test ID with geomefry
achiévement was not significant whereas the correlatidns
between Tents I and IMC, and geometry achievement were .30
and .31 respectively, significant at the .05 level.

Usiné the stepwice regression procedure the variables
cntered the equation»in the following order:~tﬂe previous °
_year's final mathematics grade, F = 228, p<{.013 last
mathematics test score, F = 8,16, p<£ .01; and sex, F = L,68,
p&.05. No other variablec added to the equation increase’

th%ymultiple correlation significanLly. The regression



equation was
T = 10 + 62Xy, +
scro T 107 -%%pg LT

Tﬁe cross—-validation multiple~R for this equation was . 9L

. 29X - L”.ZXSeX.

compared to an original multiple-R of .91. Hypothesis 4

was not rejected since the addition of none of the sectloning

tests increased the multiple correlation mignificantly.-

Table 35 F

\ /
Correlation Matrix for Situation 9l2

v

Y, }

AW

1 > 3 4 5 6 7 8 9

1 Sex 1
2  Age .03 1

1Q(T) ~.06 -.19 1 _

PG ' .08 -.07 .55 1

LT .07 -.02 .50 .91 1
6 ID -.3h -,07 44 .18 .21 1 -
7 IMC . -.23 -.28 .53 .26 .27 .66 i
g8 I -.31 -.19 .53 .24 .27 .91 .91 1
9  GEO -.05 -.07 .52 .89 .87 .23 .31 .30 1

p(P=0)£ .01 ifirl> .31
p(P =0)€ .05 5Uf|r|> .2k

“*

The l%sf mathematics test score,. the previous year's
final mathematics grade, and IQ accounted individually for
78%, 76h, and 27% of the variance of the geometry criterion.
In no instance did the addition of the sectioniﬁg tests
/signiﬂicantly increase these percentages.‘}quthesis La

was therefore not rejected for any of these predictors.

143"
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Sitnation 10-1
The correlationé shown in Table 36 show significant

'correlations, p £.05, for Tests I, IMC, and ID with geometry
achievement. Verbal IQ was the best predictor accounting

> for 40% of the variance of the criterion. The second
variable to entey the regression equation, the final grade 9
mathematics gradel significantly increased the pefcentage of
variance accounted for to 55%, F = 10.9, p<.01. The
further addition of variables did not significantly‘
ihcrease this percentage. The regression equation was

¥, = -3+ L5Ppqeyy * 8+ 3Kpge

* GEO
Hypothesis L4 was not rejected for this situation.

‘Table 36

Correlation Matrix for Situation 10-1

1 > 73 4 s 6~ 7 8 9 10
1 Hex
2 Age - -.12 1
3 IQ(V) .01 -.41 1
ho1Q(NV) .25 -.35 A5 1
5 PG .01 .10 .39 .36 .1
6 LT .13 -.20 .38 .28 .60
7 ID .14 -.06 .18 .48 .27 .32 1
& TMC  -.16 .—.01 .18 .25 .39 .h3 .57 1
91 -.01 -.04 ,20 .41 .38 .h2 .88 .89 1

10 GEO  -.07. -.09 .63 .43 .61 .60 .36 .35 .ho 1

p(L=0)& .01 if IrI D> 43
- ple =0)< .05 if |r1> .33
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The addition of the sectioning tests to the last
mathematics test score, the previous year's final mathematics
.grade,or nonverbal IQ did not significantly add to the
prediction equation. The addition of Test I to verbal I1Q
increased the percentage of variance accounted for Trom W%
to 47%, F = L. 46, p£.05. The rexgression equation was
T = -bo + 70X £ 11Xs
cpo = MO T W70Rpqqvy T T RTTC
Hypothesis la was therefore rejected for verbal IQ but

not for the previous year's final mathematics grade, the

last mathematics test score, or nonverbal IQ.

Situation 10-2

"+ - Phe correlation matrix for this situation is found in
Table 37. The only predictor correlating signifiqﬁntly
with the geometry briterion was the last mathematics test
score. This correlation was .39 and was‘significant at the

.05 level., Further analysis was not pursued. Hypotheses

4 and 4a were not rejeéted for situation 10-2. .

Summary

The results of the previbus 12 éituatiohs are
cummarized in Table 38. 1In those cases whore 1t-1is indicated
that the hypothésis was gpjected, either one of the |
rectioning tests corrglatcd'higher with the geometry
criterion than any of the other predictors conoerned,-or
significantly entered a regression équation already
containing one or more ofrthese other predictors. In

instances where the hypofhesis was not rejected, either
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&
Table 3Y
Correlation Matrix for Situation 10-2
1 2 3 I 5 6 7 8 9 10

1 Sex 1
2 Age - 1k 1
3 1qQ(v) -.17 .01 1 .
b IQ(W) -.21 -.19 .28 1 e
5 PG .04 -.10 -.27 -.25 1
6 LT -.16 .13 .36 -.01 .18 . 1
7 ID Lol Lob L u4h .35 -.24 .33 1
g THCe  -.07 .39 .10 -.12 -.15 .32 .05 1
91 .01 .16 .42 .23 -.28 .4k .87 .54 1
10 GEO  -.11 -.08 .21 .17 .11 .39 .22 .09 .23 1

p(P =0){ .01 if |r|d> .47
p(p =o)§ .05 if |r]> .37

|

rd
)

the correlations of the sectioning tests with the criterion
were not significantly different from zero, or they did

not increase the percentage of variance of the criterion
accounted for when added to a regression equation containing

the other predictors. These results are further discussed

in the concluding chapter.
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Table 38

Summary of Results of Question Ly

Hypothesis ha

Hypothesis
L

Sitvation PG LT IQ(V) IQ(NV) IQ(T)

-1 : N yex N - - Y
57 . . Y Y Y ¥ Y -
6-1 . N N N - - N
6-2 N N N N N -
7-1 b Y Y Y Y -
7-2 .

Treatment - ' N N - - - Y

Control Y Y - ~ - Y
8-1 Y Y Y Y Y -
8-2 Inventive ‘

Post motion gég. Y Y Y o= - N

Creative motion geo. N N N - - N

Creative geo. N N N - - N *

Area Y Y Y - - Y
8-2 Regular '

Post-motion geo. Y Y Y - - Y

Creative motion geb. N N Y - - Y

Creative geo. Y Y Y - - Y

Area =Y Y Y - - Y
9-1 N N N N N -
9-2 N N N - - N
- 10-1 N N N Y N -
10-2 N N N N N -

¥ Hypothesis not rejected
#%% Hypothesis rejected ‘ .



CHAPTFR VI

Sumnary and Conclusions

In this final chapter, a summary of the investigation
is presented. The results reported in the previous chapter
are discussed and interpreted. Finally, some implications

for teachers and for future research are outlined.

- Summary of the Study

Two tests on sectioning solid figures were designed for
use in the study. Students were required to identify 16
different geometric sections resulting from four different
cuts oh each of four different solids on each test. Each
test consisted of two subtests. On one the respondents were
required to draw freehanddtheir representation of each
seétion, and on the second they had to select the correct
e representation from a set of distractors. The solids used on
the first test, Test I, were the cube; the triangular prism,
the parallelepiped, and the cone. The Test II solids were
. the rectangular prism, the cylinder, the four pointed star,
and the square pyramid. The four cuts were labeled as
longitudinal, trénsverse, parallel, and oblique. Each was
defined ‘precisely as a function of the direction of movement
of the cutting instrument, the orientation of the solid, and

e, position of the cut on the: solid.

' L » . '
Test I was administered to a sample of 38 intact -

pr
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classes of ctudents from the Edmomton Public and Separate
School syﬂtemé. The classes were representative of grades
" to 10 in the city of Edmonton. The test was given to
each class just prior‘to their regularly scheduled unit on
geometry. Siné; geometry was taught at different timen in
different classes the testing was conducted over a 7
mo;th peribd. |

The unif phugeomctny was taught by the regular
mathematics teacher who made all decisions with regard to
;hat was taught, how it was taught, and the methods of
o?aluation employed. The duration of the unif also depended
on the particular situétion. In short, fhe\existing eEology
of the classroom was not disturbed except to administer the i
sectioning tests, |

After the unit on geometry had concluded the researcher
administered Test II to each class., Data coliected on each
student, in addition to the results on Tests I and 1T,
included age, cex, the previous yéar's final mathematics ,
grade, the lant mathematics tést‘score, and IQ@. These data
were recadily available to the classroom teachef in each
instance. | |

The first purpoSe of thc.study was to provide an
indepth anélysin of the sectionins tests. To fulfil this -
pﬁrposc 432 subjects were randomly selected from those
té;ted, 12 occupying each cell of a 6 x 2 x 3, grade by
sex by ability design. The grades were 5 through 10
inclusive and the ability levels were determined by Lorge-

-Therndike IQ scores, Of all sﬁbjgcts tested, approximately



©

tests.

equal numbers were classified as being high, average, and
low in'ability based on these scofeéfv

The anal&sis of the data included a descriptive
treatment of the performances on each sectioning item; a
multivariate analysis of variance to ;nvesgigate differences
due to grade, sex and ability; and“g principal axis factor
aﬁalysis to determine if“the ébilit& of sectioning solids

N

was'a uni-factor trait or perhaps a composite of several -

-

independent or related abilities., This factor analysis
was exploratory in nature.

The §e¢ond purpose of the study was to }nYestigaté the
utility of the sectioning tests to the classroom teacher |
in predicting achievement in geometry. Individual classes
or groups of classes receiving simiiardgeéhetry treatments
were selected, and analysis carrled out to determlne the
predictive valldlty of Test I and its subteéf% for each
situation. Two situations at each grade level were

o

selected for this purpose. “
L.

Discussion of the Regults*

Prior to discussing the results presented in the

previous chapter, two observations based on those results

1

‘are noted and discussed. These observations arise from-the

vfgct that for each grade level, except grade 5; each sex;

each ability levels; and for the sample as a whole, the

test means increased from Test ID to IMC to IID to IIMC.

" This increase paralleled the order of administration of the
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First, total individual scores on Test II were
. consistently‘higher than those on Test I,:the neans\being
higher in each case mentioned aboye. The significance of
these differences was not tested.- iheuselection of‘solids
for the two tests was based on Boberis (1973) claim that the
two sets were of equlvalent difficulty. Possible- |
eXplanatlons for the apparent 1ncon81stency between Bober's
claim and the results of this study'are as follows.

The various gcometry treatmenté be gpn the two tests in
this study could have affected the perforﬁan*e op Test II.
The 1ncreaSe in, scores occurred in every class used in the‘ ‘ \
study, . nQ,matter what the treatment or the duratlon. If the
ability to section solids was affected by the various geometry
treatments, it appeared that the;affectMWas‘similar in each
case. Bober (1973) found that’subjects who were exposed to
"rich experlences in proaectlve and Euclldean geometry™"
increased in their abll ty to sectlon solids more than did
those not rece1v1ng these experlences. ‘The geometry.
treatments of this study were much different from those useéd
by Bober.. They d1d not, for the most part, 1nclude actlve
manipulation of concrete materlals, and they were not closely ~
related to sectlonlng experlences as were Bober's. It was®
-felt that any treatment effect in thls study was cons1stent

A

across treatments and was minimal. .

The shortness of the unlts would appear to discount
any theory that maturatlon would account for the increase
~in test scores, except perhaps in 1nd1v1dual 1nstances due

to quantum jumps. These Jumps, accordlng to the Van Hiele



- theory, occur when the pupil seems to have "matured" and

moves to the next level of geometric thoughi (Wirszup, 1976).

Test I might have sefved as training for Test 11,
however the time lag ofih to 7 weeks, although short, was
long enough that this effect shou}d have been minimal. The
results of Test I were not returned to the studgnts until
after Test IT had been administered, tqerefore tﬁe students
hadpno formal indication w?ether or.noﬁﬁthey.had been
successful on the first test. | §5
| A final explanation could héve been that’Bober's_claim
was\false and that in facf Test I was more difficult than

Test II.  Test I contained three sections which were very

difficult for students from every strata of the sample. . =~

These three ~~ctions alone, the oblique section ‘on the
cube and- trlangular prism, and the transverse section on

the cpne, accounted for most of the difference in the means

I

of the two tests. Test II did not appear to have sections

of'cggrésPonding.difficultjﬂ For this reason, Bober's

. !
claim“is disputed and it is assumed in the remainder of |

~ this disdussion that overall, Test I was more difficult

jthan was Test II.

/!‘ ‘3 B 1
-, The second observatlon arising from the means was that

the total scores on the multlple ch01ce subtests of . Tests I}; . @j

%

"and II were gregter thanﬁthe corre8pond1ng scores on the

~

drawiﬁg subtests. One éxplanation for this result could;€-

have been the e€ffect of alwgys’admigis+éring‘fhe drawiﬁgir

subtest prior to the multiple choic& subtest,  Since the = -

subjects were VL,Wing the sectioning tasks for the second

~

-
@%;
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time in the multiple choice format, it might be expected.that
they would do better. However wh- 1divddual sections were
considered, there were instances where scores on the multiple
choice subtest were lower than correspondlng scores on *he
draw1ngs. For some sections the multiple ch01ce distractors
appeared to suggest plaus1ble answers not cons1dered when
the subgect was using the drawing ‘method of response.'

The second explanatlon could be that it was more
difficult to represent the sectlons by draw1ngs than by
selectlng them from sets of dlstractors. This dlsputes‘the

clalm by Piaget and Inhelder- (1967) that the two modes of ..

| response are equivalent. Again the answer appeared to

depend on the particular solid. Some sectlons were very

difficult to represenf by drawing, the difficulty depending
X

~upon the section under consideratio-. The results of the

previous chapter strongly support this statement‘ Which

. A
mode of response was more difficult depended on the

partlcular section 1nvol$ed.' This conclu51on is also 1n

confllct with that of Piaget, however. 1t is supported by Boe
(1966) who stated that the two modes of response need not B
measure the same thlnb. o

To summarlze the a(‘»e, the assumptlons made for the

"purposes of thewensulng dlscu381on were that Test I, as a
thole, was more dlfflcult than Test II, and that each drawing

‘subtest was ‘more dlfflcult than the correspondlng multiple ,

!

choice subtest. /However, for some sectlons the drawing mode

of response proved to be ea81er than the multiple choice

mode.‘ The dlfflculty of any partlcular item depended on
. i | 4

I
1

|
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proved to be an easier method of representation, wherecas

z .

with others the muitiple choice mode was easier. These

peinth are elaborated upon in the following pages.

‘Purporic 1 Test Results . 3

The Tirst question that this study attempted to answer

Wwas how do students respond to sectioning tasks involving

various cuts and solids? Piaget and Inhelder_(196?) claimed

t

that the ablllty to section solids is fully developed in
P

most youngsters by age 12. The average age of the grade.Y

; students'in the present sample was 12 years 7 months. With

.the eXCeptlon of  the obllque\sectlon on the cube,

parallelep;ped,»cone, pyramld, and the»triangular and

rectangular.pfismS' and the transverse‘°ection on the cone,

11each sectlon was correctly represented by over 70% of these
' grade 7 students u81ng either the draving or multlple choice
l mode of response or both. For the remaining sections even

' grade 10,students experlenéed considerable difficulty in

. most cases., - | ‘ R i

S

" The contention that 12 year olds have mastered—the

.wtionlag tanks is supported by the “esults of this study

Tor “hose dectlon not resultlng ffff oblique cuts, or from

. uranuvcrue oectlon on the éﬁﬁtﬁ- The difficulty with
oblique scections is consi atent w1th the results of previous
,ectlonlnn_experlments (Boe, 1966 Davis, 1969f&PothLer,
1975), cach’ of which 1nd¢cated that the ' obllgizhvé%bwe" "&ho

mo3t difficult". Difficulties that preschool andg%ale

elementary scheol children experience with obliqueness and
S , r f
. E
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diagonality have been we.l o cumented (Olson, 1970; Bryant,

1974): The difficult; with this orientation, at least on
sectioning tasks, appearu Lo extend well into the adolesceﬁt
years.

As suggested previously ip this report, three of the
sections in Test I were of "extreme" difficulty for almost
all subjeéts. These werec the obliqyg section on the cube
and triangulér prism, and the transvérse section on the
cone. Davis (1973) remarked that the oblique section on
'the cube was somewhat misleading due to the resultant
rectangulérisoction‘and all the square faces. The same
could be said for the triangular prism wﬁere a glight
rotation‘changed the oblique section from an isbsceles
triangle with a vertical angle which must be greater
than 60° to one which must be less than 60°, The \
curvature of the transverse section on the cone pésed
problems for many subjects..

One possible explanation for the lack of success on
these items.lies in the Van Hiele theory (Wirzup, 19?6).

The fourth level of geqmétric thought proposed in the
thedry incorporated the understanding of the sighificahcé of
deduction whereas in thé third level, deduction appeared
only in éonjunction with experimehtation. Perhéps to solve
the more difficult sectioning tasks mentioned above,
‘students neced fZ be Operatiﬁg at level hwﬁo be successful.
Or perhaps-those operating at level 3 cduld ohly éxperience
dnmccens if they were allowed to mqnipﬁlgte‘thé solids .

themsekves in a concrete fashion,, They.were not allowed

4



this active manipulation in this study.

., Two sections which were very:easy for studénts at all

grade levels were the parallel section on the cone and
cylinder. Both sections were circles. - ‘

For several sectioﬁs a smaller proportion of students
at each grade level was Successful using the drawing mode
of -response than with the multiple choice mode. ThlS
-~suggestslthat these sections were difficult to represent by

a drawing. ThlS phenomenon occurred on both Tests I and II

‘and' the reader is referned back to Tables 2 and 3 in the

previous chapter for evidence of this. Sectlons exhibiting

this property appeared to be of three types. The remarks
- which follow concernigg errors, made in the drawings‘are
based on the author's experience in &coring the!draWings.

A formal system was not devised for classificatlon of the
errors., - e

| First, all sections which were equllateral were more
dlfflcult to draw than to select from dlstractors. These
included squares, the equilateral trlangle, and the star
shaped section. The dfawings,contained many errors in the
1ength of the segments. The Squefes Were pftenvrepresented

" as rectangles, the equilateral triangle as isosceles or

scalene, and the star shape was composed of isosceles

rather than equilateral tfiangles. This "failure to conserve

leng§ v - ¥as also observed in a study by Kidder (1976) on

the d%lllty of 9, 11, and 13 year olds. to represent

transformations. ' Students appear to concentrate on properties

of the figures other than‘thelcongruence of all sides.

*
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The second type of section which was difficult to
represent by dréwing was the parallelogram. ,Here,‘the most
common error was the failure to represent oppog}te sides
with lines of the same slope. This suggests difficulty
with the representation of congruent (or perhaps
supflementary) angles. Piaget, et al. (1960) indicated that
children experience difficulfy with the construétion of
‘angles until the age of 11. It is.indicated by the results
of this study that this difficulty may extend well into the

junior high school years. i .

The drawing of the ellipse also posed difficult& for
many subjects. As was the'cageowith the hyperbola discussed
earlier, difficulties were encountered with thé curvatur;
of the figure. The sides;were often represented as straight
lines or in some iﬁstances the curvature was convex rather
than concave. v

The ability to represent these figures by drawing-
~ma§irequiré students to operate deductively, perhaps at the
Van Hiele level 3. Many of the younger students in the.)
sample could have been operating at og;y level 2. At %ﬁis
level figures are recognized by their ﬁrbperties but the
‘properties are not connected with one another. For the
sections diScussed above, perhaps the students focused on
only some of the properties and ignored the others. Since ‘
they were uriable to deduce the remaining properties their
repreéentations'weré incorrect.//lh the multiple choice ' \
formagt these additibnal propefties might have been récalled |

by observiiig the distractors.
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Contrasted with the above gections are those which were
rectangles or isosceles trlangles Wlth/these sections, the
proportion of students at each grade leuel answering the
items'correctly in the multiple choice mode was similar to
or less than the proportion answering the same items in the
drawing mode. .The sets of distractors for these items might
have suggested possibilities that the students had not
prev1ously considered. For example, a rectangle shape w1th
curved ends was often selected as the longitudinal or
transverse section on the cylinder. 'Yet this feature was
incorporated”in only a few drawings of these sections.

In addition to the method of response and the resultant
section, twc other factors could have influenced the
‘difficulty of a given Sectioning task - the cut and the solid.
The results of the study showed a dependence existed between
these two fsctors. Previous studies which used the cube,
rectangular prism, cylinder, and cone (Boe, 1966; Davis,

1969; Pothier, 1975) have all labeled the oblique cut on

these solids as "the most difficult cut" and the cone as "the
most difficult‘solidé.‘ Statemerits such as these must”be v
inte: >reted with caution due to the dependence which exists
between the cuts and solids. | |

The contentlon that the oblique cut was more difficult
Ilthan the other cuts was supported by the results of this
study.A Yet on the cone, the transverse cut was more difficult
under both modes of response; on the star the trsnsverse |
cut was again more. difficult to draw; and on the |

cylinder the longitudinal cut was more difficult to
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select from the distractors. In these selected instances
the obl ue cut was therefore not "the most difficult”.

Of the solids used on the two tests, none émerged as
being consistently more difficult than thebothers. The
fewest number of total correct responses. occurred with the
cone, as-iﬁ the previous studies; however, the oblique and
transverse sections on this solid were among the most
difficult of all sections whereas the longitudinal and
parallel sections were among the eas1est..

The difficulty of a particular section depended on
both the solid and cut involved; however, the relationship
was by no means consistent. For example, as indicated
above the parallel section on the cone was mudg easier than
the transverse section, yet on the cube fewer students’

_ represented the parallel section correctly than the -
transverse section. Dodwell (1963) earller indicated very
little -consistency in performance frdm one sectioning task

. to another. | .

In summary the difficulty of a particular section
»’cannot be inferred only from the propertles of the cut and
solid involved. The dlfflculty is unique to the given
situation. Also the type of resultantvsectlon and the mode
of response are important factors. Some sections were
easier to draw,.others easier %o seléct from the disfractors.

Grade level, sex, and ability level were all found“to
be significant factors in the ability to section solids.
Although each of these main effects was‘statisticaliy

significant, evidence of significant interactions among the
R .
M (/ - . .
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variables was also found. These results are discussed and
interpreted below. i

Males cﬁnsisteﬁ%ly~scored higher than female§ on all
tests at each gra&e le;él.gnd each ability level..
Differences between the sexes at each grade level were -
similar. Howevef, when ability was considered the differences
were much greater between males and females of low ability
than between those of average and high ability. In
particular, females‘of low ébility experienced considerable
difficulty with the sectioning tasks. Boe (1966), Davis
(1969), and Pothier (1975) all reported males scoring higher
than females. Bober (1973) did not find significant
differences between the sexes and Piaget and Inhelder (1967)
did notvexamiﬁe sex differences. No sigﬁificant . .
interéctioné between sex and grade or ability leveluwere
reported in the.above studies;’ ,

High\abilify students consistently scoréd higher than
those of average ability who in turn scored higher than low:
4éability Studenté. Significant ability effects were also
reported by Boe (1966) and Davis (1969). These results ﬂeld;
for each sei.anﬁ for every grade leVel'except grade-S.. The
- grade 5 studéﬁts of average ability scored lowerAthan those
of low ability. The greatest increase between ésgggcutive
gradé levels for average ability students occurred between
grades 5 and 6. Perhépg a significant increase in
sectioning ability occurs in averége ability students at
that level. The VanaHiele'theony'suggests learning occurs

in quantum feaps. A quantﬁm leap from one Van Hiele level



to the next higher one may have occurred here. A similar
leap appeared to occur between grad;s 8 and 9 with low
ability students. Perhaps had grades 3 and L been included
in the sample, this phenomenon might also have o%ehvnoted'
with high ability subjects. | |

‘The ability to section solids increased at each grade
level in the sample with the exception of a slight decline'
from grade 9 to grade 10 in most iristances. The‘differences
between ‘scores in grades 9 and 10 were small. One
explanatlon for this could be a ceiling effect on the test
scores. This same effect would account for the very little
changc 1in performance of high ability. students from grade 8
o grade 10, |

prade 9 and 10 students scored significantlw higher
than grade 5 and 6 students in the sample. The grade 7 and
8 scores fell between these two extrenges. This pattern is
somewhat different from that of previous studies. Boe
(1966) found no s1gnlfloant dlfferences be%ween grades 8, 10
and 12. Davis (1969) found both grades 8 and 10 scored(x)
higher than grade 6, however there were  no significant
oifferences be cween grade 8 and 10 students: Pothier (19?5)
reported grade 10° Jtudent“ to be significantly better than
grade 8 and grade 6 otudentu, however, the dlfferences
between grades6 and 8 were not significant. Bober (1973)
found hlo grade 9 subjects to score s1gn1flcantly higher
than elther his grade 7 or 8 subjects, but reported no

significant difference between grades 7 and 8. These results

suggest a significant increase in the development of

o




‘sectioning ability between grade 6 and grades 9 and 10 with
perhaps a najor change between grédes 8 and 9. |
It has been'previously noted that the majority of the
tasks, with the exception of the oblique tasks, were answered
correctly by most of the subjects by grade 7. Much of the
increase in scores then was due to a better performance on
the oblique sections. Still it is recalled tha®t even some of
these sections were very difficult for stude. ts in grades 9
and 10. Recognition of the oblique sections on many solids
may require that students operate at the Van Hiele level 4.
At this level they must not only use deduction, but also'
understand the process. Prior to grade 9 very few students
"conin operate at this level.
Additional solids andrmodification’in the cuts from
those used in the previous studies were incorporated in this
study. The class-group method of testlng was dlfferent

from the 1nd1vldual testing methods of Piaget and Inhelder

(1\967) ang,
(/\Héed by‘jz;f

the- results from the present study remain very much the same

ﬁd

\ (1966) and from the small group procedures

(1969). Despite these Variatlons in design,

as those of preévicus studies. Grade level (or age),‘sex,
and ability all are significant factors in the ability to
section solids. | , |

It has been suggested earlier in this chapter that the
dlfflculty of a particular section depends on several
factors - the type of cut, the solld, the mode of response

and the resultant gection. Yet even by knowing these

factors, it appears one cannot successfully predict the




difficulty in performing a particular sectioning task. The
correlations between items on each of the tests were "
consistently low. The highest of these  correlations
occurred between items involving the same section under the
two modes of response. However, even these correlations
accounted Tor only a small portion of the common variance
between the two items.

The results of the factor analysis based on these
correlatlons revealed very few conclusions which één be

-

stated with certainty. The approach taken here is to.

‘ ”dl;cuou the results from two points of view - first to
mentlrn trends that appeared to exist in the faCtOEISULutiOHS,
and secondly, to suggest trends Wthh did not appear in the
solutions.

. The mos it notable feature of the factor solutlons was

the tendency for items involving the same sectlonlng task

U .er both modes of testing to load on the same factor.

This lends support to the claim by Piaget and Inhelder (;967)‘
.thaf the’drawing'and multiple choice modes of response agé
equivalent. Desplte these loadings it must be. recognlzed

that the original correlatlons between the two items were

low. | .

The second feature noted was the tendency for sections
of the same typé‘to load on the same fac%or; For example,
°ectlonu which were rectangles tended to load together, as
did the trapezoids and parallelograms. The elllpse and

hyperbola also often appeared on the same factor. This

suggests that the type of section may be an important

.:
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determinant in the child's ability to sectlion solids.

Finally, several cuts on the same solid tended to load
together. All four sections on the parallelepiped, all
parallelograms, often appeared on the saq'yfactor, as did
the three rectangular sdctions on the star. The longitudinal;
and transverse sections on the triangular prism consistently
had high loadings on the same factor for Test I, as did the
same sections on the cylinder for Test II. These results
show that at least Some Significant relationships existed
among the sectioning tasks and that each task did not
represent a unique factor.

More interesting are the fac&prs which did not emerge
from the analyse Prior to the study it was felt that .
drawing -ability would be a factor on the sectioning tests.
However, the~factor\structures indicated very little
evidence that the two modes of response required different
abilities. In fact as suggested above, the tendency of
the two items on the same section to load together supports
the ropposite point of view. : 4

Al,o, prior to the study, it wac f@@t that a factor
would emerge based on the oblique*cut. There was little
evidence that such a factor existed. Nor was there evidence
that any of the three other cuts consistently loaded
together on the same factor. vSimilar conclusions coﬁld be
statedlfor the soiids.b Idﬁthe cases mentioned above, whe
solids'such‘as the parallsleniped or star might have

determined a factor, 1= shape of the sections, paﬁallelograms

-and rectangles respectively, might haYeibeen the more



dominant force. , o
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The above observatlons were made, based not only on th&"

factor structures obtained from the entire sample, ‘but also

from those obtalned for each sex, each ablllty level, and

the grade levels.' The factor structures obtalned from each
of these groups were not eas 1ly 1nterpretable and in some

cases may have been different from one. another. However, {
’“z:?,-\“ Wl» . o ”

each structure appeared to contaln one or- more of the
1

elements discussed above. Because the ablllty to sectlon “

solids as measured on the teuts as a whole dlffered between

(

subJects at different grade levels, of dlfferent sex,and of

S

different cognltlve ability, one mlght expect the factor '%ggaﬁ;
structures to dlffer. The results of” thll study are far ;' éjg
from oonclusive leavinglﬁhevarea ripe for‘further , - L e
investigation. Different‘abllities appear to’ be necessary vp“J
to performvdlfferent secfioninéwtasks._ Some ﬁasks may evenﬁ 8
.reQuire an-abili£y‘unique'to thaf task. ?bfher groups of

tasks possibly require similar abilities.

/
=]

~ i - ,

' Purpose.z Prediction Results Lgn‘ l B

Y
Thin‘study was conducted #n a manner whlch would lead

Coon s

to easy appllcablllty in- the classroom. The- tcuto were
admlnlstered~t0‘@la sroom groups. Desplte thls fact the

results 'clo,elygparallel those of studles Uusing iiVLdual ' B

o or small group procedure). Thus the utlllty ol vhe test is

.not affected by the admlnlstratlon procedure ahd tmg&;

current sectlonlng test could be used 1n the classroomn .
7

h In what way mlght the sectlonlng test prove use@%l”
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| The results from the varlous admlnlstxatlve settlngs

A

3

e ¢

whlch were studled are ‘digcussed below. That the
sectioning tests were predictively usefulr particularly at
‘grades 5 and 8 is establlshed by the results su-marized in
Table 38.‘ The how and why of this utlllty car’%nly "be seen
by oon81der1ng partlcular 81tuatlons.

~In each situation wherevtwo or more classes'were

1nvest1gated, a cross- valldatlon of the predlctlon equatlons

‘was ‘carried out. In almost all cases the cross—valrdatlon

- mulfiple-R was very close to the original multlple—R. ThlS’

glves some ev1deqce of the valldlty of the predlctlon

equations, u81ng sectlonlng test Scores ‘as pred;ctors of

w2

geometry achlevement, at least for those s1tuatlons tested

‘ The follow1ng dlscuss1on further examlnes these s;tuat10ms§

Because of content and methodologlcal s1m11ar tles, thelv

_ four grade 5 and 6. settlngs will be eon31dered together. In
fgrade 5 the emphas1s was on 1ntroductory work w1th angles,,

.'constructlons, and perlmeter, area, and volume. The grade 6

F->

v

content 1neluded a rev1ew and extens1on of: these concepts -

" —:1..} ')_

. with more empha51s on the termlnology, formulae, and

v

point-set approach to geometry.' The teachlng technlques*

were a comblnatlon of demonstratlon, lecture, and dlscuSSLOn,

"w1th empha31s placed on prov1d1ng each student with adequate

practlce act1v1t1es.' o

'-resplte the s1m11ar1t1es in the s1tuatlons at the two

qgrade levels, the results were qulte dlfferent. At the grade

5 level, the correlatlons between the se
h-1
s,geometry.achle er Nere 81gn1flcant w\

'onlng tests and
Aslthe_results

5 . - .

I L Y:‘& . -
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':would correlaﬁ%ghlghly

}!
for grade GSihcluded iower correlations, some of which were
- | ! *
essentially zgro. As!a result the sectioning tests made

/

significant contributions to predicting geometry achievement

in grade 5 but not ih grade 6. 5

Several factors could account for these dlfferences.
In grade 5 many of the concepts were introduced for the
first time;; In grade 6 these same cqncepts were reviewed
and extended. Perhaps the sectlonlng tests predlct more
eff1c1ently in the earller part of 'd presen1atlon of a
partlcular strand of content. Also the gradé 6 treatment

was more formal from a mathematical point of view. More

RUEN
A

emphasls was placed on termlq-wogy, formulae, and the p01nt—
].

aE%t approach. Perhaps the sectlonlng tests are more ﬁseful

tin 81tuatlons where @he geometry is more 1ntu1t1ve and

>

v;lnformal. A flnal reason might be due to dlfference in

!

~ performance in the sectlonlng tests between students at

_these grade levels. It is recalled that there was a sharp
_increase in the scores of average students Detween gredes

"5 and 6.. This could lead to“differencesvin the efficiency"

EEVITI

T ot predlctlon of achlevement.

The treatment in s1tuat10n 7-2 con81sted of act1v1t1es

[

Wthh requlred the students to bu1ld rectangular boxes,

manlpulate them and hence discover propertles of their nets,

ol .,‘f‘v

volumes, and dlagonals (Kuper, 1975) Prlor to ‘the study,

1t was expegyed that the results of the sectlonlng testsdkk

RS

8 6.

‘ the treatment grogp eorrelatlons between “the sectlonlng

aﬁ 2

5tests agé)achlevement were low. Even when consmdered w1th
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the other predlctors, only a small portion of the‘variance
of the achlevcment test was accounted for. For the control
group which received the same test but no treatment, the
drawing subtest was the best predictor of achievement.
However, the addition of other predictors did not increase
the efficiency of prediction‘of this subtest, the total
variance accounted for amounting to only 25%. N

The treatment in the other grade ” situation consist d
of the study of the clasolflcatlon and congruence of polygons
and circles, and an Jntroductlon,to the basic concepts of
motion geometry - sllde , flips and turns. The correlatlons
between the sectlonlng tasks and achlevement were also low,
olmllar to those in situation 7-2 dlscussed above.tﬁmhe

addlt{on of a sectioning test score to the regre381on

equatlons containing each of the-other predlctors

Slgnlflcantly increased the eff1c1ency of prednctlon. As

in s1tuat10n 7 2 the proportlon of the varlance of the

achlevement scores~accounted for was low, 1n the order of .

25% to 40%. For the grade 7 51tuatlons in thls study the

[

fsectlonlng tests were as useful as the other predlctors

examined. However, even whegycons;dered in conJunctlon

W1th these other predlctors, the sectlonlng tests appear to

" We of llmlted use 1n predlctlng geometry achlevement at thls

.\J~~ - . .
lTevel. : o -

Ay
‘,x

d'~eigch1evement were found in ‘the grade 8

.,

: )1tuatlons; It was in these. same‘ﬁltuatlons that the

'seetlonlng tests made thelr greatest contributions to, the

ol ¥ . . - A:V;

- . ©gesn

4

ST ‘ . : '
e @
i . . - - -

ng hlghest correlatlons between ‘the sectlonlng tests - v
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prediction equations.  The geometry‘eontent in these
situations focused on the study and use o motign'geometry
concepts. The;teaching technidues %n si?éétiqg?BFtyand the
regular group of situation 8-2 were similar and consisted
of the discussion of concepts £ollowed by practice. In the
inventive proup of sitﬁation 8e2,lthe technique of asking
and encouraging open~-ended questions was the dominant feature.
Regardless -of the treatment, the sectioning'tests contributed
‘significantly to the prediction of achievementwin geometry -
in grade 8. o

The sectioning tasks reguireg the students not only to
envision the section, but alsovte transform it from the
SOlld to their own draW1ng or to a selection of draw1ngs.
It might therefore be e%@ected to find high correlations
between this. type of transformatlon'act1v1ty and the

performance on the motlons (1 Cay transformatlons) contained

B

in the curriculum,: | L
In 81tuat10n 8-2, Ong (19?6) admlnlstered two "ocreatbive"
Qtests as wellkas the achlevement tests. These tests

‘mpen—ended questlons where' the student gave as

PP

: many36‘ﬂ'?r%nt answers as he or she w1shed, whereas the

'achlevement tests requlred a single answer to a multlple

53

choice questlon.f In terms of task style, ones would expect

" a relationship between the sectionlng tests and the
creatiyity tests. This was not the case. The'.sectioning

tests were poor predictorswof achievement on these "creagive"
tests with’ nons1gn1flcant correlatlons in several 1nstances.

,91.

It may be tg;t the dlfferent results for°§ﬁe achlevement

»

K o ':5 LW
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L

‘and "creative“ tests could be due to the type of response
required. The sectioning tests Might better predict success
on tests requiring convergent responses than on those
requiring divergent answeri, oOr ifl‘“migh't be that the
nonoblique items on the sectioning tests formed a convergent
7~ ' task for these students. There might indeed be a relationship
g : between some subset(of the secfioning tasks and creative
|, itens. |
The correlations between the sectiO‘ing’tests and
geometry achieQement were very low id both grades 9 and 10. -
| This ‘may have been due to the lower variance of scores on
the sectlonlng tests at these grade levels. Most of these
"tudents could successfully represent most of the sections,
and those sections that presented difficulty were difficult
for almost everybody. The approach taken to,geometry in
these grades was. very formal. Students calcolated surface
areas and volumes by substltutlon into formulae or proved
geometrlc deductions. Very llttle attention was glven to’
sbatial activities. The sectioning tasks did not make
s1gn1f1cant contrlbutlons,to predlctlon of geometry
achlevement at these levels. .

A main questlon in the study was "Are the sectlonlng

¥om the above we can answer yes with

tests useful?"

:pertainty for some situations: How and why they are useful

{!

are more complicated questions. One of the pOSSlble reasons
gﬁven for the ablllty of the sectlonlng tests to predict

achlevement in grade 8 was the content - motlon geometry.

" Yet in the grade 7 situation where the content was also
. ' o
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motion geometry, correlations between the.sectioning tests
and feomctry qchievement werc much lower. Why? It was also
supgested thal the sectioning tests may‘have predicted X
_ achievement better in grade 5.than in grade?&;since in the
former grade the content was introductory, whereas in the -
‘latter it was review and extension. In grade 8 much of the
_:content was, review and extension of concepts 1ntroduced in
grade 7, yet the sectioning tests were better predlctors of
achievement in grade 8. Why? These questlons can only be
answered by studies carefully designed for that purpose. ‘ Ve
The sectioning tests predicted achievement in geometry
best at the grade 5 and 8 levels. As‘discussed earlier the
v‘ability to section solids appears to reach plateaus around
grades 6 to 7 and again around grades 9 to 10. Perhaps it
is during the periods_just prior to.these plateaus for‘
example, -grades 5 and 8, where the ability to section solids
is deueloping in many students that the sectioning tests
" can be most useful to the geometry teacher. Again the

concept of the ¥an Hlele stages mlght be relevant here. At

these points- 1n“t1me perhaps many. students are Just

Vi

“.

advan01ng from one stage to the next~h1gher§§tage. ﬁt grade '?L N

2

waa»

5 many btudonts may be operatlng at the Van Hlele level 258

and are Just beginning to reach level 3 where propert1es°
are seen to follow fro% one another logféaily.- At grade 8

" many tudent“ are on the verge of enterlngifevel L where

“they understand the process of deductlon.%ﬁhgaln these o L

& 3
L

conJeqfures need further study.

Prev1ous research has 1ndlcated that a student'




performance on mathematics in thé immediate past is a good
predictor of achievement in geometry (Hanna, 1966). In the
present study, the previous year's‘final mathematics grade
and the last mathematics test score conéistently correlated
highly with geometry achievement. Yet in many ngtances
mentioned above tﬂe sectioning tests correlated higher with
achiévement than did these predictors, or in other cases
increased the efficiency of prediction when, considered in :
conjunction with them., The utility of the sectionihg tests

. { :
to the classroom tea-her, particularly at the grade 5 and 8

levels has been shown with reasonable certainty.

Summary of the Results

The first two questions of this study were deéigned to

provide further evidence on how . students rd&' ,,

solids. The results of the study with‘réspectgﬁégl;;qw
. questions are stated below.- The final two queStJ;m,ﬁ%ére-
ryploratory in nature and ware designed to proﬁid@}iﬁ&ormation

:bout ~he factorial construction of sectioning abiiifﬁ/ahd
' . . i . | .

L

"achievement. The results related $0 these questions ére'

Tom : P . 3 . . .
~.amuch more tentative and require further investigation. The

e 7

2 STty j B ~‘T'F J
t first eight results reléte to the first two question§, the

' :remainQer to the lé%t,two.

1, '-”By;.g?:a‘ié 7_'m°Ft‘/3fUdén’°S could successfully respond® &

w'to-sectionihg*taskﬁlin%dlvihggthe,léayi%udinal, transverse,

r
L
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sndAparalle] cuts. The one exception to this was the
transverse section on the cone.

2. Sections resulting from the oblique cut were
consistently more difficult to represent than those resulﬁlng
from other cuts. For‘ste oblique cuts even grade 9 and 10
students.had only limited success. This also was the case
for the transverse cut on the cone.

3. The difficulty of a particular gection was
independent of the particular cut and solid, except as
noted above for the oblique cut. N

L, Some sectlons were easier to select from
distractors than to draw. These included secf&ﬂhs which
were, equilateral, parallelograms, ellipses, and the hyperbola.

5, The ability to sectlon solidé 1ncreased with grade
v_level. Grade 9 and 10 students werepslgnlflcantly bettsr\
than grades 5 and 6‘w1th a period of development apparently“\
occurring between grades 6 and 9 |

N Males had greater ablllty to section golids than

)
did feﬁales. ThlS dlfference was espec1ally great for

J f\ '

students of low ability.:
T Students of high ability gscored higher than’ -

students of average ability who in turn scored hlgher than

those of low~ab111ty. Students of average ability

. experlenced a sharp 1ﬁcrease 'in scotes on the sectioning

tests between grades 5 and 6 whereas the BSame phenomenon

ocourred for those of low ablllty between grades 8 and 9.

J

8. The results of administering the sectlonlng tesjs

in 'a group situation were_81m11ar +to those obtained from .1in

/
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individual and small group administrations of previous .

‘studies. It is recalled that some,modificatépns were made

in the cuts and some soiids_were different. o

9. The ability to secfion solids is not uni-factor.
Some sectioning tasks may require a unique ability. Some
evidence was presented suggestihg that the shepe of the
section may be a factor in sectioning abili%y. For example,
the ability requi;ed to identify sections which are ellipses
may be different from those which are rectangles.

10. Neither the ability to draw plane figures nor the
ability to recognize sections feéulting from the oblique cut
appeared to be a factor in sectieping ability.

11. A test on sectioning solids was useful for

predicting gedmetry achievement in grade 5 and 8 geometry

‘classes, partlcularly in grade 8 where the content was

; Nigr

motlon'geometyy. Some evidence .that the tests were useful

1n grade 7 was also observed.

(12. The utility of the sectioning tests in predlctlng

geometry achievement in grades 9 and 10 was minimal.

.

Recommendations and Implications - A

In this study an attempt‘Was made to build uﬁdn previbﬁs’

i

~solids,

research on sectlonlng solids by u81ng dlff ‘f}

testlng would hopefully make 1t possible for the classroom

Ly
3.

teacher to make bétter use of %%% test, Rbytlcularly in

Y
cases: where the sectlonlng test predlcted geometny achievement.



A

The results of the study, as they‘related to the Questions

asked, have been

“gections of this

be .1 answered, ¥y

discussed and summarized in the previous
chapter. To some extent the questions have

et other closely related questions have been

raised. Opportunities for research related to this study

include the foll
Other solid

studies. Combin

the cube (Chetve

owing.

l
s and cuts could be employed in future
ations of solids such as the- sphere inside

rukhin, 1971) suggest that many variations

'ereupossible. The oblique cut on most solids can be

constructed in s
ways yleld dlffe
The ability
complex.' More W
ablllty.s How do
sectioning tests
spatial tests Su
coordlnatlon of

How does th

everal distinct ways. Do these different
rept results° - “

t@ sectlon solids appears to be very

ork is necessary to further analyZze thls

es spatial ablllty as measured by the
1

compare to gectioning ability froq other
ch as those dealing with embedded f.‘iiil~
v1ewp01nts, or surface deVelopment?' ~

e Van Hiele theory of the development of

geometric tpought apply to gsectioning ablllty? Do stages in

the ablllty to s
proposed ﬁ;‘the
informatlon need

knowledge of ded

ection solids c01n01de with the stages
Van Hieles? How do students process the

ed to solve' the sectioning tasks? Is

uctive processes necessary for solving some~— -

, tasks? These questions no doubt can best be 1nvest1gated

through individual testlng and 1nterv1ew technlques. ‘ &b

Several studies on 1nvest1gat1ng the predlctlve power

of the sectionin

g tests are suggeste&:P Perhaps a sectlonlng




test composed of items different from those used in the

-igyresent gtudy could be constructed. Items with very hlgh
and very low dlffloultles could be eliminated. 'The

.-sectioning tests might be more useful in predicting
acnievement for students of a particular ability level, or
possibly eould assist the teacher in identifying students
~who were very weak in spatial ability. Future studies might
use different treatments of geometry at the gnade 8 level‘in
partlcular, or use a motion geometry treatment at other
grade levels. It is 1ndlcated by the results of this study
that the sectioning test was useful in predicting achievement
in grade 8 motion geometry.

For the teacher it appears obvious that more experiences
with solid figures need to be-provided for children,
partlcularly those of elementary. school age. Many students
did ‘nét know the names  of even the most common- SOlldS.ﬂ B @
Experiences are needed where the students can estimate \
lengfﬁg, make ffeehand drawings?of geometry figures, and ' \
observe equality and inequality‘in the length of sides;and |
the congr#ence of angles. Angles, inrparticular, were-very
’dlfflcult f;; students to draw w1thw@ny accuracy at all.
Teachers shouldvnot assume that students can env181on
geometric sections priorﬁfe grade'9 and:even then, tne

‘ oblique sections have been mastered by only a few. Any .
'study‘of-the conics based on sections prior to the late
secondary school years: would be frultless w1thout flrst§$

\

: provldlng ‘concrete experiences w1th ‘the sollds.' %
14
As for predicting achlevement in geometry, .the reSaits

L
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" have not been conclusive. As suggested earlier the teacher
of motion geometry 1n\grade 8 might use the seotlonlng |
tests to identify students who would be likely to have
problems. The teacher could then\attempt to improve their
sectioning ability with appropriate’ experiences (Bober,
1973) and determine whether or not these experiences aided
the students 1n their study of motion geometny

One final 1mpllcat10n for the teachers iving .
the students an opportunlty to do the sectio. s is a
valuable activity in its own right. In every classroom
tested in this study, the students appeared to enaoy the |
tasks. The tasks could easily give the teacher and*sfhden1e

opportunity to discover and explore many of the fundamental

properties -of geometric figures.

t
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Protocol for Administering Test I

1. Distribute the answe= booklets and have the students
complete the first page. In the space for grade include the
teacher's name ac well as the grade. Some explnnation may
be necessary.concerning the age with regard to months.

2. Show the students the complete sphere and discuss its
properties briefly. Ask the students what plane. shape will
be seen if you cut the sphere into two parts. Illustrute
with the cut sphere and draw a circle on-the blackboard
‘freehand. Have the students do the sawe on their paper below
the information they have completed. .

3. The students now turn to page 2 of their booklet,

4. Tllustrate the complete octahedron and discuss its .
properties briefly. How many faces, how many edges, etec. -

?. Perform the parallel cut on tlie octahedron using a ruler
in place of a knife. Ask the students what plané ,
shape would result if you were able to look at the -

cut pieces. Use the cut solid tB® indicate the Q—"'
resulting plane figure is a square, Have them’

draw freehand a square in the box labelled A ,
on page 2. You draw one on the board. , $ : ,

6. Repeat step 5 with a longitudinél cut. <E§;?

The result is 'a rhombus. Have the students
draw a rhombus in box B.

2
7. Repeat étep 5 with a transverse cut. <
The result is a hexagon. Have the o Co
'students draw a hexagon in box C. ' 4
8. Repeat step § with an obliquejcut. -
The result is a tjrapezoid. Have the : « e
students draw a thapezoid in box D. , v,;, ’ b

9. Indicate to the sStudegts that in the first part of the
exercise, you will illustrate similar cuts ‘as executed
above on the following solids: cube, triangular prism,
cone and parallelepiped. Show the solids briefly. Also,
without the solids, indicate the general direction of the
four cuts as beings : ’ , )
a) perpendicular to the floor and pointing at the student,
b) perpendicular to the floor and facing the student,

c) parallel to the floor, . ’
d) oblique to the floor.’



£,

10 FPoints of emphasis

a) The students are to draw the plane surface they would see
i the solid were taken apart. In the exercise the cut w1ll
be illustrated b::" the solid not taken apart. »

b) The students are to make the drawings freehand belng
careful to make lines approximately’ equal when that is the
rcase, to make corners square when that. is the ca:se,®and
lines straight if they are straight lines, and parallel if
they are parallel llnes.

c) If the students wish the cut 1llustrated again, do it
'1mmed1ately but do not return to a cut later.

d) MaKe sure the cut is belng drawn in the proper place on
the answer sheet. :

e) The tester should make the cut and turn to face the left .
and right of the class so every student sees the cuts face on.

11. QUESTIONS’?'?

12, Illustrate the 16 cuts as indlcated on the sheet - 0O
labelled - TEST ID. -

13. Distribute the multiple ch01ce*dlstractors. The
students are not 1o mark on their paper.  Explain that each
cut wi be illustrated once again and the student, is to
select the answer he thinks is correct a~' circle % the ‘
appropriate letter on the answer sheet., If ‘you think the
answer is not on the sheet, circle F. Trke cate that the

" students are con51der1ng the correct set of dlstractors

after each cut.

[

- ’

14, QUEQTIONS°°

15. Illus trate the 10 cuts as 1ndlcated on the sheet
labelled - TEST IMC.

16. Collect the answer sheets.

J



. '
1. parallelep%ped: longitudinal

TEST ID

: 4

triangular prism: transverse

The cuts are presented in the following order:

- -

P .

cube: longitudinal

- - - -

cone: oblique

r

_ triaﬁgular prism: parallel

4

[

vparallelepiped: transverse

cone: - longitudinal

L J

cube: parallel

e =t > = oy

N - =4




10.

11,

12.

13.

14,

15-

16,

~cube: ' transverse

triangular prism: oblique

parallclepiped: oblique

cone: parallel

parallelepiped: parallel

-
I

cube: oblique 1

triangular prism: longitudinal .

..:,

cone: , transverse

-~

. '--—-;‘

193



194
 PEST IMC

The cuts are presented in the following order:

~
-

~
-
~

1. trianguiar p. sm: longitudinal

o - - - - -

2 cone: paraliel

J. parallelepiped: \parallel ‘

L cube: transverse

5. triangular prism: oblique ] ,

6. cone: longitudinal

7 parallelepiped: transverse -

LY

8. cube: longitudinal

PR




9-

“10.

11.

12,

13.

14,

16,

{triangular prism:
cone: ‘transverse

cube: parallel

) i N
parallelepiped: oblique

cone: oblique

paralleiepiped:

|

triangular prism:

a

cube: oblique

Al

transverse

y

parallél

- aw = o o

-- - -

B

longitudinal ,

195



11.
12,
13.
14,
15.
16.

CORRECT ANSWERS

Test IR

parallelogram

rectangle

square

ellipse
equilateral triangle
parallelogram

isosceles triangle

square

isosceles triangle
parallelpgram
circle

square
parallelogram
reétahgle
rectangle

one-haif hyﬁerbola

¢l

10.

11.-

12,

13.

1’4"

- 15,

16.

g H o o o o H wo» o 9 "9 o9 .8 > A&

Test IMC

rectangle

circle
parallelogram
square

ner of these
isosceles triangle
paralieloéram
square

rectangle

one-half h&perbola
square
parallelogram
ellipse “
parallelogram
eqﬁilateral triangle
recfanglé‘w

.
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Protocol for Administering Test II

1. Distribute the answer booklets and have the students
complete the first page. In the space for grade include
the teacher's name as well as the grade. Some explanation
may be necessary concerning the age w1th regard to months.

2. Briefly revijew the nature of the test Illustrate a
cut on the sphere and the longitudinal cut on the octa-

" hedron and the resulting plane surfaces. If studemts have

difficulty in recollectlng the nature of the fest, further
cuts on the octahedron may be illustrated (see steps 2-9 on
protocol for administering Test-I). ' N ’

3. Points of emphasis-

a) The students are to draw the pzane surface they!would
- see 1f the solid were taken apart. In the exercise the cut
will be illustrated but the solid not taken apart.

b) The students are to make the drawings' freehand being
careful to make lines approximately equal when that is the
case, to make corners square when that is the case, and
lines straight if they are straight lines, and parallel if
" they are parallel lines.

c) If the students w1sh the cut illustrated agaln, do it
immediately but do not -return to a cut later. .

d) Make sure the cut is being drawn in the proper place on
the answer sheet. ,

e) The tester should make the cut and turn to face the left '
and right of the class so every student sees the cuts face on.

L, QUESTIONSOO'

5.  Illustrate the 16 cuts as indicated on the sheet
labelled - Test IID. 3 .

"6, . Dlstrlbute the multiple choice distractors. The
students are not to mark on their paper. Explain that each
cut will be illustrated once again and the student is to .
select the answer he thinks is correct and circle the ?
appropriate letter on the answer sheet. If you think the
answer is not on the sheet, circle F. - Take care that the

. students are con51derlng the correct set of dlstractors
after each cut. . . \ E ;

7. QUESTIONS??

’

8. Illustrate the 16 cuts as indicated on the sheet !
Tabelled - Test IIMC. .

9. Col}ect the. answer Sheets/



. .
/,/ Teost ITD
/’/ The cuts are precented in the following order:
, - . . . ; ’ . ““ l 6o
/ , :
.1. ~cylinder: parallel
//
/ 2. rectangular prism: = longitudinal
O ‘&
3. ‘star: transverse

- L. pyramid: longitudinal

1

5. -cylinder: oblique

~! "
| .l
o 7

6. star: parallel S ~

- . . - ’
. , 3 .
>

. 7 7 rectangular prism: transverse -
. .
8. pyramid: oblique ‘ e
j Ty » . -



. 9 .

10,

1‘1-‘"’

12.

“13.

14, .

15.

16.

~star: oblique ‘

N

cylinder: tra_g;verse

pyramid: parallei

rectangular prism:  parallel

.

pyramid: transverse /

‘ 1 ;
cylinder: longitudinal ,‘
. ’ . //
— o

7

star: longitudinal

- rectangular prism: oblique



N
~//N

Test IIMC

The cuts are res:<nted in the following order:

pyramid: oblique -

it

cylinder:’ transverse

rectangular prism: obllqde

star: Iongitudinal

Vi

rectihgular prism: longitudinal

PYramld transverse ‘

Cylli;i;y/ oblique

‘star: oblique

-

204



10.

11,

12.

13,

14,
15.

) 16,

v~

L d

pyramid:' longitudinal

cylinder: - parallél .

pyfamid: parallel

star: parallel

cylinger: longitudinal

v

rectangular prism:

[

transverse

A

205"
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N

Y 12y
13,

1B,
15.
16.

Test IID

circle
rectangle

star

‘isosceles

ellipse

rectangle

.rectangle

isosceles

NS

3

- CORRECT ANSWERS

triangle

trapezoid

rectangle -

square -
rectangle
rectangle

isosceles

}rectangle
‘rectangle

rectangle

trapezoid

= w

o \O @] ~2 N W
.

s
W a™) =
. . . -

=
=

150
16,

w o O o >

Q =#5 @mm g o= g

we}

aQ = > o

d

Test IIMC

isosceles
rectangle
rectangle
rectangle

rectangle

trabezoid

isosceles trapezoid

ellipse
rectangle

star

“rectangle

. isosceles

circle
square
rectangle
rectangle

rectaﬁgle

triangl=
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NAME

SCHOOL |

GRADE

SEX

 AGE

years

months
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11

{12,

215 *



13

14

15

l6.
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APPENDIX 2

Illustrated Examples of Common

Errors on Sectioning Tes&s

218



3 219

fn Lhe masjority ol e ‘<1ruwirumf were not diflff'icult to
ceore as co;rcct or incorrect.” WMost corrcct arawings were
very good repfesentétions of the section, their accuracy s
falling well within the crlterla preoented 1n Chapter III.
Incorrect re%ponses often included tHe draw1ng of a figure
qulte dlfferent from the correct response. The sets of
multlple ch01ce dlstractors presented in Appendix I were
constructed from cOmmon incorrect responSes given on previous
sectlonlng tests. The examples presented on_the following
Pages represent 1nstances of drawings Whlch were scored as
incorrect. The draw1ngs did not meet the criteria for .

correct’ representatlons yet the errors were such that in

many instances it mlght have been assumed thaﬁ_the child

could form a correct mental image of the section and not

represent it correctly as a drawingL

The most common error for drawing squares was to

'construct tpe ad jacent sides of different lengths. The two

examples below illustrate this error.

N\

|

The sections which were non-square rectangles were

 usually very easy to recognize. The exception to this was

\

T

&‘4’{;‘ @it
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the rectangle resulting from the oblique cut on the cube.
Here the representation often appeared to be a square. The

following drawings were Judged not to be non-square rectangles.

The rectangles resulting from sections on the cylinder

often had curvatures in the d}awings.

r .
¥ _ L

et

The most cbmmon error in drawing parallelograms was "to
illustrate‘opposite sides with lines of unequal slope. In

many cases - “he base angles was afrfght angle while

Nthe other was 2 or acute.

The -  lateral triangle resulting from the parallel
c%ﬁ on the triangular prism was often fepresented_by an
isosceles triangle. The following drawings are examples of

incorrect responses. . \

. : . .
y R
i
. ~ <]
- : .



I\

.
The isosceles triangles resulting from the longitudinal
&utn on the cone and the pyramid werc ol'ten constructed with

a right angle as one of the base anglen, . ‘ 3

N .
R -
. ‘\\ N -

On the cone, the isosceles triangle often included

Pl

curved sides or a curved base.

o
& . | i

-

The isosceles triangle resulting from the obliqué cut
on the triangulir pr: m was one of the most difficult to
draw. The vertical a.gle was often drawn less than 60°, an
impossible situation. Therecond érror was to construct
the fverﬁicél angle" very near to a straight angle, with the

—

trianglé not really being isosceles.

Many students Had difficulty drawing the star. Many
figures included four points, however all or some of the

triangular portions of the figure were isosceles. Very



little attention was paild to angle properties in many

instances.

fhe sectlons which were trapezoids were almoét always
either drawnuébrrectly or drawn as different igureé such as
a parallelogram or triangle.

Circles were also ﬁsually drawn well within the accepted
criterias The errors noted wére similaf to the followihg

figure, which was judged to-be more like an ellipse.

| ~

Ellipses were often drawn as egg shaped for the oblique

A

cut on the cone or as recténgular'shapes with cdrvedf

222
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extremities. Most difficulties arose in attempting to draw

the curvature of the figure.

The drawings of the hyberbola also included many errors
in the curvature of thé sides or the vertex of the figure.
Straight sides and a peaked vertex were common features of
these drawings. 1In mény instances thé sides were convex

rather than concave. ' .




APPENDIX 3

Jtem Statistics on Test I

and Test II
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Table

b5

Item Analysis for Teét I

Corrected
: Biserial Biserial . Discriminating.
Item Difficulty Correlation Correlation Reliability Power
ci s1 .79 .72 .61 .21 .53
- s2 .81 .58 A7 .16 37 “
S3 .73 .6l , 52 A .22 .49 :
® Sk .21 43 .31 12 1"
£ c2 s1 .72 .60 .48 .20 .53
& S2 e77 .68 .56 .21 .51
& §3 .70 .5k 42 :19 .46
2 Sk .09 .16 .06 T .03 . 06
T c3 st .70 8 .56 .24 .59
A S2 .76 .69 .57 .21 .53
S3 .69 .58 46 .21 .52
Sk .36 .53 40 .20 .51
c4 s1 75 .56 T .18 y
sz .1k .55 yn a2 .35
S3 .90 .88 .78 .16 .31
St .23 .50 .38 .15 .36
c1 Ss1 ".89 .77 .66 .15 .31
S2 .92 .69 .59 .10 .21
% S3 .90 .81 .71 a5 .31
S Sk .15 .39 .28 .09 .27
§ cz2 S1 .68 .78 .66 .28 68
o S2 .68 .79 .66 ] .28 I £
- S3 .91 .65 - .55 .10 .19
5 St .28 -.08 -.20 -.03 -.02
@ C3 s1 .83 .36 .25 .09 .23
o $2 .83 .30 .15 .08 .16
5. S .87 b2 .32 .09 .2t
= Sk .59 .30 .18 .12 .29
ch S1 .65 .68 .55 . .25 .60
S2 .20 24 .12 .07 .19
S3 .87 .78 .67 C .16 .33
Sk .39 48 .35 18 ° 48
= 432 S = 4.95
= 19,95 ., KR20 = .81
= 24,5 SEypas™ 2+15

bR U
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Table 46

Item Analysis for Tést II

" Biserial

Corrected -
Biserial

Item Difficulty Correlation Correlation

Discriminating
Reliability Po

cs S1 - .96 .73 .66 .06 .12
S2 .97 .52, 46 .0l .08,
§3 .95 .52 45 .06 .12
o Sh .59 .80 .70 31 .79
g c6. s1 7k .79 .70 .26 .62
o S2 .73 .82 .72 .27 .67
b2 S3 .98 31 .25 .01 .03
w Sk 47 .57 A7 .23 .59
T c7 st .82 90 .82 e2h o8
£ sz .66 .58 b9 .21 .51
/83 .81 T .86 26 .55
Sk .73 .79 .70 .26 .60
c8 s1 " .94 U2 o34 .05 .12
S2 - .79 74 .65 .22 b9
S3 .75 7k .65 .24 .55
SU ey 143 .69 60 .27 .77
cs S1 ‘mwisa .62 .3&1 .12 .28
s2 .73 ., .75 .65 .25 " 455
§ S3 .84 - .60 .51 15 .33
% Sk .60 . .8k B .32 .85
g 06 s1 .71 .98 .89 .33 .83
© s2 .78 .95 .86 .28 .68
§ s3 .96 .79 .72 .07 .11
& Sk .73 .56 A7 .18 49
@ €7 S1 .76 .93 .84 .29 .63
A s2 .94 46 .39 .05 12
5 S3 .74 .96~ .87 .31 .67
E Sk .70 T .85 .33 .78
c8 S1 .93 .82 74 11 .22
s2 .79 .73 .64 .21 s
S3 .82 | .83 .75 .22 .48
Sk 69 .69 .59 .24 .61

N= 432 S = 6.45

X = 24,89 KR20 .91

s? = 11.6 SEypas™ 215
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APPENDIX 4

Participating Schools and Teachérs

.and Their Instructions
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Schools Participating in the Study

. Edmonton Public School Board Classes
Afton Elementary School | 3 Grade
Allendale Elementary Junior High School 1 Grade
Athlone Elementary School 2 Grade
Harry Ainlay Composite High School 3 Grade
Vernon Barford Junior High School 3 Grade

. 3 Grade
R :

Edmontoh Separate School Board
H.E. Beriault Separate School 2 Grade
St. Brendan Separate School 3 Grdde
St. Edmund Separate School 2 Grade
St. Mar%‘s Separate School 3 Grade

.St. Nicholas Separate School 1 Grade
St. Patrick Separate School 2 Grade
St. Pius X Separate School 2 Grade.
St. Vincent Separate School -1 Grade

b J i

1 Grade 6

3 Grade 8,

1 Grade 6
2 Grade‘é
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Teachers Participating in the Study

Mr; Andersorn } o A0
Mr. Biederman T H
Mr. Clintberg 5;
Mr. Curial knT\

Mr, Dombronski
Miss Dunningan
Mr. Fletcher
Miss Hihn

Mr. Holland®
Mr. Hubick
Mrs. Hughes ‘ B . ‘ \
Mr. Kostyshyn

Mrs. Kutney

Mf. Landerville

Mr. Lee

Mrs. Lefleur

Mrs. Lerminaux

Mr. Peters

Miss Pokinghorn
Mr.,Pomfrey .
Mr. Pookey

Mr. Roles-

Mr. Syrnyk ’ /
Mr. Walker

Mr. W;athernick : -



236

Your participationlin this research 1is much appreci-
ated. Should you have any quections (or problemskmconcerning
the study please contact me at 432-3760 during tﬂgsday or
at 435-7693 in the evening. _ ' '

Test II should be édmiﬁistered immediately after the
completion of your unit on geometry. It would be appreci-
ated if you could contact me as soon as you become aware of

1

your completion date.
Thank you again for your assistance and participation.

Dale R. Drost



"It would be, appreciated if you could assist in collecting
the following data on each student involved in the study.

1. The most recent IQ score available. The name of the test
would be of assistance if it is available.

2. The mathematics final grade from the previous year. If
a system wide test was administered this would be ideal,
' otherwise the regular final grade would be adequate.

3. The mathematics grade received on the last major test
prior to Test I. '

.- Achievement data on the unit following Test I, including
a copy of any tests administered.

The researcher is prepared to assist in any way he can
in the collection of the above data. If the information must
be transferred from cumulative record cards or from some
~other source, this could be done by the researcher if the
regular teacher so wishes. *
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P

One of the main objectives of thig study is to
determine the predictive validity of the ability to section
selected solids on achievement in geometry. To help answer \
this question it is necessary to collect information on the
types of geometry being taught, the areas of Special emphasis
and the methods used to teach the material. Stated
differently, it is important to know what is happening in
each classroom before the above question can be answered.

We would appreciate it a great deal if you could keep  a
brief daily record of the events occurring in your classroom.

The following categories are suggested:

1. Objectives of lesson
2. -Points of emphasis
3. Materials used
k. Teaching method
5. ‘Other comments

An example of a possible record iS'inclyded on the
following page. ‘

Thank you for your cooperation.
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class __1 A 4 pate Nov &
LW
1. Objectives J 1A kD

2.

3.

k.

5.

Particular points of emphasis: '
Ant SpnBA w108 TR SOWA R vt ong .
or | o o
Ahs. SrophOs o tD SN :ﬁ“““**'“b pS d&*”“kkuvu

Materials ufed' .
At apavdry ~adsdo
 Coveapanra Mm’mr a Jondex

A

Teachlng method:
ﬂ MRRows e _x}lxxg\rojh¢l. P SYCE AR Y- Q*ﬁ‘lg*or

;MMMW&XWM

or 2\ D NIUS SV B S \’\\)&J’\N

Qn)*b : e
Other comments: ) |

Ay IR JP*JLA \)\Jxa§\ \Sx.suﬁi %\ o SV WYY TV VI
ox E\Mw Ram ooy S puekions.
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Clasé Date
D '

1. Objectives:

2. Particular points of emphasis:

3. Materials used:

»
<

L, Teaching methods: . B '

o >

P

5. Other comments:

v oo e
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1

The tables on the following pages are the results of
priqpipal axis factor analyses‘under varimax rotation for
each éf grades 5 and 6 combined, grades 7 and 8 combined,
grades 9 and 10 combined, each sex, and each ability level.
The four factor solution is presented for each of these
groups for Test I and the five factor solution for Test ITI..
Decimal points have been omitted fﬁgm entries within the
tables; Entries with an absolute value greater than or
equal to .30 have been uhderlined for emphasif. The blank
spaces in Tables 57 and 62 indicate that the item was

deleted from the analysis since all subjects answered the

item correctly and hence its variance was zero.



Wl ’
Table 47

Principal Axis Factoring Under Varimax
Rotation for :Test I - Grades 5,6 Combined

Factor

Variable 1 2 3 L Commuhalities
st c1 32 37 05 10 25
c2 06 18 36 00 16
c3 11 S| . oh 15 21
ch 27 16 -10 12~ 12
S2 c1 57 -18 2k -02 L2
» c2 Ly -2k -01 12 26
2 3 05 39 02 09 16
§,‘, o 03 -18 -1k 20 - 10
® 83 c1 14 07 23 58 41
§° c2 06 , 21 50 .27 36
% c3 oy 07 4o 23 22 .
§ ch 08 12 “ -05 g 22
sk c1 18 | 22 24 ‘ 09 14
c2 17 24 00 16 11
- c3 32 31 19 33 . 34
cl Ly 15 -12 ol 23
s1 c1 23 ke 2h -15 34
c2 15 . 20 30 . 18 18
c3 11 63 32 -02 51
§ ch 01 ' o4 ol - 09 01
s Sz c1 69 -17 27 -01 58
B c2 48 ' 15 - 25 " 03 32
o c3 31 17 35 -03 25
9 cl -19 -14 36 -10 19,
E s3 c1- -05 . 04 09 46 23
S c2 oy 00 39 - 15 18
] c3 -0l 26 26 17 17
A c4 -+ 28 27 -11 33 .2
g st oo 29 17 16 34 25
c2 07 - 01 -28 18 11
c3 36 16 25 23 27
cl 4o 19 -0b ol 20
Eigen values 4,33 1.28 1.16 1,02 %"
Variance : 2.49 1.91 1.83 1.56
% Total Variance 7.79 5.97 5.71 4.88
% Common Variance 32.0 2h.5 T 23.5 20.0
Sum of Communalities 7.79

HE]
N
F

Total Variance Accounted for
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Table 48
Principal Axis Factoring Under Varimax

Rotation for Test I - Grades 7,8 Combined

/ ! -

) Factor
[: Variable ’ 1 2 3 L Commgnalities
\\ 51‘ c1 _3_6. ) i&}_ 22 14 39_
c2 35 12 2! 23 29
c3 7 35 24 07 e
] cl o1 35 02 09 13
£ sz c1 08 60 27 -02 Ll
£ ce 16 49 14 18 3
e c3 .35 14 3 20 22
. ch 01 - ol -7 03 03
T s3 o1 31 35 21 28 34
§ ‘c2 11 36 52 10 - 43 e
c3 14 35 51 « 06 4o
cl 14 23 49 © =19 35
. S4 2 52 05 - oL 16 30
c2 06 19 01 35 16
c3 60 30 01 -01 L5
cl 22 28 7 o8 27 21
S1 .c1 56 15 13 , 09 37
o c2 : 22 01 33 o4 16
8 c3 61 19 07 -06 42
g ch 01 24 o2 . 00, . 06
3 s2 ot 26 72 .08 oz - 60
. c2 28 68 -0l -08 7 55
§ Cc3 60 -10 , 08 00 37
& ch -25 -15 24 15 16
@« S3 c 38 -16 28 03 25
a c2 -01 09 00 -33 12
4 c3 02 10 22 -13 08
= ch 08 -0h . 01 -32 11
sk c1 by 33 09 -11 35
c2 12 15 - . =16 32 16
c3 59 20 08 -22 il
ch 28 25 -13 17 ' 19
Eigen values '5.73 1.45 1.13 .90 o
Variances 3.56 3.10 1.55 «99 ‘ -
% Total Variance  11.1 9.68 4,86 3.08
% Coymon Variance %8.7 33.7 16.9 10.7
Sum of Communalities = 9,20 -
= 28.7%

Total Variance Accounted for

*
- . s



( Tat te 49

Principal Axis Factoring Under Varimax
Rotation for Test I - Grades 9,10 Combined

.

Multiple Choice Resporises

Factor
Variable i 2 3 L Communalities
S1 c1 27 22 20 . ~20 20
c2 -31 -08 -06 15 13
c3 14 12 59 15 . ko
® cl 18 -15 09 11 07
@ sz c1 59 ~10 - .00 36
,% c2 50 02 14 ~07 27
2 3 00 32 | -01 -04 10
E? Loch 22 11 ' ~08 -14 09
4 s3 ct 11 43 15 10 23 .
g c2 03 38 -03 . 08 15
. c3 -06 ' 14 02 54 32 «
clh 10 06 36 ks 35
sk c1 Lo ~-11 ko : ' 05 o, 3k
cz 25 -05 10 © 35 20
c3 27 11 12 ~01 10
cl -0k 22 : 07 36 - 18
s1 c1 ’ 10 29 b1 -10 27
c2 10 65 36 : -11 57
T3 -05 ' 22 59 -05 41
ch 20 -27 14 23 18
¢ Sz c1 60 13 07 13 39
c2 65 S} 09 03 53
c, 23 01 ~ o7 -0k 06
cl 13 05 - - 00 ~21 06
S3 c1 ' 12 31 -05 22 16
c2 14 -01 -0 11 03
c3 00 40 10 26 24
ch -12 <11 02 203 " 03
St c1 41 .05 by 10 4o
c2 ’ 09 00 -10 26 08
c3 - 36 18 07 _ 12 18
Cl 03 32 " -28 ) 28
Eigen values ) 3{22 1.60 1.26 1,13
Variance 2. 1.78 1.77 1.34
£ Total Variance 7467 5.55 ‘ 5.52 4,18
% Common Variance  33.5 24,2 24,1 18.2 -
s SRR Communalities 7034 '

nu

22.%

Yariance Accounted for

ot



Tyne 40

Principgl) Axif Facloring Under

varimax RotR3on for Test I - Males

- N e Factor
Variable 1 2 3 L Communalities
s1 c1 28 29 30 01 25
c2 09 ) 22 14 26 »
c3 15 . 28 18 20 18
© Cl 23 01 . 06 32 16 X
°,£’ S2 c1 51 \ 0g 10 27 35 .
é, c2 56 17 11 12 37
2 c3 01 b5 ” 11 17 - 24
o cl 21 -11 00 -18 09
¥y 83 27 20 b1 07 28
- c2 05 23 b1 12 24
c3 -06 13 56 27 b1
ch - 09 06 48 20 v 28
Sk C1 33 29 07 06 Y
c2 05 11 07. _3_2 17
c3 47 20 21 13 -37
cl 13 07 07 18 06
s1 ‘ct - 15 68 .08 -02 50
cz 3 11 o4 - 02 11
. . _
e c3 , 10 63 02 -02 b1
5 Ci | 09 05 06 37 15
2 sz oo 69 10 10 55 61
© .C2 55 28 13 28 48
g c3 20 ) -0k -0k 28
é Cl -20 ‘ o4 07 01 05
D S3oo -12 01 .37 07 15
B0 c2 05 . Ok 22 -12 07
¥ 3 10 -06 b1 -02 19
g ch 29 . 0} 3k ~13 22
sS4 oc1 b 23 21 -03 35
c2 -03 -08 -03 39 16
c3 40 oz 0 Y 09 . 36
ch ¢ 20 26 ~01 24 17
e M
Rigen values 5,07 1.1 1.14 .78
Variance 2.11 2, 42 1.85 1,23
% Yotal variance 8.46 7.5% 5.78 3,83
X Common Variance 33.0 ;2945 22,6 14.9
" Sum of Communaliyftc = 8,20
Total Varlance Ac/%unted for = 25‘.5@7
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Table 51
Principal Axis Factor%pg Under

247

v

Varimax Rotation for Test I - Females

oo

’

. : Factor .
Variable 1 .2 3 L Communalities
s1 ¢t * 7 33 01 23 30 '
Y o2 22 30 09 . -02 15
¢3 - 61 ’ 20 06 ok ” b1
» ch 07 19 -01 18 07
m s2 ct ol 62 08 ok . b0
a c2 35 29 -12 . SN 27
) Cl -11 <01 . 09 21 06
5 53 31 20 18 ° .27 24
i c2 ', 28 36 LA 19 36
c3 - 28 32 09 . 11 20
ch 30 13 ° 08 09 12
sk c1 *31 -01 2b 07 16
c2 11 14 . 05 | 41 20
c3 5L 07 36 22 ~ 30
cl 16 18 11 st 35
s1 C1 : 48 10 05 16 27
o c2 by 17 29 -05 , 31
o c3 - R > 10 17 b 12 46
5 cl 01 21 -06 07 05
B s2 a1 17 66 Co16 09 ¢ 50
e c2 23 50 16 : 26 40
3 s 07 05 65 - 15 us
2 c4 -08 o4 -02 -30 10,
S s3 a1, 14 -07 c 29 14 13
c! c2 | 4 06 17 18 - . =06 07
= Cc3 - 139 ~12 18 00 .20
3 ot 13 i7 6 ~01 05
sy c1 ) \ 27 , %\J 11 2
cz 10 03 -19 4o 21
3 - 22 10 59 TR
ch - -01 13 25 . 47 30
Eigen values - 4.92 *1,19 .98 .87
Yariance 2.64 2,06 1.67 1.59 .
% Total Variance 8.26 6.43 5,22 4,96
% Common Variance - 33.2 25.9 - 21.0 20,0
Sum of Communalities 7.96

Total Varlance Accounted for

e ot e

. Wi -

¢

powon



Table 52
Principul Axit Factoring Under
vVarimax Rotatlon for Teut I - Low Ability

t

Factor - .
Variable i 2 3 . L Communalities\
st c1 29 29 -13 2k 24
c2 08 27 -03 21 12
c3 28 20 01 30 21
o ch 32 - 08 . 07 -14. v 13
m s2 C1 53 -02 -12 12 31
B c2 - 38 23 16 -19 26
2 c3 -0l 57 -01 -06 33
) ch -0h4 -02 15 . 00 02
¥ s3 c1 25 40 -10 22 28
g ‘ c2 I 43 -19 25 39
| ¢ 39 27 -25 12 30
cl 39 08 £ £070 ., 17
st c1 13 21 3.5) 157 %4@ :
c2 06 25 19 31 w3
c3 3k 37 32 01 35 T
ch o8 - 35 03 02 13 1
s1 c1 12 b 50 21 28
. c2 17 T 08 24 15
Q- c3 10 _j__é 15 25 22 ;
5 ch 33 02 01 -27 19
B 5. o 6 15 16 10 45
= cz 9 25 ’ 16 .08 3
9 €3 06 39 24 19 25
2 ch -17 00 -32 05 13
o S3 C1 -0k 13 ok 26 © 09
2 cz 09 09 09 ' 29 -1
s c3 .10 16 36 .05 17
£ b - -08 -0l 38 , 02 15
sk c1 25 .06 -39 37 . 35
. ¢ - 08 ~03 03 R 1
c3 1k 2 27 25 26
ch . 30 ‘ ¥ _ -02 -03 27
 Eigen values - 4,25 1,18 ° 1.05 .77
Yariance 2.36 2.31 1.30 . 1,29
£ Total variance 7.36 7.21 4,06 b, 03
% Common Variance 32.5 31.8 - 17.9 17.8
o Sum of Communalities : 7.25 ‘

Total Variance Accounted for = 22 7%



Table 53
Principal Axis Factoring Under

Varimax Rotation for Test I - Average Ability

. . Factor
Variable, 1 2 3 4 Communalities
S1 ¢t Ly 28 ' 09 -09 29
c2 16 10 .20 -38 22
3 b9 13 16 -26 36
n ch 02 28 08 13 10
@ sz c1 -05 62 03 -12 140
% . c2 13 56 . =02 504_ 33
8 c3 L} 09 23 -12 ' 24
g cl 01 11 05 48 , 25
34 s3 o1 20 19 ko 19 36
g , c2 00 07 58 -3, .. 39
c3 -02 06 51 -ohgl, 26
cl 19 -05 40 13 .° 22
st C1 33 13 03 -10° 14
’ cz 02 20 03 -12 05
c3 55 10 16 14 36
ch 26 11 -03 08 09
s1 ¢t fhg 15 03 -31 35
o c2 ‘R‘ , 06 25 bk 09 27
@ c¥ - 63 12 27 -22 52
5 ch ' 09 17 09 11 06
§' sz c1 o7 78 07 -06 62
iy c2 30 65 07 03 51
° "Cc3 L3 6o 08 00 19
2 ch -37 07 16 -13 18
o S3 C1 o023 -16 33 21 23
E, c2 ;=01 -07 20 o3k 16
» c3 / 03 06 63 -06 b1
2 ok Mg 11 23 11 12
LSk oc1 | 26 36 16 08 23
c2 ! 11 -0k 00 - -01 01
c3 | b2 20 28 07 30
ch 35 14 92 17 18
Eigen values 4,34 1.65 ” 1.38 1701
Variance, L2072 2.42 2.1 1,05
% Total Variance * 8.50 7.55 6.8 3.29
% Common Variance 32.5 28.8 .26.1 12.
Sum of Communalities 8.38

Total Variance Accounted for

249
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Table 5
Principal Axis Factoring lUnder .
Varimax Rotation for Test I o High Ability

Factor -
Variable 1 2 3 L Communalitles
s1 c¢1 48 ., 06 07 15 'J 27
c2 20 35 16 01 19
" 63 -09 ’ 02 22 46
0 ¢ 09 07 22 15 08
LS 06 37 2l 39 34
b 68 ¢ 26 = 11 05 S
. 3 09 25 ' 29 05 16
0 cl -01 12 00 -02 02
~§ s3 c1- 03 01 01 34 12
E cz -16 28 33 30 31
3 -06 03 09 19 05
clh 29 -10 -03 32 20
st c1 37 28 ©-13 - 29 31
cz 17 " 03 > S 19\ 25
c3 3t bs 07 13 34
ch ok 03 52 01 28
S1 C1 : 48 09 16 -26 33
- c2 31 sh -05 -05 39
2 - ©3 33 . 21 13 27 42
rg:,‘ ., gt; o :g . 00 ol 36 14
3 20 29 %o 52
o c2 " 20 39 ~ 30 o 37
8’ c3 02 33 20 -18 18
e ok 03 . -01 -27 -02 08
. s3 aa o1 -01 08 “16 03
B c2 . =17 08’ 16 12 08
B 3 -0l 25 -07 -09 08 ™
Z cl | -03 -06 -22 30 14
: sk c1 . 24 32 15 , 28 26
c2 07 -20 b2 16 25
c3 00 - ke - ob - 13- 23
T 07 ©13 51 -15 7 31
Eigon valucs -, 3.95 1.54 e 1.02 .
Variance| . ©2.,33 2,08 ‘ 1.72 1.56
% Total Varience. 2.29 651 3.38 487
'3 Commoﬁ Variance - 30.3 27-f@§ 22,4 20.3
e ' ® ~Sum of Communalities f = 7,70

S8 Total Varlance Accounted for = 24, 1%
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‘ Table 55
Principal Axis Factoring Under Varimax
_Rotation for Test II - Grades 5,6 Combined
; Factor
variable 1 2 3 L 5 Communalities
ss c1 ol 03 TR 18 21 ‘13
c2 12 06 16 ol 16 07 e
c33 15 -02 . 08 16 07 06
w cl k2 .16 31 10 . 28 38
ﬁ' s6 ct 65 22 12 12 ~o1 50
§. c2 69 30 B V/ ok 03 60
2 c3 -21 -01 11 -09 14 - 08
9 ch 07 19 o4 00 60 - 40
3 87 c1 35 62 21 03 03 56
E c2 12 14 42 -0t 03 21
c3 © 30 46 16, 23 - 33 49
ch 17 0 42 33 22 07 - 36
s8 ¢1 -14 08 - 3 c B8 ’ 05 21
o2 09 28 [ 00 06 32
c3 21 35 22 29 18 33
.ok 21 15 46 17 -01 31
S5 c1 10 14 19 28 20 - 18
3 c2 L by 10 15 19 3 1
@ - c3 00 bs -10 38 29 Ly
- § cl b 18 3 11 | .25 48
‘g‘ 56 c1 & 36 33 09. .43 73,
> c2 _ 69 , 36 29 -03 02 69
S c3 22’ 09 11 55 02 b1
é ch -03 ol - 02 ~08 61 38 -
. S7 ct 28 72 28 09 08 68
“ E. c2 -11 14 19 . W7 -13 31
’ 'S c3 19 64 - o} T 26 62
E cl 3 . 53 40 05 15 59
s8 C1 21 09 05 73 Ol iy 59
c2 o7 22 M 17 e 25
c3 42 35 06 26 - 56
cl 19 - 19 Wiﬁ- " 29
Eigen valuec .8.28 1.37 1.24 .98 T .75
Variance 3.52 3.15 2.39 1.89. 1,66
£ Total Variance 11.0 9.85% 7.48 5.90 5.18
% Common Variance 27.9 25.0 19.0 15.0 13.1 .
Sum of Communalities = 12,6 ’ ‘;;4§ Lo
Total Variance Accounted for = 39.4% , . "qi;ﬁ_' .f“}Q
. R i R0 N
. . . . - ] ‘-v.. . . L«b



Total Variance Accounted for = 38.1%

Table <.
Principal Axis Factor.ng 'Inder Varimax
Rotation for Test II - Zrades 7.5 Combined
Factor
Variable 1 2 3 L 5 Communalities,
S5 C1 33 -03 05 28 00 19
(o) 03 01 00 25 -08 07
c3 11 -03 -0l 26 48 31
v cl 35 34 26 25 o4 36
8 86 c1 66 16 09 13 -30 57
B c2 77 03 11 -08 . 02 61
R c3 -05 11 03 -05 37 16
w cl 17 07 4o 06 18 23
3§ s oo 2t 30 19 23 -08 35
g 2 22 20 23 13 10 . 17
c3 b 43 27 .15 ol us
ch 36 08 18 35 28 37
S8 c1 12 -02 41 -12 -01 20
- c2 18 23 o4 66 14 54
€3 56 02 29 25 21 50
cl 29 27 12 38 -02 31
S5 ¢t 23 28 01 -23 36 32 :
» c2 03 49 27 00 08 32
§ ' c3 -03 17 ' _6_3_ 19 ~05 27
S . Cch 50 29 06 13 15 37
;.:," Sé6 c1 71 28 17. © 03 06 . 61
o c2 68 30 -06 13 16 60
3 3 07 20 08 -18 56 ko
§ ch 29 15 37 -08 14 26
® §7 c1 15 70 10 03 08 53
G} c2 -05 -05 29 17 50 37
+ c3 32 68 11 . 09 14 61
g L —
= o 43 47 09 23 05 46
S8 c1 07 21 58 13 13 42
c2 19 - bs -05 25 19 34
c3 31 19 18 5 03 31 26
ch 01 43 21 45 19 b7
Eigen values 7.16 1.68 1.19 1.12 1.04
Variance 4,04 2.91 1.88 1.70 1.66
% Total Variance 12.6 9.10 5. 88 " 5,30 5.19
- % Common Variance 33.1 23.9 15.4 13.9 13.6
’ Sum of Communalities = 12,2 v
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Principal Axis Factoring Under Varimax
Rotation for Test II - Grades 9,10 Combined

Table 57

Factor

a

Variable 1 : ? 3 10 5 Communalities
's5 C1 - - - - - -
. Cc2 -07 19 05 -0k 82 71
¢3 -02 00 ol 09 81 66
© ch 25 b 32 09 21 L1
§ sé c1 10 73 -05 26 ol 62
2 c2 oh 72 06 19 02 56
o c3 69 16 -0k -05 01 50 o
Ef cl -01 24 T 32 -18 -05 19
J s7 ct 17 16 b2 19 -05 27
g c2 15 34 20 14 03 20
a c3 17 10 :]_]'. 00 -06 sl
cl 31 36 24 25 00 34
ss €1 -01 -05 43 -05 ~05 19
c2 39 27 17 07 -05 27
c3 -02 15 00 36 -05 15
cl 20 05 25 bl o1 30
s5 c1 49 -11 02 02 06 25
, c2 36 14 12 -10 -0k 17
;:; ¢3 01 -_3_9 ~-06 21 _3_9 29
5 ol 27 28 43 07 25 40
5 §6 cC1 27 48 25 32 ok 47
& o2 08 49 o1 - 51 -08 51
8 c3 .56 07 ~0l4 12 -02 33
é cl T35 15 05 09 -08 16
- s7 ¢t 29 19 g 46 05 55
2 c2 17 -24 20 17 06 16
b c3 -09 07" 63 26 09 49
g ch o -06 by 31 05 46
., S8 ¢ 57 03 35 01 -01 - Lk
' Ce2 60 00 07 20 . 01 40
c3 16 29 07 Lo \‘05 : 36
ol -02 05 01 60 02 36
Eigen values 5.64 1.88 1,64 1.42 1.13
Variance 2.85 2.64 2.51 2.09 1.63
£ Total Variance 9.18 8.50 8.11 6.73 5.26
£ Common Variance 22.3 22.5 21,5 17.8 13.9 .

i

Sum of Communalities
Total Variance Accounted for f.37.8$

= 11,7
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Table 58

Principal Axis Factoring Under Varimax

Rolation l'or Teust I1 - Maleo

Sum of Communalities
Total Variance Accounted for

o -
ON
iw

Factor .
Variable 1 2 L 5 Communalities
S5 c1 2h 09 12 28 -05 16
c2 12 17 ' -10 ol 1) 24
c3 09 10 18 09 51 N
0 ch 31 53 06 22 .19 Lé
» 56 c1 63 25 09 11 02 48
é, c2 75 - 06 05 07 64
K c3 - -07 -07 -07- 15 - =06 ok
w ch 19 19 - 03 55 08 38
g 87 ¢ 52 b2 . - 00 02 18 48
& c2 25 11 09 16 ol 11
c3 b2 28 28 17 27 el
ch 34 33 22 26 11 35
S8 c1 13 03 07 11 -18 o7
c2 19 % 48 10 19 12 32
c3 39 25 07 30 20 34
c4 18 b ou 23 -01 28
S5 ct1 11 23 06 07 -27 15
. c2 21 39 14 17 -02 25
@ c3 03 27 51 12 27 b1
8 cl 52 37 01 19 09 bs
B s6 c1 75 28 10 13 ~11 68
= c2 67 32 12 07 -14 60
§ c3 23 =01 30 -06 -06 15
§ ch 14 27 -0l 55 ol 4o
o S7 c1 by I - -02 -06 05 61
A c2, -05 19 - 51 -10 -10 32
s c3l 3 58 13 07 11 k9
2 Ch b2 59 21 12 -03., 58
s8 1 16 08 é9 10 00" 52
c2 09 52 17 10 ol 32
c3 k9 27 . ok 23 31 46
cl 16 48 - 13 -01 05 27
"Eigen values 8.12 1.19 1.00 75 .70
variance 4,26 3.71 1,47 1.31 1.01
£ Total Variance 13.3 11.6 .59 4,09 3.16
£ Common Variance 36.2 31.6 12.5 11. 8.61



Principal Axis Factoring Under Varimax

Table /59

Rotation for Test II - Females

Sum of Communalities )
Total Variance Accounted for

. L
= 4 Factor '
Variable 1 2 3 4 5 Communalities
S5 c1 08 14 19 06 28 14
" c2 07 12 13 03 14 06
c3 . 13 06 -02 02 - 36 15
v ch b2 25 26 ~ 19 08 35
n S6 Ci1 7h 15 ok - 06 03 57
B c2 . 71 08 10 09 ol 53
-2 c3 =06 21 ok 34 -01 17
% ch 08 13 57 00 - 1k 37
3 S7 c1 33 43 22 32 -15 46
E c2 20 43 21 03 22 32
c3 25 41 47 32 -03 55
ch 24 L1 02 42 13 b2
s8 c1 ~12 05 18 32 21 19
c2 09 53 08 12 19 34
c3 33 17 06 35 27 33
cl 23 52 07 08 30 42
S5 c1 12 12 33 37 07 28
. c2 37 08 39 20 26 4o
@ c3 11 06 41 22 19 27
§ ch 32 32 Lo 09 23 43
B s6 o 67 "33 30 10 18 69
= e 75 36 1% -03 15 LI
8 cB 16 12 12 63 ok b5
2. ou 05 07 49 11 -02 26
. S7 c1 29 48 32 3k 00 52
:é‘, c2 -12 09 11 23 49 .33
5 3 36 45 48 22 12 63
2 ch 35 52 32 19 3 03 54
s8 c1 15 08 11 59 22 Ly
c2 T 51 09 28 12 37
c3 33 09 21 33 28 34
Cl 12 39 16 10 1 37
Eigen values T 8.43 1.51 .85 1 Bl .77
Variance 3.51 3.00 2.30 2,23 1.37
£ Total Variance 11.0:  9.37 7.18 6398 .27
£ Common Variance 28.3 24,2 18.5 18,0 11.0

oo

o



Total Variance Accounted for = 35.8%

ko
' Table 60 -
Principal Axis Factoring Under Varimax
}Rotati, for Test IT - Low Ability
Factor
Variable ] 2 3 n 5 Communalities

S5 c1 . 28 -03 10 05 10 10
c2 15 08 11 -17 -03 07
c3 o4 17 22 00 - ~-26 15
w cl 58 19 11 -02 12 4o
@ s6 c1 30 51 -17 10 o1 39
& c2 - 19 62 -09 15 b 47
e c3 o4 . 05 14 51 +=01 28
") ch L 19 19 ~02 47 2!
§ s7 c1 34 33 o4 23 01 29
g c2 7 19 16 06 -0k 29
c3 Ls 25 - 29 22 18 by
ch 33 35 19 24 -10 33
s8 c1 10 -4 26 21 13 16
c2 sk 02 . 06 24 -15 38
c3 11 51 - 17 06 o1 30
cl b2 20 -10 08 ok 23
S5 c1 : 14 06 -06 ko 34 39
c2 46 28 31 07 06 39
o 3 14 -02 5l -0l 15, 33

o ety
g ch 54 27 02 " 05 10 38
% S6 cf. 4o 68 - 06 _ ot 16 65
= c2 ko 63 -15 -06 00 59
3 c3 08 - 24 .21 46 ~07 32
2 ch 07 20 05 07 62 Ly
© s7 o 63 32 14 03 -01 52
. c2 o7 00 48 12 -0k 25
;E: c3 57 22 19 00 - 19 ks
= ch 59 32 00 12 27 53
. s8 ¢t 18 16 5k 25 -10 42
c2 41 11 15 43 01 38
c3 1k 59 23 -02 10 43
 ch 50 1k 18 -01 00 30

Eigen values 7.13 1.55 .97 .9 .83

Variance 4,2 3.17 1.57 1.3 1.12

% Total Variance 13.3 9.92 4,91 4,19 3.49

% Common Variance 37.1 27.7 13.7 11.7 9.76

" Sum of Communalities C o= 11,4 '
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Table 61 _
Principal Axis‘'Factoring Under Varimax
Rotation for Test II - Average Ability

»
) Factor 5
Variable 1 2 3 L 5 Communalities
S5 o©1 22 ko .07 ~03 -10 . 30
c2 03 34 14 -14 -02 16
c3 15 .36 12 00 -15 19
@ ch’ 46 12 16 12 -03 27
g S6 c1 67 21 12 - ok -26 58
2 c2 72 10 14 01 -15 57
& c3 -0k -07 20 -05 29 13
¥ ch 11 3 17 -0k 23 21
= s7 c1 61 27 31 15 I 68
£ c2 10 07 31 -03 16 13
: c3 63 4o 02 ~.10 22 . 61
ch 39 28 32 16 05 36
S8 c1 02 27 03 13 00 09
c2 35 27 62 -06 o4 58
3 35 33 10 09 10 26
c4 18 20 by 19 06 33
S5 c1 30 24 ~24 44 11 %]
- c2 47 10 -11 07 12 . 26 .
L9 c3 dzi 4 -08 23 18 43
S ch 53 20 2b 15 ol 40
B s6 o1 69 03 22 19 14 59
‘: c2 70 13 29 16 01 62 r
S . ©3 16 -02 04 Z.é ~-05 60
é’ cy -06 33 29 01 22 25.
o S7 ct 57 8 17 22 57 73
2 .2 O -07 22 37 12 20
E c3 57 37 13 08 bs 69
2 cl 60 19 2k 14 T 58
s8 c1 19 16 07 80 -0k 71
c2 29 : -03 ég ‘ 05 08 Ls j;:;ﬁi
c3, 34 63 -01 10 12 s TS
ch 22 18 - 51 31 -01 Ly
Eigen values - 8439 1.26 1.3% . 1.11 .93
Variance _ 5.37 2.45 2.20 2.02 - 1.27
£ Total Variance 16.8 7.6 6.87 6.32 3.98
} Common Variance 40.3 18. 16.5 15.2 9.57
Sum of Communalities )

fou
[y
w
)

Total Variance Accounted for
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Table 62 . »
Principal Axis Factoring Under Varimax W
Rotatio or Test II - High Ability :

—r

' Factor ’
Variable 1 2 3 L 5  Communallties
S5 c1 - - - - -
c2 21 - -0k 35 18 12 21
3 07 20 24 03 37 2k
0 ch 39 25 16 3 15 37
“8 . s6 c1 g9 - -02 . 17 03 ok 83
& c2 88 08 06 11 -09 80
] c3 -0k -05 -08 - =06 18 05
o ch oy -0k 14 07 58 36
4 s7 o 29 19 2k 54 01 L7
£ c2 . 29 10 19 00 - 08 14
c3 11 08 -02 63 26 48 \
ch ©-02 30 28 by - -05 37 '
s8 c¢1 - ~06 -03 -~ -02 13 -02 .02
c2 oL 12 34 05 22 18
c3 13 43 26 260 o7 34
cl 26 o 33 . 39 7 16 07 . 35
S5 o¢1 -01 09 63 . 10 00 w 42 -
. 2 . 17 35 20 . 11 18 - 23
@ 3 59 09 10 217 M
§ ch 39 . 31 20 10 19 b
@ 56 01 86 3 05 12 03 86
j cz 87. 13 05 01 . 05 78
3 c3 - - - - - -
g ch .13 15 13 09- 52 33
o S7 c 17 25 18 60 -03 L8
B ez -0k 5k 28 -22 ok 43
s c3 . 32 L 17 ks 06 54
= et 15 37 49 40 -12 . 58
S8 c1 00 s -02 01 -25 30
cz 11 27 57 03 10 - k2
c3 31 0? o7 . 26 26 24
ct 16 09 56 00 05 33
Eigen values 6.42 2.24 1.24 1.11 +90
Variance b, 05 2.29 2.28 2,07 «1.23
% Total Variance 13.3 7.63 7.60 6,90 . 4,10
% Common Variance 34,0 - 19.2 19.1 17.4 10.3
o " Sum of Communalities = 11.9

Total Variance Accounted for



