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The purpose of this study was to investigate: (1) whether the use of

the Motions computer program will be more effective in the acquisition of

transformation geometry concepts in eighth-grade students than the use of

the Mira hands-on manipulative, (2) whether the use of the Motions

computer program will be more effective in the development of mental

rotation skills in eighth-grade students than the use of the Mira hands-on

manipulative, and (3) possible sex differences resulting from the use of the

Motions computer program or the use of the Mira, hands-on manipulative

in the acquisition of transformation geometry concepts by eighth-grade

students.

The study included 15 teachers at 15 different junior high schools

teaching 560 students. The study sample consisted of 16 classes, eight

classes in each of the two experimental groups. There were 14 classes in

the testing effect control group. Eightteachers each taught a Motions class

and a Mira class. The remaining seven teachers taught two control classes

each.

The subjects were pretested and posttested with The Card Rotations



Test from the Kit of Factor-Referenced Tests and the researcher-designed

Transformation Geometry Achievement Test. The subjects were also

administered the researcher-designed Computer Experience

Questionnaire. During the period of time between the pretests and the

posttests, the experimental group subjects studied a three-week series of

lessons on transformation geometry concepts. To check for a possible

mental rotation testing effect, the control group subjects studied a three-

week unit on fractions and decimals.

Data were analyzed by analysis of covariance. With regard to

mathematics achievement of transformation geometry concepts, the

analysis revealed no significant difference between the class means: (1) of

the Mira and the Motions groups, (2) of the females in the Mira and the

Motions groups, and (3) of the females in either the Mira, or Motions groups

and of the males in either the Mira or Motions groups. A significant

difference, at the 0.05 level, was found between the mean of the males in the

Mira and the Motions groups.

With regard to mental rotation ability, the analysis revealed no

significant difference between the class means: (1) of the Mira and the

Motions groups, (2) of the males in the Mira and the Motions groups, and

(3) of the females in the Mira, and of the Motions groups.
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The Effects of Computer Graphics and Mira
on Acquisition of

Transformation Geometry Concepts
and Development of Mental Rotation Skills

in Grade Eight

I. INTRODUCTION

The study of informal geometry through transformations of the

plane includes the study of reflections, translations, and rotations. It

involves students with what they can observe as materials are
manipulated, rather than with an abstract mathematics system as in the

formal study of Euclidean geometry. Transformations bring a spatial-

visual aspect to geometry that is as important as the logical-deductive

aspects (Suydam, 1985).

Historical Background

Traditionally, the concepts of transformation geometry had not been

included in the geometry courses at the high school level, much less in the

junior high or elementary grades. However, beginning in the 1960's a

number of groups and individuals suggested that transformation geometry

topics be taught in our schools. The Cambridge Conference Committee was

one such group, recommending in Goals for School Mathematics (1963) the

following topics for grades 7-12:



the motions of Euclidean space are th be treated, leading to the
introduction of linear transformations and matrices and the
eventual study of linear algebra ... the study of geometry should be
based on transformations of the plane or of space. ... Further
study (should take place) to see if an approach could be written
and ... (be) appropriate at this level. (p. 47)

and, specifically proposing for the formal geometry course in grade nine:

Motions in Euclidean space are interpreted as linear
nonhomogeneous transformations of the coordinates ... treatment
of motions in space relative to fixed coordinate axes. ... Introduce
matrices to describe homogeneous linear transformations. ... The
motions are shown to form a group which is generated by special
motions: rotations, translations, and reflections. ... (pp. 55-56)

The K-13 Geometry Committee of the Ontario Institute for Studies in

Education, in its 1967 report, Geometry, Kindergarten to Grade Thirteen,

also listed transformation geometry topics for inclusion in both elementary

and secondary grades. Recently, the Mathematics Framework for

California Public Schools, Kindergarten Through Grade Twelve, published

in 1985, stated that instruction in geometry should focus on, among other

things, "using transformations of the plane (reflections, translations,

rotations, and dilations) to reinforce the development of geometric concepts

such as congruence, similarity, parallelism, symmetry, and

perpendicularity." (p. 10)

Beyond the recommendations that transformation geometry topics

be included throughout the mathematics curriculum, several attempts in

the 1960's and 1970's were made to incorporate transformation geometry

topics into mathematics projects and programs for all grades. At the

elementary level, the University of Wisconsin's Patterns in Arithmetic

(1969) was such a program. For grade levels five and six, the Developing

Mathematical Processes (1969) curriculum was produced through the

University of Wisconsin's Research and Development Center for Cognitive

2
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Learning. At the junior high school level, a four-book series, Motion

Geometry (1967), was produced by the University of illinois Committee on

School Mathematics. At the senior high school level, Coxford and Usiskin

wrote a textbook, Geometry: A Transformation Approach (1975), that

covered the concepts stressed in the traditional tenth grade geometry course

through transformational geometry methods. The Secondary School

Mathematics Curriculum Improvement Study (SSMCIS, 1976) developed a

series of textbooks for grades 7-12 which integrated the concepts of

transformation geometry into all areas of the mathematics curriculum

(Thomas, pp. 177-178).

Importance of the Study

Geometry is considered an important subject since it provides the

opportunity for the development of spatial-visual ability. The study of

transformation geometry concepts, in particular, can play a strong role in

the teaching of spatial-visual skills. In 1984 the National Council of

Teachers of Mathematics published, Computing and Mathematics: The

Impact of Secondary School Curricula. This report of a conference

sponsored by the National Science Foundation stated:

The transformation approach to the study of geometry is naturally
graphic. It can be highly useful in helping students to master
concepts intuitively and ... the transformation approach makes
geometry an appealing, dynamic subject that will develop spatial
visualization ability and also the ability to reason. (p. 44)

Researchers such as Battista, Wheatley, and Talsma (1982), Del Grande

(1986), Kidder (1976), Normandia (1982), Perham (1976), and Thomas (1976)

have demonstrated that studying the basic rigid motions of reflections,

translations, and rotations provides excellent opportunities for the
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development and refinement of spatial skills as well as for studying types of

motion and their properties.

In a study conducted by Battista, Wheatley, and Talsma (1982), the

geometry course was designed so that students participated in numerous

classroom activities having spatial components. Students investigated the

symmetry of polygons by manipulating concrete models, paper folding,

tracing, and using a Mira. The concepts of transformational geometry

were presented with students using cutouts, paper folding, and tracing to

become familiar with the motion concepts.

Del Grande (1986) investigated the question of whether grade two

children's spatial perception could be improved by inserting a
transformation geometry component into their mathematics program.

Spatial perception was defined as a set of spatial abilities characterized by

the ability to perceive and retain visual forms and manipulate visual

figures. Ten spatial categories and 40 test items were developed. The items

were designed to test spatial abilities that were measurable using paper-

and-pencil or manipulative activities. Del Grande determined that the

geometry component did significantly (p < 0.01) improve the spatial

perception of the experimental grade two students.

Thomas (1976) constructed nine Piagetian-type tasks and used them

to assess elementary and secondary school students' understanding of six

properties of the basic transformations (rotation, translation, and

reflection). Kidder (1976) determined that eighth-graders (aged 12 and 13)

could form a mental image of figures in the plane and then mentally

perform one of the three transformations upon it.

The purpose of Perham's study (1976) was two-fold: first, to

investigate the effect of instruction on transformation geometry concepts in
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first-grade children, and second, th study whether such concepts contribute

to a child's general spatial ability. Two-dimensional cardboard figures

were used th give an overview of the concepts of translation, reflection, and

rotation. Perham found that horizontal displacements in translation and

rotation tasks were significantly easier for the first-grade students than the

same tasks involving diagonal displacements. The spatial visualization

ability of the first-grade students significantly improved.

The Importance of Spatial Abilities

Why are spatial abilities important? A fundamental reason is that

knowledge of the world is influenced by perceptions, that is, by
interpretation and perception of visual stimuli. People live in a three-

dimensional world. Hence, an aim of elementary and junior high school

instruction in geometry is to help students acquire an understanding of the

spatial relationships existing in the world around them, help them develop

their spatial imagination, acquaint them with spatial forms, and provide

them an analytic insight into their surroundings. These aims illustrate

the importance of the need to cultivate spatial abilities and the necessity to

provide students with experiences to develop spatial abilities.

Secondly, spatial perception and visualization ability have become

increasingly recognized as important factors in scholastic and occupational

success, especially in mathematics and the sciences (Roe, 1952; Guay,

1980). Skolnick, Langbort, and Day (1982) contended that spatial abilities

are essential in children's scientific and mathematical understanding.

Fennema (1974) noted that most concrete and pictorial representations of

arithmetical, geometrical, and algebraic ideas rely heavily on spatial

abilities. Konsin (1980) found spatial visualization influenced the processes
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used in solving mathematical problems among 242 sixth and seventh

graders from Madison, Wisconsin. Guay and McDaniel (1977) found that,

among second through seventh graders in Indiana, high-achievers in

mathematics had better spatial ability than low-achievers in mathematics.

Roland B. Guay in Spat ial Ability Measurement: A Critique and an

Alternative, a paper presented at the April, 1980, annual meeting of the

American Educational Research Association, stated that:

Spatial visualizing ability has been recognized as a distinct and
important dimension of human abilities for over half a century.
Although spatial ability has never attained the level of recognition
afforded verbal and numeric abilities, it has long been recognized
as important for success in many occupations and school subjects,
such as engineering, drafting, and art. As a result, educational
research in these subject areas often includes the spatial variable.
(p. 1)

Levine (1980) asserted that spatial visualization skills are basic to

performance on tasks such as navigation, blueprint reading, and dentistry.

Chien (1986) also maintained that spatial visualization ability, including

mental rotation skills, were basic to "the individual's ability to solve spatial

tasks which are fundamental in many academic areas such as art,

mathematics, architecture, geography, and engineering.... "(p. 11)

Developing the student's ability to visualize spatial relationships is

"one of the major problems that has long confronted mathematics teachers"

(Martin, p. 4). Fennema and Tartre reported that:

A logical argument can be made that relates spatial visualization
skills to many important mathematical ideas. There are many
teaching approaches available that are based on the belief that
visual processing will increase mathematical learning. (p. 203)

Also, Minrnck (1939) noted:

Perhaps the student's greatest difficulty in beginning the study of
geometry is a three-dimensional figure. The three-dimensional
figure is drawn in a two-dimensional space, but he is asked to see
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it in a three-dimensional sense. Such a transition is not easy.
then the first new instructional problem which the mathematics
teacher meets is that of teaching students to read three-
dimensional figures. (p. 24)

Thus, spatial visualization ability in teachers of mathematics is helpful in

developing this ability in their students.

Spatial visualization ability is considered beneficial in the

development of culture. Super (1949) commented that spatial visualization

ability:

is an aptitude which has long been considered important in
such clearly similar activities as machine-shop work, carpentry,
mechanical drawing, in which the worker must judge shape and
size and translate two-dimensional drawing into three-
dimensional objects, and which has been considered likely to be
important in certain other occupations, the principal activities of
which were not quite so clearly similar, such as engineering and
art. (p. 13)

All of these reasons (interpretation of visual stimuli, scholastic and

occupational success, mathematical understanding, conceptualization,

and achievement, teaching skills, and development of culture) suggest

spatial visualization ability as an important basic skill that students will

need as adults to function successfully as informed consumers, as

concerned citizens, and as competent members of a modern society.

In the past, educathrs held the view that an individual's spatial

abilities were generally static and unchangeable. Super (1949) stated that

spatial visualization ability could change up to about age 14, after which the

growth of the ability became static. Thurstone (1948) classified spatial

visualization ability as a "mental ability," and Stephens (1960) indicated that

"we do know that there is some growth in mental abilities through the

twentieth year at least." (p. 12)

Researchers are now coming to believe that improvement in spatial
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visualization ability can be brought about by course work, training, and

practice. In 1980 the National Council of Teachers of Mathematics (NCTM)

recommended introducing imagery and spatial visualization into
traditional mathematics classrooms. Researchers have demonstrated

growth in spatial learning following regular course work in engineering,

geometry, and drafting (Baldwin, 1984; Blade & Watson, 1955; Brinkmann,

1966; Johnson, 1976; Stericker & LeVesconte, 1982). A number of studies

have also established that spatial performance can be improved by practice

or training (Baldwin, 1984; Blade & Watson, 1955; Brinkmann, 1966;

Connor, Serbin, & Schackman, 1977; Del Grande, 1986; Goldstein &

Chance, 1965; Stericker & LeVesconte, 1982; Vandenberg, 1975). Some of

the training strategies suggested by the literature are practice, object

manipulation, use of visual aids, use of computer graphics, peer coaching,

and verbalizing of problem-solving strategies.

An important aspect of spatial visualization involves the ability to

form and manipulate two-dimensional images of three-dimensional
objects. The graphics capability of the computer aids the user in
visualizing three-dimensional objects as two-dimensional drawings. Thus,

the use of computer graphics can provide an excellent method for the

development of this spatial skill.

Due to the relative newness of the technology, few researchers have

experimented with using the graphics ability of the computer to improve

spatial visualization ability. Previously, the primary means of assessing a

student's spatial ability to form and manipulate images has been with

drawings (Klein & Liben, 1981; Piaget & Inhelder, 1971). Klein (1982)

developed an exploratory research project in which computer-animated

graphics and a computer were used to study children's kinetic and
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transformation visual imagery skills in reproductive and anticipatory

conditions. West (1984) determined that classroom mathematics
instruction, supplemented with use of computer programs designed to

develop spatial skills and problem solving ability, improved sixth-grade

students' spatial and problem solving achievement. Mohamed's (1985)

study involved using Logo computer programming to improve spatial

visualization of upper elementary school children. Luckow (1985) employed

Logo turtle graphics to increase spatial visualization ability in elementary

and secondary school teachers. Greenfield (1984), Klein (1985), Malone

(1981), McClurg (1985), and Papert (1980) investigated the use of computer

games which used interactive computer graphics animation to improve

spatial visualization ability. Zavotka's (1985) and Chien's (1986) studies also

showed that computer graphics animation was a useful tool for spatial skill

instruction. All of these studies indicate that the use of computer graphics

is a useful method for developing spatial-visual skills.

Assumptions

A complete and thorough discussion of the theoretical framework

for the study can be found in Chapter 2. The following assumptions were

derived from the theoretical framework:

The study of the concepts of transformation geometry enhances

spatial visualization skills (Battista, Wheatley, & Talsma, 1982; Del Grande,

1986; Kidder, 1976; Normandia, 1982; Perham, 1976; Thomas, 1976).

Spatial visualization ability can be developed through

instruction, course work, training, and practice (Baldwin, 1984; Blade &

Watson, 1955; Breslich, 1931; Brinkmann, 1966; Connor, Serbin, &

Schackman, 1977; Cone, 1964; Goldstein & Chance, 1965; Kinney, 1960;
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Smith & Litman, 1979; Smith & Schroeder, 1979; Stericker & LeVesconte,

1982).

Purpose of the Study

The purpose of this study was to investigate the effects of using

computer graphics and a hands-on manipulative on the acquisition of

transformation geometry concepts and development of mental rotation

skills at the eighth-grade level. More specifically, the purpose was to

investigate the following:

whether the use of the Motions computer program will be more

effective in the acquisition of transformation geometry concepts in eighth-

grade students than the use of the Mira hands-on manipulative,

whether the use of the Motions computer program will be more

effective in the development of mental rotation skills in eighth-grade

students than the use of the Mira hands-on manipulative, and

possible sex differences resulting from the use of the Motions

computer program or the use of the Mira hands-on manipulative in the

acquisition of transformation geometry concepts by eighth-grade students.

Statement of Hypotheses

The null hypotheses are as follows:

II1: There is no significant difference between the mean of the

mathematics achievement scores of the eighth-grade mathematics

classes that included interaction with the transformation geometry

computer program and the mean of the mathematics achievement

scores of the eighth-grade mathematics classes that included



interaction with the hands-on manipulative.

There is no significant difference between the mean of

mathematics achievement scores of males in the eighth-grade

mathematics classes that included interaction with either the

transformation geometry computer program or the hands-on

manipulative and the mean of the mathematics achievement scores

of females in the eighth-grade mathematics classes that included

interaction with either the transformation geometry computer

program or the hands-on manipulative.

There is no significant difference between the mean of the

mental rotation ability scores of the eighth-grade mathematics

classes that included interaction with the transformation geometry

computer program and the mean of the mental rotation ability scores

of the eighth-grade mathematics classes that included interaction

with the hands-on manipulative.

11o4: There is no significant difference between the mean of the

mental rotation ability scores of the eighth-grade mathematics

classes that included interaction with the transformation geometry

computer program and the mean of the mental rotation ability scores

of the eighth-grade mathematics classes in a testing effect control

group who did not have interaction with the transformation geometry

computer program and who did not study the concepts of
transformation geometry.

II

IL5: There is no significant difference between the mean of the

mental rotation ability scores of the eighth-grade mathematics
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classes that included interaction with the hands-on manipulative

and the mean of the mental rotation ability scores of the eighth-grade

mathematics classes in a testing effect control group who did not

have interaction with the hands-on manipulative and who did not

study the concepts of transformation geometry.

Definition of Terms

The following definitions are used in this study:

Computer-enhanced instruction (CEI) is a variation of
computer-assisted instruction in which the graphics capability of the
computer is utilized in on-going classroom interactions to enhance the

individualized instruction which the learner receives (Kiser, 1987).

A computer-enhanced visualization program is a
transformation geometry computer program designed to aid the student in

visualizing the motions of geometric figures under various isometries by

means of computer-generated graphics. The computer program, Motions:

A Microworid for Investigating Motion Geometry, written by Patrick W.

Thompson (1984), was used in this study.

An isometry is a transformation of a geometric figure by

means of a line reflection or a combination of line reflections.

In this study, a learning activity is an activity involving the use

of the computer-enhanced visualization program, Motions, or the use of the

Mira "hands-on" manipulative.

The Mira is a geometric tool invented by Gillespie and Scroggie

for use in the study of transformation geometry. It is a transparent, red

plastic reflector, distributed in the United States by Creative Publications
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and Cuisenaire Company of America.

The term spatial visualization I mental rotation is defined to be

the ability to mentally manipulate, rotate, twist, or invert a pictorially

presented stimulus object (McGee, 1979).

A transformation is a one-to-one correspondence between the

points of the plane and themselves (Hirsch et aL, 1979).

Transformation geometry is the study of figures and the

properties of figures preserved by reflections, translations, rotations, and

combinations of these (Coxford & Usiskin, 1975).

Limitations

The limitations for this study are as follows:

This study is limited to the students enrolled in selected eighth-

grade mathematics classes in the Los Angeles Unified School District.

This study is limited by the extent to which the students

willingly and seriously attempt to learn the transformation geometry

concepts being taught.

This study is limited by the extent to which the students

willingly and seriously participate in the various learning activities.

Delimitations

The delimitations for this study are as follows:

Individual schools in the Los Angeles Unified School District

will not be evaluated.

Individual teachers in the Los Angeles Unified School District

will not be evaluated.

Individual students in the Los Angeles Unified School District



will not be evaluated.

Design of the Study

The study included 15 teachers at 15 different junior high schools

teaching 560 students. The study sample involved 16 classes, eight classes

in each of the two experimental groups. Eight teachers each taught a

Motions class and a Mira class. The remaining seven teachers taught two

control classes each.

The subjects were pretested and posttested with The Card Rotations

Test (CRT) from the Kit of Factor-Referenced Tests (1976), published by the

Educational Testing Service, Princeton, New Jersey, and the researcher-

designed Transformation Geometry Achievement Test (TGAT). The

subjects were also administered the researcher-designed Computer

Experience Questionnaire (CEQ). During the period of time between the

pretests and the posttests, the experimental group subjects studied a three-

week series of lessons on transformation geometry concepts. To check for a

possible mental rotation testing effect, the control group subjects studied a

three-week unit on fractions and decimals.

The experimental design chosen for this study was the
Nonequivalent Control Group Design as defined by Campbell and Stanley

(1963). This design is actually regarded as a quasi-experimental design,

since the individual subjects were not randomly assigned from a common

population to the experimental and control groups. Instead, the groups

constitute a natural aggregate (the class) as similar as possible but

different enough to necessitate a pretest.

Data consisted of a computer experience questionnaire, two pretests,

and two posttests which were given to each individual participating in the

14
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study. The researcher-designed 20-item TGAT was used as a pretest and a

posttest to measure achievement of transformation geometry concepts. (See

Appendix C.) The 20-item CRT was used as a pretest and a posttest to

measure development of mental rotation ability. In order to describe and

predict the class mean differences between pretest and posttest scores based

on a number of possible variables (group, gender, school), the data were

analyzed by means of an analysis of covariance.

Organization of the Remainder of the Study

The remainder of the study is separated into four chapters. Chapter

II reviews the literature regarding the importance of spatial visualization

ability, enhancement of spatial visualization ability by course work,

training, and practice, use of computer graphics to improve spatial

visualization ability, need for research about spatial visualization ability,

need for informal, hands-on activities in geometry, relationship between

the study of transformation geometry concepts and spatial visualization

ability, need for computers in the study of transformation geometry

concepts, the relationship between mathematics achievement and spatial

visualization ability, and sex-related differences in spatial visualization

ability. Chapter III presents an analysis of the measuring instruments

used along with the details of the procedure used in the study. Chapter IV

provides an analysis of the data gathered and indicates the results of the

hypotheses tested. Chapter V concludes the study with a summary,

conclusions and discussion, and recommendations for practice and further

study.



II. REVIEW OF THE LITERATURE

A review of the literature, as it pertains to the learning of
transformation geometry concepts and the development of spatial

visualization ability, involves investigations into related areas of concern.

Accordingly, in line with the purpose of this study, relevant literature is

reviewed in the following areas: (1) the definition of spatial visualization

ability, (2) enhancing spatial visualization ability by course work, training,

and practice, (3) using computer graphics to improve spatial visualization

ability, (4) using manipulatives to improve spatial visualization ability, (5)

the need for informal hands-on activities in geometry, (6) the relationship

between the study of transformation geometry concepts and spatial

visualization ability, (7) the need for computers in the study of
transformation geometry concepts, (8) the relationship between
mathematics achievement and spatial visualization ability, and (9) sex-

related differences in spatial visualization ability. The following literature

review provides a conceptual framework for the specific investigations that

are undertaken in this study.

The Definition of Spatial Visualization/Mental Rotation Abifity

It is difficult to locate in the literature a widely accepted definition of

spatial visualization ability. In 1928 Kelly defined spatial ability as the

combination of two factors: (1) the perception and retention of visual

images; and (2) the mental manipulation of these images. Spatial-visual

aptitude was classified by Thurstone in 1938 as one of the primary mental

abilities. Piaget and Inhelder (1956) emphasized the distinction between

16
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perceptional and representational thinking and maintained that a person

is spatially mature when his representational thinking has been fully

developed so that his mental images can be internally manipulated. Guay

and McDaniel (1977) made a distinction between low-level and high-level

spatial abilities. Low-level spatial abilities were defined as requiring the

visualization of two-dimensional configurations, but not mental

transformations of these visual images. High-level spatial abilities were

characterized as requiring the visualization of three-dimensional

configurations, and the mental manipulation of these visual images.

McGee (1979) stated that spatial visualization also involves "the ability to

mentally manipulate, rotate, twist, or invert a pictorially presented

stimulus object." (p. 3) Liben (1981) separated spatial knowledge into two

classes: spatial behavior and spatial representation.

In spite of all the various and numerous definitions formulated over

the years, spatial visualization ability is now generally defined as the ability

to mentally manipulate shapes, sizes, and distances in the absence of

verbal or numeric symbols (Guay & McDaniel, 1980). Recently, Chien (1986)

defined spatial visualization ability as:

the individual's ability to mentally manipulate, act upon, and
transform visual stimuli. The ability to anticipate mentally a
series of object movements is also involved in this process. (p. 11)

Mental rotation skills involve a particular facet of spatial
visualization ability. Chien has pointed out that spatial visualization

ability, including mental rotation skills, is:

similar to McGee's spatial visualization, to Liben's spatial
representation (particularly spatial thought and spatial
abstraction), and to Piaget's representational space. (p. 11)

Mental rotation skills encompass many aspects of interpreting our
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environment, such as interpreting and making drawings, forming mental

images, and visualizing movement or changes in those images. Thus,

spatial visualization ability, including mental rotation skills, involve the

ability to perform two-dimensional and three-dimensional spatial

representational tasks.

Enhandng Spatial Visualization Ability by

Course Work, Training, and Practice

In the past, educators held the view that an individual's spatial

abilities were generally static and unchangeable. Super (1949) stated that

spatial visualization ability could change up to about age 14, after which the

growth of the ability became static. Thurstone (1948) classified spatial

visualization ability as a "mental ability," and Stephens (1960) indicated that

"we do know that there is some growth in mental abilities through the

twentieth year at least." (p. 13)

More and more researchers are now coming to believe that

experience affects spatial abilities. Researchers have demonstrated growth

in spatial learning in both female and male adults following regular course

work in engineering, geometry, and drafting (Baldwin, 1984; Blade &

Watson, 1955; Brinkmann, 1966; Johnson, 1976; Stericker & LeVesconte,

1982). For example, Blade and Watson (1955) conducted a study

investigating the effect of practice andlor training on scores on a spatial

relationship test at Cooper Union School of Engineering. The investigators

tested both engineering students and liberal arts students. The test was

given as part of an entrance examination and consisted of two parts,

Intersections and Blocks, with a one-hour time limit. After one year of

engineering study, including mechanical drawing and mathematics,
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engineering students' scores on the spatial visualization test, after a retest,

increased by almost one standard deviation over the first set of scores.

Liberal arts students' scores remained relatively the same. Thus, as a

result of the difference in regular course work, engineering students'

improvement on tests of spatial visualization was significantly greater than

that of liberal arts students. Blade and Watson concluded that spatial

visualization was subject to noteworthy changes due to the kind and extent

of training. Blade and Watson further noted that those students who scored

highest on the spatial visualization test also had scored higher in

mathematics achievement and engineering drawing.

Brinkmann (1966) pointed out that ordinary school curriculum

offerings are not always effective in developing spatial visualization.

Therefore, he emphasized the need for the inclusion in the curriculum of

specific instructional activities to develop spatial visualization abilities.

Brinkmann employed estimation and visualization in his training

procedures and was able to demonstrate significant improvement in

performance on a spatial visualization measure. Specifically, Brinkmann

investigated the feasibility of using a self-instructional program to teach the

visualization of space relations. One of the two matched groups of eighth-

grade pupils, 13 girls and 14 boys in each group, received programmed

learning for three weeks. The program used selected concepts of geometry

to help condition the spatial-visual behaviors. The students in the sample

were pretested during the regular period of mathematics. A carefully

matched control group, receiving only the pretest and posttest, continued

with its regularly scheduled mathematical classwork presented in the

conventional manner. Comparison of the pretest and posttest scores on

Form A of the Differential Aptitude, Space Relations Test, showed an
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significant at the 0.001 level.

A number of studies have also established that spatial performance

can be improved by practice or training (Baldwin, 1984; Blade & Watson,

1955; Brinkmann, 1966; Connor, Serbin, & Schackman, 1977; Del Grande,

1986; Goldstein & Chance, 1965; Stericker & LeVesconte, 1982; Vandenberg,

1975). Some of the training strategies suggested by the literature are:

practice, object manipulation, use of visual aids, peer coaching, and

verbalizing of problem-solving strategies. For example, Goldstein and

Chance (1965) demonstrated the relevance of practice for spatial-skill

development by having subjects work on two large sets of embedded-figure

problems. The significant spatial-skill improvement of both control and

experimental groups from pretest to posttest in the studies of Blade and

Watson (1955) and Connor, Serbin, and Schackman (1977) also revealed the

benefit of practice. Vandenberg (1975) found that building models of items

from a test of mental rotation improved subjects' scores on the same test.

Brinkmann's (1966) programmed instruction procedure included

discrimination practice with geometric solids and cutout patterns of

geometric solids. Stericker and LeVesconte (1982) provided subjects with

models they could manipulate and compare to test items.

Baldwin (1984) stated that the purposes of her study were to

investigate experimentally if practice effects resulting from training in

spatial skills could be demonstrated and if these effects transferred to

improve mathematics achievement for intermediate elementary school

students. Eighty-eight fifth-grade and sixth-grade students in four intact

classes from two schools in a suburb of Denver, Colorado, were pretested

and posttested using one intelligence, one mathematics achievement, and
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two spatial ability tests. One class in each school was randomly selected to

be the experimental group and received instruction, not during the

mathematics period, in spatial visualization and spatial orientation for 20

days. The control classes followed their regular daily schedule.

Baldwin stated that a statistical analysis using a covariance model

multiple linear regression yielded the following results: (1) spatial skills of

intermediate elementary students can be improved through instruction

(p <0.01); (2) there is no evidence that sex-related differences are associated

with spatial ability at this level if pretest information is taken into

consideration; (3) instruction in spatial skills can significantly improve the

mathematical performance of female subjects (p < 0.01); (4) instruction in

spatial skills can significantly improve the mathematical performance of

either sex with medium (p < 0.01) or low (p < 0.11) spatial ability; and (5)

there is a positive linear relationship of about 0.60 between mathematics

achievement and spatial ability.

Thus, from the preceding evidence, it can be seen that spatial

visualization ability is subject to change. Researchers are now coming to

believe that improvement in spatial visualization ability can be brought

about by course work, training, and practice. Researchers have

demonstrated growth in spatial learning following regular course work in

engineering, geometry, and drafting (Baldwin, 1984; Blade & Watson, 1955;

Brinkmann, 1966; Johnson, 1976; Stericker & LeVesconte, 1982). A number

of studies have also established that spatial performance can be improved

by practice or training (Baldwin, 1984; Blade & Watson, 1955; Brinkmann,

1966; Connor, Serbin, & Schackman, 1977; Del Grande, 1986; Goldstein &

Chance, 1965; Stericker & LeVesconte, 1982; Vandenberg, 1975). Some of

the training strategies suggested by the literature are practice, object
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manipulation, use of visual aids, peer coaching, and verbalizing of

problem-solving strategies.

Using Computer Graphics to Improve

Spatial Visimlization Ability

Little research has been done with regard to the specifics of which

techniques are the most effective in assessing and improving spatial-visual

skills. The use of computer graphics to study visual imagery appears to

hold great promise in both of these areas.

Previously, the primary means of assessing the student's ability to

form and manipulate images (i.e., his spatial visualization ability) has been

with drawings (Klein & Liben, 1981; Piaget & Inhelder, 1971). However, the

use of drawings has been frequently called into question because of the

internalized nature of visual thinking. -

There is also a need to determine the most effective methods for

improving spatial visualization ability. In the rationale for her study,

Zavotka (1985) pointed out:

Although previous research has indicated that a person's spatial
skills can be improved through training, specifics as to what
techniques are most effective have not been determined.
Computer generated and animated graphics can replicate mental
images of rotation and dimensional transformation, and thus
may be useful. in the instruction of such skills. (p. 9)

In 1967 Cronbach recommended that researchers try to find aptitudes (such

as spatial-visual ability) that interact with variations in instructional

presentations and to design presentations to fit those particular aptitudes of

groups of students. The use of computer graphics to study visual imagery

appears to hold great promise in this respect. With modern animation
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provided by the computer, the concept of visual imagery in learning, as

cited by Skemp (1973, 1979) and the iconic level formulated by Bruner (1966),

has begun th take on a new perspective.

There is a current trend in educational research to incorporate the

recent advances in high technology into the classroom. In 1980 the

National Council of Teachers of Mathematics (NCTM) recommended that

computer technology be more fully utilized in school mathematics

programs for non-traditional problem solving strategies and simulations

and encouraged computer use in teaching traditional mathematics topics

in "diverse and imaginative ways."

The Impact of Computing Technology on School Mathematics,

Report of the NCTM Conference, March, 1984a, recommends that middle

schools should make "use of visual attributes of computers in studying

geometric concepts." (p. 16) Chien (1986) commented on the ability of the

computer to present spatial information:

Damarin (1982), Klein (1984, 1985), and Languis (1983)
recommended that the capacity of computers to display two-
dimensional and three-dimensional animated objects in
successive position (e.g., movement, rotation) provides a new and
unique way to present spatial information. Through this unique,
dynamic visual aid, learners understand concepts and processes
better (Damarin, 1981; Damarin, Languis, & Shumway, 1980). In
addition, computer generated graphical representations can link
together learners' first-hand experiences of static pictures
portrayed in two-dimensional paper planes. When the learners
manipulate the represented graphics on microcomputers through
the concrete use of computer devices, they simulate an experience
which stands between first-hand concrete manipulation and
abstract representational thinking. Languis (1983), therefore,
maintained that the use of computer graphics can aid learners to
acquire keener spatial abilities. (p. 3)

Recently, Kiser (1987) has also stated:

Mathematics educators are particularly interested in
answering the following questions related to the computer in the
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Does computer-enhanced visualization of traditional topics in
mathematics deepen student understanding and motivation to
learn those topics?

Does CEI (computer-enhanced instruction) lead to
enhancement of student spatial-visual skills?

Does CEI improve student attitudes toward the computer and
toward learning mathematics in general?

Does CEI decrease the time to unit mastery or increase the
retention rate? (p. 12)

The computers used in most schools today have verbal-linear and

graphic-spatial capabilities. These computers are a valuable means by

which children and adolescents can develop the ability to create and

manipulate "powerful ideas" by means of "microworids" (Papert, 1980),

as well as problem solving skills.

Piaget's (1977) conception of knowledge acquisition values the

learner's active operation and manipulation of objects or information.

Computers possess unique capabilities which allow the user to actively

operate and manipulate the information involved. Through interaction

with the computer, the learner becomes an active participant instead of

passive recipient during the process of learning (Chien, 1986; Klein, 1984,

1985; Papert, 1980). This unique, interactive characteristic of the computer

enables the learner to effectively learn spatial visualization tasks.

Despite the evidence that mental imagery is an important symbolic

heuristic, and because of the newness of the technology, only a few

researchers have examined how imagery is presently used or might in the

future be employed in classroom learning situations (Chien, 1986; Klein,

1982, 1985; Kiser, 1987; Luckow, 1984; McClurg, 1985; Mohammed, 1985;
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Papert, 1980; West, 1984). For example, Klein (1982) developed an

exploratory research project in which computer-animated graphics and a

computer were used to study children's kinetic (i.e., movement of objects

through space) and transformation (i.e., actual changes in the form or

shape of an object) visual imagery skills in reproductive and anticipatory

conditions. In her paper, Assessing Children's Use of Visual Imagery

With Computer-Animated Graphics, presented at the annual meeting of

the American Educational Research Association, New York, 1982, Klein

noted:

Piaget and Inhelder (1969, 1971) hold that there is a strong
relationship between the development of imagery, as one form of
symbolic representation, and the growth of cognition. In
particular, the ability to use imagery to anticipate novel events,
and the manipulation of images to represent movements or
transformations of objects or events, has been found to be related
to the development of operative thought. Empirical investigations
with the Piagetian paradigm have supported this position. (p. 2)

Klein (1985), McClurg (1985), and Papert (1980) investigated the use of

computer games which used interactive computer graphics animation to

improve spatial visualization ability. West (1984) and Kiser (1987) studied

the relationship between spatial visualization ability, computer graphics,

and mathematics achievement. Luckow (1984) and Mohamed (1985)

studied the effects of using Logo computer programming to improve spatial

visualization. Whereas Luckow worked with elementary and secondary

school teachers, Mohamed studied the spatial visualization ability of upper

elementary school children. Chien (1986) compared two methods (dynamic

and interactive computer graphics versus "hands-on" manipulative

activities) on the acquisition of spatial ability in first-, third-, and fifth-

graders.

West (1984) stated that the general purpose of her study was to



examine the relationship between student mathematics achievement and

the use of computer programs designed to promote specific high-level

mathematics abilities as a supplement to existing classroom instruction.

The sample consisted of 54 sixth-grade mathematics students randomly

assigned to three treatment groups. Each group used a computer program

as a supplement to their classroom mathematics instruction. One group

used a computer program designed to foster problem solving skills; the

second group used a computer program designed to foster spatial skills;

and the third group used non-mathematics games. All groups consisted of

an equal number of males and females. Student achievement in spatial

skills and problem solving was measured.

West determined that classroom mathematics instruction,
supplemented with use of computer programs designed to develop spatial

skills and problem solving ability, improved sixth-grade students' spatial

and problem solving achievement. She also found no significant

differences between gender and spatial skills. However, the females

initially scored lower on the pretest than the males, but were able to

increase their spatial skills so that the posttest score of the males and the

females were very nearly the same. Females who used the program

designed to foster problem solving skills performed much better in problem

solving than those females who did not.

West concluded that these findings indicate that educators can

enhance the spatial visualization and mathematics problem solving ability

of sixth-grade students via computer based graphics. She further

concluded that the findings of the study emphasize the need for

supplementing classroom mathematics program with the use of computer

programs designed to develop these skills.
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McClurg (1985) investigated whether fifth-, seventh-, and ninth-

grade students participating in selected computer games utilizing spatial

skills would improve their scores on spatial ability measures. Three

treatment conditions (students playing The Factory, students playing

Stellar-7, and a control group in which students did their written

mathematics homework) were considered. The subjects were 57 students

from a middle-class school in Laramie, Wyoming. The random

assignment by sex to treatment groups resulted in roughly equivalent grade

level groups. A measure of spatial visualization, the Mental Rotation Test

(MRT), and a measure of spatial orientation, Structure of Intellect-

Learning Abilities (SOI-LA-CPS), were administered as pretests and

posttests. The six-week intervention consisted of 45 minute sessions twice a

week.

Analysis of covariance was used to examine the results. A

significant treatment effect (p < 0.02) was found on the spatial visualization

measure. Both the Factory and Stellar groups outperformed the control

group (p < 0.05). No significant interaction effects or main effects were

found for grade level or sex, indicating that the observed treatment effects

were beneficial to both male and female subjects at the fifth, seventh, and

ninth grades. Significant Pearson Correlation Coefficients were found

between Stellar-? and MRT scores (r = 0.484, p < 0.02) and SOI-LA-CPS

scores (r = 0.48, p <0.02).

Planned comparisons found no significant differences between male

and female subjects unadjusted MRT scores. However, a significant

difference (p < 0.05) was found in favor of the males when only the seventh

and ninth grade MRT scores were considered. Intra-sex variation was

greater than inter-sex variation. A significant interaction of sex by grade
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orientation test and no statistically significant results were detected using

this instrument.

McClurg stated that the results of the study suggested that the

computer may be helpful as a tool for enhancing the development of spatial

ability as measured by the MRT. Identified spatial components of the two

games included visual perception and discrimination, differentiation of

opposite obliques, visualization of transformations in series, and the

development and updating of cognitive maps.

Luckow (1984) conducted a study to determine whether or not a

course in Logo turtle graphics significantly improves a subject's spatial

ability. The subject's mathematical aptitude, years of schooling, and hours

spent programming outside of class time were other variables which were

considered. The subjects for the study were elementary and secondary

school teachers who were enrolled in an evening course.

The Revised Minnesota Paper Form Board Test was used as a

pretest, posttest, and delayed posttest of spatial ability. Three groups of

subjects were studied. The experimental group followed a twelve-week

course in Logo turtle graphics; the comparison group studied BASIC; and

the control group was composed of a class of educational psychology

students.

A two-way analysis of covariance was used to analyze the results.

Posttest spatial perception scores were used as the dependent measure.

The two factors in the design were gender and treatment group, while

pretest spatial perception scores, mathematics aptitude scores, years of

schooling, and hours spent programming outside of class time were

included as covariates.
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of the subject, number of years of schooling, and number of hours

practicing programming outside of the class time do not appear to affect the

person's ability to improve spatial perception. Luckow concluded that the

study of Logo turtle graphics is not recommended as a tool for the
improvement of an adult's spatial ability.

Chien (1986) investigated the effectiveness of dynamic and

interactive computer graphics on children's acquisition of spatial

visualization ability, and, in particular, on mental rotation in two

dimensions. Age and sex-related differences were also investigated. A

series of animated and interactive computer spatial tasks were applied as

experimental group treatment, while a series of "hands-on" activities

which simulated the computer program were conducted as control group

treatment for comparison. In her rationale, Chien stated:

The computer generated graphical representations can link
together the first-hand experiences (concrete experiences) of the
learners and the static pictures portrayed in the two-dimensional
paper planes. When the learners manipulate the represented
graphics on the microcomputers ..., they are simulating a semi-
concrete as well as semi-abstract experience which stands
midway between hands-on concrete experiences and abstract
representational thinking. Sufficient practice of this kind of
experience may help the learners to transfer this semi-concrete as
well as semi-abstract experience into the abstract thinking area
more easily than concrete experiences can transfer into abstract
thinking. Thus, the microcomputer graphic spatial program
might more effectively enhance children's acquisition of abstract
spatial visualization ability including mental rotation skills than
can the hands-on manipulative tasks. (p. 62)

A group test, the Spatial Visualization Ability Test/Mental Rotation

(SVAT/MR), which consisted of 20 spatial mental rotation tasks, served as

the instrument of evaluation. The study consisted of a pretest followed by

two experimental treatments (computer and hands-on) involving several
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tasks and concluded by the same test at the completion of the experiment.

Treatment (computer spatial tasks, hands-on tasks), school grade (1, 3, and

5), and sex (male, female) were, employed as independent variables; the

posttest score was the dependent variable.

Seventy-two public elementary school children were randomly

selected and assigned to each treatment group. Subjects were classified

according to grade level and sex within each treatment group.

An analysis of covariance with the pretest employed as a covariate

was performed on the subjects' posttest scores. The results of the analysis

revealed a statistically significant difference between the levels (computer

and hands-on) of treatment variable. The computer treatment superiority

was valid across all three grade levels.

Chien concluded that computer graphic spatial programs were

more effective than "hands-on" manipulative tasks in children's acquisition

of spatial mental rotation skills. In addition, male subjects showed

statistically better performance than female subjects on the SVAT/MR after

the treatment.

To summarize, few researchers have experimented with using the

graphics ability of the computer to improve spatial visualization ability.

Klein (1982) developed an exploratory research project in which computer-

animated graphics and a computer were used to study children's kinetic

and transformation visual imagery skills in reproductive and anticipatory

conditions. West (1984) determined that classroom mathematics

instruction, supplemented with use of computer programs designed to

develop spatial skills and problem solving ability, improved sixth-grade

students' spatial and problem solving achievement. Mohamed's (1985)

study involved using Logo computer programming to improve spatial
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visualization of upper elementary school children. Luckow (1985)

unsuccessfully tried to employ Logo turtle graphics to increase spatial

visualization ability in elementary and secondary school teachers. Klein

(1985), McClurg (1985), and Papert (1980) investigated the use of computer

games which used interactive computer graphics animation to improve

spatial visualization ability. Chien's (1986) study also showed that

computer graphics animation was a useful tool for spatial skill instruction.

Kiser (1987) contributed to research on aptitude-treatment-interaction

between levels of spatial ability in students and instructional treatments in

mathematics achievement.

Using Manipulatives to Improve Spatial Visualization Ability

According to the cognitive theory of Jean Piaget, the gradual

mastery of invariant properties under progressively more complex systems

of transformations is the essence of cognitive growth (Piaget & Inhelder,

1971). Although he was not particularly concerned about devising

instructional materials or methods to accelerate cognitive growth, Piaget

did believe instruction should be formulated to fit the learner's cognitive

structure.

Piaget coined the term "concrete operations" to describe the stage of

"hands-on" thinking. The basic characteristics of this stage are that the

student recognizes: (1) the logical stability of the physical world; (2) the fact

that elements can be changed or transformed and still conserve many of

their original characteristics; and (3) that these changes can be reversed

(Woolfolk, p. 55). Since eighth-grade students are twelve or thirteen years of

age, some of them are still in the concrete operational stage of cognitive

development. Consequently, many eighth-grade students do not have the



mental structures necessary for formal, deductive work in geometry.

According to Piaget's theory, they should be able to learn mathematics

better by use of the "hands-on" approach.

The use of "hands-on" manipulatives is also an important and

successful method for developing spatial visualization ability. Researchers

have successfully demonstrated improvement in spatial-visual ability by

employing the "hands-on" method (Battista, Wheatley, & Talsma, 1982;

Beattys, 1985; Ferrini-Mundy, 1987; Mitchelmore, 1976; Tillotson, 1984;

Whipple, 1972; Wirszup, 1976). For example, Mitchelmore (1976), in a

cross-cultural study of spatial ability, demonstrated that the use of

manipulatives in instruction enhances spatial abilities. Wirszup (1976) has

reported that Soviet educators have also redesigned their geometry

curriculum for this same reason.

Whipple (1972) attempted to answer the question whether the

laborathry approach to teaching elementary concepts of metric geometry

would increase the learning of metric geometry concepts and improve the

attitudes of students toward learning metric geometry to a statistically

significant level. He used 93 eighth-grade students during a 14-day study,

two classes being chosen for the experimental sections and two being

chosen for the control sections. The experimental sections were taught by

the laboratory method where the emphasis was placed upon the use of

manipulative models throughout the study. On the other hand, the control

classes used individualized written instruction units.

Whipple determined that the laboratory approach to teaching

elementary concepts of metric geometry to eighth-grade students improved

spatial perception of the students. Whipple related the following findings

and conclusions, among others, from his study: (1) the statistically better
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performance of the students in the experimental group on the written

geometry achievement test indicated that the use of manipulative models

will improve performance of students on conventional written tests; (2)

students using the manipulative materials showed significant ability to

assess areas and volumes using actual objects (3) although it was expected

that work with manipulative devices would improve the spatial perception

of children in the experimental group, the control group did as well on the

measure; and (4) students in the experimental group not only did

statistically better on the two achievement tests, but also liked the subject

material better than children in the control group.

Tillotson (1984) investigated the relationship of instruction in spatial

visualization to a student's spatial visualization and mathematical problem

solving ability levels. The study probed the nature of spatial visualization

and examined its relationship to problem solving performance. Three

aptitude tests, Card Rotation, Cube Comparison, and Punched Holes, were

selected to measure spatial visualization. The problems were equally

divided among the three categories: spatial problems, analytical problems,

and problems equally spatial and analytical.

The ten-week instructional program was administered to 102 sixth-

grade students. The first and last weeks were reserved for testing students

on the spatial battery and the problem solving inventory. In the intervening

eight weeks, the experimental group devoted one 40 minute period per week

to developing spatial skills. Students manipulated three-dimensional

models, imagined the movement of those models, practiced

transformations with two-dimensional drawings, and experienced

problems solving activities using the manipulative devices.

The results of Tillotson's study produced three major conclusions.
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First, spatial visualization is composed of at least two component parts,

namely, mental rotation ability and the ability to develop three-dimensional

images from two-dimensional representations. Even though all three

spatial tests appeared to reflect the definition of spatial visualization, the

Punched Holes Test was not significantly correlated to the other two spatial

tests and appeared to be measuring a different skill. Secondly, spatial

visualization, as measured by the problem solving inventory, is a good

predictor of general problem solving. The strongest correlation was with

the analytic problems subset. On the other hand, the spatial problems

subset was not significantly correlated to spatial visualization. Tillotson

stated that one possible explanation for this result was that high spatial

skills compensate for some low analytic skills, while low spatial skills are

not as easily compensated for by analytic skills. Thirdly, spatial

visualization ability can be increased through instruction. Students in the

experimental classes made a statistically significant gain in spatial scores.

Beattys (1985) studied the effects of using a manipulative approach

and its interaction with spatial ability in the teaching of area in the

intermediate grades. She conducted a two-part study. In part one, three

different instructional approaches to teaching the concept of area were

compared using 820 children from grades five, six, and seven. Variations

in treatment centered upon the type of instructional material employed in

each group: a single, concrete embodiment approach (using a geoboard), a

multiple embodiment approach (using flats, transparencies, cloth, squared

paper), and a control group who studied the concept of area using the

written material from their textbook. A five-day experimental period was

preceded by two spatial tests and an area achievement pretest, and was

followed by a post achievement test and a delayed test.
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While the first part of the study attended to the achievement of

correct solutions, part two centered on the modes of solution. The clinical

component, which identified various aspects of the area concept through

role playing tasks, focused on the process by which children understand

area measurement.

Results from the two-way ANCOVAs indicated significant

differences (p <0.01) favoring the manipulative treatment groups on both

the posttest and the retention test. While grade level comparisons and

grade-by-treatment interactions were statistically significant (p <0.01), the

margins of differences were not significant. A multiple regression

examined the relationship of posttest achievement to treatment, pretest,

and spatial ability. Treatment, pretest, and an interaction of spatial ability

with treatment were found to be significant (p < 0.01) predictors of

achievement. Manipulative groups had similar achievement which

substantially passed that of the textbook group. A comparison of interview

responses found 60% of manipulative treatment students could solve area

measurement problems that they were unable to solve prior to the

treatment. This result was significantly better as compared to textbook

students' success rates of 18% for grade five and 30% for grade six.

The use of manipulatives in developing spatial visualization ability

has also been successful with older students who are at Piaget's formal

operational stage of cognitive development. Battista, Wheatley, and Taisma

(1982) investigated the interaction of spatial ability and cognitive

development to shed some light on the roles that both factors play in

mathematics learning. The subjects for the study were 82 (mostly female)

pre-service elementary teachers enrolled in four sections of a geometry

course for elementary teachers. At the beginning of the semester, the
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Purdue Spatial Visualization Test: Rotations (Si) was administered to each

student. At the end of the semester, a modification of the Longeot Test of

Cognitive Development and the same version of the Purdue Spatial

Visualization Test (S2) were given. In addition each student received a

course grade score, which was a total of the student's scores on the three

course exams.

The Purdue Spatial Visualization Test: Rotations is a 30-item, group

administered test designed to measure the ability to mentally rotate three-

dimensional objects depicted in drawings. All subjects finished the test in

less than 30 minutes. The Kuder-Richardson Formula 20 reliability of the

test was 0.80.

The test of cognitive development used for the study was a

modification of Sheehan's version of the Longeot test. It consisted of 15

items and was administered over a period of 45 minutes. Seven of the items

required proportional reasoning, two of the items required combinatorial

reasoning, and six of the items were syllogisms. Longeot classified 13 out of

15 of these items as requiring formal thought. The test had a reliability of

only 0.54 as measured by the Kuder-Richardson Formula 20.

The geometry course was designed so that students participated in

numerous classroom activities having spatial components. For example,

students investigated the symmetry of polygons by manipulating concrete

models, paper folding, tracing, and using a Mira. The concepts of

transformational geometry were presented with students using cutouts,

paper folding, and tracing to become familiar with the motion concepts.

The textbook used for the course was Geometry: An Investigative Approach

(O'Daffer & Clements, 1976).

Complete data were obtained on 82 of the students enrolled in the
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geometry course. In particular, the results of a t-test comparing Si and S2

showed that S2 was significantly higher than Si (t = 6.63, df= 81, p < 0.001).

The correlation between Si and S2, being scores on the same test

administered at different times, was 0.77. Since most of the students

included in the study were females, the investigators suggested: "More

research is needed to determine if geometry instruction that emphasizes

spatial activities benefits one group of students more than another (p. 338)."

Ferrini-Mundy (1987) investigated the effects of spatial training on

calculus achievement, spatial visualization ability, and the use of

visualization in solving problems on solids of revolution. A random sample

of 334 students (167 men and 167 women) was selected. They were assigned

randomly to seven groups; 66 students were placed into each of three large

groups, and 34 students were placed into each of four smaller groups. A

modified Solomon four-group design was employed to control for threats to

internal validity; in particular, the practice effects of testing and pretest-by-

treatment interactions were measured with the four smaller groups. After

pretesting, 250 college students participated in one of two spatial-training

treatments or in a control treatment.

Ferrini-Mundy designed a series of six slide-tape modules and taped

commentaries to provide students experience with a variety of tasks and

problem solving situations involving spatial visualization and orientation.

The activities consisted of: (1) two-dimensional spatial tasks, (2) three-

dimensional spatial tasks, (3) rotations from two-dimensional into three-

dimensional space, (4) area estimation, and (5) development of three-

dimensional images from two-dimensional representations.

Two treatments, identical in content, were developed. The

audiovisual (AV) version introduced students to spatial strategies through
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visual representations on the slides; the audiovisual-tactual (AVT) version

introduced the same strategies, but directed students to use concrete

manipulative aids to supplement the slide presentation. The students

worked individually at slide-tape players.

Tests of calculus background and spatial visualization were

administered early in the semester. Over an eight week period, the

students in the treatment groups completed the six spatial-training

modules. The unit test was given during weeks 10 through 12 of the

semester. The spatial posttest was administered at the end of the semester.

Multivariate analysis of covariance revealed no treatment effect on

calculus achievement or spatial visualization ability, but there were

significant sex differences favoring women in calculus achievement and

favoring men in spatial visualization ability. There were interaction effects

for calculus achievement and the use of visualization in solving solid-of-

revolution problems and a significant treatment effect for visualization of

solids of revolution. Ferrini-Mundy concluded that spatial training may

benefit performance in certain areas of calculus for women more than for

men.

To summarize, the literature reveals evidence of many efforts to raise

spatial visualization ability levels of students (both at the concrete and at the

formal operational stage of cognitive development) through the use of

manipulatives and "hands-on" activities. Whipple (1972) determined the

laboratory approach to teaching elementary concepts of metric geometry to

eighth-grade students improved the spatial perception of the students.

Mitchelmore (1976), in a cross-cultural study of spatial ability,

demonstrated that the use of manipulatives in instruction enhances spatial

abilities. Wirszup (1976) related that Soviet educators have also redesigned
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their geometry curriculum for the same reason. A study by Battista,

Wheatley, and Taisma (1982) had students participate in numerous

classroom activities having spatial components. The results showed a

significant increase in spatial ability scores. Beattys (1985) studied the

effects of using a manipulative approach and its interaction with spatial

ability in the teaching of area in the intermediate grades. Ferrini-Mundy

(1987) used concrete manipulative aids and slide-tape players in her study

to investigate the effects of spatial training on calculus achievement. She

concluded that spatial training may benefit performance in certain areas of

calculus for women more than for men.

The Need for hiformal Hands-On Activities in Geometry

Tn 1959 Pierre Marie van Hiele reported on studies that he and his

wife, Dma, had conducted dealing with mental development in geometry

(van Hiele, 1959; van Hiele, 1973; Wirszup, 1976). The van Hide theory

presumes that the child must pass through a series of levels in order to

fully understand geometry. Hoffer (1979, 1981) describes the five van Hiele

levels of mental development in geometry as follows:

Recognition: The student learns some vocabulary and

recognizes a shape as a whole.

Analysis: The student analyzes properties of figures.

Ordering: The student logically orders figures and

understands interrelationships between figures and the importance of

accurate definitions.

Deduction: The student understands the significance of

deduction and the role of postulates, theorems, and definitions.

Rigor: The student understands the importance of precision



in dealing with foundations and interrelationships between structures.

Pierre Marie van Hiele has stated certain properties of the levels which

serve to indicate the difference between two levels is more than can be

spanned in an hour or even a short unit of teaching. Zalman Usiskin in his

work, Cognitive Development and Achievement in Secondary School

Geometry, enumerates three of these basic properties:

(1) A student cannot understand level n without having gone
through level n - 1; the process of going through a level itself
requires a series of steps. (2) Two people at different levels speak
in such different languages that the person at the lower level
cannot understand even the intent of what is said at the higher
level. (3) What is present explicitly at level n is present implicitly
at level n - 1. For example, a person at level 3 can follow a proof
argument (an implicit behavior) but cannot do a proof with
understanding (the corresponding explicit behavior). (p. 16)

The van Hieles have even given explicit explanations (1958) of how

the teacher should operate to lead students from one level to the next and

how movement from one level to the next can be accelerated by instruction.

Based on these instructions, Hoffer (1979) wrote a geometry text that

attempts to bring the students through the levels. As his rationale, Hoffer

stated:

Van Hide showed that in order for a student to function
adequately at one of the advanced levels, he or she must have
mastered the prior levels. Thus, it is no surprise that students
have had difficulty in high school geometry - level 4 when they
are entering the course with only level 1 proficiency. It is clear
that elementary school and junior high school experiences are
insufficient background for students who are expected to work at
level 4. (p. 5)

Usiskin (1982) reported that some tenth-grade students fail to

demonstrate the skills at level one. The research further suggested that

students who have not attained at level three have only a 50 percent chance

40
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of success in a geometry course that emphasizes proofs.

To summarize, the van Hiele model suggests, and Usiskin's

research generally supports, the idea that students cannot benefit from

instruction at a level above that which they have obtained. The van Hieles'

research has indicated that for students to function adequately at one of the

advanced levels, they must have mastered large chunks of the prior levels.

Because their elementary and junior high school (informal) geometric

experiences may be insufficient background to enable them to work at level

four, students who have difficulty in high school geometry may enter the

course with only level one proficiency. Consequently, there is a need for

elementary and junior high school mathematics students to be exposed to

numerous and various informal geometric activities before proceeding on to

a formal, deductive geometry course in the ninth or tenth grades (Prevost,

p. 411).

The Relationship Between the Study of Transformation Ceometry

Concepts and Spatial Visualization Ability

Faustine Perham, in her 1976 study, An Investigation in to the Effect

of Instruction on the Acquisition of Transformation Geometry Concepts in

First Grade Children and Subsequent Transfer to General Spatial Ability,

stated:

If a child rides a tricycle downhill, he is aware that it changes in
position, but not size or shape; if his tricycle is hit and damaged,
he observes a change different from the first; if he sees someone
riding the tricycle in the distance, he notices it appears smaller
than before. These examples illustrate respectively three types of
spatial transformations the child experiences: rigid, topological,
and projective. Although the child is aware of these changes, it is
only when he is able to organize his experiences, perhaps through
instruction, that he develops the necessary perceptive and
imaginative schema, as well as vocabulary, to understand the



spatial concepts involved. (p. 29)

The study of informal geometry through transformations of the

plane includes the study of reflections, translations, and rotations. It
involves students with what they can observe as materials are
manipulated, rather than with an abstract mathematics system as in the

formal study of Euclidean geometry. Transformations bring a spatial-

visual aspect to geometry that is as important as the logical-deductive

aspects (Suydam, 1985).

From the National Council of Teachers of Mathematics 1984

publication, Computing and Mathematics: the Impact of Secondary School

Curricula, a report of a conference sponsored by the National Science

Foundation, it is advised that:

The transformation approach to the study of geometry is naturally
graphic. It can be highly useful in helping students to master
concepts intuitively and ... the transformation approach makes
geometry an appealing, dynamic subject that will develop spatial
visualization ability and also the ability to reason. (p. 44)

Researchers such as Battista, Wheatley, and Talsma (1982), Del Grande

(1986), Kidder (1976), Normandia (1982), Perham (1976), and Thomas (1976)

have demonstrated that studying the basic rigid motions of translations,

reflections, and rotations provides excellent opportunities for the

development and refinement of spatial skills as well as for studying types of

motion and their properties.

Normandia (1982) investigated the relationship between modes of

instruction (teacher-centered versus activity-centered) and cognitive levels

in the learning of introductory transformation geometry concepts. The

sample consisted of 141 eighth-grade students from seven intact classes

from a New Jersey middle school. Activity-centered units were designed to

42



formulate experience-oriented instruction. Based on the units available in

Math II by Mahier, et al., (McGraw-Hill, 1982), the units foster the study of

informal geometry through transformations of the plane. Normandia

determined that "time spent on activities instead of practice does not harm

achievement in learning geometric concepts; that activity-centered groups

performed significantly better than the teacher-centered groups; and that

no treatment by cognitive level interaction was found." (p. 42)

Perham (1976) stated that the purpose of his study was two-fold: first,

to investigate the effect of instruction on certain transformation geometry

concepts in first-grade children, and second, to study whether such

concepts contribute to a child's general spatial ability. The sample

consisted of 72 first-grade students of average and above average ability

from two public elementary schools in northeast Chicago, Rodgers

Elementary School and Field Elementary School. The schools were roughly

equivalent in ethnic balance and in the socioeconomic status of the

children.

The experimental group was divided into three classes of 12 students

each, two classes at Rodgers and one class at Field. Similarly, there were

three control classes, two at Rodgers and one at Field. Since intelligence

tests were not administered to first-graders in Chicago public schools,

students were ranked according to ability by their individual teachers.

Random procedures were used to assign students to the three experimental

and three control groups so that the groups would be equivalent in ability.

The instructional unit was administered in 11 sessions of 30 to 35

minutes each. The first session was given to both experimental and control

classes to familiarize both groups with the terminology used in the

achievement test. Two-dimensional cardboard figures were used to give an
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overview of the concepts of translation, reflection, and rotation. Two classes

were held with the experimental groups to develop the concept of a

translation, four classes on the concept of a reflection, and four classes on

the concept of a rotation. The modes of instruction included both lecture-

discussion and small group work.

An achievement test of 80 items involving transformations and a

multiple-choice spatial ability test of 23 items were given as a pre-unit and

post-unit test to all classes. The results of the study showed that the spatial

visualization ability of the first-grade students significantly improved. In

particular, Perham found that horizontal displacements in translation and

rotation tasks were significantly easier for the first-grade students than the

same tasks involving diagonal displacements.

Del Grande (1986) tried to answer the question of whether grade two

children's spatial perception could be improved by inserting a

transformation geometry component into their mathematics program.

Spatial perception was defined as a set of spatial abilities characterized by

the ability to perceive and retain visual forms and manipulate visual

figures. Ten spatial categories and 40 test items were developed. The items

were designed to test spatial abilities that were measurable using paper-

and-pencil or manipulative activities. Four tests were generated from the

40 items using a random procedure. Each test contained 10 items, one item

for each of the 10 spatial categories. A class of grade two children was

tested before and after a geometry intervention developed by the
investigator. The final data reflected the results of the 23 grade two

students each of whom was tested with 40 items in the pretests and the

same 40 items on the posttests. A time-series design was used. Del Grande

determined that the geometry component did significantly (p < 0.01)
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improve the spatial perception of the experimental grade two students.

In summary, a number of researchers have investigated the

relationship of the study of transformation geometry concepts to spatial

visualization ability. Perham (1976) studied the acquisition of
transformation geometry concepts in first-grade children. Two-

dimensional cardboard figures were used to give an overview of the

concepts of translation, reflection, and rotation. The results of the study

showed that the spatial visualization ability of the first-grade students

significantly improved. Normandia (1982) investigated the relationship

between modes of instruction (teacher-centered versus activity-centered)

and cognitive levels in the learning of introductory transformation

geometry concepts. Del Grande (1986) tried to improve the spatial

visualization ability of grade two students by inserting a transformation

geometry component into their mathematics program. He determined that

the geometry component did significantly (p < 0.01) improve the spatial

perception of the experimental grade two students. In each of these

studies, the researchers either had their subjects physically manipulate

concrete objects (Battista, Wheatley, & Taisma, 1982; Del Grande, 1986;

Normandia, 1982; Perham, 1976; Thomas, 1976), use paper-and-pencil

activities (Del Grande, 1986), or form mental images of the objects to be

manipulated (Kidder, 1976). None of the researchers employed the

graphics capability of the computer to teach the transformation geometry

concepts.

The Need for Computers in the Study of

Transformation Geometry Concepts

Studying the concepts of transformation geometry can play a strong



46

role in the development of spatial skills (Battista, Wheatley, & Talsma, 1982;

Del Grande, 1986). However, there is difficulty in achieving the most

salient and attractive feature of this method: depicting motion. Static

drawings on a chalkboard or on paper are inadequate for this task. By

providing the capability to depict transformations and their composition

graphically and with animation, the computer has opened new doors for

the introduction of geometric content using the concepts of transformation

geometry (Fey, 1984).

In the past, the most common methods of reinforcing the concepts of

transformation geometry have been by manipulation of concrete objects, the

user of paper-and-pencil diagrams drawn with the aid of the compass and

straightedge or the Mira, and the formation of mental images of the objects

to be manipulated (Normandia, 1982; Del Grande, 1986; Kidder, 1976).

Although a few researchers have investigated the effectiveness of studying

transformation geometry concepts in improving student achievement

(Klein, 1972; Usiskin, 1969), relatively little research has been attempted in

which the computer is employed as a tool to teach the concepts of reflection,

translation, and rotation (Shilgalis, 1982; Thompson, 1985; Ernest, 1986).

Shilgalis (1982) and Thompson (1985) both developed computer

software to show geometric transformations on a computer. Shilgalis

developed his program using the BASIC computer language, while

Thompson's program employed Logo turtle graphics. The Thompson

program resulted from the author's observation that many geometry

students are unable to see anything in a diagram beyond a static
presentation. In the language of Piaget's cognitive theory, such students

are bound, geometrically, to thinking in static images (figurations) instead

of systems of transformations that can be applied to images (operations).
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Ernest (1986) experimented with providing his subjects motivated

practice for the retraining of transformation geometry skills with the aid of

a computer. The subjects were 18 members of a class of 15 year olds of

below average mathematical ability, many of whom demonstrated little

motivation to study mathematics. The students were taught an
instructional unit on transformation geometry concepts. The instruction,

spread over a period of six weeks, included plane symmetry, reflections,

rotations, and translations, including the transformation of figures in the

Cartesian plane. The experimental phase followed this instruction after

two weeks. The class was divided into two comparable groups of nine

students each: the experimental group and the control group.

All the students were given a pretest and a posttest, each

consisting of two subtests. The pretest consisted of Test 1 and Test 2.

Although Test 2 concerned the same geometrical transformations as Test 1,

the items tested a broader range of skills in a wider range of contexts. The

posttest consisted of an equivalent form of Test 1 and a second

administration of Test 2. All the objectives of these tests had been taught

during the previous instructional unit. Between the two test
administrations the experimental group spent two half-hour sessions on

computer assisted instructional gaming. The students worked in pairs

seated at computers working with the practice game, Triangles, by M.

Cook. The control group was similarly organized, but played a
computerized game not involving transformation geometry concepts and

skills.

The results of the study showed that the experimental group did

significantly better (p <0.01) on Test 1, but not on Test 2. Therefore, Ernest

concluded that the effect of the computer gaming was to improve the
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performance of the experimental group on the specific transformation

geometry concepts and skills involved. The results of the study provided

limited evidence that computer gaming is a useful means of giving practice

on those transformation geometry concepts and skills embodied in the

software.

The scarcity of information on the use of the computer to teach

transformation geometry concepts reveal a definite lack of research in this

area of mathematics education. Thus, there is clearly a need to add to the

body of knowledge regarding the effectiveness of employing computer

graphics on the acquisition of the concepts of transformation geometry in

our junior high school and senior high school students.

The Relationship Between Mathematics Achievement

and Spatial Visualization Ability

For at least 30 years researchers have maintained that spatial skills

contribute in an important way to the learning of mathematics (Anastasi,

1958; Clements, 1983; Fennema & Tartre, 1985). More importantly,

researchers have shown spatial ability is related to achievement in

mathematics (Aiken, 1971; Baldwin, 1984; Battista, 1980; Battista, Wheatley,

& Taisma, 1982; Fennema & Sherman, 1977; Guay & McDaniel, 1977; Kiser,

1987; Sharo, 1962; West, 1984). Some studies have also shown that spatial

skills can be used as a good predictor of future success in mathematics

course work (Rolen, 1985; Sherman, 1979).

Guay and McDaniel (1977) determined the existence of a positive

relationship between spatial abilities and achievement in mathematics at

the elementary school level. Baldwin (1984) studied instruction in sixth-

graders. She found "a positive linear relationship of about 0.60 between



49

math and spatial skill.' (p. 110) West (1984) determined that classroom

mathematics instruction, supplemented with use of computer programs

designed to develop spatial skills and problem solving ability, improved

sixth-grade students' spatial skills and problem solving achievement.

Sharo (1962) studied 60 high school students and administered four

different spatial relations tests. He determined that there was a positive

relationship between spatial visualization ability and achievement in both

algebra and geometry. Battista, Wheatley, and Talsma (1982) investigated

the importance of spatial visualization and cognitive development for

geometry learning in pre-service elementary teachers. They found that the

spatial visualization scores of students enrolled in the geometry course

were significantly higher (p < 0.01) at the end of the semester than at the

beginning with a correlation of 0.45 between spatial visualization ability and

achievement in geometry. Fennema and Sherman (1977) found that the

correlation between mathematics achievement and spatial visualization

was as high as the correlation between verbal skill and mathematics

achievement (r = 0.52).

Guay and McDaniel (1977) investigated the relationship between

elementary school mathematics achievement (simple mathematics

concepts and calculation skills) and high-level and low-level spatial abilities

among males and females at the elementary school level. Low-level spatial

abilities were defined as requiring the visualization of two-dimensional

configurations, but not mental transformations of these visual images.

High-level spatial abilities were characterized as requiring the
visualization of three-dimensional configurations, and the mental

manipulation of these visual images.

Four experimenter-developed spatial ability tests were employed in
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the study: (1) Serial Integration (SI) - designed to measure the ability to

integrate into a pattern visual stimuli seen one at a time; (2) Embedded

Figures (EF) - designed to measure the ability to hold a visual overall

image despite distracting elements; (3) Coordination of Viewpoints (CV) -
designed to measure the ability to visualize the shape of three-dimensional

objects from various viewpoints; and (4) Surface Development (SD) -
designed to measure the ability to visualize the development (unfolding) of

three-dimensional object surfaces so that these surfaces are superimposed

onto a single plane. Reliability estimates for the four tests were computed

using the Kuder-Richardson Formula 20 procedure. The coefficients were,

respectively, 0.75 (SI), 0.74 (EF), 0.56 (CV), and 0.66 (SD).

The SI, CV, and SD tests were administered to a total of 90 children,

14 to 16 children selected from each of six grade levels (two through seven).

The EF test was administered only to children enrolled in grades five

through seven, selected from one school in Lafayette, Indiana. Children at

each grade level were classified according to two factors: mathematics

achievement and sex. The children were divided into high-achievers and

low-achievers in mathematics by using the Iowa Test of Basic Skills.

The scores on the SI, CV, EF, and SD tests were analyzed by analysis

of variance. Analysis of the data revealed that the mean scores on all four

spatial tests were significantly higher (p < 0.01) for the group of high

mathematics achievers than for the group of low mathematics achievers.

Guay and McDaniel determined, from analysis of the data, the existence of

a positive relationship between achievement in mathematics and spatial

abilities at the elementary school level. They further determined that this

relationship was not a function of any change in the grade level or sex of the

children.
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Researchers have also shown that spatial visualization ability can be

used as a predictor of success in advanced mathematics classes (Rolen,

1985; Sherman, 1979). For example, Sherman (1979) focused on predicting

the mathematics performance of high school girls. Ninth-grade scores for

157 females and 148 males on three cognitive tests and eight Fennema-

Sherman Attitude Scales were used to predict mathematics performance.

The ninth-grade scores significantly predicted mathematical performance

one to three years later. Spatial visualization ability was an important

variable, significantly predicting geometry grade for girls. Aside from

mathematics achievement, spatial visualization was the only other variable

with a significant weight in predicting mathematical problem solving

scores for girls over a three-year period.

Rolen (1985) also investigated whether spatial visualization ability

could be a predictor of success in higher mathematics (i.e., first-year

calculus). The study first showed the correlations of the results of three

spatial ability tests taken by high school students to their final geometry

grades. The Structure of Intellect - Learning Ability subtests Cognition of

Figural Systems and Cognition of Figural Transformations, as well as the

Differential Aptitude Test's Space Relations subtest, were used.

Correlations were then computed for high school geometry grades with

Calculus I grades. Geometry was thus used as a bridge between spatial

ability and calculus performance. A strong positive correlation was found

between high school geometry grades and performance in Calculus I. The

two-dimensional spatial ability test employed was found to be a good

predictor of success in calculus.

In summary, spatial visualization ability and achievement in

mathematics appear to be moderately related, but the relationship is not
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clear. Fennema and Sherman (1977) found that the correlation between

spatial visualization and mathematics achievement was as high as the

correlation between verbal skill and mathematics achievement. Guay and

McDaniel (1977) concluded that the data from their study suggested that the

positive relationship between mathematics achievement and spatial

abilities at the elementary school level was not a function of any change in

the grade level or sex of the children. West (1984) determined that

classroom mathematics instruction, supplemented with the use of

computer programs designed to develop spatial skills and problem solving

ability, improved sixth-grade students spatial skills and problem solving

achievement. Baldwin (1984) and Sharo (1962) determined that the

relationship between spatial ability and achievement in mathematics also

existed for junior high school and high school students. Battista, Wheatley,

and Talsma (1982) concentrated their efforts on college age students. They

stated:

despite the considerable effort that has been spent investigating
the relationship between spatial ability and mathematics
achievement, the role that spatial thinking plays in mathematical
performance has not been adequately described. It is still not
known how important spatial ability is for learning various topics
in mathematics, nor are the spatial components of mathematical
thinking understood. (p. 11)

Kiser's (1987) study was important in that it related spatial visualization

ability, computer graphics, and mathematics achievement in college

algebra students and contributed to research on aptitude-treatment-

interaction between levels of spatial ability in students and instructional

treatments in mathematics achievement. Also of worthwhile note is the

research of Rolen (1985) and Sherman (1979) who determined that spatial

visualization ability can be a predictor of success in future mathematics
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Sex-Related Differences in Spatial Visualization Ability

Researchers have also maintained that spatial skills contribute in an

important way to sex-related differences that are found in mathematics

performance (Anastasi, 1958; Clements, 1983; Fennema & Tartre, 1985).

However, the literature is full of conflicting theories and conflicting

evidence about the nature, size, and origin of sex-related cognitive

differences. Guay and McDaniel (1977) and Maccoby and Jacklin (1974)

present evidence supporting the position that there are sex-related

differences in spatial visualization ability. On the other hand, Fennema

(1974), Fennema and Sherman (1978), Geeslin and Shar (1979), and Kough

and Wheatley (1977) suggest otherwise. It has been widely publicized that

males are superior to females in visual-spatial perception (Anastasi, 1958;

Oetzel, 1966), yet other studies (Burstein, Bank, & Jarvik, 1980;

Fairweather, 1976; Sherman, 1978) show that results in this area are

inconsistent and contradictory. In her 1986 study, Chien reported:

Smith and Schroeder (1979), exploring whether sex-related
difference in spatial ability existed among fourth-grade boys and
girls who were verging on adolescence, found that there were not
significant differences in spatial ability among fourth-grade boys
and girls. A similar study done by Smith and Litman (1979)
indicated that there were sex-related differences found in spatial
visualization ability among early adolescent students (ages 11-13).
Only the boys significantly improved in their spatial visualization
ability after receiving instruction. (p. 23)

Researchers disagree not only about the existence and/or magnitude

of the sex-related difference in spatial perception, but also about the

determinants of the difference. Stericker and LeVesconte (1982), in the

review of the literature for their study, summarized these points of view as
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follows:

There are proponents of the X-linked heritability hypothesis
(Hartlage, 1970; Stafford, 1961), hormonal explanations
(Broverman, Klaiber, Kobayashi, & Vogel, 1968), brain-
lateralization theories (Buffery & Gray, 1972), and sociocultural
theories (Goldstein & Chance, 1965; Nash, 1975; Sherman, 1978).
Reviewers (Burstein, et aL, 1980; Sherman, 1978; Vandenburg &
Kuse, 1979) generally conclude that the biological and
environmental factors responsible for the development of visual-
spatial skill are complex and probably interactive. (p. 31)

Sherman (1967, 1974, 1978, 1981; Sherman & Fennema, 1977, 1978)

explored the relationship of a number of environmental variables to sex-

related differences in visual-spatial skill. She hypothesized that cultural

sex role patterns result in different childhood experiences for girls and boys

and that these affect the development of spatial perception. Sherman

suggested that boys spend more time than girls do in activities that give

them spatial practice. Boys also take more courses in school with a spatial

orientation. If females are more likely than males to lack relevant spatial

practice as Sherman suggested, Then given sufficient training and

practice, females might be expected to improve their spatial visualization

skills more than males.

Researchers such as Battista, Wheatley, and Talsma (1982), Connor,

Serbin, and Schackman (1977), Ferrini-Mundy (1987), Goldstein and

Chance (1965), Stericker and LeVesconte (1982), Vandenburg (1975), and

West (1984) have also demonstrated that, given sufficient practice, females

can improve their spatial-visual ability to a level equal to that of males.

Since most of the students included in the study were females, Battista,

Wheatley, and Taisma (1982) suggested that "More research is needed to

determine if geometry instruction that emphasizes spatial activities

benefits one group of students more than another." (p. 338) Connor, Serbin,
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and Schackman's (1977) study resulted in significant improvement for

girls, but not for boys. Ferrini-Mundy (1987) concluded that spatial training

may benefit performance in certain areas of calculus for women more than

for men. Goldstein and Chance (1965) observed no sex-related difference

among adults after extensive practice. In a study by Stericker and

LeVesconte (1982), the hypothesis that females score lower on spatial tests

because they lack relevant practice was also supported. The interaction

between training and sex extended to the results of Vandenburg (1975), who

found that the performance of sixth-grade boys on a mental rotation task

did not benefit from training involving model building, while the

performance of girls did. West (1984) found that females initially scored

lower on the pretest than males, but were able to increase their spatial

skills so that the posttest scores of the males and the females were the

same.

A study by Connor, Serbin, and Schackman (1977) was designed to

investigate the extent to which training affects sex-related differences in

visual-spatial tasks in children of different ages. Connor et al., developed

and validated two sets of training materials, which were designed to

facilitate performance on the Children's Embedded Figure Test (CEFT)

after a relatively brief training period. One set of the materials (used in the

overlay condition) consisted of five complex pictures with a diamond shape

embedded in them. The complex figures could be successfully simplified by

removing a series of three overlays, which removed increasing amount of

extraneous detail from the pictures. The overlays could then be

repositioned so that the child could directly observe the diamond shape

becoming visually transformed as more detail was added.

To determine the effect of simple exposure to the training figures
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without the overlay procedure, a copy of the complex figures without the

overlays was used for training a second group of children (the flat figure

group). All children were asked to find the diamond shape in the training

figures and were shown the diamond if unable to do so. A control group

received no training but spent an equivalent amount of time (5-10 minutes)

talking informally with the experimenter.

One hundred fifty-three children in grades 1, 3, and 5 (ages 6

through 10) were randomly assigned to one of the two training conditions or

to the control group. After training, all children were then tested on the

CEFT. The study resulted in significant improvement for girls, but not for

boys. Connor et al., stated:

The interaction that was obtained between training and sex
extends to the results of Vandenburg (1975), who found that the
performance of sixth-grade boys on the Shepard and Metzler
(1971) mental rotation task did not benefit from training involving
model building, while the performance of girls did. Our results
are also consistent with those of Goldstein & Chance (1965) who
observed no sex difference among adults on the Embedded Figures
Test after extensive practice. ... In general, the results of this
experiment (and those of Vandenburg, 1975, and Goldstein &
Chance, 1965) are most compatible with theories of sex differences
in visual-spatial abilities which propose environmental factors or
genetic-environmental interactions as the source of these group
differences. (p. 294)

In a study by Stericker and LeVesconte (1982), undergraduate

students (N = 83) were pretested on four standard tests of visualization skill.

Half were given three hours of training relevant to spatial tasks presented

by three of the tests. All subjects were then posttested. The researchers

determined that the hypothesis that spatial ability is susceptible to practice

and training effects was strongly supported. Multivariate analysis of

variance showed that experimental subjects improved significantly more

than control subjects, males and females improved equally and
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substantially, and training effects generalized to an untrained spatial task.

The hypothesis that females score lower on spatial tests because they lack

relevant practice was also supported. When female experimental subjects

were compared with male control subjects on the posttests, the sex-related

difference favoring males was eliminated.

In summary, researchers disagree not only about the existence

andlor magnitude of the sex-related difference in spatial perception, but

also about the determinants of the difference. The evidence that sex-related

differences are present in childhood is mixed. Further, there exists fairly

consistent evidence that sex-related differences in spatial visualization

ability found in adolescence and adulthood can be erased. Given sufficient

practice, females can improve their spatial-visual ability to a level equal to

that of males. Thus, in any proposed study concerning mathematics

achievement and spatial visualization ability, sex is an important variable

that should be included in the research design.

Summary of the Theoretical Framework

The theoretical framework for this study has established the

following:

Spatial visualization ability is an important basic skill which

can be developed through the study of geometry (Fennema, 1974; Guay,

1980; Smith, 1964).

Even though there is documentation of spatial visualization

skill improvement through course work, training, and practice (Baldwin,

1984; Blade & Watson, 1955; Brinkmann, 1966; Connor, Serbin, &

Schackman, 1977; Goldstein & Chance, 1965; Smith & Litman, 1979; Smith

& Schroeder, 1979; Stericker and LeVesconte, 1982), the most powerful
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instructional methods of enhancing the ability have not been determined

(Zavotka, 1985).

The use of computer graphics offers an effective tool for

enhancing the spatial visualization ability of students (Chien, 1986;

Greenfield, 1984; Luckow, 1984; Malone, 1981; McClurg, 1985; Papert, 1980;

West, 1984).

"Hands-on" manipulatives are an effective tool for enhancing

the spatial visualization ability of students (Battista, Wheatley, & Talsma,

1982; Beattys, 1985; Ferrini-Mundy, 1987; Mitchelmore, 1976; Tillotson, 1984;

Whipple, 1972; Wirszup, 1976).

The study of transformation geometry concepts can play a

strong role in the enhancing of the spatial visualization skills of students

(Battista, Wheatley, & Talsma, 1982; Del Grande, 1986; Kidder, 1976;

Perham, 1976).

Spatial visualization ability is moderately related to
achievement in mathematics courses (Baldwin, 1984; Fennema &

Sherman, 1977; Kiser, 1987), and it can be used as a predictor of future

success in advanced mathematics classes (Rolen, 1985; Sherman, 1979).

Piaget's cognitive theory suggests that the use of "hands-on"

manipulatives in the learning of mathematics improves the understanding

of students at the concrete stage of intellectual development (Battista,

Wheatley, & Talsma, 1982; Beattys, 1985; Corwin, 1977; Del Grande, 1986;

Ferrini-Mundy, 1987; Mitchelmore, 1976; Normandia, 1982; Whipple, 1972;

Zucker, 1978). The van Hiele model (1959, 1973) suggests that elementary

and junior high school students need to be exposed to numerous and

various informal activities before proceeding on to a formal deductive

geometry course.



III. THE STUDY

This chapter contains a description of the instruments, procedures,

and statistics used in this study, and is divided into the following main

sections: (1) hypotheses, (2) selection of the computer program and the

manipulative, (3) criterion instruments, (4) experiment, (5) statistical

analysis of the data, and (6) summary

Hypotheses

The purpose of this study was to investigate the effects of using

computer graphics and a hands-on manipulative on the acquisition of

transformation geometry concepts and development of mental rotation

skills at the eighth-grade level. The following null hypotheses were
investigated:

H0 1: There is no significant difference between the mean of the
mathematics achievement scores of the eighth-grade mathematics

classes that included interaction with the transformation geometry

computer program and the mean of the mathematics achievement

scores of the eighth-grade mathematics classes that included

interaction with the hands-on manipulative.

IL2: There is no significant difference between the mean of
mathematics achievement scores of males in the eighth-grade

mathematics classes that included interaction with either the

transformation geometry computer program or the hands-on
manipulative and the mean of the mathematics achievement scores
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of females in the eighth-grade mathematics classes that included

interaction with either the transformation geometry computer

program or the hands-on manipulative.

There is no significant difference between the mean of the

mental rotation ability scores of the eighth-grade mathematics

classes that included interaction with the transformation geometry

computer program and the mean of the mental rotation ability scores

of the eighth-grade mathematics classes that included interaction

with the hands-on manipulative.

There is no significant difference between the mean of the

mental rotation ability scores of the eighth-grade mathematics

classes that included interaction with the transformation geometry

computer program and the mean of the mental rotation ability scores

of the eighth-grade mathematics classes in a testing effect control

group who did not have interaction with the transformation geometry

computer program and who did not study the concepts of
transformation geometry.

II5: There is no significant difference between the mean of the

mental rotation ability scores of the eighth-grade mathematics

classes that included interaction with the hands-on manipulative

and the mean of the mental rotation ability scores of the eighth-grade

mathematics classes in a testing effect control group who did not

have interaction with the hands-on manipulative and who did not

study the concepts of transformation geometry.



Selection of the Computer Program and the Manipulative

Description and Rationale for Use of the Motions Computer Program

Although a few researchers have investigated the effectiveness of

studying transformation geometry concepts in improving student

achievement (Klein, 1972; Usiskin, 1969), relatively little research has been

attempted in which the interactive graphical capability of the computer is

employed as a tool to teach the concepts of reflection, translation, and

rotation (Ernest, 1986; Shilgalis, 1982; Thompson, 1985). Ernest (1986)

experimented with providing his subjects motivated practice for the

retraining of transformation geometry skills with the aid of a computer.

His subjects used a computer game, Triangles, to relearn the geometric

concepts. In contrast, Shilgalis (1982) and Thompson (1985) both developed

their own computer software to show geometric transformations on a
computer. Shilgalis developed his program using the BASIC computer

language. It focuses on transformations of points in the plane. Thompson,

on the other hand, based his program on Logo turtle graphics. It focuses

on transformations of the plane as a whole.

Motions: A Microworld for Investigating Motion Geometry (Motions),

written by Patrick W. Thompson (1984), is a transformation geometry

computer program designed to aid the student in visualizing the motions of

geometric figures under various isometries by means of computer-

generated graphics. The aim in choosing Motions for this study was to give

the students an environment in which the operations of transformation

geometry are at their fingertips. They can then devote their energies to

understanding the intricacies of the subject matter rather than mastering
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the details of carrying out the transformations themselves.

The Motions program diskette can be run on any Apple lie, lic, or

JIgs computer. The program was originally designed to be used in a

mathematics content course for pre-service elementary teachers. However,

the program has been used with students ranging from fifth grade to

university, and in contexts ranging from enrichment for middle and junior

high school students to integration into high school geometry. Thompson

states in the accompanying booklet for the program:

It would be presumptuous to tell each person how the program
and booklet should be used. However, a common usage is that
teachers will use the program as an electronic blackboard during
class, asking students to predict what will happen after they type
a command and before they press RETURN, or asking students to
generalize from one or more examples and then test their
generalizations. Students typically use the program in a
laboratory setting aside from classroom activities. At the college
level, this would mean that students go to the lab at their
convenience to work on homework and to do activities. At the
school level, this would mean that students use the program
during assigned time. (p. 2)

The Motions program, based upon Logo turtle graphics, is an

example of what is called a "mathematical microworid," that is, a self-

contained world that works by a set of principles. However, microworids

need not be on a computer. Cuisenaire rods, multibase arithmetic blocks,

fraction bars, and Miras and tracing paper, all with their respective rules

of manipulation, can be thought of as examples of microworlds.

A prime reason for using computer microworlds is that "they form a

'playground' somewhere between concrete models and abstract formalisms

for developing intuitions of abstract concepts" (Thompson, p. 466). In using

Motions, when a command is typed on the keyboard, and if the command is

meaningful, Motions will do exactly what the command means - nothing



more and nothing less. The student's job is to "play scientist" by

experimenting with this "mathematical world" in order to discover the

principles by which it works.

The three fundamental motions studied in transformation geometry

are the reflection, the translation, and the rotation. Figure 1 illustrates

what is depicted on the computer screen when the student asks Motions to

perform the command "F 70," a reflection of the flag over the line through

the origin and making a 70 degree angle with the horizontal axis.

POS: -50 100 HDG: 200 ANGLE: 116.6
COMMAND: F 70
P05:102.6 44.5 HOG: 290 ANGLE: 23.4
COMMAND:

Figure 1. The effect upon the plane ofF 70. Every
point in the plane is moved ("flipped")
perpendicularly across the line to the point at the
same distance from the line.

Figure 2 illustrates what is depicted on the computer screen when

the student asks Motions to perform the command "T 30 100," a translation

of the flag figure 100 units in a heading of 30 degrees. Figure 3 illustrates

what is depicted on the computer screen when the student asks Motions to

perform the command "R 130," a rotation of the flag 130 degrees about the

origin.



POS: 3040 HDG: 135 ANGLE: 53.1
COMMAND: 130 100
POS: 116.6 90 HDG: 135 ANGLE: 37.7

COMMAND:

Figure 2. The effect upon the plane of entering T
30 100. Every point is moved ("slide) 100 units in a
heading of 30°.

POS: 70 20 HDG: 80 ANGLE: 15.9
COMMAND: A 130
POS: -60.3 40.8 HDG: 210 ANGLE: 145.9

COMMAND:

Figure 3. The effect upon the plane of R 130.
Every point in the plane is turned 130° about the
origin.

Description and Rationale for Use of the Mira Hands-on Manipulative

The Mira is a transparent, red plastic reflector which is used in the

study of transformation geometry. This geometric tool facilitates the

teaching of the concepts of reflection, symmetry, and congruence, and

makes the construction of parallels, perpendiculars, and bisectors easy and

intuitive. In an article entitled, "What Can Be Done With the Mira?"
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Dayoub and Lott (1977) demonstrated that the Mira can be used to solve all

Euclidean constructions, that is, constructions solvable with the collapsible

compass and the unmarked straightedge. They also demonstrated how the

Mira can be used to trisect an arbitrary angle. Two years later, Martin

(1979) demonstrated how the Mira can be used to solve the Delian problem,

the duplication of the cube, which involves the construction of a line

segment whose length is equal to the cube root of three. Due to the efforts of

Dayoub and Lott, Martin, and of others, the Mira is now considered by some

mathematicians to be a more powerful tool than the traditional Euclidean

tools, the collapsible compass and the unmarked straightedge.

Researchers have successfully experimented with using hands-on

manipulatives, including the Mira, to develop spatial visualization ability

in their subjects. For example, Battista, Wheatley, and Talsma (1982)

investigated the interaction of spatial visualization ability and cognitive

development to shed some light on the roles both factors play in

mathematics learning. The subjects for the semester long study were 82

pre-service elementary school teachers. The subjects investigated the

symmetry of polygons by manipulating concrete models, paper folding,

tracing, and using a Mira. The Purdue Spatial Visualization Test:

Rotations was administered as the pretest and the posttest. The results of

the analysis of data showed that the posttest scores were significantly

higher (p < 0.00 1) than the pretest scores.

Maher and Normandia (1983) investigated whether instruction

providing for experimental manipulation by students was superior to

instruction in which teachers perform the manipulations and children

observe. The researchers also investigated the relationship between spatial

visualization ability and the mode of instruction. Subjects for the eight-
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week study were 141 students in the eighth-grade. The units studied

focused on elementary concepts of geometry approach through
transformations. The materials for the study included the Mira, angle-

fixers, rods, and shapes. To measure mathematics achievement, a 42-item

Geometry Achievement Test was constructed. To measure spatial

visualization ability, the Card Rotations Test and the Group Embedded

Figures Test were employed. All three tests were administered as pretests

and posttests. Maher and Normandia determined that the activity-centered

groups performed significantly better (p < 0.001) than the teacher-centered

groups on the measures of geometry achievement and spatial visualization

ability.

Criterion Instruments

The criterion instruments in this study were: (1) the Card Rotations

Test of the Kit of Factor-Referenced Cognitive Tests (1976), published by the

Educational Testing Service, Princeton, New Jersey, (2) the researcher-

designed mtiltiple-choice Transformation Geometry Achievement Test, and

(3) the researcher-designed Computer Experience Questionnaire.

The Card Rotations Test

Derived from Thurstone's Cards, each item of the Card Rotations

Test (CRT) gives a drawing of a card cut into an irregular shape. To its

right are eight other drawings of the same card, sometimes merely rotated

and sometimes turned over to its other side. The subject indicates whether

or not each of the eight drawings is the "same as" or "different from" the

drawing of the original card. The student marks the box beside the S if the

drawing is the same as (that is, a rotation of) the original drawing at the
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D

Practice on the following rows. The first row has been correctly marked for you.

SDD SEJDX SXDD SDD SDD SED SDD SDDooGoCoGo
SEJOD SDDD SDDD SDDD SDDD SDDE SDDD SOOD

soot: SDDD SDDD SDDD SDDEJ SDDE SDDD S000

Figure 4. Sample Card Rotations Test

There are two parts to the CRT. Each part consists of ten items.

Each part has a time limit of three minutes. The test is suitable for grades

8-16. The reliability coefficients of the CRT, obtained from the manual

provided by the Educational Testing Service, were 0.86 for males and 0.89

for females.

The CRT has been successfully used in a number of studies to

measure changes in spatial visualizationlmental rotation ability. For

example, it was employed by Maher and Normandia (1983) in a study of 141

eighth-graders to investigate whether spatial ability was related to mode of

instruction. Maher and Normandia reported reliability coefficient of 0.85.

Tillotson (1984) also used the CRT with 102 sixth-graders in a study to

investigate how instruction in spatial visualization affected a student's

ability levels in mathematical problem solving and spatial visualization
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beginning of the row. The student marks the box beside the D if the

drawing is different from (that is, a reflection followed by a rotation of) the

original drawing at the beginning of the row. Figure 4 illustrates this

process:



ability. Tillotson reported a reliability coefficient of 0.83.

The Transformation Geometry Achievement Test

The Transformation Geometry Achievement Test (TGAT) is a

researcher-prepared 20-item multiple-choice test. The subject has a choice

of four possible answers from which to choose. The objective of the test is to

measure the subject's knowledge of the concepts of transformation

geometry. Topics covered in the test are the concepts of reflection,

translation, rotation, glide-reflection, composition of reflections, symmetry,

reflection-symmetric figures, isometries and properties of isometries,

congruence, parallelism, and perpendicularity. A sample of the test can be

found in Appendix C.

Using the student posttest scores, the reliability of the TGAT,

determined by means of the Kuder-Richardson Formula 20, was calculated

to be 0.80. The content validity of the TGAT was determined by a committee

of five experts in mathematics from the Office of Secondary Instruction of

the Los Angeles Unified School District. The content validity was

established by an agreement of at least four of the five committee members

that the test items measured the subject's knowledge of the concepts of

transformation geometry.

The Computer Experience Questionnire

The researcher-designed Computer Experience Questionnaire (CEQ)

consists of ten multiple-choice questions dealing with the subject's

background experiences with computers. Questions asked include: the sex

and the grade of the subject, where and in what grade a computer was first

used by the subject, use of the computer in a mathematics class, knowledge
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of the BASIC and Logo computer programming languages, availability of a

computer at home, subject's primary use of a computer, and subject's

favorite brand of computer. A sample of the CEQ can be found in Appendix

D.

The content validity of the CEQ was determined by a committee of

five experts in mathematics from the Office of Secondary Instruction of the

Los Angeles Unified School District. The content validity was established by

an agreement of at least four of the five committee members that the items

in the questionnaire detailed the subject's background experiences with

computers.

The Experiment

The study involved 15 teachers at 14 junior high schools and one

magnet junior high school in Administrative Region F of the Los Angeles

Unified School District. The participating teachers were chosen on a

volunteer basis. The study included eighth-grade mathematics teachers

whose students varied in ability from the remedial through the pre-algebra

ability level. After permission was received from the school district and

region administrations, the principal at each school was contacted formally

to inquire if the school would be willing to participate in the study. The

principal at each site, with the aid of the mathematics department

chairperson, suggested the name of a prospective eighth-grade teacher who

might wish to participate in the study. Without exception, each teacher

agreed to participate in the study.

The study involved 30 classes, eight classes in each of the two

experimental groups and 14 classes in the testing effect control group.

Eight teachers taught two classes each, one class being designated as
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belonging to the manipulative experimental group (Mira), the other class

being designated as belonging to the computer experimental group

(Motions). The remaining seven teachers also taught two classes each,

both of which were designated as belonging to the testing effect control

group.

The subjects were pretested and posttested with the CRT and the

researcher-designed TGAT. The subjects were also administered the

researcher-designed CEQ. During the period of time between the pretests

and the posttests, the experimental group subjects studied a three-week

series of lessons on transformation geometry concepts. To check for a

possible mental rotation testing effect, the testing effect control group

subjects studied a three-week unit on fractions and decimals.

The class sizes ranged from 14 to 38 with an average of 28 students

per class. Although 774 students participated in the study, only 560 of the

participants were selected. These participants had both pretest and posttest

scores and participated during the duration of the study. The main reason

for the deletion of students from the sample was that some students either

did not take the pretest or the posttest or did not participate in the entire

process. The testing effect control group contained 276 students, while the

Mira experimental group contained 150 students and the Motions

experimental group contained 134 students.

Experimental Design

The experimental design chosen for this study was the
Nonequivalent Control Group Design as defined by Campbell and Stanley

(1963). This design is actually regarded as a quasi-experimental design

since the individual subjects were not randomly assigned from a common
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population to the experimental and control groups. Instead, the groups

constitute a natural aggregate (the class) as similar as possible but

different enough to necessitate a pretest.

Pdu
Preliminary Preparations

During the fall semester of the 1989-1990 academic school year, the

following preliminary preparations were made:

Permission to conduct the study was obtained from the proper

authorities in the Los Angeles Unified School District (i.e., district

administrators, regional administrators, and individual school principals).

A panel of five mathematics experts from the Office of

Secondary Instruction of the Los Angeles Unified School District was

formed and met to review the project materials, the rationale for the study,

an overview of the study, the concepts and methods of transformation

geometry which were to be taught to the students, the use of the Mira

manipulative, and the use of Thompson's Motions computer program.

The content validity of the transformation geometry computer

program, Motions, was determined by the committee of five mathematics

experts from the Office of Secondary Instruction of the Los Angeles Unified

School District. A list of stated objectives, copies of the computer program,

and copies of the instruction booklet were given to the members of the panel.

The panel members reviewed the program to determine whether it met the

list of stated objectives. Content validity was established by an agreement of

at least four of the five committee members that the computer program

illustrated the concepts of transformation geometry to be taught to the
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students.

4. The content validity of the three-week set of instructional units

on transformation geometry (for both the manipulative and computer

experimental groups) was determined by the committee of five experts in

mathematics from the Office of Secondary Instruction of the Los Angeles

Unified School District. A list of stated objectives and copies of the three-

week set of instructional units were given to the panel. The panel reviewed

the units individually and together, and then met with the researcher to

make suggestions for changes in content and presentation. Content

validity was established by an agreement of at least four of the five

committee members on the content and presentation of the instructional

units.

The content validity of the TGAT was determined by the five

mathematics experts from the Office of Secondary Instruction of the Los

Angeles Unified School District. A list of stated objectives and copies of the

test were given to the panel. The panel reviewed the test individually and

together, and then met with the researcher to make suggestions for

changes in content and presentation. Content validity was established by

an agreement of at least four of the five committee members that the test

items measured the subject's knowledge of the concepts of transformation

geometry.

One teacher from each of the 15 junior high schools was

recruited and trained for participation in the study. The volunteer teachers

were chosen upon the basis of their principal's and their department

chairperson's recommendation, as well as their willingness to participate.

The training consisted of a six-hour workshop on the following topics: the

rationale for the study, an overview of the study, the concepts and methods



73

of transformation geometry which were to be taught to the students, the use

of the Mira manipulative, and the use of Thompson's Motions computer

program. Informal consultations with the teachers were provided as

needed.

7. The necessary equipment and materials for the study (e.g., the

Miras, copies of the Motions computer program, and copies of the

instructional units) were procured and distributed to the fifteen
participating teachers for use in the study. Written permission to

reproduce copies of the Motions program was obtained from Patrick

Thompson. Written permission to duplicate materials from the book, Mira

Activities for Junior High School Geometry (1973) was also obtained from

Norman Gillespie. It should be noted that Mr. Gillespie graciously

provided 150 Miras for use by students in the study. All materials and

equipment were then donated to the individual school mathematics

departments at the end of the study.

Outline of the Study

Two intact eighth-grade mathematics classes were randomly chosen

from each of the 15 junior high schools that participated in the study. In

the eight randomly chosen experimental schools, one class was designated

as belonging to the first experimental group (computer), the other class was

designated as belonging to the second experimental group (manipulative).

In each of the seven randomly chosen control schools, two classes were

designated as belonging to the testing effect control group. Thus, there

were eight experimental computer, eight experimental manipulative, and

14 testing effect control eighth-grade mathematics classes participating in

the study.



74

On the first day, the participating students were pretested for

knowledge of transformation geometry concepts using the researcher-

designed multiple-choice TGAT and for spatial-visualization ability using

the CRT. All participating subjects also completed the CEQ.

During the three-week experimental period, a series of 12

instructional units on the concepts of transformation geometry was taught

to the experimental group students by their teachers. In contrast, the

testing effect control group students were taught a unit on fractions and

decimals by their teachers during the same three-week period.

In order that consistency be maintained, the instruction for the

experimental group was supervised by the local school administrators,

including the principal, assistant principal, computer coordinator, and

mathematics department chairperson. These people were provided copies

of the materials and a schedule of activities.

In a particular junior high school, the same participating
experimental group teacher instructed two classes, one Mira class and one

Motions class. Included in the instruction were the topics of
transformation, line reflection, composition of transformations,

translation, rotation, glide-reflection, isometry, line-symmetry, reflection-

symmetric figures, and congruent figures. Each lesson consisted of a

review-explanation-discussion component of approximate 20 minutes total

time, followed by a 30 minute series of learning activities.

The first group of experimental classes participated in learning

activities requiring interaction with the Motions transformation geometry

computer program. These sessions were held in the junior high school's

computer laboratory. Each computer laboratory contained 30 Apple lic

computers. The second group of experimental classes participated in
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learning activities involving the use of the hands-on Mira manipulative.

These sessions took place in the students' regularly scheduled classroom.

Immediately following the treatment period, the entire sample of

participating students was posttested using the same form of the multiple-

choice TGAT and the same form of the CRT.

Statistical Analysis of the Data

The results were analyzed by means of the statistical model of the 3-

way fixed model for analysis of covariance. The design of this study

consisted of two parts: (1) the statistical design for mathematics

achievement in transformation geometry concepts, and (2) the statistical

design for spatial visualization/mental rotation ability. The statistical

design for mathematics achievement as the dependent variable included

the independent variables: group membership (computer group,

manipulative group), gender (male, female), and two covariates (the TGAT

pretest, the CRT pretest). The statistical design for spatial

visualization/mental rotation ability as dependent variable included the

independent variables: group membership (computer group, manipulative

group, testing effect control group), gender (male, female), and two

covariates (the TGAT pretest, the CRT pretest).

Summary

This chapter contained a discussion of various aspects of the study

and was divided into the following main sections: (1) Hypotheses, (2)

Selection of the Computer Program and the Manipulative, (3) Criterion

Instruments, (4) Experiment, (5) Statistical Analysis of the Data, and (6)

Summary.



W. RESULTS OF TIlE STUDY

Chapter W is divided into five major sections. The first section

includes a description of the sample and sample characteristics. The

method of statistical analysis is presented in the second section. The third

provides the analysis and disposition of the null hypotheses. Findings not

directly related to the null hypotheses are included in the fourth section.

The fifth section contains a summary of the results of the study.

Sample and Sample Characteristics

The study included 15 teachers at 15 different junior high schools

teaching 560 students. The study sample involved eight classes in each of

the two experimental groups and 14 classes in the testing effect control

group. Eight teachers taught two classes each, one class being designated

as belonging to the manipulative experimental group (Mira), the other

class being designated as belonging to the computer experimental group

(Motions). The remaining seven teachers also taught two classes each,

both of which were designated as belonging to the testing effect control

group.

The subjects were pretested and posttested with The Card Rotations

Test (CRT) from the Kit of Factor-Referenced Tests and a researcher-

designed Transformation Geometry Achievement Test (TGAT). The

subjects were also administered a researcher-designed Computer

Experience Questionnaire (CEQ). During the period of time between the

pretests and the posttests, the experimental group subjects studied a three-

week series of lessons on transformation geometry concepts. To check for a
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possible mental rotation testing effect, the testing effect control group

subjects studied a three-week unit on fractions and decimals.

The class sizes ranged from 14 to 38 with an average of 28 students.

Although 774 students were initial participants, only 560 of these

participated during the whole duration of the study and completed the

posttest. Two hundred fourteen students either took only the pretest or the

posttest or did not participate in the entire process. This group of students

was excluded from the analysis.

Table 1 presents the data on the class sizes for each of the 16

experimental classes in the sample after the exclusion of students who did

not participate in the entire process. Class sizes in the Mira group ranged

from 10 to 33 students, while class sizes in the Motions group varied from 15

to 30 students.

Table 1

Comparison of Sample Class Sizes

School Mira Motions

A 21 23

B 19 25

C 15 18

D 33 30

E 18 17

F 14 15

G 10 18

H 18 15



Method ofStatistical Analysis

The data were collected during the fall semester of the 1989-1990

academic year. A mean score was computed for each class. In the area of

mathematics achievement of transformation geometry concepts, class

means were calculated for each of the 16 classes on both the pretest and

posttest. In area of spatial visualization/mental rotation ability, 30 class

means were calculated on both the pretest and the posttest.

Table 2 presents the data on the class means with respect to the

mathematics achievement pretest for each of the 16 experimental classes in

the sample. Class means in the Mira group ranged from 4.83 to 7.94, while

class means in the Motions group varied from 4.86 to 8.03.

Table 2

Comparison of Class Means on Mathematics Achievement Pretest
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Table 3 presents the data on the class means with respect to the

School

Mean

Mira

SD

Motions

Mean SD

A 6.60 3.06 6.10 1.79

B 5.76 2.28 4.89 2.08

C 4.83 2.13 5.13 2.35

D 7.94 2.18 8.03 1.57

E 5.38 1.76 5.45 2.28

F 5.69 3.13 5.06 2.84

G 5.14 2.38 4.86 2.33

H 5.39 2.03 5.67 1.45
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mathematics achievement posttest for each of the 16 experimental classes

in the sample. Class means in the Mira group ranged from 4.22 to 8.89,

while class means in the Motions group varied from 4.69 to 7.73.

Table 3

Comparison of Class Means on Mathematics Achievement Posttest

Table 4 presents the data on the class means with respect to the

mental rotation pretest for each of the 16 experimental classes in the

sample and for the 14 testing effect control group classes. Class means in

the Mira group ranged from 39.84 to 79.79, while class means in the

Motions group varied from 43.50 to 66.21. Class means in the testing effect

control classes ranged from 21.00 to 79.10.

School Mira

Mean SD

Motions

Mean SD

A 5.08 2.50 6.16 2.59

B 5.40 1.61 5.53 2.34

C 4.22 2.34 5.20 2.00

D 7.59 2.13 7.69 2.15

E 4.38 1.19 5.54 2.72

F 5.77 1.99 4.69 1.78

G 5.43 2.21 5.36 2.11

H 8.89 2.30 7.73 2.52
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Comparison of Class Means on Mental Rotation Pretest
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Table 5 presents the data on the class means with respect to the

mental rotation posttest for each of the 16 experimental classes in the

sample and for the 14 testing effect control group classes. Class means in

the Mira group ranged from 48.38 to 94.36, while class means in the

Motions group varied from 59.27 to 80.59. Class means in the testing effect

School Mira

Mean SD

Motions

Mean SD

Experimental Group

A 51.44 17.84 58.21 19.75

B 45.92 19.60 48.16 14.70

C 49.78 20.14 59.07 22.00

D 55.94 17.93 60.07 16.14

E 39.84 20.03 47.73 19.43

F 60.15 20.50 43.50 14.54

G 79.79 39.36 66.21 23.36

H 64.44 17.74 44.73 18.07

Testing Effect Control Group (neither Mira nor Motions)

I 47.48 22.18 45.67 24.81

J 57.44 22.18 46.54 30.24

K 64.63 25.29 49.09 21.54

L 44.75 13.33 44.45 19.63

M 55.70 33.94 79.10 34.63

N 57.38 24.35 54.35 29.03

0 21.00 12.40 38.29 14.60



control classes ranged from 33.86 to 86.14.

Table 5

Comparison of Class Means on Mental Rotation Posttest

Design of the Study
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The design of this study consisted of two parts: (1) the statistical

design for mathematics achievement in transformation geometry concepts,

School Mira

Mean SD

Motions

Mean SD

Experimental Group

A 66.60 21.18 71.26 24.35

B 58.20 20.56 66.31 23.54

C 56.22 26.65 69.13 26.55

D 73.09 24.43 80.59 20.61

E 48.38 16.89 64.50 16.98

F 68.38 26.94 62.75 22.28

G 94.36 31.57 68.29 33.04

H 82.56 26.77 59.27 24.21

Testing Effect Control Group (neither Mira nor Motions)

I 70.61 26.06 64.67 28.27

J 83.26 27.28 69.15 33.57

K 69.89 36.87 81.09 35.84

L 75.75 7.55 50.75 22.58

M 61.09 27.27 73.85 25.86

N 86.14 40.97 69.05 23.38

0 33.86 19.99 61.82 23.51
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and (2) the statistical design for spatial visualization/mental rotation
ability. The statistical design for mathematics achievement as the
dependent variable included the independent variables: group membership

(computer group, manipulative group), gender (male, female), and two

covariates (the TGAT pretest, the CRT pretest). The statistical design for

spatial visualization/mental rotation ability as dependent variable included

the independent variables: group membership (computer group,

manipulative group, testing effect control group), gender (male, female),

and two covariates (the TGAT pretest, the CRT pretest).

PreIiminry Findings

Table 6 is an overall summary of the descriptive statistics gathered

from the mathematics achievement pretest and the spatial
visualization/mental rotation pretest. With respect to the mathematics

achievement pretest, the mean of the students in the Mira (manipulative)

group was 4.73, while the mean of the students in the Motions (computer)

group was 5.40. With respect to the mental rotation pretest, the mean of the

students in the Mira (manipulative) group was 54.91, the mean of the
students in the Motions (computer) group was 51.10, and the mean of the

students in the testing effect control group was 54.24.



Table 6

Descriptive Statistics for Covariates and Dependent Variables on

Mathematics Achievement and Mental Rotation Pretests
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Table 7 is an overall summary of the descriptive statistics gathered

from the mathematics achievement posttest and the spatial

visualizationlmental rotation posttest. With respect to the mathematics

achievement posttest, the mean of the students in the Mira (manipualtive)

group was 6.48, while the mean of the students in the Motions (computer)

group was 6.41. With respect to the mental rotation posttest, the mean of

the students in the Mira (manipualtive) group was 70.41, the mean of the

students in the Motions (computer) group was 66.24, and the mean of the

students in the testing effect control group was 67.71.

Variable/Group Male

Mean SD

Female

Mean SD

Total

Mean SD

Mathematics Pretest:

Manipulative 4.33 2.36 5.15 2.53 4.73 2.41

Computer 5.28 1.94 5.53 2.45 5.40 2.18

Mental Rotation Pretest:

Manipulative 58.58 27.59 50.94 22.08 54.91 25.31

Computer 50.54 26.46 51.78 29.13 51.10 27.59

Control 53.87 23.60 54.64 19.43 54.24 21.64



Table 7

Descriptive Statistics for Covariates and Dependent Variables on

Mathematics Achievement and Mental Rotation Posttests

8

From an inspection of Table 6 and Table 7, there appears to be an

interaction between group membership and gender. This means that when

one approach is more appropriate for male students, then the other

approach is more appropriate for female students. With respect to

mathematics achievement, the posttest mean (6.97) of the female students

employing the Motions (computer) approach is higher than the posttest

mean (6.78) for the male students employing the Mira (manipulative)

approach. Table 7 shows the nature of this apparent interaction.

With respect to spatial visualization/mental rotation ability, the

posttest mean (66.39) of the female students employing the Motions

(computer) approach is lower than the posttest mean (75.38) for the male

students employing the Mira (manipulative) approach. Table 7 clearly

shows the nature of this apparent interaction.

Variable/Group Male

Mean SD

Female

Mean SD

Total

Mean SD

Mathematics Posttest:

Manipulative 6.78 2.76 6.05 2.85 6.48 2.81

Computer 5.99 2.54 6.97 2.27 6.41 2.49

Mental Rotation Posttest:

Manipulative 75.38 34.18 66.65 26.94 70.41 31.34

Computer 64.30 26.87 66.39 29.55 66.24 28.01

Control 66.47 26.37 68.99 23.78 67.71 25.15
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Table 8 presents the data on the pretest means, the posttest means,

and the deviations from the grand mean after adjustment for the Mira

(manipulative) group and the Motions (computer) group for mathematics

achievement on the TGAT.

Table 8

Comparison of Pretest and Posttest Means for Mathematics Achievement

* Deviation from the grand mean (6.535) after adjustment

From Table 8, it can be seen that the deviation from the grand mean

(6.535) on the mathematics posttest is positive for the manipulative

experimental group and negative for the computer experimental group.

Specifically, the posttest mean of the Motions (computer) group was 6.41

(with a deviation from the grand mean of 0.17). The posttest mean of the

Mira (manipulative) group was 6.48 (with a deviation from the grand mean

of 0.15).

Table 9 shows the means of the two experimental groups and the

testing effect control group on both the spatial visualization/mental rotation

pretest and posttest and their deviation from the grand mean after
adjustment.

Group Pretest Mean Posttest Mean Deviation*

Manipulative

Computer

4.73

5.40

6.48

6.41

0.15

0.17



Table 9

Comparison of Pretest and Posttest Means for Spatial

* Deviation from the grand mean (69.768) after adjustment

As indicated in Table 9, the deviation from the grand mean (69.768)

on the spatial visualization/mental rotation ability posttest is negative for

the Motions (computer) group and for the testing effect control group.
However, the deviation from the grand mean on the spatial

visualization/mental rotation ability posttest is positive for the Mira
(manipulative) group. Specifically, the posttest mean of the Motions

(computer) group was 66.24 (with a deviation from the grand mean of

2.13). The posttest mean of the Mira (manipulative) group was 70.41 (with

a deviation from the grand mean of 1.90). The posttest mean of the testing

effect control group was 67.71 (with a deviation from the grand mean of
1.40).

Analysis and Disposition of Null Hypotheses

In this section, the results of the statistical analysis are presented in

relation to the proposed study hypotheses. The unit of analysis is the

"class," and the pre-measures of mathematics achievement (the TGAT

pretest) and spatial visualization/mental rotation ability (the CRT pretest)
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Visualization / Mental Rotation Ability

Group Pretest Mean Posttest Mean Deviation*

Manipulative 54.91 70.41 1.90

Computer 51.10 66.24 2.13
Control 54.24 67.71 1.40
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are included as covariates. Class means are calculated for both covariates

and dependent variables.

For the sake of clarity, each null hypothesis will be restated, the

statistical technique used to test that null hypothesis will be explained, and

the findings of the study in relation to the null hypothesis will be presented.

Each hypothesis was tested at the 0.05 level of significance.

First Null Hypothesis

H01: There is no significant difference between the mean of the

mathematics achievement scores of the eighth-grade mathematics

classes that included interaction with the transformation geometry

computer program and the mean of the mathematics achievement

scores of the eighth-grade mathematics classes that included

interaction with the hands-on manipulative.

To examine the above hypothesis, class means were calculated for

the two covariates (the TGAT pretest, the CRT pretest), as well as for

mathematics achievement as measured by the TGAT posttest. Analysis of

covariance was used: (a) to control for initial ability, and (b) to examine

whether there was any statistically significant difference between those

subjects who interacted with the computer treatment and those subjects

who interacted with the hands-on manipulative treatment. Tables 10, 11,

and 12 present the results of the analysis of covariance with respect to the

above hypothesis for the total group of subjects, the male subjects, and the

female subjects respectively.
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Table 10

Summary of Analysis of Covariance Comparing Computer Group versus

Hands-on Group with Respect to Mathematics Achievement for the Total

The null hypothesis cannot be rejected. For the total group of

subjects, the results of the analysis of covariance in Table 10 show no

significant difference was detected between the class means of the Motions

(computer) group versus the Mira (manipulative) group. The means of the

two groups are relatively the same (6.48 for the Mira classes, 6.41 for the

Motions classes). No significant effects were found for either of the

covariates.

Group of Subjects

Source of Variation SS Df MS F-value

Covariates:

Mathematics Pretest 2.55 1 2.55 1.81

Mental Rotation Pretest 2.24 1 2.24 1.59

Group 1.21 1 1.21 0.86

Residual 16.90 12 1.41

Total 23.14 15 1.54



* p < 0.05

The results of the analysis of covariance in Table 11 indicate that for

the male subjects there is a statistically significant difference (p < 0.05)

between the Mira (manipulative) classes and the Motions (computer)

classes. Male subjects performed significantly better under the Mira

(manipulative) treatment (Mean = 6.78) as compared to the Motions

(computer) treatment (Mean = 5.99). No significant effects were found for

either of the covariates.
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Table 11

Summaiy of Analysis of Covariance Comparing Computer Group versus

Hands-on Group with Respect to Mathematics Achievement for Male

Subjects

Source of Variation SS Df MS F-value

Covariates:

Mathematics Pretest 0.52 1 0.52 0.71

Mental Rotation Pretest 1.15 1 1.15 1.56

Group 5.77 1 5.77 7.85*

Residual 8.82 12 0.74

Total 16.23 15 1.08
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Table 12

Summarj of Analysis of Covariance Comparing Computer Group versus

Hands-on Group with Respect to Mathematics Achievement for Female

With regard to the female subjects, the results of the analysis of

covariance in Table 12 indicate that the difference between the two

treatments was not significant. No significant effects were found for either

of the covariates.

Second Nuli Hypothesis

H02: There is no significant difference between the mean of

mathematics achievement scores of males in the eighth-grade

mathematics classes that included interaction with either the

transformation geometry computer program or the hands-on

manipulative and the mean of the mathematics achievement scores

of females in the eighth-grade mathematics classes that included

interaction with either the transformation geometry computer

program or the hands-on manipulative.

Subjects

Source of Variation SS Df MS F-value

Covariates:

Mathematics Pretest 1.64 1 1.64 0.51

Mental Rotation Pretest 4.77 1 4.77 1.50

Group 1.68 1 1.68 0.53

Residual 16.90 12 3.18

Total 46.69 15 3.11
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To examine the above hypothesis, the class means were calculated
for the two covariates (the TGAT pretest, the CRT pretest), as well as
mathematics achievement as measured by the TGAT posttest. Analysis of

covariance was used: (a) to control for initial ability, and (b) to examine
whether there is any statistically significant difference between the male
and female subjects who interacted with the computer treatment, and
between the male and female subjects who interacted with the hands-on
manipulative treatment. Tables 13 and 14 present the results of the
analysis of covariance with respect to the above hypothesis for the Mira
(manipulative) classes and the Motions (computer) classes respectively.

Table 13

Summary of Analysis of Covariance Comparing Male Subjects versus
Female Subjects with Respect to Mathematics Achievement for Mira
Classes

Source of Variation SS Df MS F-value
Covariates:

Mathematics Pretest 0.19 1 0.19 0.01

Mental Rotation Pretest 8.44 1 8.44 3.93

Sex 1.92 1 1.12 0.52

Residual 25.77 12 2.15

Total 35.95 15 2.40



Table 14

Summary of Analysis of Covariance Comparing Male Subjects versus

Female Subjects with Respect to Mathematics Achievement for Motions

The null hypothesis cannot be rejected. The results of the analysis of

covariance in Table 13 indicate that there is no statistically significant

difference between the posttest mean of the males in the Mira
(manipulative) classes and the posttest mean of the females in the Mira

(manipulative) classes. No significant effects were found for either of the

covariates. The results of the analysis of covariance in Table 14 indicate

that there is no significant difference between the posttest mean of the

males in the Motions (computer) classes and the posttest mean of the

females in the Motions (computer) classes. No significant effects were

found for either of the covariates.

Third Null Hypothesis

I!3: There is no significant difference between the mean of the

mental rotation ability scores of the eighth-grade mathematics

Classes

Source of Variation SS Df MS F-value

Covariates:

Mathematics Pretest 3.33 1 3.33 1.93

Mental Rotation Pretest 0.03 1 0.03 0.02

Sex 3.01 1 3.09 1.74

Residual 20.71 12 1.73

Total 27.05 15 1.80
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classes that included interaction with the transformation geometry

computer program and the mean of the mental rotation ability scores

of the eighth-grade mathematics classes that included interaction

with the hands-on manipulative.

To examine the above hypothesis, the class means were calculated

for the two covariates (the TGAT pretest, the CRT pretest), as well as a

measure of spatial visualization/mental rotation as measured by the CRT

posttest. Analysis of covariance was used: (a) to control for initial ability,

and (b) to examine whether there was any statistically significant

difference between those subjects who interacted with the computer

treatment and those subjects who interacted with the hands-on
manipulative treatment. Tables 15, 16, and 17 present the results of the

analysis of covariance for the above hypothesis for the total group of

subjects, the male subjects, and the female subjects respectively.
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Table 15

Summary of Analysis of Covariance Comparing Computer Group versus

Hands-on Group with Respect to Mental Rotation Ability for Total Group

of Subjects

The null hypothesis cannot be rejected. For the total group of

subjects, the results of the analysis of covariance in Table 15 show that

there is no significant difference between class means of the Motions

(computer) group versus the Mira (manipulative) group. The means of the

groups are relatively the same (70.41 for the Mira classes, 66.24 for the

Motions classes). There is, however, a strong and significant effect for the

pre-measure of spatial visualjzatjonJniental rotation ability, as measured

by the CRT, on the post-measure of mental rotation, giving evidence of the

occurence of a testing effect having taken place.

Source of Variation SS Df MS F-value

Covariates:

Mathematics Pretest 12.89 1 12.89 0.20

Mental Rotation Pretest 1238.97 1 1238.97 11.49*

Group 110.97 1 110.97 1.03

Residual 1293.70 12 107.81

Total 2684.73 15 178.98

*p<0.O1
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Table 16

Summary of Analysis of Covariance Comparing Computer Group versus

Hands-on Group with Respect to Mental Rotation Ability for Male Subjects

With regard to the male subjects, the results of the analysis of

covariance in Table 16 indicate that the difference between the two

treatments was not significant. The means of the groups are relatively the

same (75.38 for the Mira classes, 64.30 for the Motions classes). There is,

however, a strong and significant effect for the pre-measure of spatial

visualizationimental rotation ability, as measured by the CRT, on post-

measure of mental rotation.

Source of Variation SS Df MS F-value

Covariates:

Mathematics Pretest 81.84 1 81.84 0.50

Mental Rotation Pretest 3153.32 1 3153.32 19.22*

Group 42.76 1 42.76 0.26

Residual 1968.52 12 164.04

Total 5262.82 15 350.86

*p<O.Ol
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Table 17

Summary of Analysis of Covariance Comparing Computer Group versus

Hands-on Group with Respect to Mental Rotation Ability for Female

Subjects

Covariates:

For the female group of subjects, the results of the analysis of

covariance in Table 17 show that there is no significant difference between

class means of the Motions (computer) group versus the Mira
(manipulative) group. The means of the groups are relatively the same

(66.65 for the Mira classes, 66.39 for the Motions classes). No significant

effects were found for either of the covariates.

Fourth Null Hypothesis

IJ4: There is no significant difference between the mean of the

mental rotation ability scores of the eighth-grade mathematics

classes that included interaction with the transformation geometry

computer program and the mean of the mental rotation ability scores

of the eighth-grade mathematics classes in a testing effect control

Mathematics Pretest 63.94 1 63.94 0.49

Mental Rotation Pretest 256.28 1 256.28 2.04

Group 22.18 1 22.18 0.18

Residual 1505.34 12 125.45

Total 1866.70 15 124.45

Source of Variation SS Df MS F-value
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group who did not have interaction with the transformation geometry

computer program and who did not study the concepts of
transformation geometry.

To examine the above hypothesis, the class means were calculated

for the two covariates (the TGAT pretest, the CRT pretest), as well as a

measure of spatial visualizationlmental rotation as measured by the CRT

posttest. Analysis of covariance was used: (a) to control for initial ability,

and (b) to examine whether there was any statistically significant

difference between those subjects who interacted with the computer

treatment and those subjects that were in the testing effect control group.

Tables 18, 19, and 20 present the results of the analysis of covariance for the

above hypothesis for the total group of subjects, the male subjects, and the

female subjects respectively.

Table 18

Summary of Analysis of Covariance Comparing Computer Group versus

Testing Effect Control Group with Respect to Mental Rotation Ability for

* p < 0.05

Total Group of Subjects

Source of Variation SS Df MS F-value

Covariates:

Mathematics Pretest 47.63 1 47.63 0.95

Mental Rotation Pretest 437.61 1 437.61 8.70*

Group 10.24 1 10.24 0.20

Residual 553.62 11 50.33

Total 1034.19 14 73.87
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The null hypothesis cannot be rejected. However, the above analysis

presents a very interesting result. For the total group of subjects, the

results of the analysis of covariance in Table 18 show that there was no

significant difference between the Motions (computer) group (Mean = 66.24)

and the testing effect control group (Mean = 67.71). There was also no

significant effect for initial mathematical ability as measured by the TGAT

pretest. There was, however, a significant effect for initial mental rotation

ability as measured by the CRT pretest.

Table 19

Summary of Analysis of Covariance Comparing Computer Group versus

Testing Effect Control Group with Respect to Mental Rotation Ability for

*p<0.01

For the male subjects, the results of the analysis of covariance in

Table 19 indicate that there was no significant effect for previous level of

mathematical ability on mental rotation, and there was no significant

difference between the Motions (computer) group (Mean = 64.30) and the

testing effect control group (Mean = 66.47). However, the initial mental

Male Subjects

Source of Variation SS Df MS F-value

Covariates:

Mathematics Pretest 3.47 1 3.47 0.04

Mental Rotation Pretest 1077.98 1 1077.98 12.20*

Group 15.70 1 15.70 0.18

Residual 971.96 11 88.36

Total 2092.40 14 149.46



rotation ability was a significant predictor of later performance.

Table2O

Summary of Analysis of Covariance Comparing Computer Group versus

Testing Effect Control Group with Respect to Mental Rotation Ability for
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For the female group of subjects, the results of the analysis of

covariance in Table 20 indicate that no significant difference was found

between the Motions (computer) group (Mean = 66.39) and the testing effect

control group (Mean = 68.99). There was also no significant effect for the

previous level of mental rotation on the future performance of mental

rotation, and the initial level of mathematical ability had also no significant

impact on future performance of mental rotation.

Fifth Null Hypothesis

IJ5: There is no significant difference between the mean of the

mental rotation ability scores of the eighth-grade mathematics

classes that included interaction with the hands-on manipulative

Female Subjects

Source of Variation SS Df MS F-value

Covariates:

Mathematics Pretest 102.84 1 102.84 1.15

Mental Rotation Pretest 338.48 1 338.48 3.79

Group 2.18 1 110.97 1.03

Residual 983.64 11 89.42

Total 1405.52 14 100.39



100

and the mean of the mental rotation ability scores of the eighth-grade

mathematics classes in a testing effect control group who did not

have interaction with the hands-on manipulative and who did not

study the concepts of transformation geometry.

To examine the above hypothesis, the class means were calculated

for the two covariates (the TGAT pretest, the CRT pretest), as well as a

measure of spatial visualizationlmental rotation as measured by the CRT

posttest. Analysis of covariance was used: (a) to control for initial ability,

and (b) to examine whether there was any statistically significant

difference between those subjects who interacted with the hands-on

manipulative treatment and the subjects in the testing effect control group.

Tables 21, 22, and 23 present the results of the analysis of covariance for the

above hypothesis for the total group of subjects, the male subjects, and the

female subjects respectively.



ouariance Comparing Mira Group versus

up with Respect to Mental Rotation Ability for

Table 21

Summary of Analysis of (

Testing Effect Control Gro

Total Group of Subjects

Covariates:

Mathematics Pretest 9.21 1 9.21 0.15

Mental Rotation Pretest 1542.38 1 1542.38 23.10*

Group

Residual

Total
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*p<O.01

The null hypothesis cannot be rejected. For the total group of

subjects, the results of the analysis of covariance in Table 21 indicate that

there is no statistically significant difference between the posttest mean of

the Mira (manipulative) group (Mean = 70.41) and the posttest mean of the

testing effect control group (Mean = 67.71). There was also no effect for

initial mathematical achievement as measured by the TGAT pretest.

However, there was a significant effect (p < 0.05) for the initial mental

rotation ability as measured by the CRT pretest.

186.66

689.66

2458.08

1

11

14

186.66

62.70

175.58

2.98

Source of Variation SS Df MS F-value



TabIe22

Summary of Analysis of Covariance Comparing Mira Group versus

Testing Effect Control Group with Respect to Mental Rotation Ability for

*p<0.0O1

For the male subjects, the results of the analysis of covariance in

Table 22 indicate that there was no significant difference between the Mira

(manipulative) group (Mean = 75.38) and the testing effect control group

(Mean = 66.47). There was also no significant effect for the previous level of

mathematical achievement on the post-measure of spatial

visualization/mental rotation ability. However, the male subject's initial

mental rotation ability is a significant indicator of later performance.
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Male Subjects

Source of Variation SS Df MS F-value

Covariates:

Mathematics Pretest 35.68 1 35.68 0.50

Mental Rotation Pretest 4415.66 1 4415.66 49.98*

Group 232.90 1 232.90 2.64

Residual 971.84 11 88.35

Total 5649.70 14 403.55



TabIe23

Summary of Analysis of Covariance Comparing Mira Group versus

Testing Effect Control Group with Respect to Mental Rotation Ability for

* p < 0.05

For the group of female subjects, the results of the analysis of

covariance in Table 23 indicate that no significant difference was found

between the Mira (manipulative) group (Mean = 66.65) and the testing effect

control group (Mean = 68.99). Although there was no significant effect for

the previous level of spatial visualizationlmental rotation ability on the

future performance of mental rotation, the initial level of mathematical

achievement had a significant (p <0.05) impact on the future performance

of mental rotation for the female subjects.

Findings Not Directly Related to the Hypotheses
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The CEQ was administered to the subjects on the first day of the
experiment. The questionnaire consisted of ten multiple-choice items

Female Subjects

Source of Variation SS Df MS F-value

Covariates:

Mathematics Pretest 249.26 1 249.26 4.5 1*

Mental Rotation Pretest 23.16 1 23.16 0.51

Group 6.33 1 6.33 0.14

Residual 501.74 11 45.61

Total 919.14 14 65.65
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regarding the subject's background experience with computers. The

questionnaire is included in Appendix D.

Table 24 presents the descriptive data for the participants in the

sample of 30 classes.

Thb1e24

Summary of Background Data for Participants in the Sample

Background Variables No. of Subjects %

Sex

Male 294 52

Female 266 48

Place learned to use computer

At school 310 55

Athome 84 15

Other 58 11

No response 108

First used computer in

Grades 3 or below 16

Grades 4-6 295 53

Grades 7-9 12

No response 109

Used computer for mathematics

Yes 129 23

No 332 59

No response 99 18



Table 24 (continued)

Summarj of Background Data for Participants in the Sample
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From Table 24, it can be seen that the participants were equally distributed

between male students (52%) and female students (48%). A majority of the

students learned to use the computer at school (55%), and approximately

one-fourth of the study participants (26%) learned to use the computer at

other places (such as their own home or a friend's home). More than half

of the students (53%) first learned to use the computer between grades four

to six, while 16% first learned to use the computer between grades one to

three and only 12% first learned to use the computer between grades seven

to nine. Additionally, it was also determined from the questionnaire that a

majority of the students (59%) had never used a computer for the purpose of

studying mathematics. However, about 40% studied either the BASIC

(40%) or the Logo (42%) computer programming languages.

Background Variables No. of Subjects %

Studied BASIC computer language

Yes 40

No 234 42

No response 102 18

Studied Logo computer

language

Yes 238 43

No 210 37

No response 112
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Place Where Student First Learned to Use the Computer

Analysis of variance was used to compare the mean differences

between two groups of students, those who first learned to use the computer

at school and those who first learned to use the computer at home. Table 25

presents the results of this comparison.

Table25

Comparison of Means Between Subjects Who Did and Who Did Not Learn to

Use the Computer At School on Mathematics Achievement and Spatial

Visualization Pretests

Place Mathematics Mental Rotation

Mean SD Mean SD

Learned At School 5.41 2.41 53.43 24.18

Learned At Home 6.46 2.49 54.59 21.09

F-value

*p<O 001

Table 25 indicates that there appears to be a significant difference

with respect to mathematics achievement between those subjects who

learned to use the computer at school (Mean = 5.41) and those subjects who

learned to use the computer elsewhere (Mean = 6.46). However, the

difference between the means is so small (1.05) as to be of no practical

significance. The result should not be interpreted as cause and effect. No

significant difference was found for the spatial visualizationlmental

rotation pretest measure, the CRT pretest.

18.47* 2.45



Grade in Which Student First Learned to Use the Computer

Analysis of variance was utilized to compare the mathematical

achievement and spatial visualizationlmental rotation ability of the subjects

with respect to the grade in which the subjects first learned to use the

computer. Table 26 shows the results of this comparison.

Table26

Comparison of Means Between Subjects Who Learned to Use the Computer
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With respect to mathematics achievement, the mean of the subjects

who learned to use the computer in Grades 1-3 was 6.28, the mean of the

subjects who learned to use the computer in Grades 4-6 was 5.66, and the

mean of the subjects who learned to use the computer in Grades 7-9 was

5.39. With respect to mental rotation ability, the mean of the subjects who

learned to use the computer in Grades 1-3 was 56.59, the mean of the

subjects who learned to use the computer in Grades 4-6 was 55.10, and the

mean of the subjects who learned to use the computer in Grades 7-9 was

50.79. No significant difference was found among these groups for either of

the two dependent measures.

In Grades 1-3, 4-6, and 7-9

Grades Mathematics Mental Rotation

Me an SD Mean SD

Grades 1-3 6.28 2.40 56.59 22.79

Grades 4-6 5.66 2.52 55.10 23.30

Grades 7-9 5.39 2.24 50.79 23.94

F-value 2.95 1.28



Use of Computer in Mathematics Class

Analysis of variance was utilized to compare the mathematical

achievement and spatial visualization/mental rotation ability of the subjects

with respect to the subjects' use of a computer in mathematics class. Table

27 shows the results of this comparison.

Table27

Comparison of Means Between Subjects Who Do and Who Do Not Use a

Computer in Mathematics Class
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With respect to mathematics achievement, the mean of those

students who use a computer in mathematics class was 5.82, and the mean

of those students who do not use a computer in mathematics class was 5.67.

With respect to mental rotation ability, the mean of those students who use

a computer in mathematics class was 54.08, and the mean of those students

who do not use a computer in mathematics class was 55.38. No significant

difference was found between the two groups of subjects for either of the two

dependent measures.

Students Who Have Studied BASIC

Analysis of variance was utilized to compare the mathematical

Use of Computer Mathematics Mental Rotation

Me an SD Mean SD

Yes 5.82 2.35 54.08 21.02

No 5.67 2.52 55.38 24.72

F-value 0.32 0.27
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achievement and spatial visualization/mental rotation abilities of the

subjects with respect to subjects' previous study of the BASIC computer

programming language. Table 28 shows the results of this comparison.

Table28

Comparison of Means Between Subjects Who Have and Who Have Not

Studied BASIC

No

F-value

With respect to mathematics achievement, the mean of those

students who have studied BASIC was 5.87, and the mean of those students

who have not studied BASIC was 5.55. With respect to mental rotation

ability, the mean of those students who have studied BASIC was 55.54, and

the mean of those students who have not studied BASIC was 54.57. No

significant difference was found between the two groups of subjects for

either of the two dependent measures.

Students Who Have Studied Logo

Analysis of variance was utilized to compare the mathematics

achievement and spatial visualization/mental rotation abilities of the

subjects with respect to the subject's previous study of the Logo computer

programming language. Table 29 shows the results of this comparison.

5.55

1.96

2.32 54.57

0.19

22.60

Studied BASIC Mathematics Mental Rotation

Me an SD Mean SD

Yes 5.87 2.62 55.54 24.89



Table29

Comparison of Means Between Subjects Who Have and Who Have Not

Studied Logo
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No

F-value

With respect to mathematics achievement, the mean of those

students who have studied Logo was 5.77, and the mean of those students

who have not studied Logo was 5.68. With respect to mental rotation ability,

the mean of those students who have studied Logo was 55.51, and the mean

of those students who have not studied Logo was 54.75. No significant

difference was found between the two groups of subjects for either of the two

dependent measures.

Sununary

In this chapter, the method of statistical analysis was described.

The null hypotheses were tested for results, and a disposition was given for

each hypothesis.

F'inding Directly Related to the Hypotheses

After controlling for the previous levels of knowledge and ability in

both mathematics and spatial visualization, the following is a summary of

the findings directly related to the hypotheses:

5.68

0.15

2.42 54.75

0.11

23.05

Studied Logo Mathematics Mental Rotation

Mean SD Mean SD

Yes 5.77 2.51 55.51 24.37
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As measured by the TGAT, the class mean of the experimental

group employing the Mira hands-on manipulative is not significantly

higher than the class mean of the experimental group employing the

Motions computer program.

As measured by the TGAT, the mean of the males in the Mira

(manipulative) group is significantly higher, at the 0.05 level of
significance, than the mean of the males in the Motions (computer) group.

As measured by the TGAT, the mean of the females in the

Motions (computer) group is not significantly higher than the mean of the

females in the Mira (manipulative) group.

As measured by the TGAT, the mean of the females in the

Mira (manipulative) group is not significantly higher than the mean of the

males in the Mira (manipulative) group.

As measured by the TGAT, the mean of the females in the

Motions (computer) group is not significantly higher than the mean of the

males in the Motions (computer) group.

As measured by the CRT, the class mean of the experimental

group employing the Mira hands-on manipulative is not significantly

higher than the class mean of the experimental group employing the

Motions computer program.

As measured by the CRT, the mean of the males in the Mira

(manipulative) group is not significantly higher than the mean of the males

in the Motions (computer) group.

As measured by the CRT, the mean of the females in the Mira

(manipulative) group is not significantly higher than the mean of the

females in the Motions (computer) group.

As measured by the CRT, the class mean of the experimental
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group employing the Motions computer program is not significantly higher

than the class mean of the control classes.

As measured by the CRT, the mean of the males in the Motions

computer program is not significantly higher than the mean of the males

in testing effect control group.

As measured by the CRT, the mean of the females in the

Motions computer program is not significantly higher than the mean of the

females in testing effect control group.

As measured by the CRT, the class mean of the experimental

group employing the Mira hands-on manipulative is not significantly

higher than the class mean of the control classes.

As measured by the CRT, the mean of the males in the Mira

(manipulative) group is not significantly higher than the mean of the males

in testing effect control group.

As measured by the CRT, the mean of the females in the Mira

(manipulative) group is not significantly higher than the mean of the

females in testing effect control group.

Findings Not Directly Related to the Hypotheses

Analysis of variance was utilized to compare the mathematical

achievement and spatial visualizationlmental rotation ability of the subjects

with respect to a number of background data. No significant difference was

found between the comparison groups of subjects for either of the two

dependent measures (the TGAT, the CRT) with respect to the following

comparisons:

1. the grade in which the student first learned to user the

computer,
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the use of the computer in the mathematics class,

the study of the BASIC programming language, and

the study of the Logo programming language.

No significant difference was found between those subjects who learned to

use the computer at home and those subjects who learned to use the
computer at school with respect to the spatial visualizationlmental rotation

pretest measure, the CRT pretest.



V. SUMMARY, CONCLUSIONS, DISCUSSION, AND

RECOMMENDATIONS

This chapter is divided into three sections. The first section is a

summary of the entire study. The second section contains the conclusions

and a discussion of their relationship to the field of mathematics education.

Recommendations for practice and for further study are made in the third
section.

Summary

The Problem

The purpose of this study was to investigate the effectiveness of using

computer graphics and a hands-on manipulative on the acquisition of

transformation geometry concepts and development of mental rotation

skills at the eighth-grade level. Specifically, the purpose was to investigate

the following: (1) whether the use of the Motions computer program will be

more effective in the acquisition of transformation geometry concepts in

eighth-grade students than the use of the Mira hands-on manipulative, (2)

whether the use of the Motions computer program will be more effective in

the development of mental rotation skills in eighth-grade students than the

use of the Mira hands-on manipulative, and (3) possible sex differences

resulting from the use of the Motions computer program or the use of the

Mira hands-on manipulative in the acquisition of transformation geometry

concepts by eighth-grade students.
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Design of the Study

The experimental design chosen for this study was the
Nonequivalent Control Group Design as defined by Campbell and Stanley

(1963). This design is actually regarded as a quasi-experimental design

since the individual subjects were not randomly assigned from a common

population to the experimental and testing effect control groups. Instead,

the groups constitute a natural aggregate (the class) as similar as possible

but different enough to necessitate a pretest.

Data were gathered from a computer experiences questionnaire, two

pretests, and two posttests which were administered to each individual

participating in the study. One pretest and one posttest consisted of the 20-

item multiple-choice researcher-designed Transformation Geometry

Achievement Test (TGAT). The other pretest and posttest was the 20-item

Card Rotations Test (CRT) of the Kit of Factor-Referenced Cognitive Tests

(1976), published by the Educational Testing Service, Princeton, New
Jersey.

Picedure

The study included 15 teachers at 15 different junior high schools

teaching 560 students. The study sample involved 16 classes, eight classes

in each of the two experimental groups. Eight teachers taught two classes

each, one class being designated as belonging to the manipulative
experimental group (Mira), the other class being designated as belonging to

the computer experimental group (Motions).

The remaining seven teachers also taught two classes each, both of
which were designated as belonging to the testing effect control group.

115
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Thus, there were 14 classes in the mental rotation testing effect control

group.

The class sizes ranged from 14 to 38 with an average of 28 students.

Seven hundred seventy-four (774) students participated in the study. After

eliminating those students who were absent from either the pretest or the

posttest, 560 students took both the CRT and the TGAT. The total
enrollment for the testing effect control group was 276 students, while the

total enrollment for the two experimental groups was 284 students (150

students in the Mira group and 134 students in the Motions group).

The two experimental groups studied a threeweek series of twelve

units on the concepts of transformation geometry. The computer

experimental group employed the computer-enhanced visualization

program, Motions, in their learning activities, while the manipulative

experimental group used a hands-on manipullative, the Mira, to learn the

transformation geometry concepts. The treatments began immediately

after the pretests and continued through the posttests. To check for a

possible testing effect, the mental rotation testing effect control group

subjects studied a three-week unit on fractions and decimals.

In order to describe and predict the class mean differences between

pretest and posttest scores based on a number of possible variables, the data

were analyzed by means of the 3-way fixed model for analysis of covariance.

The independent variables consisted of the group (method of instruction)

and the gender (male, female) of the student. The covariates were the

mathematics achievement pretest, the TGAT, and the spatial

visualization/mental rotation pretest, the CRT. The dependent variables

were the group mean of mathematics achievement on the TGAT posttest

and the group mean of spatial visualization/mental rotation ability on the
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CRT posttest.

As a result of the newness of the technology, only a few studies have

attempted the use of computer graphics to teach the concepts of

transformation geometry or the use of computer graphics to develop spatial

visualization skills. This study differed from those studies in several ways:

(1) the grade level of the sample, (2) the size of the sample, (3) the criterion

instruments employed, (4) the use of the Motions computer-enhanced

visualization program to learn the mathematical concepts, and (5) the

comparison of the computer graphics approach via the computer-enhanced

visualization program, Motions, with the hands-on approach of the Mira

manipulative.

Results Directly Related to the Hypotheses

After controlling for the previous levels of knowledge and ability in

both mathematics and spatial visualization, the following is a summary of

the findings directly related to the hypotheses:

As measured by the TGAT, the class mean of the experimental

group employing the Mira hands-on manipulative is not significantly

higher than the class mean of the experimental group employing the

Motions computer program

As measured by the TGAT, the mean of the males in the Mira

(manipulative) group is significantly higher, at the 0.05 level of
significance, than mean of the males in the Motions (computer) group.

As measured by the TGAT, the mean of the females in the

Motions (computer) group is not significantly higher than the mean of the

females in the Mira (manipulative) group.

As measured by the TGAT, the mean of the females in the
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Mira (manipulative) group is not significantly higher than the mean of the

males in the Mira (manipulative) group.

As measured by the TGAT, the mean of the females in the

Motions (computer) group is not significantly higher than the mean of the

males in the Motions (computer) group.

As measured by the CRT, the class mean of the experimental

group employing the Mira hands-on manipulative is not significantly

higher than the class mean of the experimental group employing the

Motions computer program.

As measured by the CRT, the mean of the males in the Mira

(manipulative) group is not significantly higher than the mean of the males

in the Motions (computer) group.

As measured by the CRT, the mean of the females in the Mira

(manipulative) group is not significantly higher than the mean of the
females in the Motions (computer) group.

As measured by the CRT, the class mean of the experimental

group employing the Motions computer program is not significantly higher

than the class mean of the testing effect control group.

As measured by the CRT, the mean of the males in the Motions

computer program is not significantly higher than the mean of the males

in testing effect control group.

As measured by the CRT, the mean of the females in the

Motions computer program is not significantly higher than the mean of the

females in testing effect control group.

As measured by the CRT, the class mean of the experimental

group employing the Mira hands-on manipulative is not significantly

higher than the class mean of the testing effect control group.
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As measured by the CRT, the mean of the males in the Mira

(manipulative) group is not significantly higher than the mean of the males

in testing effect control group.

As measured by the CRT, the mean of the females in the Mira

(manipulative) group is not significantly higher than the mean of the
females in testing effect control group.

Results Not Directly Related to the Hypotheses

Analysis of variance was utilized to compare the mathematical

achievement and spatial visualization/mental rotation ability of the subjects

with respect to a number of background data. No significant difference was

found between the comparison groups of subjects for either of the two

dependent measures (the TGAT, the CRT) with respect to the following

comparisons:

the grade in which the student first learned to use the

computer,

the use of the computer in the mathematics class,

the study of the BASIC programming language, and

the study of the Logo programming language.

No significant difference was found between those subjects who learned to

use the computer at home and those subjects who learned to use the

computer at school with respect to the spatial visualization/mental rotation

pretest measure, the CRT pretest.

Conclusions and Discussion

Piaget's cognitive theory suggests that the use of hands-on
manipulatives in the learning of mathematics improves the understanding



of students. A number of the studies in the literature (Battista, Wheatley, &

Taisma, 1982; Beattys, 1985; Del Grande, 1986; Ferrini-Mundy, 1987;

Mitchelmore, 1976; Normandia, 1982; Whipple, 1972) indicated that the use

of a manipulative approach would be an effective method in increasing

mathematics achievement of students. In the present study, with respect to

mathematics achievement of transformation geometry concepts, as
measured by the TGAT, there was no statistically significant difference

between the pretest mean (4.73) and the posttest mean (6.48) of the Mira

(manipulative) group.

Some researchers (Shilgalis, 1982; Thompson, 1985; Ernest 1986)

have indicated that the use of a computer graphics approach would be an

effective method in the increasing the mathematics achievement in
students. In the present study, with respect to mathematics achievement of

transformation geometry concepts, as measured by the TGAT, there was no

statistically significant difference between the pretest mean (5.40) and the

posttest mean (6.41) of the Motions (computer) group.

A number of the studies in the literature (Battista, Wheatley, &

Taisma, 1982; Beattys, 1985; Ferrini-Mundy, 1987; Mitchelmore, 1976;

Tillotson, 1984; Whipple, 1972) indicated that the use of a manipulative

approach would be an effective method in the development of spatial

visualization abilities. In the present study, with respect to the
development of spatial visualization/mental rotation ability, as measured by

the CRT, there was no statistically significant difference between the

pretest mean (54.91) and the posttest mean (70.41) of the Mira
(manipulative) group.

A number of the studies in the literature (Chien, 1986; Luckow, 1984;

McClurg, 1985; Papert, 1980; West, 1984) indicated that the use of computer
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graphics would be an effective method in the development of spatial

visualization abilities. In the present study, with respect to the
development of spatial visualization/mental rotation ability, as measured by

the CRT, there was no statistically significant difference between the

pretest mean (51.10) and the posttest mean (66.24) of the Motions computer

group.

In the literature, researchers (Stericker & LeVesconte, 1982;

Goldstein & Chance, 1965; Sherman, 1978) disagree not only about the

existence and/or magnitude of a sex-related difference in spatial
visualization ability, but also about the determinants of the difference. The

evidence (Guay & McDamel, 1977; Maccoby & Jacklin, 1974; Fennema, 1974;

Fennema & Sherman, 1978) that sex-related differences are present in
childhood is mixed. Further, there exists fairly consistent evidence

(Battista, Wheatley, & Taisma, 1982; Connor, Serbin, & Schackman, 1977;

Ferrini-Mundy, 1987; Goldstein & Chance, 1965; Stericker & LeVesconte,

1982) that sex-related differences in spatial visualization ability found in

adolescence and adulthood can be erased.

With respect to the development of spatial visualization/mental

rotation ability, as measured by the CRT, the pretest mean of the males in

the Mira (manipulative) group was 58.58, and the pretest mean of the

females in the Mira (manipulative) group was 50.94. The pretest mean of

the males in the Motions (computer) group was 50.54, and the pretest mean

of the females in the Motions (computer) group was 51.78. The pretest

mean of the males in the testing effect control group was 53.87, and the

pretest mean of the females in the testing effect control group was 54.64.

With respect to the development of spatial visualization/mental

rotation ability, as measured by the CRT, the posttest mean of the males in
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the Mira (manipulative) group was 75.38, and the posttest mean of the

females in the Mira (manipulative) group was 66.65. The posttest mean of

the males in the Motions (computer) group was 64.30, and the posttest

mean of the females in the Motions (computer) group was 66.39. The

posttest mean of the males in the testing effect control group was 66.47, and

the posttest mean of the females in the testing effect control group was

68.99. Thus, there was no statistically significant difference in spatial

visualizationlmental rotation ability between the posttest means of the

males and the posttest means of the females in the Mira (manipulative)

group, in the Motions (computer) group, and in the testing effect control

group. Moreover, the testing effect control group students appeared to

improve as much as the students in the Motions experimental group and

the Mira experimental group with respect to the development of spatial

visualizationlmental rotation ability.

In the above conclusions, reference has been made to whether or not

there existed a statistically significant difference between the means of the

comparison groups with respect to mathematics achievement of

transformation geometry concepts and with respect to the development of

spatial visualizationlmental rotation ability. It should be noted, however,

that another type of significance needs to be discussed - that of practical
significance. Practical significance involves the decision whether the

difference in the means of the various comparison groups justifies the use

of one approach over the other, especially if the financial cost is taken into

consideration.

In this study, a comparison is being made between the use of the

Mira hands-on manipulative versus the use of a computer and the Motions

software. The mean difference between the two methods for both of these
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subject groups was so small that there is little practical significance in

choosing one method over the other.

Chien (1986) investigated whether animated and interactive

computer graphics experience would be more effective that hands-on

experience on the development of spatial visualization ability/mental

rotation skills in children at grades one, three, and five. Chien's study and

results differed from the present study in the following ways:

While Chien worked with subjects in grades one, three, and

five, this study involved students in grade eight.

Chien employed an experimental design in which the subjects

were randomly assigned to the treatment groups. The present study used a

quasi-experimental design in which the "class," not the "student," was the

unit of analysis.

Chien designated the computer graphics group as her
experimental group and the hands-on group as her control group. This

study differed from Chien's study in that both the computer graphics group

and the hands-on manipulative group were considered as experimental

groups. To check for a possible testing effect, the testing effect control group

subjects studied a three-week unit on fractions and decimals.

In Chien's study, the computer graphics spatial tasks were

given to the experimental group in four experimental days, and the hands-

on spatial tasks were given to the control group in five experimental days.

The duration of the present study was three weeks.

Chien's study produced the result that the computer graphics

treatment was marginally better than the hands-on treatment in
enhancing the subjects' spatial visualizationlmental rotation skills. The

computer treatment superiority was valid across all three grade levels. In
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the present study, there was no significant posttest difference in spatial

visualizationlmental rotation ability between the two treatments groups.

6. Chien's study produced the result that the difference between

the levels of sex was also marginally significant. In particular, male

subjects in both the computer graphics and the hands-on treatment groups

showed better after treatment performance on the measure of spatial

visualization/mental rotation ability than the female subjects. The male

superiority was greater in the hands-on treatment group than in the
computer graphics treatment group.

The present study also attempted to measure differences in spatial

visualization/mental rotation ability between the male subjects and the
female subjects. Male subjects in both the computer graphics and the

hands-on treatment groups did not show significantly better after treatment

performance on the measure of spatial visualization/mental rotation ability

than the female subjects. Further, there was no significant difference in

mental rotation ability between the males in the computer graphics group

and the males in the hands-on manipulative group. There was also no

significant difference in mental rotation ability between the females in the

computer graphics group and the females in the hands-on manipulative
group.

7. Like Chien's study, the present research investigated whether

computer graphics experience would be more effective than hands-on

experience on the development of spatial visualization ability/mental
rotation skills. Unlike Chien's study, the present research also
investigated whether computer graphics experience would be more effective

than hands-on experience on the acquisition of transformation geometry

concepts.



Recommendations for Practice and Further Study

A review of the literature indicates that there are many unanswered

questions concerning the use of computer graphics and the use of hands-on

manipulatives in the learning of transformation geometry concepts and the

development of spatial visualization skills. As a result of this study and a

review of the research literature, the following recommendations are made

for practice and for further study:

Practice

From observation and first-hand knowledge of the particular

teachers who participated in the study, it was determined that a number of

the teachers had only a few years of classroom teaching experience and/or

experience in working with computers in a classroom environment. It is

recommended that a teacher who would effectively teach the concepts of

transformation geometry using a computer graphics program receive

sufficient training in both the use of the software and the requisite

computer education teaching strategies.

From observation and first-hand knowledge of the particular

teachers who participated in the study, it was determined that a number of

the teachers had little or no experience in working with hands-on

manipulatives in a classroom environment. It is recommended that a

teacher who would effectively teach the concepts of transformation

geometry using a manipulative approach receive sufficient training in both

the use of the manipulative and the requisite teaching strategies involved.

Further Study

1. This study dealt with classes, but there is a need to investigate
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how the use of computer graphics affects the individual's learning of the

concepts of transformation geometry and development of spatial
visualization skills. It is recommended that this study be replicated

employing an experimental design in which the students are randomly

assigned th the classes, and the "student" is used as the unit of analysis.

This study exclusively employed the computer-enhanced

visualization program, Motions, to teach the concepts of transformation

geometry. Replication of this study is recommended using at least another

computer graphics program, possibly one involving three-dimensional

graphics.

This study employed the CRT to measure spatial

visualizationlmental rotation ability. The test was specifically written to

measure two-dimensional mental rotation ability. It is recommended that

an instrument for measuring three-dimensional spatial
visualization/mental rotation ability be employed in conjunction with the

three-dimensional computer graphics program recommended previously.

In this study, the testing effect control group students

appeared to improve as much as the students in the Motions experimental

group and the Mira experimental group with respect to the development of

spatial visualization/mental rotation ability. Because of the relatively short

duration of the study, there appeared to be a testing/practice effect. It is

recommended that the study be repeated using the Solomon Four-Group

research design, as given by Campbell and Stanley (1963), which controls

for the possibility of a testing/practice effect. A second possible explanation

for this result might lay with the criterion instrument used to measure the

eighth-grade students' mental rotation ability. The CRT might have been

inadequate for the task. It is recommended that the CRT be used with other
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known groups to determine and support the validity and reliability of the

instrument. Additionally, it is recommended that further study be

undertaken to develop more valid and reliable research instruments to

measure mental rotation ability.

In this study, the criterion instrument employed for
measuring mathematics achievement of transformation geometry
concepts, the TGAT, was a researcher-designed test. It is recommended

that the study be replicated with a more comprehensive TGAT.

The study sample was comprised of 16 classes of eighth-grade

students who varied widely in their mathematical abilities. These students

were enrolled in homogeneously grouped classes with classifications

ranging from the remedial through the pre-algebra ability levels. Current

trends in educational research suggest that students learn better when

there are various ability levels represented in the same class. It is
recommended that the study be replicated using heterogeneously grouped

ability level classes.

The duration of the study was three weeks. During this period

of time, the Motions (computer) group of subjects used no other computer

program or approach in learning the concepts of transformation geometry.

Further study is recommended in which a computer graphics program

might be employed intermittently over varying lengths of time.

The training for the teachers who participated in the study was

given over a six-hour period of time. Additionally, a number of the teachers

had only a few years of classroom teaching experience and/or experience in

working with computers in a classroom environment. It is recommended

that the study be replicated employing teachers who have considerably

more classroom teaching experience and/or knowledge of computer
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education teaching strategies.

9. In the analysis of the data with respect to mathematics
achievement of transformation geometry concepts and development of

spatial visualization/mental rotation ability, an apparent group-gender
interaction was detected. The results of the analysis suggested that the
Mira (manipulative) approach seemed to be of greater value for the male
subjects in the sample classes while the Motions (computer) approach
seemed to be better for the female subjects in the sample classes. It is
recommended that this apparent interaction be investigated further.
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Appendix A

TableSO
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Summary of Group Means on Criterion Tests

Transformation Geometry Mental Rotation

Group Pretest Posttest Pretest Posttest

Mira 4.73 6.48 54.91 70.41

Motions 5.40 6.41 51.10 66.24

Control 54.24 67.71



Appendix B

Summary of School Means on Criterion Tests
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Appendix B

Table 31

Summary of School Means on Cr
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Transformation Geometry Menta' Rotation

School Pretest Posttest Pretest Posttest

Experimental Group

A 6.38 5.54 54.36 68.61

B 5.38 5.45 46.88 61.70

C 4.96 4.66 54.00 62.09

D 7.98 7.63 57.84 76.53

E 5.42 5.11 44.80 58.51

F 5.34 5.17 50.96 65.27

G 5.00 5.39 73.00 81.32

H 5.51 8.36 56.57 71.96

Testing Effect Control Group

I 46.68 68.00

J 53.90 78.67

K 58.93 74.00

L 44.56 60.12

M 66.58 67.02

N 55.90 77.80

0 33.25 53.66
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TRANSFORMATION GEOMETRY
ACHIEVEMENT TEST

DIRECTIONS: Choose the letter of the best answer. Then bubble in the
corresponding Letter on your answer sheet

PLEASE DO NOT WRITE ON THIS TEST!

(1) Under a line reflection, the image of a square is a
A) circle B) square
C) rectangle D) triangle

(2) A rectangle has exactly line(s) of symmetry.
A) one B) two C) three D) four

(3) If the measure of angle A is 30 degrees, then the measure of its image
under a 90 degree clockwise rotation is degrees.
A) 30 B) C) 90 D) 180

(4) If two triangles are images of each other under a translation of 50
units, then the two triangles:

have the same shape
have corresponding congruent sides
have corresponding congruent angles
all of the above

(5) In the diagram below, which figure could be the image of the triangle
at the origin under a composite of two reflections over the parallel
dotted lines shown?
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In the diagram below, which figure could be the image of the triangle
at the origin under a composite of two reflections over the intersecting
lines?
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In the diagram below, which figure could be the image of the triangle
at the origin under a translation of magnitude 50 units and a heading
of 135 degrees?

(8) Two polygons are congruent to each other if and only if
they have the same shape
they are the same size
they have the same orientation
they are images of each other under an isometry

(9) Under a line reflection, a point P and its image coincide (lie on top of
each other) if and only if

point P is on the line of reflection
point P is not on the line of reflection
point P is at the origin
point P is not at the origin



(10) A glide-reflection is the composite of at least how many line
reflections?
A) one B) two C) three D) four

(11) Which transformations reverse the orientation of a geometric figure?
reflections and glide-reflections
translations and rotations
rotations and glide-reflections
translations and glide-reflections

(12) What is the magnitude of the translation of the square pictured in the
diagram below?

50

-50

-50

A) 200 units B) 100 units
C) 5Ournts D) 25 units

(13) What is the magnitude of the rotation for the triangle in the diagram
below?

50
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A) 180 degrees B) 90 degrees
C) 60 degrees D) 45 degrees



A rectangle is rotated 90 degrees counterclockwise about the origin.
The rectangle and its image have
A) the same orientation B) opposite orientations
C) different sizes D) different shapes

A geometric figure is composed of 5 points. If it is reflected over a
line, then its image is composed of points.
A) 2 B) 5 C) 10 D) 15

A plane figure is called "reflection-symmetric" if it has at least
line(s) of symmetry.

A) one B) two C) three D) four

If two perpendicular line segments are reflected over a line, their
images:
A) are parallel B) coincide
C) are perpendicular D) are skew

Which one of the following figures is not a reflection-symmetric
figure?

(A)

(A)

(B)

(D)

Under a glide-reflection, a geometric figure and its image have:
A) the same orientation B) have opposite orientations
C) different shapes D) different sizes

Which one of the following diagrams could show a translation?

(C)

(D)
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STUDENT COMPUTER EXPERIENCE
QUESTIONNAIRE

DIRECTIONS: Choose the letter of the best answer. Then bubble in the
correspont1ng letter on your answer sheet.

(1) What is your sex?

A) male B) female

(2) What grade are you in?

A) 7 B) 8 C) 9

(3) Where did you learn to use a computer?

A) at school B) at home

C) at a friend's house D) other

(4) In what grade did you first use a computer?

Grades 3 or below

Grade 4-6

Grades 7-9

(5) Have you ever used a computer in your mathematics class?

A) yes B) no

(6) Have you ever studied the BASIC computer language at school?

A) yes B) no

(7) Have you ever studied the Logo computer language at school?

A) yes B) no

(8) Do you have a computer at home?

A) yes B) no



(9) How do you primarily use a computer?

for entertainment (e.g., playing games)

for doing homework

for keeping records

other

(10) What is your favorite brand of computer?

Apple

IBM

Radio Shack (Tandy)

Commodore

other
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List of Instructional Units

1J3



Appendix E

List of Instructional Units

Title No. of Days

Introduction to Transformation Geometry 1

Reflections 2

Properties of Reflectons 1

Translations 2

Properties of Reflections 1

Rotations 2

Properties of Rotations 1

Glide-Reflections 1

Reflection-Symmetric Figures 1

Properties of Reflection-Symmetric Figures 1

Congruent Figures and Isometries 1

Review of Transformation Geometry Concepts 1
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Sample Instructional Unit

Using theMira to Teach About Reflections
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USING THE MIRA TO TEACH ABOUT
REFLECTIONS

Student Objectws

To learn the definitions of the terms: preimage, image, and reflection
To find a reflection of a geometric figure using the Mira
To learn the properties of reflections using the Mira

Materials for Activities

The Mira
Handouts
Pencil and eraser

Activities

Teacher provides students with examples of reflections from real life
situations.
Students think up additional examples of reflections from real life
situations.
Teacher discusses the definition of the terms "preimag&' and
"imag&' with respect to a transformation.
Teacher demonstrates using the Mira to find the reflection of a
geometric figure (e.g., the flag shape).
Students use the Mira to practice finding the reflection of geometric
figures.
Teacher discusses the formal, definition of the term flreflection.0
Students use the Mira to work the supplementary problems from the
handout.

156



If the mira rocks on your desk in this
position then the desk is not flat. Move the
mira about until you find a section of flat
surface where rocking does not occur. Use this
section in all of the following Activities.

Place your mira on this page so that its
drawing edge lies along the line m. Read the
"hidden" message below.

0

0

m

uo ;p cp.cc : pc ;ob o ipo bwG
pooin o pa b8o vuq maica ; ox. b

OP2QLAQ W TWBQ O Q 2S7 C1LC7
pvbhoiia lO fIG LGtIOCCTOU T1IG

H°' WOAG fIG mx.a upon; vuq opox.4. 14pac

ucft o tpa waaa pco
gjsa Aon ax.e Lovqut cajog :po

SCG O fIyCMA AOIT ponq uoii pc IooT4U ugo t'
Aim 118AG O77OIGq fIG u x.ncoua Ot

ACTIVITY I THE FACE AND DRAWING EDGE

Hold the mira on your desk as shown in
the illustration. There is a "right" and a
"wrong" side for looking into the mira. If you
can read the words at the top of the mira you
are looking into the "right" side or face of
the mira. In this position the mira's dx'awing
edge will be touching the desk and will also
be facing you. Notice that the drawing edge is
set back a little behind the face of the mira.

ACTIVITY 2 VIEWING AN IMAGE



0

D

B S

C

0

E

A

S
P

Place your mira between the point P and
the point A. Observe the image of point P.

Move the mira until this image maps onto
the point A.

Try to map the image of point P onto each
of the other points B,C,D,and E, one at a
time.

How many of these mappings work?

3

S

Place your mira between the two circles
above and move it until the image of one
circle maps onto the other circle.

Try this with the two triangles.

Map the image of one square onto the
other.

Can you do the same thing with the two
rectangles?

ACTIVITY 3 MAPPING AN IMAGE ACTIVITY 4 MAPPING AN IMAGE

oou



Place your mira between any two circles
and try to map the image of one onto the other.

Do this for other pairs of circles until
you find a pair that match up.

How many such pairs can you find? Which
ones are they?

What do you think is true about the sizes
of circles that match up in this way?

10

B

There are five segments shown above. They
are all the same length.

Try to map the image of segment AB onto
the other segments one at a time.

Which mapping does not work?

ACTIVITY S MAPPING AN IMAGN ACTIVITY 6 MAPPING AN IMAGE



Reflect the triangle over the line k.
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Reflect the angle over the line m
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