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The hypotheses of this study stated the following:
Interaction with the computer game will significantly
increase the class means in: (1) mathematical
achievement, (2) attitudes toward mathematics, and (3)
graphing ability in high school advanced algebra.

ALGEBRA ARCADE is a computerized simulation game
played on a coordinate grid. One can play against
one’s self or another player. Greater knowledge of
graphing functions results in a higher score. The game
closely resembles commercially marketed videogames.

Eleven teachers, at seven high schools, each
taught a control and an experimental class. Four
hundred twenty-three students took both attitude tests

and four hundred twenty-five students took both

achievement tests.



Students were pretested and posttested with

selected scales from the Fennema

of Mathematics SKills (College Board) to measure
mathematical achievement. Graphing ability was
measured by the score on the Coordinate Plane and
Graphing part of the Intermediate Algebra test. The
experiment lasted four weeks and centered around the
Quadratic Functions unit. The experimental group
played ALGEBRA ARCADE in lieu of the in-class
assignment during the 15-20 minutes at the end of
class. The out-of-class assignment was the same.

Analysis revealed: (1) a significant difference,
at the .08 level, in change of class means on
mathematical achievement favoring use of the compufer
game, (2) very little difference (p=.38) in the change
of class means on attitudes toward mathematics, and (3)
a significant difference, at the .005 level, in change
of class means on graphing ability favoring the use of
the computer game.

Analysis of the other parts of the Intermediate
Algebra test and the specific attitude scales revealed
no significant differences; however, a negative trend
was noted in the areas of Solving Equations and

Inegqualities and Effectance Motivation in Mathematics.
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SELECTED EFFECTS OF A COMPUTER GAME
ON ACHIEVEMENT, ATTITUDE, AND GRAPHING ABILITY

IN SECONDARY SCHOOL ALGEBRA

I. INTRODUCTION

Humankind is on the verge of another major
revolution which Alvin Toffler (1980) describes as the
Third Wave. For centuries the First Wave, Agriculture,
was a way of life. Then came the Second Wave, the
Industrial Revolution. The Second Wave, which has
lasted about a century is now beginning to ebb rapidly,
being replaced by the Third Wave, the Information Age.
In only forty short years informational technology has_
gone from a computer which occupied an entire room to
microcomputers that can be held on your lap. The
reduction in size and the corresponding reduction in
cost has now made computers affordable to the majority
of families in the United States.

The advent of the Information Age, with all its new
technology, has affected everyone in our modern
society. People of all ages are familiar with data
bases on which information about them is stored from

the moment they are born. Young people are brought up



using such computer games as Speak ’n Spell, Dataman,
Speak ’n Math, Lil’ Professor, and Speak ’n Read. To
get any employment one must register with the Social
Security Administration. Adults find it hard to
function in our society without at least one credit
card. Home ownership, along with ownership of an
automobile, is virtually impossible without financing.
Most of these items require the individual being placed
in somebody’s data base.

Educationally speaking, we may be witnessing the
greatest change in technology since Guttenburg’s
printing press. But what role has education played or
will it play in the Information Age? Computers have
been in education since the late 1950’s. Until the
advent of the microcomputer in the early 1980’s, the
eduéational use of the computer was confined to
management of the schools (attendance, finances,
maintenance) and some computer-assisted instruction
using mainframe computers.

It was predictable that a logical area like
mathematics would be among the first subjects to
implement computer-assisted instruction. Such noted
computer sytems as PLATO (Programmed Logic for
bAutomated Teaching Operation) at the University of
Illinois under the direction of Robert Davis, the CBE

(Computer-Based Education) Center at Stanford



University under the direction of Patrick Suppes, and
TICCIT (Time-shared Interactive, Computer-Controlled
Information Television) reported positive effects on
learning (Overton, 1981). But the systems were fairly
expensive and really not accessible to all schools,
since each needed to connect to a mainframe computer.
The invention of the microchip (Boraiko, 1982) led to
the mass marketing of small, inexpensive microcomputers
that allowed education to truly enter the Information
Society. The momentum was rapldly growing for support
of computers in the nation’s schools. The Priorities
in School Mathematics (PRISM) Project (NCTM, 1981)
reported that 75 per cent of the professional groups
sampled and 80 per cent of the lay people sampled
believed that the use qf computers and other technology
should be increased during the 1980’s. Mathematics
education (and education in general) was being being
pushed into the Information Age. The next three NCTM
Yearbooks (1981,1982,1983) each contained articles on
incorporating computers into the mathematics classroom.
Last year, the entire yearbook (NCTM, 1984) focused on
computers in mathematics education.

Since mathematics was one of the pioneer subjects
used for computer-assisted instruction, it was felt
that mathematics education would lead the way in both

implementing the direct teaching of computers and



incorporating computer-assisted instruction into the
curriculum. The mathematics teaching profession has
supported this position. The National Council of
Teachers of Mathematics issued Ap Agenda for Action
Recommendations for School Mathematics in the 1980’s
(1980). Among its recommendations was: “Mathematics
must take full advantage of the power of calculators
and computers at all grade levels™ (p. 1). Other
recommendations included: integrating computers into
the mathematics curriculum and the development of
diverse, stimulating, and imaginative educational
materials. A natural way for people, especially young
people, to be introduced to the computer is by playing
games on it. In the early 1980’s videogames hit the
market and captivated the attention of everyone,
especially the young. After seeing the stimulating and
motivating effects of videogames, many producers of
educational software began including games in their
software packages. Today educational gaming is an
accepted way of learning in the mathematics classroonm.
Videogames have found their way into many classroonms.
Families and school systems are heavily investing in
microcomputers and the software which the manufacturers
say is educationally sound. Are the software producers
correct? If these claims are accurate, what are the

implications for mathematics education? In many ways



the educational community failed to realize the full
potential of television, will it do the same for

computers?

Ihe Problem

The purpose of this study was to investigate
several hypotheses concerning the educational value of
the videogame ALGEBRA ARCADE. ALGEBRA ARCADE (ISBN
0-534-01476-3) is marketed by Wadsworth, Inc. There
are many programs on the market which demonstrate
graphs when given an equation, but this program
integrates that ability into a videogame format. It
goes beyond drill and practice and involves a
simulation of an adventure into the coordinate plane
where the player(s) are attempting to make their graph
catch the Algebroids placed in position by the computer
while not hitting the Graph Gobbler which is controlled
by the computer. Thig program is more than the
traditional computer-assisted instruction (CAI) which
merely gives a question, provides hints if the player
does not Know the answer, and then finally gives the
correct answer while Keeping track of the number of
correct answers. It requires a higher level of

cognitive skills than most videogames currently on the



market. This type of computer augmented learning fits
into the category of adjunct computer-assisted
instruction as defined by Chambers and Sprecher (1980).

There also is some concern about the claims made
by the distributor of ALGEBRA ARCADE. As an example of
these claims, one is referred to a catalogue published
by The Micro Center entitled Focus on Quality 1984.
On page three the advertisement for ALGEBRA ARCADE
reads, in part, that the game is "a sophisticated
strategy game for one or two players that will have
your students burning to plot equations.” The
advertisement goes on to say: "ALGEBRA ARCADE builds
both a concrete and intuitive appreciation for the
relationship between graphs and their equations.”
Thus, the manufacturer of this computer game is
asserting that the game not only improves graphing
skills, but also improves the student’s attitudes
toward mathematics.

The problem then, in essence, is to determine the
educational value of the videogame ALGEBRA ARCADE.
Will the game increase the student’s mathematical
ability? Does the game improve the student’s graphing
ability? Is the student’s ability to work with
functions increased? Does the utilization of this game
in the classroom affect attitudes and interests toward

mathematics? To maximize the game’s potential the game



was used during a unit on gquadratic functions in high
school advanced algebra classes. The functions the
students were allowed to use varied as the study

progressed.
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The three hypotheses stated in the null form are:

H There is no significant difference in the change

[
of mean mathematical achievement of high school
advanced algebra classes that include the interaction

with the computer game and high school advanced algebra

classes without interaction with the computer game.

H There is no significant difference in the change

PE
of mean attitudes toward mathematics of high school
advanced algebra classes that include interaction with

the computer game and high school advanced algebra

classes without interaction with the computer game.

Hy: There is no significant difference in the change
of mean graphing ability of high school advanced
algebra classes that include interaction with the
computer game and high school advanced algebra classes

without interaction with the computer game.



Need for the Study

Begle (1979) encouraged research along the lines
of attitudes toward mathematics. In general, Begle
concluded, findings in CAI have been positive with
higher cognitive skills showing less significance and
no deleterious affects on student attitudes. He
concludes: "This seems to be another case in which
further research would be reasonable” (p. 118).
Speaking of computers, he states: "This is clearly an
area about which we need more information, and a good
deal more experimentation is called for"™ (p. 118).

In a report prepared for ERIC, Suydam (1981)
reviews the past support for microcomputers and
mathematics instruction. Among her conclusions she
states that "encouragement and support should be given

to research on computer uses” (p. 2).

Despite research on visualization and learning
(Winn, 1982; Nugent, 1982), we are only at the infancy
of research concerning this learning style. Dr. Mary
Alice White, Professor of Psychology and Education at
Teachers College/Columbia University and Director of
the Laboratory for the Psychological Study of
Telecommunication at Teachers College, makes some

excellent points in an interview she gave to

Educational Technology (Sept., 1981). Dr. White’s main



point is that we have only begun to understand how
people learn through visualization (in this case the
television or video monitor), but we still are unsure
how to determine what the person learned through
visualization. She questions whether we even have the
correct instruments to measure what is learned through
visualization. Are paper and pencil tests an
appropriate testing instrument?

To date there has been very little experimental
research completed on the educational effects of
videogames such as ALGEBRA ARCADE. The research that
has been done on using computers in the mathematics
classroom involves mostly drill and practice type
games. Henry (1974) and Moore (1981) researched games
in the classroom using the games of EQUATIONS and
TAC-TICKLE at the middle school and computerized games
of POE and EQUATIONS in an entry-level intermediate
algebra course at the university, respectively. A
search through Dissertation Abstracts ILnternational,
since 1975, using Key words revealed sixty-four other
abstracts of possible interest. Surveying the
sixty-four abstracts, the list was narrowed to eleven
which were of primary interest. While each of the
eleven abstracts contained some useful information,
none of them provided revealidg insight regarding the

proposed experiment. The two that seemed the closest
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were Signer (1982) and Gallitano (1983). Both used
computers to teach the advanced algebra classes in
their study, but Signer totally immersed the
experimental class by teaching them programming and
then having the students use the computer in their
class work, while Gallitano compared the effectiveness
of the students using a computer and calculators
against using the calculator alone.

A search of the literature indicated that some of
the major deficiencies appear to be:
1. lack of experimental research rather than the
results of pilot studies done by the game designers;
2. lack of research at the high school level;
3. 1lack of research involving only students who appear
to be succeeding in mathematics; and
4. lack of the consistent results in past research.
There is a general consensus on the need for more
research.

Diem (1982) shares his concern over the present

situation when he says:

A critical juncture in the use of computer
technology in the schools is rapidly
approaching. For the first time, we have a
segment of students weaned on computers.
They play Pac-Man and Star Avengers as a
previous generation played baseball. Their
lives are touched daily with a technology
absolutely unknown 30 years ago. The
opportunity to use it in schools is at hand.
wWhether the schools will pick up the
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challenge and begin to restructure their
ideas so that this technology becomes part of
the learning environment is still unresolved,
despite the unbridled optimism exhibited in
some quarters (p. 21).

Stowitschek and Stowitschek (1984) share their
concern ovef the lack of research in this area. They
feel the results comparing the computer to other forms
of instruction are “mixed.” The superiority of the
computer has not been established. Although there is
agreement on the computer’s potential, studies show
little change in student achievement and little savings
in time. They suggest that "the first step ls to
pinpoint the specific situations in which computer

technology is beneficial* (p. 30). They go on to say:

In summary, research on computers and
instruction is promising but inconclusive.
The research on teacher and classroom use of
microcomputers is so meager that it provides
little or no information on the major issue-
how microcomputers can best be applied in the
classroom (pp.31-32).

Finally, they point out:

2 wealth of issues regarding teacher use of
microcomputers needs research. ... Previous
attempts in education to embrace technology
often resulted in disillusionment and
ultimately, disuse. Now, however, the entire
society appears to embrace computer
technology. The sheer scale of the movement,
combined with its potential for shaping the
future of education, should prompt educators
to demand the development of a sound research
base (p. 36).

Studies are needed to provide valid and reliable



12

data concerning the affective and cognitive effects of
this type of computer game in the high school
mathematics class. Within the past five years, CAI has
grown at an exponential rate. Research has not been
able to keep up with all the changes. This study is a

response to that challenge.

Assumptions

The following are the assumptions used in this study:
1. The Intermediate Algebra portion of the Descriptive
Tests of Mathematical Skills of the College Board is a
valid and reliable measure of student achievement in
high school advanced algebra. (See Appendices B and
cH

2. The Eennema-Sherman Mathematics Attitude Scales are

valid and reliable measures of attitudes toward
mathematics. (See Appendix D.)D

3. Questions 3,14,16,18,21,23,25,27,28, and 30 on Form
A and questions 1,14,15,18,20,23,24,25,26, and 27 on
Form B of the Intermediate Algebra portion of the
Rescriptive Tests of Mathematical Skills for the
College Board are indicators of a high school advanced

algebra student’s graphing ability. (See Appendices B

and C.)
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Definition of Terms

The following definitions were used in this study:

1. Play is a voluntary activity involving one or more
persons.

2. A game is an activity in which the player(s) - one
or two in this study - are striving to attaln some
predetermined goal while playing according to a set of
predetermined rules.

3. An gducational game refers to any game designed
primarily to enhance learning rather than to entertain.
4. A gtrategy game is defined as an educational game
requiring problem-solving in the form of a careful plan
or method by the player to achieve a goal or prevent
opponents from achieving their goél.

5. A pathematical game is an educational game in which
mathematical ideas are incorporated into the rules in
such a way that the more a player Knows about
mathematics, the more the player will score.

6. A gomputer game is a game played on the computer.
The computer in this study will not be a player, but
will randomly place the algebroids and graph gobbler on
the playing field.

7. Agggggg ARCADE is a mathematical computer strategy

game (ISBN 0-534-01476-3) marketed by Wadsworth, Inc.
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8. A yideo arcade ganme is a strategy game which is
played on a machine that has a large visual display
which shows the player the game board, animated action,
and blinks or lights up when a player scores points.
9. BAchievement refers to the acquisition of
mathematically related knowledge or skills as
demonstrated by the scores on the Intermediate Algebra
portion of the Descriptive Tests of Mathematical Skills
of the College Board.

10. A yideogame is "a rule-governed, goal-focused,
microcomputer driven activity incorporating principles
of gaming and CAI" (Driskell and Dwyer, 1984, p. 115,
11. Graphing ability refers to the acquisition of the
skills used to answer questions 3,14,16,18,21,23,25,
27,28, and 30 on Form A and qQuestions 1,14,15,18,20,
23,24,25,26, and 27 on Form B of the Intermediate
Algebra portion of the Descriptive Tests of
Mathematical Skills of the College Board.

12. An gttitude is defined as a learned "emotionally
toned predisposition to react in a consistent way,
favorable or unfavorable, toward a person, object, or
idea” (Dutton and Blum, 1968, p. 259).

13. Intuition is a mental visualization of concepts
that seem self-evident. It is holistic or integrative

as opposed to detailed or analytic.

14. Adjunct computer-assisted instruction is a



computer program or series of programs which
supplements a learning situation (Chambers and
Sprecher, 1980).

15. Primary Computer-assisted instruction is a
computer program which provides instruction of a

substitute or stand alone variety (Chambers and

Sprecher, 1980).

16. Effectance motivation is a word phrase coined by

15

R. W. White ¢(1959). White describes it in these terms:

Our conception must therefore be that
effectance motivation is aroused by stimulus
conditions which offer
difference-in-sameness. This leads to
variability and novelty of response and
interest is best sustained when the resulting
action affects the stimulus so as to produce
further difference-in-sameness. Interest
wanes when action begins to have less effect;
effectance motivation subsides when a
situation has been explored to the point that
it no longer presents new possibilities (p.
322) ... When this particular sort of
activity (behavior which is focused and has
the characteristics of exploration and
experimentation) is aroused in the nervous
system, effectance motivation is being
aroused, for it is characteristic of this
particular sort of activity that it is
selective, directed, and persistent, and that
instrumental acts will be learned for the
sole reward of engaging in it (emphasis
added). ... Effectance motivation similarly
aims for the feeling of efficacy, not the
vitally important learnings that come as its
consequence (p. 323).

Thus, effectance motivation is an intrinsic motivation

that causes one to explore and master a particular

area. Fennema and Sherman apply White’s model to the



learning of mathematics.
17. QAttitudes toward mathematics refers to the

cumulative scores on the following scales of the

Mathematics as a Male Domain, Confidence in Learning
Mathematics, Attitude Toward Success in Mathematics,
Effectance Motivation in Mathematics, and Usefulness

Mathematics.

Limitations

The limitations are as follows:

1. The study is limited to the students enrolled in

16

of

the selected advanced algebra classes at the seven high

schools selected for the study.
2. The study is limited by the extent to which
subjects (students) seriously participate in playing

the game.

3. The study is limited by the amount of time the

students are given to work in class.
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RDelimitations

The delimitations are as follows;

1. This study will not attempt to deal with variables
associated with a student’s experiences with computers.
2. This study does not attempt to evaluate teachers.
3. This study does not attempt to evaluate schools.

4. This study does not attempt to evaluate school
districts.

5. This study does not attempt to evaluate individual

students.

Resign of the Study

~The study included eleven teachers at seven
different high schools. The teachers all volunteered
to be in the study. Each teacher taught at least two
classes of Advanced Algebra or Algebra II. One class
was designated as the control group and the other class
served as the experimental group. In most cases,
availability of the computer laboratory determined
which of the classes served as the experimental group.
If the teacher taught more than two Advanced Algebra or

Algebra II classes (two of them taught three classes),
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it was randomly determined which of the two remaining
classes would be the control group. Thus, the study
involved eleven teachers and twenty-two classes.
Eleven classes in the control group and eleven cClasses
in the experimental group.

The experimental design chosen for this experiment
was the Nonequivalent Control Group Design as defined
in Campbell and Stanley (1963) and Issac and Michael

(1981). The design is depicted below where O =

observation and X = treatment.
0 X 0
0 0

Figure 1. Experimental design

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 naturally assembled collective, in
this case the class, as similar as availability permits
but enough different to necessitate a pretest.

Data consisted of two pretests and two posttests
given to each individual participating in the study.

One pretest and one posttest consisted of the following
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specific attitudes from the Fennema
Attitudes Scales: (1) Mathematics as a Male Domain,
(2) Confidence in Learning Mathematics, (3) Attitude
Towards Success in Mathematics, (4) Effectance
Motivation in Mathematics, and (5) Usefulness of
Mathematics. (See Appendix D.) The other pretest and
posttest consisted of two different, but equivalent,
forms of the Intermediate Algebra portion of the
Descriptive Test of Mathematics Skills of the College
Board. (See Appendices B and C.)

In order to describe and predict the class mean
differences between pretest and posttest scores based
on a number of possible variables (computer use, sex,
grade level, teacher, computer-sex interaction, and
computer-grade level interaction) a multiple regression
analysis was completed on the data. Each model was
tested for the strength of the relationship and a
stepwise analysis was performed. As mentioned earlier,

the classes were as similar as availability permitted.

Qrganization of the Remainder of the Study

The remainder of this study is separated into four
parts. Chapter II reviews the literature regarding the

role of intuition in learning mathematics, computers in
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mathematics education, computer-assisted instruction,
educational gaming in mathematics, attitudes toward
mathematics, and sex-related differences in
mathematics. Chapter III presents an analysis of the
game ALGEBRA ARCADE and 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 tested
hypotheses. Chapter V concludes the study with a

summary, conclusions, and recommendations for further

study.



II. REVIEW OF THE LITERATURE

A review of the literature, as it pertains to
computer-assisted instruction and educational gaming in
mathematics, by necessity, involves investigations into
other areas of concern to mathematics educators. Based
on the knowledge that positive interaction between the
learner and the computer is necessary for learning to
occur, this chapter is divided into the following
subsections: (1) Introduction, (2) The Role of
Intuition in Learning Mathematics, (3) Computers in
Mathematics Education, (4) Computer-assisted
Instruction in Mathematics, (5) Educational Computer
Gaming in Mathematics, (6) Attitudes Toward
Mathematics, and (7) Sex-related Differences in

Mathematics.
Introduction

Throughout history, humankind has viewed play as
part of the growing up process. Although the
importance of play has varled from soclety to soclety,
most societies recognized that it served a role in the
learning process.. For the most part, the role of play
was only crucial for young children. It was certainly

not appropriate for one involved in formal education

21
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(Glickman, 1981). It was not until the progressive
movement began to influence education, around the turn
of the twentieth century, that play was suggested as an
appropriate way to learn some subjects offered by the
American educational system. Such reformers as Peirce,
James, and John Dewey (1963) drew their ideas from the
views set forth by Comenius, Rousseau, Pestalozzi, and
Froebel. These ideas were picked up by such people as
Montessori and Cuisenaire. Although the idea of game
playing to learn a subject was advanced, the American
educational system was reticent to use the approach.

Von Neumann and Morgenstern (13944) were among the
first to publish work on game theory. The playing of
games began to take on a new role, but their work
seemed to be important only for the military and
business rather than education. At this time two
important events were taking place. First, researchers
and mathematicians began to realize that many games
could be analyzed mathematically. Secondly, the first
computers were being produced. Eventually these
computers would have the capabilities of simulating
games. Through the early work in Artificial
Intelligence (AI), computers were programmed to play
such games as chess. People in the aéademic, military,
and business fields were beginning to change their

attitude toward game playing.



With the push for the modern mathematics
curriculum in the mid 1960’s and the theories advanced
by such famous educational psychologists as Piaget,
Bruner, and Dienes, the idea of using game playing to
learn mathematics began to enter many American
classrooms. Piaget’s stages of learning (1962,1963)
lent credence to the importance of play, especially in
the early stages; Bruner (1966,1976) produced his
theories on discovery learning; and Dienes
(1960, 1963,1964,1973a,1973b,1973¢c) developed his
theoretical model of learning which involved playing
with a concept before one was actually able to
understand and apply the concept. Most of the games
brought into the classroom at this time could be
classified as mathematical or strategy type board
games. Mathematical games required some knowledge of

mathematics in order to win the game. Strategy games

could be won by developing a winning strategy which did

not have to involve any specific Knowledge of
mathematical content. The latter type game would
involve Polya’s idea of problem solving (1945) and
discovery (1962). Dreyfus (1984) picks up this theme

by comparing the ideas of Skemp, Dienes, Biggs, and
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Collins and remarking how similar they all are. They
all feel "the formation of mathematical concepts is
conditional on the learner’s active involvement with
the subject matter during the process of learning” (p.
239). All three theories "indicate that the required
mental activity on the learner’s part can be stimulated
by suitably structured (re)presentations of the
concepts to be learned* (p. 239). What more perfect
object to convey this to the student than through a
computer, observes Dreyfus.

While play in itself is important, it also serves
a critical role in the development of intuitive
concepts. Poincaré (1956) and Hadamard (1949) both
attempt to document the role that intuition has played
in the area of mathematical creation. They make a
strong case for the fact that mathematical ideas are
not produced in a neat logical mannér, in most cases
the idea seems "to come from nowhere." Kline (1958)
reinforces this idea when he asserts:

Since even the great mathematicians think

intuitively, we must all be sure that the

intuitive meaning of each mathematical idea

or procedure is made intuitively clear to the

student (p. 426).
But what is intuition? What makes a concept intuitive?
Bruner (1960) states that: "it is even unclear what

constitutes intuitive understanding® (p. 55). He then

goes on to say that intuition is used with two rather
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different meanings in mathematics. First, one "is said
to think intuitively when having worked for a long time
on a problem, he rather suddenly achieves the solution,
one for which he has yet to provide a formal proof" (p.
55). Secondly, one "is said to be a good intuitive
mathematician if, when others come to him with
questions, he can make quickly very good guesses
whether something is so, or which of several approaches
to a problem will prove fruitful® (p. 56). He
concludes that with respect to variables affecting
intuitive thinking, we can only conjecture. In
delivering the Terry Lectures of 1962 at Yale
University, Polanyi (1967) explored and called for
action in "the tacit dimension"- intuition. DeBono
(1967,1970) explores many of the same ideas in his
discussion on lateral thinking. Fishbein (1981) uses
the term jntuitions as referring to mental
representations of facts that appear self-evident.

This definition is also used by Dreyfus and Eisenberg
(1982). Fishbein, et. al. (1981) go even further by
stating that: “accepting intuitively a certain
solution or a certain interpretation means to accept it
directly without (or prior to) resorting explicitly to
a detailed justification" (p. 491). They follow this
with: "An intuition is not reducible to a pure

perception. An intuition is always an interpretation®
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(p. 492). Wittman (1981) presents an excellent model
(p. 394) in which he distinguishes between intuitive
and reflective thinking. Davis and Hersh (1981)
attempted to list the various meanings and uses of the
word intuitive. They came up with the following list:
(1) the opposite of rigorous, (2) visual, (3) plausible
or convincing in the absence of proof, (4) incomplete,
(5) relying on a physical model, and (&) holistic or
integrative as opposed to detailed and analytic. All
of these are actually notions of what intuition is.
Samples (1976) and Samples, et. al. (1977) also worked
with the notion of intuition and related it to split
brain theory. Intuition becomes a right brain function
and rationale a function of the left brain. What
becomes apparent is that everyone has an idea or notion
of what intuition means, but nobody has an exact
definition. Davis and Hersh go so far as to state:

Perhaps it would be foolish and

self-defeating but a teacher gan teach

mathematics and a researcher can write papers

without paying attention to the problem of

intuition. However, if one is not doing

mathematics, but rather is trying to look at

people who are doing mathematics and

understand what they are doing, then the

problem of intuition becomes central and

unavoidable (p. 393).
They then use a lesson on the fourth dimension (a

subject unfamiliar to most people, including many

mathematicians) to illustrate their notion of intuition
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intuitive development set forth by Davis and Hersh to a

high school advanced algebra class, the unit on

quadratic functions could serve the same role as the

fourth dimension in examining intuition as presented in

the learning theories advanced by Piaget, Bruner, and
Dienes. The quadratic functions unit is new material
for the high school advanced algebra student (just as
the fourth dimension is to most mathematicians) and,
hence, needs to be prefaced with some intuitive

development of the ideas.

The literature is abundant in the last four years
with prescriptions of how to implement a successful
computer program into the schools and what educators
should be doing with the computers. Lesgold and Reif
(1982) describe where educators should be going with
computers in the schools. The National Council of
Teachers of Mathematics recently published Ihe Impact

of Computing Technology on School Mathematics: Report

o]

of an NCTM Conference (NCTM, 1984). Authors such as

Taylor (1980) and Fey (1984) present their ideas on
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where schools should be implementing computers in the
mathematics curriculum. The ERIC/SMEAC Mathematics
Education Fact Sheet No. 4 (1981) along with articles
by Camp and Marchionini (1981), Dekkers and Donatti
(1981), Gawronski (1982), Bork, et. al. (1983), Braun
(1983), Weller (1983), Wilkinson (1984), Salisbury
(1984), and Ediger (1985) all offer insight into what
educators should be doing with computers in mathematics
education. The suggestions of these authors include:
(1) using simulations to develop problem solving
skills, (2) allowing the computer to do some of the
more tedious calculations, (3) taking advantage of the
full potential of hi-resolution graphics, (4) using the
computer to build intuition for problem solving, (3)
teaching programming, and (6) integrating the computer
into the core of the mathematics curriculum.

These are but a few of the hundreds of articles
published in the last five years. All one needs to do

is look in the recent issues of such publications as

ideas on implementing computers into the mathematics

curriculum.



Until the 1980’s computer-assisted instruction was
done only on mainframe computers. The most noted
projects were done at the University of Illinois on a
system called PLATO (Program Logic for Automated
Teaching Operation) which began in 1959 and the work
done at Stanford University’s Computer-Based Education
(CBE)> Center under the direction of Patrick Suppes in
the early 1970’s (Hirschbuhl, 1980). The main
difference between the projects is that oh the Stanford
project the computer controlg the pace of the
instruction, while PLATO is interactive and allows the
student to control the pace of the instruction. Then
with the 1980’s came the video arcade game craze and
the microcomputer. The video arcade game held the
attention of the older children just as "Sesame Street”
and other popular educational television programs held
the attention of younger children. The microcomputer
industry began to produce programs which simulated what
the video arcade games were doing. With the decline in
prices, microcomputers began appearing in both the home
and the classroom. Many educators began to see the
advantages of using the graphics offered by the

microcomputer. They wrote programs to demonstrate the
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concepts they were teaching. With modern animation,
the idea of visual imagery in learning which was cited
by Richard R. Skemp (1973,1979) and the iconic level of
Bruner (1966) began to take on a new perspective. Many
of the professional groups began getting involved by
emphasizing the need for using computers to promote
both computer literacy and as a tool in the mathematics

learning environment. The Position Paper on Basic

[e]

Kills published by the National Council of Supervisors

| D))

of Mathematics (1977) was the first to include computer
literacy in their list of basic skills. This report
was followed quickly by the National Advisory Committee
on Mathematics Education (NACOME) report (1977) which
again mentioned the need for computer literacy. The
following year, the National Council of Teachers of
Mathematics (NCTM) endorsed a similiar position

statement. This position was reinforced in the NCTM’s

With the advent of the microcomputer, the work
with programmed learning which began with B. F.
'Skinner’s machines (Skinner, 1968) has taken on new
dimensions. Drill and practice activities with
immediate feedback can be found for any of the
microcomputers presently on the market. Strategy and

simulation games, which purport to be educational, are
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mass marketed throughout the world. Continued work in
the area of Artificial Intelligence (AI) is producing
educational games which require more cognitive thinking
on the part of the game player. Papert (1980) Iis
attempting to give new insight and meaning to Plaget’s
views through his work with "children, computers, and
powerful ideas" at the Artificial Intelligence
Laboratory at the Massachusetts Institute of
Technology. Kelman, et. al. (1983) document many of
the ways that the computer is currently changing the
teaching of mathematics. Roberts and Park (1983)
provide insight into a new area called intelligent
computer-assisted instruction (ICAI). They predict
that ICAI will become commonly used in the next ten to
fifteen years. Futurists (Evans, 1974; Toffler, 1980;
Deken, 1981; Naisbitt, 1982) are predicting major
changes in the area of education. Most feel children
will not be attending a classroom, but will receive
their education at home primarily by interacting with a
computer. With the predicted decentralization, the
"electronic cottage™ has the potential to become
reality. Shostak (1981) sees future education as
decentralized. It will be carried out in the home on
an individual basis through computers, wiﬁh heavy
reliance on data bases. Companies like Wicat Systems

(Heuston, 1983) are already turning to the home market.
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Chambers and Sprecher (1980) reviewed the
literature and came up with the following conclusions:
(1) the use of CAI either improved learning or showed
no difference when compared to the traditional
classroom approach; (2) the use of CAI reduced learning
time when compared to the regular classroom; (3) the
use of CAI improved student attitudes toward the use of
computers in the learning situation; and (4) the
development of CAI courseware following specified
guidelines can result in portability combined with
acceptance and use by other faculty. They found
indications that low aptitude students profit more from
CAI. There were also indications that retention rates
for all students using CAI may be lower than for
students using the traditional means of learning.

Saunders and Bell (1980) assessed the effect of
weekly computer enhancement assignments on achievement
and attitude in second year algebra. Their conclusion
was that the computer lessons had little or no effect

on the areas investigated.

Thomas (1979) reviewed the studies of achievement,
attitude, retention, and time saving on CAI and
concluded: (1) students exposed to CAI performed at a
higher level than those not exposed, (2) the evidence
of no difference between CAI taught and traditionally

taught students predominated when CAl was used as a
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rggLéggmggg for classroom instruction, (3) CAI exposed
students had a more positive attitude towards their
instructional situation and often toward the subject,
(4) retention levels were comparable between the two
groups, and (5) CAI reduced the time required for a
student to complete a unit.

Shay (1980) concluded that simulations: (1)
heightened interest, (2) created attitude changes
although the degree and direction were unpredictable,
and (3) led to acquisition of skills and personal
growth if one allows for a debriefing period at the end
of the simﬁlation. It was also indicated the
simulations should not be the preferred teaching
technique.

Overton (1981) reviewed the literature and came to
the following conclusions: (1) the results were very
mixed on tutorial CAI so it was difficult to conclude
that this type of CAI was an overwhelming success, but
there appeared to be an apparent increase in student
interest; (2) simulation made no significant difference
on comprehensive achievement tests, but it had
considerable potential in the area of motivation; and
(3) effectiveness of computer programming activities
for all students has not been clearly determined. She
reports on a study by Bitter and Slauchert in which:

they found that those students who received
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computer-oriented instruction had

significantly higher achievement levels than

those not receiving the treatment. The

experimental and control groups received the

same mathematical content, but the normal

homework assignments for the experimental

group were replaced by computer homework

exercises (p. 29).

Overton concluded that she could not make any
global recommendations. Some of the research efforts
had encouraging outcomes and in many cases the computer
had a facilitating effect on mathematics achievement,
attitudes toward mathematics, and student motivation
and interest. The computer’s ability to interact with
the pupil, while pacing and evaluating both student and
the lessons, was cited as a strong point for CAI.
Finally, she indicates the computer is viewed as an
effective problem solving tool and programming seemed
to enhance those problem solving skills (although she
wanted to see more research on whether it was
reinforcing desirable mathematical methods that
characterize mathematical problem solving).

Amarel (1983) indicates that the studies done on
PLATO showed that the teacher was the major influence
on achievement and attitude changes. Ploeger (1983),
however, issues a warning that it is important to
recognize that differences do exist between research on

mainframe computers and research on microcomputers.

The differences he cites are (1) the general
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impressions of the subjects toward the visible
equipment and surroundings, (2) certain features of
mainframe operating systems necessitate recognizable
differences in performance of instructional computing
programs, and (3) the timeliness of the programming and
instructional tactics differs between mainframe and
microcomputeﬁ instructional computing. He then goes on
to discuss some of the many observational reports and
case studies that abound in the literature on computer
use in mathematics education.

Forman (1982) came up with many of the same
conclusions as Chambers and Sprecher, but she also
found that the effect on achievement occurred
regardless of the type of CAI used (tutorial, drill and
practice, demonstration, simulation, games), the type
of computer system, the age range of the students, or
the type of instruments used to make the measurements.
Another major finding was that students have a positive
attitude towards CAI, frequently accompanied by
increased motivation, attention span, and attendance in
courses. Forman also found that: tutorial and drill
worked better for low-ability than middle-ability
students; many reluctant learners become active and
interested learners when involved in computer supported
programs; the bulk of the studies showing CAI to be

effective have concerned the use of adjunct CAI in
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which the classroom teacher was readily available; CAI
is helpful to students reviewing materials with which
they had prior familiarity; and retention rates may be
lower than for traditional means.

Burns and Bozeman (1981) in their meta-analysis
found results similar to those already reported along
with no evidence that experimental design affected the
outcomes. Another meta-analysis by Kulik, et.al.
(1983) produced close to identical results.

In a synthesis of research on electronic learning,
White (1983) made the following observations: (1)
computers can improve learning; (2) more learning in
the future will be electronically based; (3) electronic
learning motivates children, the attraction of computer
games will probably force us to use game formats more
in educational materials; (4) electronic learning is
attractive to students because of the allure of
technology and its interactive nature; (5) learning
programming may teach logical thinking (but will it
transfer to other subjects?); and (&) computers
increase (not decrease) soclialization.

Kulik (1983) describes compufer-based instruction
(CBI) as a combination of CAIl and computer-managed
instruction (CMI)>. CMI is usiﬁg the computer to store
data on each student’s progress by Keeping a record of

what the student has been taught and how well the
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student did on each lesson. In his synthesis of
research on computer-based instruction Kulik found:
(1) CBI can improve student learning; (2) students
attitudes are slightly more favorable toward the
subject, but not significantly; (3) attitudes toward
computers rise significantly; and (4) CBI reportedly
saves student learning time.

Heinrich (1984) says:

Cause and effect relationships can be

identified, studied, and managed. Research

and development based on a theoretical

construct that requires manipulation of all

variables, including instructors, can lead us

to an instructional science and technology

capable of radically altering the institution

of education (p. 69).
He makes the generalization that the development of
instructional technology has disturbed the symbiotic
relationship between the instructional materials and
the teacher. He concludes by urging educators not to
make the same mistake about computers that they are
continuing to make about television. He feels they
fail to realize that programmed instruction, not the
machine itself, is their intellectual fountainhead.
Wagschal (1984) makes a similar appeal.

Bear (1984) expresses a strong concern that
educators are being pushed into computers by people

outside of education with little research to support

the implementation. He asserts that "the pressure on



schools to implement microcomputer projects can largely
be attributed to the highly successful mass marketing
strategies employed by the manufacturers of hardware
and software” (p. 11). Later, Bear says "although
research has already documented the value of CAI for
drill-and-practice, the verdict is not yet in on using
computers to improve higher-level objectives” (p. 13).

Morris (1983) felt attitude and achievement were
greatly increased in her sixth grade class when the use
of computer games was implemented. But she still felt
some questions needed to be addressed. Among them are:

How can the translation of game skills and

knowledge to related mathematics content be

enhanced? For what grade level or

achievement level are computer mathematics

games effective? When (for what concepts and

skills) are they appropriate? For what types

of learners are they most effective (age,

concept-development stage, etc.)>? (p. 24)

In an interview given to Educational Technology
(Feb., 1984), Dr. Michael W. Allen, Director of
Educational Systems Research, Development, and
Strategic Planning within the PLATO Training and
Education Division at Control Data Corporation,
provided some of the rationale for substituting work on
the computer for in-class homework when he said "
the efficiency of computer=-based instruction is going

to be recognized as an important alternative to

mandating two or three hours of homework® (p. 10).
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In regard to attitudes, Clement states...

...that computer simulated games used as a

teaching tool have brought about an attitude

change among students. This is an area that

has only started to be exploited. We need to

understand what it is that will keep people

entranced by computer games for hours at a

time. Very often they are developing complex

skills of planning and strategy that

instructional designers would find difficult

to emulate by traditional methods (p. 29).

As the review of the literature in this area
indicates: much of the reporting in the area of
computer-assisted instruction is observations,
anecdotes, case studies, and pilot studies done by the
software designers. There is a definite lack of
consistent results in the research that has been
conducted. Most of the success stories deal with drill
and practice material, rather than material which would
require a higher level of cognitive thinking. Bork
(1984) and Komoski (1984) both call for further
research into the quality of software and how it can
best be utilized. Recently, the Research Advisory
Committee of the National Council of Teachers of
Mathematics issued its year end report (NCTM, 1985)
which indicated several topics which they felt should
receive special attention. The first topic listed was

the role of technology in the teaching of mathematics

about which the committee said:

Research studies on the use of technology in
the mathematics classroom are beginning to
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appear, but to date the work does not seem to
have a clear focus. Both empirical research
and theoretical analyses must address the
effects of technology on curricular
organization, the pacing of instruction, and
the development of core mathematical
concepts. For instance, what are the
relationships between skill and conceptual
understandings that result from increased
reliance on symbol manipulation systems?

What gains or losses occur in students’
attitudes and conceptions of mathematics with
the substitution of such systems for
paper-and-pencil work?" (p. 317)

Educational Computer Gaming in Mathematics

Although play is not something new, it has only
been used in the public schools since the Progressive
Movement usually associated with John Dewey. Since
that period, the amount of school time spent on playful
learning activities has varied greatly depending most
heavily on the prevailing public opinion (Glickman,
1981). There is very little research in the literature
on educational computer gaming because very little was
done prior to the widespread use of the microcomputer.
Prior to the 1980’s, PLATO had a few games among its
programs, but the majority of games played were board
‘games not computer games. Studies such as those
conducted by Bright, Harvey, and Wheeler

(1977,1979,1980) indicate that gaming did affect the
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students’ achievement. Furthermore, they found varying
different variables such as game constraints
(characteristics of the game) and verbalization
(learner-learner interactions) did have a significant
effect on achievement.

With the advent of the microcomputer, mathematics
educators began to examine its potential for the
mathematics classroom. They were particularly
intrigued by the hi-resolution graphics which was
lacking on most mainframe systems. In an effort to
take advantage of the new technology to improve
mathematics instruction, the National Science
Foundation (NSF) and the National Institute for
Education (NIE) jointly supported research to develop
materials that could be used on microcomputers to
enhance the learning of mathematics. Many of the
projects developed prototypes of software which could
be used in the teaching of mathematics through two
types of computer-assisted instruction: demonstration
and tutorial. Many of the programs took advantage of
the hi-resolution graphics capabilities and tried to
take advantage of interaction between the computer and
the learner. It was during this period of development
that the term “"electronic chalkboard"™ came into use.

One of the NSF-NIE projects was awarded to the

University of Illinois. With less work being done on



the PLATO project, they were turning their efforts to
the microcomputers. The project incorporated the
computer graphics in the demonstration and tutorial
mode, but they went even further to develop an
educational computer game called GREEN GLOBS (Dugdale,
1981, 1982). The goal of the Illinois project was to
develop "an activity that uses the computer’s unique
capabilities to provide students a meaningful and
highly motivating experience with the graphing of
equations® (p. 3). The game GREEN GLOBS served as a
prototype{of what Dugdale calls "the ’intrinsic models’
approach” (1983, p. 1>. It proved to be a useful
prototype. Within months there was a common feeling
among other designers of software for the mathematics
classroom that they needed to include an activity
involving educational gaming in their software package.
One such set of programs, which is now marketed by
_Wadsworth, Inc., is called THE ELECTRONIC BLACKBOARD
and contains a gaming feature called Carroll Critters.
ALGEBRA ARCADE is an extension of the work done on

Carroll Critters.

Meanwhile, outside of education, the videoganme
craze was hitting the market. First the arcade became
popular and then the computer games found their way
into the family home. During the past five years much

has been written both positively and negatively about
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computer games in general and videogames in particular
(Bowman and Rotter, 1982; Grady, 1983; TECHnically
Speaking, 1983; Driskell and Dwyer, 1984; Bowman,
1982; Needham, 1982-3). Both supporters and
detractors admit that most children are fascinated and
enjoy playing videogames. Many writers are also
concerned, both pro and con, about some of the same
problems when they discuss the nongame uses of
computers in education (Morris, 1983; Ohanian, 19833
O’Brien, 1983; Stevens, 1982; Gleason, 1981;
Hoffman, 1982; Clement, 19813 Steffin, 1981;
Barstow, 1983; Stolker, 1983; Mirabelli, 1983;
Ferguson, 1983; Parsons, 1983; Getman, 1983). These
articles reflect the authors’ concerns about the value
provided by the computers and videogames from many
different viewpoints (physical, psychological,
sociological, and educational).

Bowman (1982), in an excellent article, examines
the intrinsic rewards found in playing PAC-MAN (a
portable arcade game marketed by Coleco Industries,
Inc. of West Hartford, CT.) and discusses what
implications he feels these games have for education.
Bowman carefully examines the intrinsic rewards players
receive from playing PAC-MAN and then provides an
analogy between the learning occurring in the video

arcade and the learning situation in the classroom. He
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questions whether some of that intrinsic motivation can
be transplanted from the video arcade into the
classroom to cultivate more learning.

Driskell and Dwyer (1984) report on work the
United States Navy is doing to obtain more qualified
technicians. Many of the recent recruits are not
verbal learners, rather they are visual learners, thus
the Navy has developed videogames which it feels have
the potential to teach the recruits the educational
background the Navy needs.

Dunne (1985) investigated the use and
effectiveness of gaming techniques in educational
computer software. Educational Products Information
Exchange Institute carried out the evaluation of one
hundred seventy commercially available educational
computer programs. With regard to the use of arcade
techniques, Dunne makes the following observation:

The use of arcade style graphics and gaming

techniques are also beginning to play a

significant role in educational software.

Although only 30% of all the gaming programs

in the sample used arcade techniques, they

grew from 18% of the gaming programs with

1981 copyright dates to 41% of the gaming

programs with 1983 copyright dates (p. 8).

He concludes by saying:

It seems clear that educational computer
games can be powerful instructional tools,
but specific gaming techniques need to be
carefully matched to a program’s educational
intent. Future research into creating
effective educational computer games should
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address the context (e.g., the subject area,

instructional approach, users, etc.) in which

specific gaming techniques work best (p. 10).

In summary, the use of computer games, especially
videogames, is in its infancy. Philosophical arguments
aside, we are beginning to see articles describing the
implementation of these games into the classroonm, but
the results of research on the effectiveness of this

type of game are meager. It Is a fertile area where

more research is needed.

Attitudes T

Prior to the early 1970’s, the literature includes
very little discussion with regard to student attitudes
toward mathematics. The attention this area has
received since then probably reflects the shift in the
mathematics curriculum from being content-centered to
being learner-centered. This shift was predominantly
bro;ght about by the theories of such prominant

cognitive theorists as Piaget and Bruner.

The qguestion that arises most often in this area
is: Aré attitudes important in learning mathematics?
The primary argument that they are not important rests
on the fact that research shows a low correlation
between attitude and achievement. The argument that

attitudes are important centers on the risk of drawing
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conclusions from measuring instruments with
guestionable validity (Klum, 1980).

Aiken (1970) reviewed the literature prior to the
1970’s. The most widely used attitude test was
Mathematics (Dutton and Blum, 1968). While this test
is short and only has the student check a limited
number of responses, it fails to take into account the
fact that attitudes toward mathematics is a
multidimensional phenomena. The Mathematics Attitude
Scale (Aiken, 1974) is an improvement in the sense that
Aiken uses two scales (enjoyment and value) and
recognizes that there is more than one dimension to
attitudes toward mathematics. Watson (1983) has
investigated the reliability and discriminant validity
of the Aiken Attitude to Mathematics Scale. He
concluded that the scales measure different aspects of
attitudes toward mathematics. The scales were
validated individually and combined. Watson found a
slightly lower degree of correlation than Aiken, but it
was still high.

Reyes (1980) indicates this multidimensional
aspect of attitudes toward mathematics has been carried
even further with the work of Fennema and Sherman
(1976>. .The Fennema-Sherman Mathematics Attitudes

Scales reflect the authors’ feelings that there are
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four specific attitudes that are important in their
relationship to students’ achievement. Those attitudes
are: confidence in mathematics, mathematics anxiety,
attribution of causes of success/failure in
mathematics, and the perceived usefulness of
mathematics. The test is divided into nine parts
containing a total of 109 questions. In addition to
the four parts given above, the scales include mother,
father, teacher, effectance motivation, and male
domain. Broadbooks, et. al. (1981) did a construct
validation study of the test and concluded that the
“eight factors were interpreted to indicate that the
scales measure eight different constructs within the
domain of mathematical attitudes” (p. 556). They
further concluded that "these results also provide
evidence of the appropriateness of constructing
multidimensional scales to measure attitudes toward
mathematics" (p. 556). Other studies (Powers, et.al.,
1984) obtained mixed results on validity and
reliability when they were investigating the scale on
perceived causality. The Fennema
because the instruments better account for the
multidimensional aspects of attitudes toward
mathematics and they also incorporate a more

contemporary view regarding the affective domain in



mathematics.

An examination of National Assessment of
Educational Progress (NAEP) results in mathematics
indicates that attitudes toward mathematics decline as
the student gets older (Carpenter, et.al., 19805. Bell
(1983) makes the following observations after reviewing
the literature: there is very little evidence to
support the belief that higher attitudes lead to higher
achievement, he calls for more research in the
variances between the sexes on this issue, and
concludes "if one intention of modern courses is to
enhance enjoyment this intention is apparently not
being achieved” (p. 254).

Smith (1973) observed that CAI experience brings
more students’ mathematical self-concept into line with
their mathematical achievement. He concluded CAI did
not decrease student attitude. Working with the
computer tended to allay the students’ fear of failure.
Dalton and Hannafin (1984) report on a case study |
designed to determine if student self-esteem and
achievement were affected through the use of
reinforcement in CAI. They found no significant
differences.

A study by Minato and Yanase (1984) showed
attitude to be a more important factor in difference in

achievement among lower ability students than among
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higher ability students. This may be an important
factor since many studies show CAI to be most effective
on lower ability students.

As can be seen from the above, the study of
attitudes is not a clear-cut subject. In many studies,
attitudes toward mathematics was thrown in as an
afterthought. There seems to be some general agreement
that attitudes toward mathematics are multidimensional,
but there is no consensus on measuring instruments.

One would think that attitudes would play a major role
in learning mathematics, but the research may not

support that conclusion.

Sex-related Differences in Mathematics

The early 1970’s saw a growth in the interest in
attitudes toward mathematics and by the last half of
the decade researchers were beginning to analyze the
results that they were obtaining. They observed not
only a sex-related difference in achievement scores,
but also sex-related differenc;s in attitudes toward
mathematics.

None of the articles denied that test results show
a difference in mathematical achievement between males

and females. In trying to explain this difference the
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whole nurture vs. nature argument came into full view.
The articles ranged from pure nature (Hoben, 1984) to
pure nurture (Fennema, 1981). Much of the discussion
revolved around differences in spatial perception
(Fennema and Tarte, 1985).

Sherman (1979) concluded that cognitive predictors
were better than affective predictors of achievement
scores in mathematics. Sherman (1980) also observed
that there were no differences between boys and girls
in eighth grade in the areas of spacial visualization,
number of college preparation mathematics courses or
mathematics taken in eighth grade, problem solving, or
mathematics achievement. But in eleventh grade, boys
out performed girls in all these areas. Fifteen of
sixteen correlations between attitudes and performance
were significant for the girls, but only three of
sixteen for the boys. Females’ scores declined in four
areas of attitude and rose in two, while males’ scores
declined in one and rose in two areas. She concluded
that attitude has a stronger effect on achievement than
spatial visualization and perception of mathematics as
a male domain is an important causal variable.

Leder (1980) observed that there seems to be a
relation between fear of success and sex differences in
performance and participation in mathematics courses.

Environmental pressures play a critical role. Fear of
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success in mathematics was found to play a significant
role in the success of girls in mathematics. Those
girls who succeeded in mathematics were those who
believed their success would be approved by others.

Armstrong (1981) looked at the results of two
national surveys- NAEP and Women In Mathematics (WIM).
She found: females achieved higher in mathematics in
eighth grade, but males achieved higher in twelfth
grade and females participate less in the higher level
courses. She concluded: "Apparently, achievement
differences are not solely a function of differences in
participation” (p. 371).

Fennema (1981) found in her studies that males
attribute failure to external causes, while females
attribute failure to internal causes. In the area of
success, males attributed it to internal causes, while
females attribute it to external or unstable sources.
She depicts this situation as what Dweck calls "learned
helplessness.”

In reviewing the literature, Badger (1981)
observed that as students got older, not only did the
sexes differ more on male domain, but they also
differed significantly on confidence and usefulness.
By then the boys were performing significantly better
on mathematics achievement tests. These findings in

the United States were very similar to those found in



52

England. She further comments that it is not possible
to single out one factor as the prime cause of such
differences, instead it seems to be a constellation of
factors which influence performance in varying degrees.
Spatial visualization correlated highly with
performance, but no causal relationship could be
implied. Girls are apparently more vulnerable to
affective influences. Research indicates that girls’
poorer performance could be linked to broader social
issues. Finally, lack of self-confidence and
withdrawal from mathematics activities by girls is
cited as a consistent finding in the literature.

The ERIC/SMEAC Mathematics Education Fact Sheet
No. 1 (Kirschner, 1981) examines the following items
regarding female participation in high school
mathematics: peer influence, differential treatment by
teachers, stereotyping mathematics as a male domain,
female attitudes toward mathematics, anxiety and
confidence, and parental influences. They conclude
that the number of females participating in high school
mathematics can be increased and call for the use of
intervention strategies such as the "Multiplying
Options and Subtracting Bias" established by Fennena,
et. al. (1979).

Koehlker and Fennema (1982) cite several examples

of both sides of the nurture vs. nature issue. They
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then present data to show that currently: (1) males
achieve higher on both SAT-M and NAEP tests, (2) female
enrollment in mathematics courses drops more than male
enrollment right after the high school entry level
courses in mathematics, and (3) female students are
still making the traditional career choices. They see
the variable related to mathematics education
inequalities in three categories: attitudes, influence
of significant others, and influences of schools.
Under attitudes they see confidence in one’s ability to
learn and perform well in mathematics, perceived
usefulness of mathematics, and perception of
mathematics as a male domain as the main factors. The
other influencing factors consist of teachers,
counselors, peers, and parents. To remedy this
situation, the authors suggest that teachers need to be
more aware of their impact on students and at the sanme
time the schools should be disseminating information
regarding the usefulness of mathematics to students,
teachers, counselors, and parents. They should keep
emphasizing that when a student stops taking
mathematics the student begins closing career options
and the school should consider implementing
intervention plans.

Just when it seemed the nurture side of the

argument was winning the battle, an article out of John
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Hopkins University (Phi Delta Kappa, 1981) fuels the
flame again. Benbow and Stanley (1982) conducted a
five-year longitudinal study of students who were
identified in seventh or eighth grade as mathematically
precocious by the John Hopkins University talent search
to determine what sex differences emerged. They then
suggest the following possible interpretation of the
data: male superiority in mathematics reasoning
ability might be due to the fact that mathematically
gifted males are developing intellectually at a faster
rate than are mathematically gifted females. They
attribute higher class grades to the better classroom
behavior of the female students and the higher dropout
rate of females in mathematics to a stronger liking of
verbal areas.

Ethington and Wolfle (1984) concluded in their
study that neither mother’s education nor attitudes
toward mathematics exhibited significantly different
effects on mathematical achievement. Mathematics
exposure was the main contributor to mathematics
achievement followed by spatial visualization, grades,
and sex in that order. They also felt that the
interactions between sex and other variables may
complicate the picture greatly. The variances cannot
be explained by a single variable. They go on to

indicate that the present research suggests once again



that most of the difference in mathematics achievement
between men and women can be explained by differences
in background, ability, attitude, grades, and formal
exposure in the classroom (with the latter. having the
most influence in explaining variation).

As one can see, the nurture vs. nature argument
goes on, there are no clear-cut winners. If working on
such attitudes as confidence in learning mathematics,
usefulness of mathematics, and mathematics as a male
domain can close the sex-related gap on mathematics

achievement then it certainly is worth trying.

In the final analysis this survey of the
literature covered many topics. Despite the cry for a
"return to basics,"” we are still using the
student-centered curriculum theorized by Piaget and
Bruner. In the last five years the microcomputers have
found their way into almost every school in our nation.
The literature is full of articles on how to implement
them into the mathematics curriculum;

Computer-assisted instruction has become the main use
of computers in the mathematics classroom. While many
studies have been done on CAI in the mathematics

classroom, research results are not very conclusive. A
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relatively new area of CAI is educational computer
gaming, including videogames, on which very little true
research has been done. Most of the published material
is anecdotes, case studies, or merely observations.
The discussion on attitudes indicates that we are still
"finding our way" in this unexplored area, but we need
to try and ascertain whether the computer and the new
computer games foster a more positive, more negative,
or neutral change in the students’ attitudes toward
mathematics. Finally, the discussion regarding
sex-related differences that exist in mathematics
education makes one wonder if the introduction of the
computer into the mathematics classroom could make any
difference.

All these areas indicate that we have a long way
to go before mathematics teaching becomes a science.
More research is a must if we wish to find the most

effective ways of teaching and learning mathematics.



III. THE STUDY

This chapter contains various aspects of the study
and is divided into the following main sections: (1)
Game Selection, (2) The Hypotheses, (3) The Measuring
Instruments, (4) The Experiment, (5) Statistical

Analysis of the Data, and (6) Summary.

Game Selection

The purpeae of this study was to lnvestligate
several hypotheses concerning the educational value of
the videogame ALGEBRA ARCADE (ISBN 0-534-01476-3).
ALGEBRA ARCADE is marketed by Wadsworth, Inc. There
are many programs on the market which demonstrate
graphs when given an equation, but this program
Integrates that abllity into a videogame. It goes
beyond drill and practice and involves a simulation of
an adventure into the coordinate plane where the
player(s) are attempting to make thelir graph catch the
Algebrolds placed in position by the computer while not
hitting the Graph Gobbler which is controlled by the
computer. This program is more than the traditional
computer-assisted instruction (CAI) which merely gives

a question, provides hints if the player does not Know
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the answer, and then finally gives the correct answer
while keeping track of the number of correct answers
made by the player. It requires a higher level of
cognitive skills than most videogames currently on the
market. This type of computer augmented learning fits
into the category of adjunct computer-assisted
instruction as defined by Chambers and Sprecher (1980).

This particular game contains other useful utility
features. It can be played by one or two players, it
contains options which include: allowing the player(s)
to specify types of functions used, saving games,
turning the sound on or off, changing the size of the
coordinate grid, using an optional timer, and the
opportunity to try out different strategies before
making an actual play in the game. There is a user’s
guide which illustrates the features and functions of
the game in detail and gives hints for playing. The
diskette will run on an Apple II Plus or Apple Ile
microcomputer. Different versions are available for
the IBM PC, ATARI 800, or Commodore 64. The schools
involved in this experiment were equipped with Apple II
Plus or Apple Ile microcomputers.

The option that was most useful during the
experiment was specifying a type of function. This
allowed the game to be used with only linear functions

or quadratic functions in a chosen fornm. Thus, the
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class could concentrate on whichever type of function

was being presented in class that day.

The option most underused during the experiment
was the practice field. This feature allows the player
to see what a graph looks like before the player uses
it in a game. Thus, a player could get an intuitive
idea of what the graph looks like and test it with no
jeopardy to the player’s score.

Creative Computing gave the game its 1984
Outstanding Software Award (See Appendix E) and
syndicated columnists Shelly Heller and Judith Axler
Turner gave the program a positive review in their

nationally syndicated column (See Appendix F).

Ihe Hypotheses

The purpose of the study was to investigate the
educational value of the game ALGEBRA ARCADE. The

following hypotheses were formulated:

H,: There is a significant difference in the change of
mean mathematical achievement of the high school
advanced algebra classes that include the interaction

with the computer game and the high school advanced
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algebra classes without interaction with the computer

game.

HZ: There is a significant difference in the change of
mean attitudes toward mathematics of the high school
advanced algebra classes that include interaction with

the computer game and the high school advanced algebra

classes without interaction with the computer game.

Hy: There is a significant difference in the change of
mean graphing ability of the high school advanced
algebra classes that include interaction with the
computer game and the high school advanced algebra

classes without interaction with the computer game.

Measuring Instruments

The Intermediate Algebra portion of the
Rescriptive Tests of Mathematics Skills (DTMS) of the
College Board (College Entrance Examination Board,
1980) was used to measure mathematical achievement and
graphing ability. There are two equivalent forms, one
was used as a pretest and the other as a posttest.

This test is appropiate for the student level and it

contains a cluster of problems on graphing and the
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coordinate plane. The Eennema
Attitudes Scales was selected as the attitude test. It

accounts for the multidimensional aspects of attitudes
toward mathematics and incorporates a contemporary view

of the affective domain in mathematics education.

The Intermediate Algebra Test

Mathematical achievement was measured by the

o
i

Intermediate Algebra portion of the Desciptive Tests
Mathematics SKills of the College Board. (College
Entrance Examination Board, 1980) The test was
designed for the College Board by Educational Testing
Services (ETS) who provide validity and reliability
data in the publication Quide to the Use of the

h

escriptive Tests of Mathematics SKills (College Board,

o

1979). The test consists of thirty multiple choice
questions covering three subskills: (1) algebraic
operations, (2) solution of equations and inequalities,
and (3) the coordinate plane and graphs. There are ten
questions for each subskill. It is a timed thirty
minute test.

With regard to cluster scores, the College Board
cautions against looking at any individual scores due
to the small number of questions. However, because

errors due to chance tend to balance out when a group
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is averaged, an average cluster score for a group of
students is more reliable than an individual score.
Thus, one can be much more confident in using average
group cluster scores. The College Board (College
Entrance Examination Board, 1980} claims:

Comparison of average cluster scores obtained

by a group of students at the beginning and

at the end of a unit may disclose skill areas

that need more attention. ... When the

content of a given test relates closely to

the objectives of a particular course, the

test may also be used to access the

effectiveness of different instructional
strategies (pp. 8-9).

(Fennema and Sherman, 1976) are divided into nine
individual attitude scales which are hypothesized to
relate to the learning of mathematics. Any combination
of the scales can be used to test attitudes.
Broadbooks, et. al (1981) did a construct validation
study of the test and concluded that the "eight factors
were interpreted to indicate that the scales measure
eight different constructs within the domain of
mathematical attitudes” (p. 556). They further
concluded that "these results also provide evidence of

the appropriateness of constructing multidimensional
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scales to measure attitudes toward mathematics" (p.
556). Other studies (Powers, et.al., 1984) obtained
mixed results on validity and reliability when they
were investigating the scale on perceived causality.

Given below are the nine scales and what each
purports to measure as reported by Fennema and Sherman
(1976):

(1) The Attitude Toward Success in Mathematics Scale
was designed to measure the degree to which the student
anticipates positive or negative consequences as a
result of success in mathematics.

(2) The Mathematics as a Male Domain Scale intends to
measure the degree to which students see mathematics as
a male, neutral, or female domain in the following
ways: (a) the relative ability of the sexes to perform
in mathematics, (b) fhe masculinity/femininity of thosé
who perform well in mathematics, and (c) the
appropriateness of study in mathematics for the two
sexes.

(3)-(4) The Father/Mother Scale is used to measure
the student’s perception of their father’s/mother’s
interest, encouragement, and confidence in the
student’s ability. It also includes the student’s
perception of the father’s/mother’s interest,

confidence in doing, and knowing the usefulness of

mathematics.
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(5) The Teacher Scale is intended to measure the
student’s perception of the teacher’s attitude toward.
the student as a learner of mathematics. It also
measures the student’s perception of the teacher’s
interest, encouragement, and confidence in the
student’s ability to learn and do mathematical tasks.

(6) The Confidence in Learning Mathematics Scale is
intended to measure one’s confidence in one’s ability
to learn and do mathematical tasks.

(7) The Mathematics Anxiety Scale is intended to
measure feelings of anxiety, dread, nervousness, and
associated bodily symptons related to doing
mathematics.

(8) The Effectance Motivation Scale is intended to
measure effectance motivation (see definition on p. 15)
as applied to mathematics.

(9) The Mathematics Usefulness Scale is designed to
measure a student’s beliefs about the usefulness of
mathematics to the student currently and in the future.

To establish content validity Fennema and Sherman
worked together (one checking the other) to get a set
of questions they thought would work. They field tested
the questions and pared the number down even further.
They used the following criteria (in order of
importance) for selecting the questions to be on the

final test: (a) items which correlated highest with
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the total score for each sex, (b) items with higher
standard deviations for each sex, (c) items which
yielded results consistent with the theoretical
construct of a scale, and (d) items which

differentiated mathematics and non-mathematics

students.

In the final version, each scale has twelve
questions, six positively stated and six negatively
stated. Each guestion has five possible answers:
strongly agree, agree, undecided, disagree, and
strongly disagree. Each response is given a score 1-5,
On the positively stated questions gtrongly agree
receives a five, while on the negatively stated
questions gtrongly disagree receives a five. The
weight of five, except in the Male Domain Scale, is
given'to the response that is hypothesized to have a
positive effect on the learning of mathematics. The
Male Domain Scale is weighted so that the less a person
stereotypes mathematics, the higher the score. A
person’s total score on each scale is cumulative, the
higher the total, the more positive the attitude toward
mathematics. To get a profile of overall attitude, the
scores on the various scales are added together.

As the search of the literature indicates, several
of these attitudes seem to have more profound effects

than others. Several scales are not relevant to this
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study. The scales selected were: (1) Confidence in
Learning Mathematics, (2) Mathematics as a Male Domain,
(3) Attitude Toward Success in Mathematics, (4)
Effectance Motivation, and (5) Usefulness of
Mathematics. Anxiety was not used because it is the
negative manifestation of confidence. (Fennema and
Sherman, 1976, p. 8) Once the scales were picked, the
questions were randomly distributed into one

instrument. (See Appendix D.)

Jeacher Selection

The study involved eleven teachers at seven high
schools in Eastern Wisconsin and Northeastern Illinois.
The participating teachers were chosen on a volunteer
basis. A list of potential schools to pafticipate in
the experiment was developed by giving a presentation
on the proposed study at the September 1984 meeting of
the Milwaukee Educational Computing Association (MECA).
Additional school names were obtained through personal
contact with mathematics department heads in the
Milwaukee Metropolitan area, members of the Wisconsin

Mathematics Council (WMC), and members of the Milwaukee
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Area Mathematics Council (MAMCY). Fifty-three schools
were initially contacted regarding participation in the
study. The list of potential schools was further
reduced by taking into consideration the availability
of computers at the school and the course description.
The study excluded courses designed for the exceptional
student. The administrations of the schools were
contacted formally to inquire if their school would be
willing to participate in the study and, if so, what

steps were necessary to formalize the agreement.

Ihe Population

The study included eleven teachers at seven
different high schools teaching five hundred twenty=-one
(521) students. The teachers all volunteered to be in
the study. Each teacher taught at least two classes of
Advanced Algebra or Algebra II. One class was
designated as the control group and the other class
served as the experimental group. Availability of the
computer laboratory usually determined which of the
classes served as the experimental group. If the
teacher taught more than two classes of Advanced
Algebra or Algebra II (two of them taught three
classes), it was randomly determined which of the two

remaining classes would be the control group. Thus,
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the study involved eleven teachers and twenty-two
classes. Eleven classes in the control group and
eleven classes in the experimental group.

The class sizes ranged from twelve to thirty-three
students with an average of twenty-four students. Five
hundred twenty-one (521) students participated in the
study. After eliminating those students who were
absent for the pretest or posttest, four hundred
twenty-three (423) students took both attitude tests
and four hundred twenty-five (425) students took both

algebra tests. (See Appendix A.)

Experimental Design

The experimental design chosen for this experiment
was the Nonequivalent Control Group Design as defined
in Campbell and Stanley (1963) and Issac and Michael

(1981). The design is depicted below where O =

observation and X = treatment.
0 X 0
0 0

Figure 2. Experimental design

This design is actually regarded as a
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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 naturally assembled collective, in
this case the class, as similar as availability permits

but enough different to necessitate a pretest.

Progedures

Each teacher was instructed to teach the control
class as they normally would teach the class. Their
experimental class was to be taught as similarly as
possible to the control, with the following excepiion:
the teacher made a.daily determination of how many
problems the control class was expected to complete on
their homework during class time. The experimental
class spent that time playing ALGEBRA ARCADE in lieu of
doing the in-class problems. Both classes did the same
out-of-class homework problems. In all cases the game
was incorporated into the Quadratic Functions unig.
This unit involves considerable graphing and is new
material for most students at this level.

The experiment lasted four (4) weeks. The
investigator met with each teacher in the study
individually prior to their starting the experiment.

Each teacher was given suggested uses of the game (to
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assure some uniformity) during their individual
meetings with the investigator. They also received a
memo, but actual control was left to the teacher’s
determination (See Appendix G). One week prior to
starting the Quadratic Functions unit, both groups were
pretested. The experimental group then began using
ALGEBRA ARCADE. Prior to actually starting the
Quadratic Functions unit, the students were allowed to
use only linear functions. This was familiar material,
thus they worked on mastering the game and the
computer. During the first two weeks of the Quadratic
Functions unit, the students were allowed to use only
guadratic functions. It is possible to select one of
three forms (standard, vertex, and factored) which the
student must use. The last week of the andratic
Functions unit, the students were allowed to use any
" function they wished to try. At the end of four weeks
both groups were posttested. Since interaction, both
with the computer and fellow students, is an integral
part of this method of teaching, the teacher was asked
to have each student play against several different
students rather than the same student all the time.

To summarize, the experimental treatment consisted
of the experimental group playing ALGEBRA ARCADE in
lieu of the in-class assignment during the fifteen to

twenty minutes at the end of class. The out-of-class
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assignments remained the same. The treatment began
immediately after the pretest, one week prior to
starting the Quadratic Functions unit, and continued
through the posttest, the end of the Quadratic
Functions unit. The Quadratic Functions unit was three
weeks long, thus allowing four weeks between the
pretest and posttest with the experimental group

receiving the treatment throughout the entire time.

The data consisted of two pretest scores and two
posttest scores from each individual participating in
the study. One pretest and one posttest consisted'of
the Mathematics as a Male Domain, Confidence in
Learning Mathematics, Attitude Towards Success in
Mathematics, Effectance Motivation in Mathematics, and
Usefulness of Mathematics Scales from the
Sherman Mathematics Attitudes Scales. (See
Appendix D.) The other pretest and posttest consisted
of two different, but equivalent, forms of the
Intermediate Algebra portion of the Descriptive Test of
Mathematics Skills of the College Board. (See

Appendices B and C.)
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Statigtical Apalysis of the Data

The difference between class means on the posttest
and the pretest were analyzed using the multiple
regression model provided by Neter and Wasserman
(1974). (See Snedecor and Cochran (1980) and Popham
(1967)) The independent variables consisted of use of
the game, sex, grade level, game-sex interaction,
game~grade level interaction, and teacher. The
dependent variable was the difference between group
means on the posttest and the pretest. Thus, the model
is a first order model with fourteen independent

variables represented in the following way:

Vo= B B Xt B Xeat BaXist fuXuu T
B Xes t BXee + By Xin + o Xia +
By Xia + B ¥ t B Xini t BuXen T
Bs X t Bua Xiwy + Prs %o, Xeat B X Xegt+

ﬂ/? XJ/ XZI,« * éé

where
¥ 1 if class i worked on computer
¢t 7 1o if class i did not work on computer
¥. = ratio of females in class i



X-., = ratio of sophomores

e 3

X,

1
. {
0

It
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otherwise
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1
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otherwise
X. 1 if teacher 3
¢1 0 otherwise
X 1 if teacher 4
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0 otherwise
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0 otherwise
_ 1 if teacher 6
XJm -
otherwise
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<3 7 0 otherwise
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X£’4 - 0 otherwise
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\Q = difference between class mean on the posttest
and class mean on the pretest for class i
/21)/62 oo K%7:: partial regression coefficients
¢. = error for class i
= 1yoo.,22
With this model, the estimated values for the partial
regression coefficients were calculated using the
Number Cruncher program. The overall F-test was used
to establish how strong the relationship was between
the dependent variable and the set of independent
variables. A series of F-ratios were then calculated
to determine whether the model could be reduced. Thus,
in a stepwise manner, the best model was obtained.
Finding the best model, the regression analysis reduced
to a paired T-test. The regression analysis was done
in the Oregon State University Mathematics Department
on an IBM PC using the Number Cruncher Statistical
System marketed by Number Cruncher Statistical Systenms,

Inc. and Dr. Jerry L. Hintze of Kaysville, Utah.

Summary

This chapter contained a discussion of various
aspects of the study and was divided into the following

main sections: (1) Game Selection, (2) The Hypotheses,
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(3) The Measuring Instruments, (4) The Egperiment, and
(5) Statistical Bnalysis of the Data. The section on
the experiment went into detail on: (1) Selection of
Teachers, (2) The Population, (3) Experimental Design,

(4) Procedure, and (5) Data Collection.
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IV. RESULTS OF THE STUDY

Chapter IV is divided into the following five
major sections: (1) Method of Statistical Analysis,
(2) Hypotheses Test Results, (3) Disposition of the
Hypotheses, (4) Findings Not Directly Related to the

Hypotheses, and (5) Summary.

Method of Statistical Analysis

The data was collected during the 1984-5 acadenmic
year and initially scored on a Scan-Tron reader at
Waukesha North High School in Waukesha, Wisconsin. The
compiled results for each class were then analyzed on
an IBM PC in the Mathematics Department at Oregon State
University using the Number Cruncher Statistical
System. A mean score was computed for each class. In
the area of attitudes toward mathematics, there were
class means for each of the twenty-two classes on both
the pretest and posttest for Overall Attitudes Toward
Mathematics and the scales of: (1) Mathematics as a
Male Domain, (2) Confidence in Learning Mathematics,
(3) Attitude Toward Success in Mathematics, (4)
Effectance Motivation, and (5) Usefulness of

Mathematics. (See Appendix H.) For achievement in
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mathematics and graphing ability, there were twenty-two
class means on both the pretest and posttest for
mathematical achievement and the clusters of: (1)
algebraic operations; (2) solving equations and
inequalities; and (3) the coordinate plane and
graphing. (See Appendix I.)

A preliminary analysis of the data directly
related to the hypotheses indicated the following: (1
in mathematical achievement nine of the eleven
experimental classes did relatively better than the
control class of the same teacher, (2) in attitudes
toward mathematics four of the experimental classes did
relatively better than the control classes, and (3) in
graphing ability nine of the the experimental classes
did relatively better than the control classes. In
absolute terms: fl) in mathematical achievement five
experimental and five control classes showed a gain,
(2) in attitudes toward mathematics four experimental
classes showed a gain and two control classes showed a
gain, and (3) in graphing ability nine experimental
classes showed a gain and five control classes showed a
gain. While no definite pattern existed, it did seenm
to relate closely to the teacher. In mathematical
achievement, nine teachers had both classes lose or
both classes gain. In attitudes toward mathematics,

seven teachers had both classes gain or both classes
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lose. In graphing abllity, seven teachers had both
classes gain or both classes lose. Overall out of the
twenty-two classes in the experiment: (1) ten showed
gains in mathematical achievement, (2) six showed a
gain in the attitudes toward mathematics, and (3)

fourteen showed a gain in graphing ability.

Using the information provided by students at the
top of their answer sheets, the following information
was calculated for each of the twenty-two classes: (1)
ratio of females in the class, (2) ratio of sopohomores
in the class, and (3) ratio of seniors in the class.
(See Appendix A.) There were four places where the
student needed to provide this information and it was
carefully cross checked.

The Number Cruncher Statistical System was then
used to analyze the data using the difference between
class means on the posttest and pretest in mathematical
achievement, attitudes toward mathematics and graphing
ability as the dependent variables. The independent
variables were classified as: (1) use of the computer
game, (2)_ratio of females in the class, (3) grade
level of students in the class, (4) the teacher, (5)
computer-sex interaction, and (6) computer-grade level
interaction. The multiple regression analysis provided
the following data:

(1) parameter estimates,
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(2) standard error of parameter estimates,
(3) t-value or F-value and p—value'to test whether
that factor should be omitted from the model, and

(4) analysis of variance report which included the

F-ratio and p=-value.



Hypotheses Test Results

Hypothesis one states that there is no significant
difference in the change of mean mathematical
achievement between the classes using ALGEBRA ARCADE
and the classes not using ALGEBRA ARCADE. Using
multiple regression analysis on the full model gave the
information contained in Tables 2 and 3 (see next
page).

As one can see in Table 3, the p-value is 0.025,
thus the Overall F-test is significant. A series of
F-ratios were calculated to determine if any of the
variables (sex, grade level, computer-sex interaction,
and computer-grade level interaction) could be dropped
from the model. The results are shown in Table 1.

Table 1.
Factors Dropped

Mathematical Achievement

Step Factor Dropped Partial F-test
1 computer-grade level interaction 0.050
2 grade level 1.288
3 computer-sex interaction 10.562 x
4 sex 3.297

* p<.05
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Partial Multiple Regression Report

Mathematical Achievement Full Model
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Error (b=
1.21 -2.
2.43 0.
3.75 0.
2.42 0.
2.2% -0

.96 -1
.67 -1
.64 -0
.62 0.
.65 -1
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Analysis of Variance
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Prob.
b=0

L1
.516
.511
.856
.621
121
. 145
.752
.817
.312
. 167
.628
.018
.488
. 158
.894
.970

Mathematical Achievement Full Model

Source

Constant

Model
Error
Total

df Sums of Mean
1 .04 .04
17 33.46 1.87
4 .87 .22
21 34.32 1.63

S.

10

0.025

Squares Square Ratio Prob)F
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Only the variable computer-sex interaction had a
significant F-ratio. A closer inspection was done
graphically (see next page). Figure 3 shows the
Mathematical Achievement Differences with the teacher
effect removed leaving the variables: (1) use of the
computer game, (2) sex (ratio of females in the class),
and (3) computer-sex interaction in the model. Figﬁre
4 depicts the Mathematical Achievement Differences with
the teacher effect removed leaving the variables use of
the computer game and sex (ratio of females in the
class) in the model. From the graphs, it appeared that
one teacher (number seven) was creating the large
F-ratio. Further analysis on Number Cruncher confirmed
that dropping teacher seven gave a new F-ratio of 2.27
which was not significant. Thus, the factors listed in
Table 3 were dropped from the model. The smaller
number of variables (teacher and use of the computer
game) reduced the multiple regression analysis to a

paired T-test.
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Each teacher taught a control and an experimental
class, so they provided an excellent basis for the
blocking. Thus, the teacher was held constant with the
use of the computer game (which is exactly what the
hypothesis deals with) varying. The paired T~test
provided a t statistic of !.52 and a p~value of 0.08.
Thus, there is a significant difference, at the .08
level, in the change of mean mathematical achievement
of the high school advanced algebra classes that used
the computer game and the high school advanced algebra

classes that did not use the computer.
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The second hypothesis stated that there is no
significant difference in the change of mean attitudes
toward mathematics between classes using ALGEBRA ARCADE
and the classes not using ALGEBRA ARCADE. The multiple
regression analysis on the full model produced the
information given in Tables 5 and 6 (see next page).

The F-ratio and a p-value of 0.105 indicated that
the Overall F~test was not as significant for this
hypothesis. A series of F-ratios were calculated to
determine if any of the variables (sex, grade level,
computer-sex interaction, and computer-grade level
interaction) could be dropped from the model. The
results are shown in Table 4.

Table 4.
Factors Dropped

Attitudes Toward Mathematics

Step Factor Dropped Partial F-test
1 computer-grade level interaction 4.107
2 grade level 0.510
3 computer-sex interaction 0.243
4 sex 1.492

None of the factors had a significant F-ratio. Thus,
the factors listed in Table 4 were dropped from the

model, leaving only the factors of teacher and use of

the computer game.



Table 5.
Partial Multiple Regression Report

Attitudes Toward Mathematics Full Model

Parameter Standard t-value Prob.
b=0

Factors Estimate Error (b=0)
constant b, 13.28
computer b, =20.51 7.54 -2.72 0.053
sex-rel b, =10.18 13.76 -0.74 0.501
grade b: =-15.02 22.26 -0.67 0.537
level b, -6.64 6.10 -0.41 0.701
b. =-11.86 15.56 -0.76 0.488
b, -4,83 6.19 -0.78 0.479
b, -8.91 4.24 -2.10 0.104
teacher b, -2.63 3.88 -0.68 0.535
related b, -7.186 3.49 -2.05 0.110
b,c -5.38 3.80 -1.41 0.230
b, 1.73 15.98 0.11 0.919
b,, -6.56 5.51 -1.19 0.300
b, 6.41 5.08 1.26 0.275
b,, -10.73 7.43 -1.44 0.222
inter- b,~ 35.55 19.19 1.85 0.138
action {bw -19.28 30.56 -0.63 0.562
b,, 17.88 33.40 0.54 0.621
Table 6.

Analysis of Variance
Attitudes Toward Mathematics Full Model

Source df Sums of Mean F
Squares Square Ratio Prob)F

Constant 1 113.57 113.57
Model 17 497.97 29.29 3.75 0.105
Error 4 31.24 7.81
Total 21 529.21 25.20
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The multiple regression analysis then reduced to a
paired T-test. Since each teacher taught a control and
experimental class, the blocking was on the basis of
teachers and using the computer game was allowed to
vary. The analysis produced a t statistic of .305 and
a p-value of 0.383. Thus, there is no significant
difference in the change of mean attitudes toward
mathematics of the high school advanced algebra classes
that included the computer game and the high school

advanced algebra classes without the computer ganme.
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The final hypothesis was that there was no
significant difference in the change of the mean
graphing ability between classes using ALGEBRA ARCADE
and the classes not using ALGEBRA ARCADE. Using the
difference between the class means on the posttest and
pretest for graphing as the dependent variable, a
regression analysis was performed on the full model.
The analysis produced a F-ratio of 8.16 and a p-value
of 0.030. The partial multiple regression report and
analysis of variance report are given in Tables 8 and
9, respectively (see next page).

D series of F-ratios were calculated to determine
if any of the variables (sex, computer-sex interaction,
grade level, and computer-grade level interaction)

could be dropped from the model. The results are shown

in Table 7.
Table 7.
Factors Dropped
Graphing Ability
Step Factor Dropped Partial FE-test

computer-grade level interaction 1.565

1

2 grade level 0.187
3 computer-sex interaction 3.073
4 sex 4.436



Factors
constant
computer
sex-rel
grade
level

teacher
related

inter-
action

Table 8.

Partial Multiple Regression Report

Graphing Bbility Full Model

Parameter Standard t-value

Estimate Error (b=0)
b, .56
b, 1.22 .68 1.81
b, .65 1.36 0.48
{b} -2.15 2.10 -1.02
bq 1.08 1.35 0.80
5 -2.24 1.28 -1.75
b, -1.90 0.54 -3.54
b7 -0.79 0.37 -2.11
b, ~0.20 0.36 -0.55
b, -0.39 0.35 -1.14
b, -0.17 0.36 -0.47
b, 2.37 1.25 1.90
b, .10 .46 0.23
b,; .25 .47 0.55%
wa .98 .59 1.66
jbw' 3.17 1.54 -2.06
b, 2.55 2.33 1.10
lb” 4.51 2.68 1.68
Table 9.

Analysis of Variance

P
b

(oN oo NoNoNoNoNoNoNoNoNoRoNoNoNoNo]

rob.
=0

. 145
.655
.364
.471
. 155
.024
.102
.614
.317
.661
. 131
.832
.613
172
.108
.335
.168

Graphing BAbility Full Model

Source df Sums of Mean

F

Squares Square Ratio Prob>F

Constant 1 .52 .52
Model 17 9.38 .55
Error 4 .27 .07
Total 21 9.65 .46

8.

16

0.030
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None of the factors had a significant F-ratio. Thus,
the factors listed in Table 9 were dropped from the
model, leaving only the factors of teacher and use of
the computer game.

The multiple regression analysis reduced to a
paired T-test. Since every teacher taught an
experimental and a control class, the teachers were
blocked and using the computer game was allowed to
vary. The analysis produced a t statistic of 3.22
which has a p-value of 0.005. Thus, there was a
significant difference, at the .005 level, in the
change of the mean graphing ability of the high school
advanced algebra classes that included the computer
game and the high school advanced algebra classes

without the computer game.



Disposition of the Hypotheses

Based on the results obtained in the last section,

the following statements can now be made:

Using the Intermediate Algebra test as an
indication of mathematical achievement, the classes in
this study who used ALGEBRA ARCADE showed a positive
difference which was significant, at the .08 level, in
the mean change in mathematical achievement over the

classes in this study who did not use ALGEBRA ARCADE.

Using the Fennema
Sgglgg as an indication of attitudes toward
mathematics, the classes in this study who used ALGEBRA
ARCADE did not show a difference in mean cChange in
positive attitudes toward mathematics over the classes

in this study who did not use ALGEBRA ARCADE.

Using the Coordinate Plane and Graphing Cluster of
the Intermediate Algebra test as an indication of
graphing ability, the classes in this study who used
ALGEBRA ARCADE showed a significant difference, at the

.005 level, in the mean change in graphing ability over

91
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the classes in this study who did not use ALGEBRA

ARCADE.

Thus, assuming the tests are indicators of what
they are intended to measure, there is at least one
commercially available computer game, ALGEBRA ARCADE,

for which the classes in this study who used it

(a) did significantly better, at the .08 level, in
the mean change in mathematical achievement,
(b) showed no difference in the mean change in

attitudes toward mathematics, and

(c) showed a significant difference, at the .005

level, in the mean change in graphing ability

than the classes in the study who did not use the

computer game.
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Eindings Not Directly Related to the Hypotheses

A multiple regression analysis was performed on
the results obtained on the other two clusters of the
Intermediate Algebra Test (Algebraic Operations and
Solving Equations and Inequalities) to see what effects
using the educational computer game had on the skills
tested in those portions of the test. The terms in the
multiple regression model corresponding to
computer-grade level interaction, grade level,
computer-sex interaction, and sex were dropped from the
model in a stepwise manner. The calculated F-ratios
are shown in Table 10.

Table 10.
F-ratios for Individual Clusters

Part ax _Part Bx

Step Factor Dropped Partial E-test Partial E-test

1 computer-grade

level interact. 0.113 0.121
2 grade level 0.519 0.371
3 computer-sex

interaction 6.822%x% 6.260%%
4 sex 0.011 0.949

x Part A is Algebraic Operations
Part B is Solving Equations and Inequalities

xx p<.05
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In both clusters, the factor of computer-sex
interaction was significant; however, this is not
surprising since these two clusters account for
two-thirds of the achievement score. An analysis
similar to the one done on mathematical achievement was
performed. Dropping teacher number seven from the
model reduced the F-ratios for Algebraic Operations and
Solving Equations and Inequalities to 2.317 and 0.460,
respectively. Thus, the factors listed in Table 10
were dropped from the model.
The remaining variables (teacher and use of the

computer game) were analyzed using a paired T-test.
The BAlgebraic Operations data produced a t statistic of
1.31 and a p-value of 0.110. . The same analysis
performed using the Solving Equations and Inequalities
data produced a t statistic -1.40 and a p-value of
0.904. These results indicate that using the
educational computer game had a non-significant
negative effect on the Solving Equations and
Inequalities scores. However, the latter conclusion
must be tempered by the fact that very little solving
of equations and inequalities was included in the unit
and the students using the computer game were doing
more visualizing and less paper and pencil work.

To examine what was happening in the subsections

of the attitude scales, a multiple regression analysis
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was run on each of the more specific scales. The
F-ratios calculated are given in Table 11.
Table 11.
Factors Dropped
Attitude Scales

Partial F-test

I'o
It
jn
1

Step Factor Dropped Bt 1 Bt 2 Bt 32 Bt 4
1 computer-grade
level interact. 0.943 6.552 3.070 0.393 2.686
2 grade level 0.013 1.741 0.432 0.733 0.527
3 computer-sex
interaction 3.294 1.105 0.083 2.906 0.505
4 sex 0.231 1.090 0.259 0.761 2.018
%* Pt 1 is Mathematics as a Male Domain
Pt 2 is Confidence in Learning Mathematics
Pt 3 is Attitude Toward Success in Mathematics
Pt 4 is Effectance Motivation in Mathematics
Pt 5 is Usefulness of Mathematics
None of the F-ratios in Table 11 are significant.
Thus, the variables in Table 11 were dropped form the
model, leaving teacher and use of the computer. A

paired T-test was performed with blocking being done by

teacher. The results are summarized in Table 12.
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Table 12.
Results of paired T-tests

on each attitude scale

Attitude Scale t-statistic p-value
Male Domain : 0.96 v 0.177
Confidence : 0.02 v 0.493
Success H 0.43 i 0.336
Effectance : -1.47 v 0.914
Usefulness : 0.45 v 0.331

As can be seen in Table 12, using the educational
computer game had a non-significant negative effect on
effectance motivation. The other four attitude scales
showed no significant difference.

Finally, an analysis using paired T-tests was
performed using only pretests on the items which were
hypothesized (attitudes toward mathematics,
mathematical achievement, graphing ability). The

results are shown in Table 13.

Table 13.
Results of paired T-test on Pretest

for each hypothesized area

Pretest t statistic p-value
attitudes | 0.77 0.229
achievement: 0.62 : 0.274
graphing ; ~-0.64 | 0.734

The figures in Table 13 show that there was no
significant difference between the control and

experimental groups in the areas of attitudes toward
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mathematics, mathematical achievement, and graphing
ability at the start of the study. For a comparison,
the p-values obtained at the start of the experiment,
the p-values obtained at the end of the experiment, and
the p-values obtained on the differences are shown in
Table 14. |
Table 14.
Comparison of P-values

for Each Hypothesis

HBypothesis Pretest Posttest Differences

Attitudes | 0.229 0.143 H 0.383

Achievement: 0.274 H 0.023 H 0.080

Graphing ! 0.734 0.016 : 0.005
[ummary

In this chapter, the method of statistical
analysis was described, the hypotheses were tested for
results, a disposition was given for each hypothesis,
and findings not directly related to the hypotheses
were discussed.

With regard to the hypotheses:

(1) the classes using ALGEBRA ARCADE did significantly
better, at the .08 level, than the classes not using
ALGEBRA ARCADE in change of mathematical achievement,
(2) there was no significant difference between the

classes using ALGEBRA ARCADE and those not using
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ALGEBRA ARCADE in change of attitudes toward

mathematics,

(3) the class using ALGEBRA ARCADE did significantly
better, at the .005 level, than the the classes not
using ALGEBRA ARCADE in graphing ability.

Examining the other attitude scales and the other
two parts (algebraic operations and solving equations
and inequalities) of the Intermediate Algebra test, no
significant differences were found, but a negative
trend was noted on solving equations and inequalities

and the scale of effectance motivation in mathematics.



¥. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

This chapter is divided into three sections which
include: (1) a review of the entire study, (2) the
conclusions with their relationship to other research,
theories, and practice in the field of mathematics

education, and (3) recommendations for further study.

Summary

Ihe Problen

Computers have been used in education since the
1950’s, but it took the invention of the microchip and
the advent of the microcomputer in the early 1980’s to
make the computer available to the majority of the
students in the United States schools. The
microcomputer was smaller in size, more portable, and
less expensive than the mainframe computers. The
microcomputer also had more immediate feedback and
hi-resolution graphics. Videogames were developed
which took advantage of the hi-resolution graphics
capability of the microcomputer.

Videogames were originally developed for

entertainment either at an arcade or in the home.
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Seeing the motivation and excitement created by the
videogames, software designers and manufacturers began
producing educational computer games and claiming that
they increased learning in a specified subject area.
Although many mathematics educators such as Dugdale and

Dunne maintain that educational gaming shows positive

effects on the learning of mathematics, a search of the
literature revealed little research on the educational
value of computer gaming in mathematics. Questions
still remain concerning the reliability of these clainms
and the educational soundness of these games.

The purpose of this study was to investigate the
claims of the manufacturers and several mathematics
educators that educational computer gaming can provide
positive results in the teaching and learning of
mathematics. One such game is ALGEBRA ARCADE marketed
by Wadsworth, Inc. The manufacturer of this
educational computer game claims that the game not only
improves graphing skills, but also improves the
student’s attitudes toward mathematics. The game has
many useful options such as: (1) one or two players:
(2) allowing the player(s) to specify the types of
functions to be used, (3) saving games, (4) varying the
coordinate grid, (5) an optional timer, and (6) the
opportunity to try out different strategies on a

practice field before making an actual play in the
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game. Unlike othér CAI programs which are based on
tutorial or drill and practice concepts, ALGEBRA ARCADE
does closely resemble a true videogame.

Thus, the essence of this study was to determine
the educational value of the videogame ALGEBRA ARCADE.
Will the game increase the student’s mathematical
ability? Does the game improve the student’s graphing
ability? Is the student’s ability to work with
functions increased? Does the utilization of this game
in the classroom affect attitudes and interests toward
mathematics?

The hypotheses for‘this study, in condensed forn,
are that pléying the educational computer game ALGEBRA
ARCADE will significantly increase the mathematical
achievement, positive attitudes toward mathematics, and
graphing ability of students enrolled in second year
high school algebra over those students who do not use

ALGEBRA ARCADE.
Resign of the Study

The subjects were not randomly assigned from a
common population to the experimental and control
group, instead the classes constituted naturally
assembled collectives as similar as availability

permitted. Thus, the experiment required the
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.

Nonequivalent Control Group Design involving twenty-two
classes of second year high school algebra students in
seven high schools. Eleven teachers volunteered to
participate in the study. Each teacher taught at least
two classes of second year high school algebra. Each
teacher taught a control class and an experimental
class in the study. In most cases, availability of the
computer laboratory determined which class was the
experimental group. A total of four hundred
twenty-five (425) students took both algebra tests and
four hundred twenty-three (423) students took both

attitude tests.

Procedure

Each teacher received a copy of the proposal and
overview of the experiment. The investigator met
individually with the teachers to explain the ganme
ALGEBRA ARCADE and what was expected of'the teachers
and students involved in the study. Each teacher
received a follow up memo, after the individual
meeting, regarding administration of the pretests and
what was expected during the study. Finally, each
received a memo regarding the administration of the
posttest. Following an individual demonstration of

ALGEBRA ARCADE, each teacher received a copy of the
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game with a user’s guide so they could better
familiarize themselves with the game.

Each teacher taught their control class as it
normally would have beeq taught. Their experimental
group was taught exactly the same way except the
teacher made a daily determination of how many problems
the teacher expected the control class to do before the
end of the period. The experimental class spent that
time playing ALGEBRA ARCADE in lieu of doing those
problems. The teachers used whatever method they chose
to present the topic for the day to both classes:
however,'fifteen to twenty minutes had to be left to
work on the in-class portion of the assignment while
the experimental group spent the in-class time playing
ALGEBRA ARCADE. Both groups had the same out-of=-class
assignment.

The experiment centered around a unit on gquadratic
functions. This material was new to the students in
this course and involved being able to graph quadratic
functions and visualize their graphs. The experimental
treatment consisted of the experimental group playing
ALGEBRA ARCADE in lieu of the in-class assignment
during the fifteen to twenty minutes at the end of
class. The treatment began immediately after the
pretest (one week prior to the start of the Quadratic

Functions unit) and continued until the posttest (the
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completion of the Quadratic Functions unit) allowing
the experiment to last approximately four weeks. The
experimental class received the treatment throughout
the entire experiment.

The pretest and posttest consisted of different
forms of the Intermediate Algebra portion of the
Descriptive Test of Mathematics SKills of the College
Sherman Mathematics Attitudes
Scales. The Intermediate Algebra test consists of
three subsections: Algebraic Operations; Solving
Equations and Inequalities; and the Coordinate Plane
and Graphing. The latter was used to determine
graphing ability. The scales used from the
Sherman Mathematics Attitudes Scales included:
Mathematics as a Male Domain, Confidence in Learning
Mathematics, Attitude Toward Success in Mathematics,
Effectance Motivation in Mathematics, and Usefulness of
Mathematics.

The data collected consisted of pretest and
posttest scores of all student whb participated in the
study. The class sizes in the study ranged from twelve
to thirty-three students with an average of twenty-four
students. Five hundred twenty-one (521) students
participated in the study. After eliminating those

students who were absent for pretest or posttest, four

hundred twenty-three (423) students took both attitude
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tests and four hgndred twenty-five (425) students took

both algebra tests.

Statistical Apalysis

The individual tests were scored on a Scan-Tron reader.
The resulting data was then analyzed on an IBM Personal
Computer using the Number Cruncher Statistical Systems
program to perform the multiple regr;ssion analysis.
The full model included seventeen independent variables
(see p. 72). One indicator variable was the use of the
educational computer game. Two variables were
sex-related (ratio of females in the class and the
interaction of this with using the computer game).

Four variables were related to the grade-level of the
students (ratio of sophomores in the class, ratio of
seniors in the class, and the interaction of each of
these with using the computer game). The last ten
variables were indicator variables for the eleven
teachers involved in the experiment. Thus, there were
four groups of independent variables: (1) use of the
educational computer game, (2) sex-related, (3) grade
level-related, and (4) teacher-related. The dependent
variable was the change in class means from the pretest

to the posttest for each of the hypothesized areas

(mathematical achievement, attitudes toward
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mathematics, and graphing ability). The initial
regression analysis using the full model produced
p-values which indicated that mathematical achievement
and graphing ability were well described by the model.
The attitudes toward mathematics showed a weaker
relationship (p=0.105). An analysis was performed in a
stepwise manner to see if any variables could be
dropped from the model. Using multiple regression on
the variables computer-grade level interaction, grade
level, computer-sex interaction, and sex produced
F-ratios indicating the strength of each variable in
the model. All the F-ratios were non-significant,
except the computer-sex interaction in mathematical
achievement. A éraphical analysis and further analysis
on the Number Cruncher revealed that the size of the
F-ratio was primarily caused by one class. Thus, the
sex-related and grade level-related variables were
dropped from the model. Based on the F-ratios, it was
evident in the hypothesized areas producing a
significant difference that the teacher was the
overwhelming factor. The teacher could not be dropped
leaving only the computer game in the model. Two types
of variables (using the educational computer game and
teacher-related) remained in the model and the
regression analysis reduced to a paired T-test. Each

teacher taught a control class and an experimental
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class so the teacher was used as the basis for blocking
with use of the computer game varying. The paired
T-test analysis indicated the following:

(1) there was a significant difference, at the .08
level, in the change of class means on mathematical
achievement favoring use of the educational computer
game,

(2) there was very little difference in the change of
class means on attitudes toward mathematics, and

(3) there was a significant difference, at the .005
level, in the change of class means on graphing ability
favoring use of the educational computer game.

A multiple regression analysis was performed using
the full model on the change of class means for the
other subsections of the Intermediate Algebra and the
five more specific attitude scales. F-ratios were
calculated for the variables: computer-grade level
interactioh, grade level, computer-sex interaction, and
sex. The only variable which revealed any signifance
was computer-sex interaction on the Algebraic
Operations and Solving Equations and Inequalities.

This was expected since they are subsets of the
mathematical achievement test. Further analysis using
Number Cruncher revealed that dropping one teacher
reduced the F-ratios to non-significant values. Thus,

the variables computer-grade level interaction, grade
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level, computer-~sex interaction, and sex were dropped
from the model. A paired T-test was performed on each
of the parts of the tests using the teacher for
blocking and varying the use the educational computer
game. All p-values showed no significant difference
based on use of the educational computer game. The
p-values also revealed that use of the computer game
had a negative non-significant effect on Solving
Equations and Inequalities portion of the Intermediate
Algebra test (p=0.90) and Effectance Motivation in
Mathematics (p=0.91). However, the former result must
be tempered by the fact that very little solving of
equations and inequalities was included in the unit and
the students using the computer game were doing more
visualizing and less paper and pencil work.

A paired T-test on the pretest scores with blocks
based on the teacher and control vs. experimental
varying showed that there was no significant difference
between the control class meahs and the experimental
class means in any of the hypothesized areas
(mathematical achievement, attitudes toward
mathematics, and graphing ability) at the beginning of
the experiment. However, there was a significant

difference between the posttest means and the
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difference between posttest and pretest means in the

areas of mathematical achievement and graphing ability.

Conclusions

Several past studies have been done about
educational computer games in mathematics, this study
differed from those studies in several ways: (1) the
cognitive level of the subjects, (2) the high school
setting, (3) using a computer game which takes
advantage of the hi-resolution graphics on the
microcomputer, and (4) using the computer game in lieu
of in-class homework.

Theoretically, the results present another example
of Skemp’s ideas on visualizafion, Bruner’s iconic
level, and Dienes’ levels of learning. The major role
played by the teacher is no surprise, it was alluded to
many times and was a major point in Amarel’s article.

Many of the articles in the literature search
indicated that CAI (including games) increased or at
the very least did not show a detrimental effect on
mathematical achievement. Most of the studies were
done using mainframe computers and/or involving lower
ability students. Saunders and Bell found no

significant difference in the second-year algebra, but



Bitter and Slauchert reported significantly higher
achievement levels. The results of this study indicate
that those findings are also true for the second year
high school algebra classes in this study. There was a
significant difference, at the .08 level, in the change
of class means on mathematical achievement favoring the
use of the educational computer game. The lack of a
more significant difference can be greatly explained by
observing that the results of the study also indicate a
difference, but not a significant difference (p=0.90),
in the class means on Solving Equations and
Inegqualities (one third of the Intermediate Algebra
test) favoring the students who did not use the
computer game. However, the latter conclusion must be
tempered by the fact that very little solving of
equations and inequalities was included in the unit and
the students using the computer game were doing more
visualizing and less paper and pencil work.

Most of the articles on CAI and computer gaming
mentioned a positive effect or at least no detrimental
effect on attitudes toward mathematics. The results of
this study indicate that there was very little
difference in the change of class means on attitudes
toward mathematics between the students who used the
educational computer game and the students who did not

use the computer game. Further analysis showed that



four of the specific attitudes (Mathematics as a Male
Domain, Confidence in Learning Mathematics, Attitude
Toward Success in Mathematics, and Usefulness of
Mathematics) showed the same result. The results on
Effectance Motivation show é difference, but not a
significant difference (p=0.9!), favoring the second
year high school algebra students in the study who did
not use the educational computer game. Some of the
results reflect the fact that other studies in the
literature covered a longer period of time, four weeks
is probably insufficient time to foster a change in
attitude. Many of the studies in the literature were
based on students voluntarily deciding to use the CAI
or the computer game; in this study not only were the
students assigned to work on the computer game, but a
teacher was supervising to make sure they were carrying
out the assignment.

The literature produced no research studies on
graphing ability, only observations and a few case
studies were cited. The results of this study indicate
that there was a significant difference in the change
of class means on graphing ability favoring the second
year high school algebra students who used the
educational computer game. While this result is
encouraging, one must guard against over optimism.

Graphing was the thrust of the unit being studied and



there ié no doubt that the educational computer game
did an excellent job of helping the students learn
those topics covered on the graphing portion of the
tests. The educational computer game is one tool among
many available to the teacher of mathematics, while it
did an excellent job on this unit it cannot be
generalized to other units. The results on
mathematical achievement from this study indicate there
are other areas for which the computer game could be a

very useful tool for the learner in mathematics.

Recommendations for Further Study

The literature review indicated that there are
many unanswered guestions dealing with CAI and
educational computer gaming. As a result of this study
and the review of the research, the following
recommendations are made for further study:

1. This study dealt with classes, but one needs to
investigate how the use of educational computer games
affects an individual’s learning of mathematics.
Further study is recommended to identify what
personality traits make a student more or less
receptive to learning via an educational computer game.

2. Several articles mentioned that the method of



measuring (paper and pencil) may not reflect what the
student is learning. Since this study used a
traditional test to collect data, it is recommended
that further studies include an observational component
where someone watches and records the data. This would
take into account: (1) the student’s intensity level,
(2) student’s motivation, and (3) remarks made by the
student. Valuable data would also be gained by using
on-machine time as a variable. This method has the
advantage of using an impartial observer rather than
relying on data only provided by the student.

3. It is recommended that future studies include
interviewing techniques to gather data. The study
would involve gathering data from the student, but not
in written form.

4. The catalogues indicate many games that the
manufacturers and designers say promote mathematical
learning. This study only looked at one such ganme,
replication of this study is recommended using other
mathematical computer games. The studies should
include research at various levels. One of the many
simulation games that purport to increase one’s logical
thinking ability would be a good starting point.

5. The choice of measuring instruments may provide
further insight into mathematical achievement,

attitudes toward mathematics, and graphing ability.



Therefore, replication of this study is recommended
using different measuring instruments.

6. The mathematical achievement results in this study
indicate that educational computer games can have a
positive effect on learning in other units in
mathematics. This unit contained graphing quadratic
functions, it is recommended that future studies be
conducted using other units in the curriculum to test
the effects of educational computer games.

7. This study involved total immersion in the sense
that there was no break from playing the computer game
for four weeks. Further study is recommended where the
educational computer game is used intermittently over a
longer period of time.

8. This study differed in that it involved total
immersion rather than intermittent treatment. This
study was four weeks long, it is recommended that this
study be replicated using the total immersion method
for different lengths of time.

9. This study involved second year high school algebra
students. The teacher is already dealing with a more
select group of students. A study involving first year
algebra would have ramifications on more students.
Therefore, it is recommended that this study be
replicated using first year algebra students. It is

further recommended that the study center around the



graphing of linear functions unit.

10. Intrinsic motivation was fregquently cited in the
literature as the reason a student plays computer
games. Further studies are recommended in which the
student use of the educational computer game is more
optional on the student’s part.

11. A common argument found in the literature for
using CAI was whether it increased retention. This
study did not deal with retention of the learning, it
is recommended that this study be replicated with
retention being among the major concerns of the study.
12. Using the educational computer game in lieu of
in-class homework was the strategy for using an
educational computer in this study. Further studies
are recommended which investigate what effects other
strategies have on learning mathematics. Some examples.
might include class tournaments or strictly using the
game as a demonstration tool.

13. The literature indicates that no conclusive
research has been done on the side effects computer
gaming has on an individual, either psychologically or
physically. Further studies are recommended which
investigate the effects educational computer gaming has
on an individual in the above areas.

14. Many articles in the literature mentioned

interactivity as a valuable part of the process of



learning mathematics through a computer. Further
research is recommended to ascertain whether one or two
person games are more beneficial to the learner.

15. The results of this study indicated that
teacher-related variables played a major role in all
the areas revealing a significant difference
(mathematical achievement and graphing ability).
Further studies are recommended that investigate the
different aspects of the teacher variable and the
possible interaction between it and using the computer.
16. In the mathematical achievement analysis of this
study, the computer-sex interaction was significant.
Graphical analysis and further analysis on the Number
Cruncher demonstrated that dropping one teacher from
the model reduced the variable to non-significance. It
is recommended this interaction be further investigated
in future studies.

17. There is a consensus among futurists that more
learning will take place in the home via computers.
Thus, it is recommended that future studies investigate
the home use of educational games and their effect on

the learning of mathematics.
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Class Data Achievement and Graphing BAbility

Number of Students Female
Class pre post both Ratio
c 1 11 10 9 .333
E 1 17 18 17 .706
c 2 15 14 13 .538
E 2 17 14 12 .667
c 3 26 21 19 .263
E 3 24 21 19 .579
C 4 24 21 19 .632
E 4 27 26 25 .480
C 5 29 29 25 .800
E 5 23 26 23 .609
C 6 20 18 18 .556
E 6 16 14 13 .615
c 7 21 24 18 .444
E 7 22 17 17 .294
C 8 31 28 27 .704
E 8 23 20 19 .579
c 9 27 27 26 .385
E 9 23 23 22 .545
c 10 24 23 22 .591
E 10 24 25 23 .565
c 1t 18 18 16 .563

E 11 23 23 23 .826

Sophomore
Ratio
.000
.000
.077
.083
. 368
.053
.000
.000
.240
.217
. 056
.154
.000
. 059
.222
.421
.192
.136
.227
.217
.188

.043

Senior

Ratio
.778
.529
.462
.250
211
. 105
.000
.000
. 080
.087
. 056

. 154

.118

. 185

.053

.154

. 136

.273

.087

.063

.217



Class
c 1
E 1
c 2
E 2
c 3
E 3
cC 4
E 4
cC 5
E 5
C 6
E 6
c 7
E 7
C 8
E 8
c S
E 9
C 10
E 10
c 1l

i

11
17
15
19
26
24
24
27
29
23
20
16
20
22
32
24
27
23
24
24
18

23

post
8

18
14
14
21
21
21
26
29
26
16
14
24
17
28
21
27
23
23
25
18

23

Appendix A

Class Data Attitude

Number of Students
pre

both
7

17
13
13
19
19
19
25
25
23
16
13
17
17
27
21
26
22
22
23
16

23

Female

Ratio
.286

.706
.538
.615
.263
.579
.632
. 480
.800
.60%
.500
.615
.471
.294
.741
.571
.385
.545
.591
.565
.563

.826

Sophomore
Ratio
.000
.000
.077
. 154
.368
.053
. 000
. 000
.240
. 217
.063
. 154
.000
. 058
. 185
.381
.182
. 136
.227
.217

.188

. 043

132

Senior

Ratio
.857
.529
.462
.231
211
.105
.000
.080
.080
. 087
.063
.154

.118

.185

.048

.154

.136

.273

. 087

.063

.217



Appendix B

Form A Intermediate Algebra Skills
Descriptive Tests of Mathematics Skills
of the College Board

Time —30 minutes

30 Questions

Directions: Solve each problem in this test using the paper provided by your test administrator if needed. Then
Indicate the answer by darkening the appropriate space on the answer sheet. Do not write in this test booklet.

1, 4x2 - 49 = 4. 7x2 4+ 18xy + 8y? =

(A) (2x - N(2x +7)
(B) (4x - 49)(x + 1)
(C) 4(x = 7)(x+7)
(D) (4x = 7)(4x + 7)

2. (=33 =

(A) -6x6  (B) 9x5 (C) %x® (D) 9%°

s v

3. Which quadrant contains the points that satisfy
both x <=2 and y>17

(A)L (BYII (Cyur (Mdyw

x2 - 3x+2 _

(A) (7% + 2y)(x + 4y)
(B) (7x + 4y)(x + 2y)
(C) (72 + ) (1 + 2v?)
(D) (x+y)(7x + 8y)

3x - 3 -

x2+2
-3

2

(A)

X

(B) =3
(C) x+1

X +2
(D) ==~

. (a-3b)2 =

(A) a2 - 9p?
(B) aZ + 6b?
(C) a? - 3ab + 9p?
(D) a? - 6ab + 9b?

GO ON TO THE NEXT PAGE.
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Form A Intermediate Algebra Skills
Descriptive Tests of Mathematics Skills
of the College Board

-4,
X+ v=7 11. The values of x for which |x - 3| =12 are
3x -v=3
(A) 9 only

7. In the solution of the system of equations above, (B) 15 only

what is the value of x ? (C) -9 and 15

(D) 9and 15
(e (B4 (©3 D
12, VI74+ V12 =

8. x3y - xy? = (A) V3T

(A) xv(x? - y) (B) 13V3

(B) x*y2(x =) (C) 6V3

(C) x3y(1= V) (L+) (D) 5V3

(D) x2y(x - ¥?)

13. If y=mx+b and m=# 0, then x =
X—-2 _ 2x+1 o v ~h b~y v v
9. If —z T3 . then x = (A)T (B)—m- (C)‘rﬁ—b (D)b—;
3 3
2 = -2 -
()2 (B (O-f (D=2
L

10. (8a)? =

(A) 2a2  (B) %aZ (C) 2a¢ (D) %33

GO ON TO THE NEXT PAGE.



14. Which of the following is the graph of v =4x - 17 15.
(A) Y
+3
T 16.
i

Appendix B

Form A

Intermediate Algebra Skills

Descriptive Tests of Mathematics Skills
of the College Board

(C) Y
X
123
(D) Y
13
1
1
e SRR

17.

Which of the following is equivalent to
3x+4>x~17

(C) x>§

3

(A) x> =5 (B)x>—% (D) x>3

What is the slope of the line that contains the
points (-3, 2) and (0, 0) ?

-3 ®-% i i

What are the roots of 3x(x+ 1){(x ~2) =07
(A) ~1,0, and 2

(B) -1, -+, and 2

(C) ~2,1,and 0

(D) -1 and 2 only

135

GO ON TO THE NEXT PAGE.
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Intermediate Algebra Skills

Descriptive Tests of Mathematics Skills
of the College Board

18. Which of the following shaded regions is the
graph of the set {(x, y) :yz x and x 2 1} 2

A\ Y (B)

(D)

Q

7x2 - 14X _ XV = 2V _
KT O R

(A) 7(x =~ 2)?
3‘.2

19.

(x=2)
(B) Iy

7
(<) 3y
(D) 3

20. The roots of the equation x2 + 13x - 30 =0 are

(A) -15 and 2

(B) -10 and -3
(C) -2and 15
(D) 3 and 10

21.

24.

25.

26.

The distance between the points (2, 3) and (3, 7) is

(AY V149 (B)7 (C)VE7 (D)5

) S S
cz-1 z+1 "~
1 2 2z
(A)0  (B)3 (C)22—1 (D) o

. The y-intercept of the graph of 2x - 3v = 8 is

wms @i ©-% o-%

What are all values of x for which x2 = 9xz 07

(A)xz -9
(B)xz9
(CYOsx 9
(Dyxs0 or x29

Which of the following is an equation of the line
with slope -2 that contains the point (-2, 1) ?
(AYy+1==-2(x-2)

(B)v - 1==-2(x+2)

(Cyy+1=2(x-2)

(D)y - 1=2(x+2)

12

(B2 (C)x (D)4

GO ON TO THE NEXT PAGE.
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Form A Intermediate Algebra Skills
Descriptive Tests of Mathematics Skills
of the College Board

27. An equation of the line that is parallel to x+2y=7 29. The roots of 2x2 - 5x = 5 =0 are
and that passes through the point (0, 0) is
(A) 5 +VI13
(A)y =-35x 4
- 52 V65
) (B) 255
(B)v = -gx
() 5+ V33
7
(Cyy= -‘3;x 2
(D) 5+ V65
(D)y = 3x 2

v 30. Which of the following is an equation of a line that
i
is perpendicular to a line with a slope of —g— ?

(A)y

"
wulro
ka3
4
w

(B)y=-2x+3

— . y=3
T 5
; (D)y=-3x+3

28. Which of the following could be an equation of the
graph above?
(A) y=x2+7x+10
(Byy =x2 - 7x + 10
(C)y=x2-7x
(Dyy=-x2+7x - 10

IF YOU FINISH BEFORE TIME 1S CALLED, CHECK YOUR WORK ON THIS TEST.
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Form B Intermediate Algebra Skills
Descriptive Tests of Mathematics Skills
of the College Board

Time—30 minutes
30 Questions

Directions: For this test solve each problem. Then indicate the best answer in the appropriate space on the answer
sheet.

5. If P=2L+2H. then L=

P-H

A

: (A)

= x (B) P-2H

(C) 2(P - 2H)

1. In which quadrant in the figure above would the (D) P-2H
point (5, -2) be located? 2
Al B © I DIV o ox? - 64 =

2 -y = (A) (3x - 8)°

(B) (9x - 8)(9x + 8)
(C) (9x - 64)(x + 1)
(D) (3x - 8)(3x + &)

(A) -8t  (B) -6t° (C) 6t (D) 8t*

3. (sr+sP=
(A) 10r% + 252 7. Which of the following is equivalent to
(B) 25r% + s? 6x - 7<x+4"7
(C) 25c + 515 + 52 1
(D) 25r* + 10rs + s° (A) x < 5
x2-3x-4 1
“o Rt ® x>
(A) x -2 © x<-4
(B) x* - x-2 © x>-1
(©) X ; 4
-3 -2 8. A5 - V20 =
(D) XX -
x (A1 (B VS (05 (D)5

GO ON TO THE NEXT PAGE.
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Intermediate Algebra Skills

Descriptive Tests of Mathematics Skills
of the College Board

1
= 5.then x=

w-2 ®m-L of o:

The values of » for which |4 - x| = 15 are

(A) - 11 onhv
(B} 19 only
(C) -11 and 19
(D) -11 and - 19

xly - xy? =

(A) xy(x - y?)

(B) xy{x + y)(x - y)
(€) x*y(1 - xv?)
(D) x*y*(y - x)

The roots of 4x(x - S}x + 2) =0 are
{A) -5.0.and 2
(B) -2.0.and 5

(C) -2, l‘and 5

4
(D) -2 and S only
9x? +18x . xy+2y _
2xy ’ x2
9Ax + 2)
A
(A) i
9x +2)°
® =
2
© =
2y
) 2

14.

What is the slope of the line that contains the
points (4. -5) and (2, 3) ?

(A1 B -1+ © 1

2 (D) -4

Which of the following points is on the graph of
X-2v=67

The roots of the equation 2x* - 5x +3=10 are

(A)-%and-l
3

(B) > and |

<) -land%

(D) land%

Which of the following is a factor of
2x? + xy - 6y? ?

(A) {x - 3y)
(B) (x - 2y)
(C) (2x + 3y)
(D) (2x - 3y)

GO ON TO THE NEXT PAGE.

139



Appendix C

Form B Intermediate Blgebra Skills
Descriptive Tests of Mathematics Skills
of the College Board

18.  Which of the following is the graph of v = -2x + 4?7 19.  In the solution of the svstem of equations

v Sx + v
(A) A X- ¥

what is the value of y ?

N
1

0.

(A)y-12  (BY -8 (Cy & (D) 12

AR
20. The siope of the line with equation
6x - 7v =10 is
3 7 6 6 7
(®) W -g B -3 ©3F D
z 21.  What are all values of x for which

x?+ax <07

i ‘M:é (Ayx <o
B)0<x<4
)y-4<x<y0
D x<-4 or x20

(©) |
\‘:2 ~n | N
2 Ty - 2 v+l
——-A?)
T -4 4
e (A) — B) ==— (O -+ Do
* i - yi- 4 ¥
23, An cquation of a line that is perpendicular to a
. . 3
(D) ) line with siope R
/ (A y = %x
- e RIS (B)_v=§x
=3
(C)y = g
(D) v = - %x

GO ON TO THE NEXT PAGE.
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Form B Intermediate Algebra Skills
Descriptive Tests of Mathematics Skills
of the College Board

The distance between the points (-3. 4) and
(6.2)is

(A) VT3 (BY 343 (C) /83 (D) 3413

Which of the following could be an equation of
the graph ahove?

(A} y = -x° 4+ 2x + 3

(B) v = -x¥ + 2x - 3

(C) y = %5 +2x+ 3

D)y =x+ 22 -3

Which of the following is truc about the graph of
X-3h-6=0"

(A) The x-intercept 1s = 3.

(B} The y-intercept 15 -2,

(C} The slope is 2.

(D) The point (0. 0) is on the graph.

Which of the following shaded regions is the graph
of the set {(x.y):x+3y <2 and y=2}°

(A)

(B)

(C)

(D)

GO ON TO THE NEXT PAGE.
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Lo+ 8 x+3 i 30. The roots of x* - 5x +1 =0 are
If % % . then x =
(A 52421
)
9 2 z
(Ay-9 (B -2 (Oy-— (D-%
N D 51\/36
(B) 5
1 -
(16108 = © -3 =7
=
-2 .4 a2 ~ 4 -
tA) 4c (B} 4c¢ (C) 2¢ (D) 2¢ 5 2/
(D) ——=

IF YOU FINISH BEFORE TIME IS CALLED. CHECK YOUR WORK ON THIS TEST.
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Appendix D

Mathematics Attitude Scales

On the following pages is a series of statements. There are no
correct answers for these statements. They have been set up in a way
which permits you to indicate the extent to which you agree or
disagree with the ideas expressed. Suppose the statement is:

Example 1. I like mathematics.

As you read the statement, you will Kknow whether you agree or
disagree. If you strongly agree, blacken circle A opposite Number |
on your answer sheet. If you agree but with reservations, that is,
you do not fully agree, blacken circle B. If you disagree with the
idea, indicate the extent to which you disagree by blackening circle D
for disagree or circle E if you strongly disagree. But if you neither
agree nor disagree, that is, you are not certain, blacken circle C for
undecided. Also, if you cannot answer a question, blacken C. Do the
same for example No. 2. See the sample answers below.

Example 2. Math i{s very interesting to me.

KEY
[ ] (T (F) ; !
- e B < o 13
- 2 A em C o} 3 i
-— 2 a B <C c E
-— < a4 35 T s £ ;
— I a & T > &

Do not spend much time with any statement, but be sure to answer
every statement. Work fast but carefully.

There are no "right” or “"wrong® answers. The only correct
responses are those that are true for You. Whenever possible, let the
things that have happened to Yyou nelp you make a choice. Do not mark
on the booklet.

THIS INVENTORY IS BEING USED FOR RESEARCH PURPOSES ONLY AND NO
ONE WILL KNOW WHAT YOUR RESPONSES ARE.
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18.

19.

20.

21.

22.

23.

24.

25.
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Mathematics Attitude Scales

I like math problenms.
Being regarded as smart in mathematics would be a great thing.
Math puzzles are boring.

Winning a prize in mathematics would make me feel unpleasantly
conspicuous.

Being first in a mathematics competition would make me pleased.

I would rather have someone give me the solution to a difficult
math problewm than to have to work it out for myself.

Most subjects I can handle 0.K., but I have a knack for flubbing
up math.

I don’t understand how some people can spend so much time on
math and seem to enjoy it.

I have a lot of self-confidence when it comes to math.

I1’d be proud to be the outstanding student in math.

Taking mathematics is a waste of time.

It’s hard to believe a female could be a genius in mathematics.
I’m no good at math.

The challenge of math problems does not appeal to me.

I see mathematics as a subject I will rarely use in my daily
life as an adult.

I don’t think I could do advanced mathematics.

In terms of my adult life it is not important for me to do well
in mathematics in high school.

When a question is left unanswered in math class, I continue to
think about it afterward.

1’1l need a firm mastery of mathematics for my future work.
I do as little work in math as possible.

Figuring out mathematical problems does not appeal to nre.

I can get good grades in mathematics.

Females are as good as males in geometry.

Mathematics is of no relevance to my life.

1 think that I could handle more difficult mathematics.
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27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

44.

45.

46.

47.

48 .

49.
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Knowing mathematics will help me earn a living.

I would trust a woman just as much as [ would trust a man to
figure out important calculations.

Math has been my worst subject.

People would think I was some kind of a grind if I got A’s in
math.

For some reason even though I study, math seems unusually hard
for me.

I will use mathematics in many ways as an adult.

1’11 need mathematics for my future work.

I am challenged by math problems I can’t understand immediately.
Girls who enjoy studying math are a bit peculiar.

Studying mathematics is just as appropriate for women as men.
Women certainly are logical enocugh to do well in mathematics.
Girls can do just as well as boys in mathematics.

It would make me happy to be recognized as an excellent student
in mathematics.

Mathematics is for men; arithmetic is for women.

It would make people like me less if I were a really good math
student.

When a math problem arises that [ can’t immediately solve, I
stick with it until I have the solution.

Mathematics will not be important to me in my life’s work.
If I got the highest grade in math I'd prefer no one Kknew.

When a woman has to solve a math problem, it is feminine to ask
a man for help.

If I had good grades in math, I would try to hide it.

I am sure that I can learn mathematics.

Mathematics is a worthwhile and necessary subject.

Males are not naturally better than females in mathematics.

I like math problenms.
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51.

52.

53.

54.

55.

56.

57.

58.

59.

60.
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I’m not the type to do well in math.

Generally I have felt secure about attempting mathematics.
I study mathematics because I Kknow how useful it is.
Mathematics is enjoyable and stimulating to me.

I'd be happy to get top grades in mathematics.

I expect to have little use for mathematics when I get out of
school.

I don’t like people to think I’m smart in math.

I would expect a woman mathematician to be a masculine type of
person.

I am sure I could do advanced work in mathematics.

Once I start trying to work on a math problem, I find it hard
to stop.

I would have more faith in the answer for a math problem solved
by a man than a woman.
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Algebra Arcade

in our opmnion. the best package of
those we reviewed 15 Aigepra Arcade. 2
new program irom Wadsworth Elec:
tromc Puoiishing Company. Thus pro-
gram was created by four mathematics
proicssors unoer a National Science
Foundation grant to deveiop computer
programs {of use 10 the classroom and
{lustrates how e compuler ¢an be cre-
auvely programmed L0 help Make icamn-
ing less tedious and more fon The
package compmes the mathemancal
skulis of graph e 1 sigebn

Appendix E

Computing

finding the iavisibie Graph Gobbler. {Oh
yes., we {orgot to menoo that when ihe
tenth alpeoroud 15 eiimingted. the Graph
Gobbicer “has a fit and dappars.”)

with the excitement of an arcade game

Aigedro Arcoae 15 designed to- teach
siudents to piot eguauons on 3 ¢€O-
orcinate sviiem. The user can choose
which type of equatot “famity™ to prac-
tice: hines. Quadrauc equations, thard de~
grer equanons, Of £qUALICNS mvolving
the sthc. cosine, tangent, exponent, Jop-
rithm, integer, sbsoiute  vakue and
arcrangent {unctions. The user buuds the
equauon he wants, and the computer
grapns the cquauon on the dispisy

'I'thmeanhephyedahr_.ora»

onone. If, when playing against an

the Greaph Gobbiler appesfs,

the offendmg plaver is semt to “The
s mE P =

At that nme, the player has up
three tnes to {ind the mvisibie Graph
Gobbiler by graphing equations. If one
mphfmdsthenidmgphc:.mephyw
scores an addinonal 1000 powits and
earns an extra tarn. But, if the pisyer

The program has
several features which
make it more enjoyable

and challenging.

musses after il three anempes, he i3 seat

10 The Comrmrtze When both pisyers
have used up ail their tumns, the one with
the highest score is namod the Algebee
Ascade champon.

The program has several festurss
which make it more enjoyable and
ehaliengang. it can be piayed esther un-
der keypoard control or by wmng a Joy-
stick: this 15 the first question asked after
thepcogmbhddfhemb-
ciudes a Features Menu which can be
wsed to change the characteristics of the
pame. Specifically, this meeu inciudes
the followwmg opaoas:

© Saving ihe current game on disk ©

® Chanping the coordinates of thre
p'ntTheympuu:zu-Suo(hckﬁnd
poriom and +5 to the nght and top.
They can be reset 10 any values, deven
characters or less in length, which msy

domnly. U

be should be one iurn, three

terns, of if Az can get ofl without ostng
a tam.

Each player (in both the one- or two-
player games) saans off with ten s
an extra tumn is added by sconng 10,000
posnss. cieanng all ten aigebroids, or by

Algebro Arcade, Afisr two rownds. six
wﬂmmnmlm
heft quadrani 4

jude 8 d } pomt or w.

o Selecting ceriain egquation familis.
The famiiies mnciuce: the linesr eyaanon
Y = MX <+ B, three differemt
rep! of 2 quad ey

Article

unumed game, sigeOroads not chminated
return to the same posibon &t which
they sppeared dunng the previous torn.

If cemred, these features can be

The package can be
used by a student over
a period of years, as
his knowledge of
mathematical concepts
increases.

and an eq

An addi |
build your owm
ble symbois and

3 sne f
option allows you 10

program, containing enough bne
[NSIrUCHIONS 0 SIAT & MEw Wcr al pla-
t } iled set of mstruc

e using all Y
funcitons wiuch appear in » tabi¢ o0
the display screen.

o Piaying the game with or without
the Graph Gobbier.

o Tesung the length of 3 graph. t©

Yy, 3
nons, cicarly describeng il of the var
i ihe st

h 3

heip determune the use of long. oscillat-
ing graphs which could make the game

I quite easy (although findmg such graphs

i no esy jeath. Ths length test can be
turned on or ofl.

e Adding an internal timer to
encourage quick thinkiag: if this option

graphung e
nons to try on tne pracuce held: plavin

ups: and ili of some =

mg equanions.” Finaily, there s 3 b,
st of refi and 2 bid hy i
further stuay.

This package gemonsiraies what poc
d | software can and should ¢

13 chosen. the regular score 1s
by a factor, dependent upon how ouckly
the eguauon was enicred. The trmer can
be set 10 several spesis, of oot used. If it
is ueed, the aigebrosds change pontons

creatrve. enjoyabic, and 3 valuabte iean
ing capenence. We recommend Alpede
Arcade hghiy. £

CINCLE 419 ON READER SEMNCE CARD
April 1984 © Creatwe Compuar

oY

47



Algebra program called good learning tool

Dy SHELLY NELLER
snd JUDITH AXLER TURNER
United Feature Syndicate

We lound a good educalionnl computer pro-
gram. That's real news: We're Intklog nhoul &
good uvse of the compuler In help Teach.

Educatlon Secreinry Terrell Beli recently told
Congress thal fess ihan 3 percent of alt educe-
tlonal soliware lnkes advaniage of ths compuier’s
unique capabliilies.

Whal good Is It 1o put & textbook on & com-
ptter o that the compuler becomes, in effect, a
glorlited page-turnet? How worthwhite would It
be to buy a computer and & sinck ol “education-
al” programs, oniy lo find that you've Invested In
& machine that Just fonks ilke your chlid's work-
book up there on the screen? If the computer
Isn’t used {or its unique capnbliities, there are
cheaper — and usunlly betler — ways fo do
things.

Dut “Algcbra Arcade,” 8 $49.83 program from
wadsworth Electronic Publishing Co., exempll-
fies everything that's righl about educational sofi-
ware. The progrnm gives an exciling, engrossing
visuai Intrepretation ol slgebraic equalions,

You remember algebra: 11 was {hat stuff
where “x” equaled “y,” plus, minus or multiplicd
by somelhing or other. To many of us, it was In-
dectphernble even after we compleled the re-
qulred year of classes. No matler how often onr
feachers told us thal algebra helped us express
Ihe relationships hetween "x™ nnd “y” values, we
stit thought Ihat It was as Impossible 1o do “x-
plus-2" as lo add apples and oranges.

pul what If we could have SEEN thai relation-
ship — If we sow, drawn on & groph, how the
numbers on the "y side of the equation would

All About Computers

look as lhey are rcinted lo "x"?

Thai's what “Aigchra Arcode” shows. 1 “x”
equnls "y plus 8, the roule between the two Jsa
dingonal line ori a graph: the telailonship be.
tween the iwo Is a constant. If “x” equals “y"
squared, the reintlonship 1s & curve: When “x” is -
2, "y Is §; whea “x” Is 4, “"y" Is 16

For lhe first Lime, the abstzactions our teach-
ery irled to mnke us understnnd become real
Hincs and curves. .

In “Algebra Arcade,” & graph appenrs on the
screcn — A graph with positive and negnllve
numbers — and Itlle ligures are scattered ran-
domly on the graph, Your Job is to devise an
equatlon that would form a tine (curved or
stralght) that will go through as many of these fit-
tle figures as possihie. You type the equatton on.
your keybonrd and the compuler represents it on
the screcn. Hranscribey exaclly whal yoor equa-
tlon lonks like.

The program sllows you o use complex equa-
tions and logarithmic, exponential and {rigono-
metric functions.

The more 1tle figures you hit with your lines,
the hlgher your Score.

This Isn't a teaching program. You hnve lo
know algehra — such as what & sine ts — to be
able lo use the program. This program reinforces
whol you've lenrned. I is, to soine extert, drtll
and praclice — the compulerized equivaient of
hnving to do 40 nlgebra problems al home Just for
practice ., but with a difference.

And whol & dlfference. This program lakes

full advanlage of the unique capabliities of the
compuler, Sure, I's possihie to draw your own
graph with ilnes representing algebralc equa-
tlons. Maybe your feacher even made you do {*
once or lwice. You prohably remember tha
drawling those graphs and the Ynes represeoting
the equalions 1s extremely tedious work. Mare
over, A flttte mistake In your arlthinellc or your
measurlng mnkes your Hnes horribly weonp and
you have no ldca of whal the problem Is.

The compuler, however, Is A whit when It
comes to counting and measurlop, and 1 diaws
your Hoes correcity. Using the compuler's abit-
llles and strengths to help teach slgebra Is n
dandy use of the moachine,

This progrant Is not only a gond example of
using the computer's capabiiities, but it's well
concelved. It's appealing without befog coode-
scending: Do a good Job and you're pinperly re-
wnrded with 8 high score. Do puorly nnd you
have to try agaln. Too maoy computer proprams
glve ynu betls and whistics every lime you take a
forward step, nnd boos nnd hisses — or snccha-
rine regrels — wilien you nilss the mark. In "Alge-
bra Arcade,” the reward I3 bulit In, which Is the
way It should be. .

If you're polng lo huy any educatlonal pro-
gram for your Alatl 800, Commodorc 64, Applc or
1M °C, It should he “Atpebra Arcade.” Buy it
even |f yon don't have children oid enough lo do
algebrn: 1 will teach you whnt o look for-in other
programs.

Questions about computing? Weite to " All
About Compulees” In core of United Fealure
Syndicote, 200 Park Ave., New York, NY {0166,

S[0114Y J8uanL-Jas]18H

A4 x1puaddy

8P 1
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Appendix G

Memo to Teachers in the Study

Thank you for being so patient. The disks came in
two days ago. I have checked each disk out to make
sure that it works correctly. Dr. Wilson, my advisor,
indicated in a phone conversation last week that he saw
no real problems with starting the experiment a little
later than planned. He felt my committee would like to
see the experiment go for about four weeks.

1 have enclosed thirty-five Intermediate Algebra
exanms from the College Board and thirty-five copies of
the Fennema-Sherman Mathematics Attitudes Scales along
with seventy answer sheets. I will need the College
Board booklets returned after the Pretest along with
thé answer sheets for both Pretests. I will then send
you another form of the Intermediate Algebra test to be
used as a Posttest along with more answer sheets. The
Attitude Posttest will be identical to the Pretest so
you can reuse the copies of this. After the Posttest,
you will need to return to me the College Board exams
and the Posttest answer sheets. You may Keep the
copies of the Attitude Scales. For all Pretests and
Posttests, each answer sheet should contain the
following information: name, teacher, sex, and grade

level. Since the blanks on the answer sheet do not
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correspond to this information, have the students put
the teacher’s name in for the subject, sex in for date
and grade level in the blank for hour. (Sorry, the
answer sheet was designed for a machine I have access
to, not the statistical detail needed in my report.)
All four tests-- Attitude Pretest, Intermediate Algebra
Pretest, Attitude Posttest, and Intermediate Algebra
Posttest-- need all this information. The names will
not be used, but further analysis of the data may
require linking individual pre and posttests. All
tests are to be given to both the control and the
ekperimental group. The Intermediate Algebra test
lasts thirty minutes. While there is no timing on the
Attitude Scales, the student should not spend too much
time on any question (so I would.say fifteen to twenty
minutes on the Attitude Scales). On the Attitude
Scales every question must be answered.

The plan is to use the ALGEBRA ARCADE in lieu of
in-class homework. You will need to make a
determination each day as to the portion of homework
you expect the control group to get done in class and
then those problems will not be assigned to the
experimental class. This class will then spend the
in-class time on the computer playing ALGEBRA ARCADE.
Both classes will do the same out-of-class homework.

The suggested schedule, which can be modified by the
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teacher, is the following:

1 day Pretests;

4-5 days Using linear functions:

8-10 days Using various forms of gquadratic functions;
4-5 days Using any function the student wishes; and
1 day Posttests.

While this schedule may be modified by the teapher, it
is imperative that the time elapsing between the
Pretest and Posttest is the same for both the control
and experimental classes. It is also critical that
time allowed for in-class homework in the control group
be approximately equal to the time the experimental
group spends on the computer. It will be necessary to
spend part of the first computer day explaining how the
program works and maybe playing a sample ganme. (Sample
games or at least a few moves may also be necessary for
the different forms of the quadratic functions.) The
program can be locked into linear or the various forms
of the guadratic function. Near the end I would turn
the family of functions off. In the beginning you may
want some of the slower students to turn off the graph
gobbler and as students get better you may want to
begin using the timer. Games can be saved until the
next day; however, I envision the game being used as a

two-person game with the teacher making sure that each

student varies opponents.



152

I would also like each teacher to Keep an
anecdotal record of what they observe during the four
weeks. This is not intended to be a log or daily
write-up. What I would like are such things as: how
many students have already had a formal computer
course, how many have a computer in their home, what
was the reaction to this particular software package,
what was the reaction to this method of learning, and
any suggestions or personal feelings on your part.

Finally, thank you for your help! Without your
cooperation this experiment would be impossible. No
matter what the results are, we all will have made a
significant contribution toward the teaching of
secondary mathematics. If you have any questions, you
may reach me at 414-547-1029 (home) or 414-521-8754

(school). You will be hearing from me.



Class
c 1
E 1
c 2
E 2
c 3
E 3
cC 4
E 4
cC 5
E 5
C 6
E 6
c 7
E 7
cC 8
E 8
cC S
E S
c 10
E 10
c 11

i1

Appendix H

Class Means Attitudes Toward Mathematics

Male Domain Confidence
Pre Post Diff Pre Post Diff
52.29 49.00 =-3.2% 45.71 44.86 -0.86
50.35 52.47 2.12 36.88 36.88 0.00
53.15 48.38 =4.77 43.15 43.23 0.08
53.85 55.62 1.77 45.15 43.85 -1.31
51.95 51.11 =-0.84 45.95 43.21 =2.74
55.37 54.32 -1.05 44.84 43.58 -1.26
51.89 49.47 -2.42 39.53 41.42 1.89
51.72 50.44 -1.28 41.88 42.48 0.60

53.08 52.72 =-0.36 43.68 44.24 0.56
53.04 51.57 =1.48 45.39 44.78 =0.61
44.50 45.56 1.06 42.56 39.88 -2.69

55.31 53.31 -2.00 45.92 45.31 -0.62

49.94 52.00 2.06 42.82 44.94 2.12
47.53 48.65 1.12 44.35 44.53 0.18
54.26 53.48 =0.78 41.41 39.22 =2.19
51.57 50.81 =0.76 47.14 42.71 =4.43
48.88 47.50 ~-1.38 43.73 44.15 0.42
52.05 52.14 0.0% 47.36 46.53 -=0.77
51.59 ©52.64 1.05 42.23 41.23 =-1.00

52.35 52.30 =0.04 44,22 44.61 0.39
50.56 49.31 =-1.25 45.19 43.56 -1.63

52.04 51.83 =0.22 41.61 43.52 1.91
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Class
c 1
E 1
c 2
E 2
c 3
E 3
c 4
E 4
c 5
E 5
C 6
E 6
c 7
E 7
c 8
E 8
c s
E 8
c 10
E 10
c 11
E 11

Appendix H

Class Means Attitudes Toward Mathematics

Successx Effectance
Pre Post Diff Pre Post Diff
44.43 43.29 ~-1.14 44.00 43.29 =-0.71

42.88 45.94 3.06 39.47 36.82 -2.65

40.77 41.38 0.62 38.85 41.00 2.15

45.46 47.54 2.08 37.08 36.92 =0.15
46.00 45.42 -0.58 42.00 42.32 0.32
45.58 47.68 2.11 41.37 39.11 =-2.26

45.00 44.16 -0.84 40.16 38.26 ~-1.883
42.80 42.32 =-0.48 39.68 37.88 ~-1.80
45.20 45.32 0.12 40.32 40.40 0.08
45.65 45.35 =-0.30 40.35 40.96 0.61
33.50 40.18 0.69 35.50 35.19 -0.31
44.85 43.62 ~-1.23 42.62 40.15 =2.46
43,59 44.88 1.29 34.94 35.82. 0.88
43.18 42.29 ~-0.88 34.35 35.71 1.35
43.78 42.85 =-0.93 37.30 36.63 =0.67

40.10 39.10 =-1.00 39.24 35.19 =-4.05

41.31 41.96 0.65 37.23 36.15 =-1.08
43.68 44.0°% 0.41 40.64 38.91 =-1.73
42.09 44.45 2.36 38.86 38.18 =-0.68

45.09 45.04 ~-0.04 41.74 41.91 0.17
46.00 44.06 ~-1.94 40.94 37.56 =-3.38

44.22 43.78 =-0.43 37.96 36.91 =-1.04

xBased on eleven questions.
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Class
c 1
E 1
c 2
E 2
c 3
E 3
C 4
E 4
c 5
E 5.
C 6
E 6
c 7
E 7
C 8
E 8
c 9
E 9
c 10
E 10
c 11

11

Appendix H

Class Means Attitudes Toward Mathematics

Usefulness
Pre Post Diff
50.43 50.14 =-0.29
48.88 50.24 1.35
46.31 45.23 -1.08
50.23 50.46  0.23
50.42 49.58 -0.84
48.16 48.00 =-0.16
46.05 46.84 0.79
48.20 46.08 =2.12
48.92 47.84 -1.08
46.61 46.57 =-0.04
43.50 42.25 -1.25
52.08 49.77 =-2.31
45.76 47.59 ' 1.82
45.41 45.88  0.47
47.85 46.56 -1.30
47.05 45.29 -1.76
43.31 43.81 0.50
45.32 46.36 1.05
48.36 49.36 1.00
48.52 48.00 =0.52
50.19 45.44 =4.75

44.78 45.39 0.61

P

236

218,

222.

231

236.
235.
222.

224.

231

231

205.

240.

217

224.
2?5.
214.
229.
223.
231.
232.

220.

Total Attitudes

re

.86

47

23

.77

32

32

63

28

.20

.04

56

77

.06

.82

59

10

46

05

14

91

88

61

Post

230.
222.
218.
234.
231.
232.
220.
218.
230.
229.
203.
232.

225.

217

218.

213.

213

228.

225.

231

219

221

57
35
23
38
63
68
16
20
52
22
06
15

24

.06

74

10

.58

08

86

.87
.94

.43

-6

3.

Diff
.29
88
.00
.62
.68
.63
.47
.08
.68
.83
.50
.62
.18
.24
.85
.00
.88
.95
.73
.04
.94

.83
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Class

10

10

11

11

Class Means Intermediate Algebra

Pre

6.92
'6.17
7.11
8.11
6.42
6.80
5.88
5.48
5.83
6.23
5.22
5.65
8.11
7.89
7.12
7.14
6.77

8.26

Appendix I

Algebraic

Operations

Post Diff
7.44 =0.11
7.29 0.00
6.08 =0.84
5.75 =0.42
6.95 =0.16
7.95 =0.16
7.21 0.79
7.92 1.12
5.88 0.00
5.83 0.35
5.50 =0.33
6.23 0.00
5.83 0.61
5.76 0.11
7.07 =1.04
7.79 =0.10
6.81 =0.31
6.82 =0.32
6.50 =0.27
7.35 =0.91
5.69 =1.44
5.78 =0.74

Solving Equations
& Inequalities

7.

6.

Pre
00

00
.23
.83
.37
.42
.26
.64
.24
.57
.72
. 46
.72
.12
.00
.42
.58
.86
.45
.17
.19

.09

Post

6.

5.

5.

11

35

23

.58

.11

.79

.37

.92

.48

.43

.61

.46

.11

.47

.26

.16

.85

.77

.91

.52

.81

.87

Di
-0.

-0.

ff
89

65

.00

.25

.26

.63

.11

.28

.24

.14

.11

.00

.39

.65

.26

.74

.73

.09

. 46

.35

. 38

.22
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Class
c 1
E 1
c 2
E 2
c 3
E 3
C 4
E 4
c 5
E 5
C 6
E 6
c 7
E 7
C 8
E 8
cC 9
E 9
C 10
E 10
C 11

11

4.

4.

Appendix I

Class Means Intermediate Algebra

& Graphing
Pre Post
44 3.89
47 5.12
.92 4.15
.83 4.58
.21 5.58
.95 6.11
.58 5.89
.28 6.24
.76 5.16
.35 5.04
.78 4.867
.23 5.77
.83 4.06
.29 4.47
.78 5.26
.84 5.11
.04 5.54
.82 5.77
.45 4.14
.65 4.65
.50 5.18
.78 4.78

Coordinate Plane

Diff

=-0.

0.

55

65

.77

.25

.63

.16

.31

.96

.40

.69

11

. 46

.77

.18

.48

.27

.50

.95

.69

.00

.31

.00

Mathematical
Achievement

Pre
19.

17.
17
15
20.
21.
17.
18
15.
15.
17.
17.
13.
15
17
18.
17.
17
15.
18.
17

16.

00

76

.07

.83

68

47

26

.72

88

33

33

92

78

.06

.89

16

73

.82

59

0%

.81

33

Post

17.

17.

15.

14.

19.

20.

19.

21

16.

16.

15.

17.

15.

14.

18.

20.

17.

17.

16.

18.

15

15.

44

76

46

92

63

84

47

.08

52

30

78

46

00

71

59

05

19

36

55

52

.69

43

Diff
-1.56

0.00
-1.61
-0.91
-1.05
-0.63

2.21

2.36

0.64

0.91
-1.55
-0.46

1.22
-0.35

0.70

1.88
-0.54
-0.46

0.96

0.43
-2.12

-0.96
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dppendix J

Description of the Game

ALGEBRA ARCADE is a challenging, fast moving, and
high scoring videogame marketed by Wadsworth, Inc.
With a minimum of instructions anyone over nine can
piay the game. The more sophisticated the function a
player uses, the more points scored. The game can be
played by one or two players.

The game is played on a coordinate grid set up by
the computer. Initially the computer randomly places
ten little creatures called Algebroids on the grid.
The computer then randomly places the Graph Gobbler in
the plane. The Algebroids remain in their initial
positions until the screen is cleared, the game is
over, or the player(s) ask for a new set of Algebroids
to be positioned on the plane. The Graph Gobbler
relocates after each turn.

The objective of the.game is to type in a function
whose graph crosses as many Algebroids as possible.
When the function is entered (by pushing the RETURN
key), a whirlwind traverses the path from left to right
of the function’s graph, capturing those Algebroids in
its way and leaving a trace of the function’s graph.
The player receives points based on the number of

Algebroids captured. The function (in the form Y =2
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must use correct BASIC notation (x for multiplication,-
/ for division, and A for exponentiation). If the
player hits the Graph Gobbler, it gobbles up the graph
and the player gets sent to The Committee. The
Committee then randomly decides if the player loses one
or three turns. A complete game for a given set of
Algebroids and Graph Gobbler consists of ten turns for
each player.

I1f a player clears the board before the ten turns
expire an extra turn is awarded and the Graph Gobbler’s
ghost will fly around the scCreen and disappear. The
player then has three opportunities to put in an
equation which will locate the ghost. If the player
successfully locates the ghost, the player is awarded
another turn and 1,000 points; otherwise the player is
sent to The Committee. Scoring 10,000 points gets an
extra turn, choosing new Blgebroids costs a turn.

When entering a function, a player can use any of
the ten digits, a decimal point, any of the four basic
operations, exponentiation, or parentheses. One.can
correct a mistake by using the back arrow key unless
RETURN has already been pushed. In addition to the
constant pi, any of the functions sine, cosine,
tangent, inverse tangent, square root, natural
logarithm, exponential base e, absolute value, and

greatest integer can be entered using a single key.
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(Trigonometric functions are in radians.)

Pushing "F" for the features page presents a full
page of options available to the player(s). The first
option is the ability to save a ganme. If one or two
players are involved in a really exciting game and are
out of time to play, it is possible to save the game
until the next opportunity to play. When they boot the
disk the next time, the player(s) select option 3 and
the game can be picked up where it was stopped. One
game can be saved for keyboard users and one game for
joysticks users. If a second game is saved, it forces
the first game to be lost. The game will be saved on
the Master ALGEBRA ARCADE disk (not on any other disk).

The second feature, that presents some interesting
possibilities, is that of changing the coordinates.

The default is letting the ends of the axes be at =5
and +5, but this feature allows the coordinates to be
reset to any values the player(s) desire(s). The
values do not have to be symmetric about the origin and
up to seven characters can be used for each entry. The
ten digits, pi, decimal point, subtraction,
multiplication, and division can be used as characters.
The coordinates may vary on both axes.

The program has a list of equation families
which can be locked into a game so that only equations

from that family can be used by the players(s). (This
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option was used extensively by the subjects in this
study.) When it is locked into a particular family of
equations, the player(s) merely need to supply values
for the parameters, not the entire equation. The list
of families available are: (1) linear; (2) three forms
of quadratic- standard, vertex, factored; (3) factored
cubic; (4) sine and (5) a function built by the
player(s).

Among the other features, one has an option of:
(1) turning the sound off (probably the least favorite
option for the students), (2) turning the graph gobbler
off (which might be helpful to a beginning player), and
(3) a graph length test which is designed to stop
people from putting in curves with high amplitude and
small period to fill the entire screen.

Finally, one can play the game with or without a
timer. Once one is experienced at playing the game,
the next challenge is to switch into the timed entry
option. The five timing options are: very slow, slow,
medium, fast, or very fast. A timing arrow counts down
the time and, if a function is not entered on time, you
must pay a visit to The Committee. If the speed is
medium, fast, or very fast the regular score for the
turn is multiplied by the time on the timer. With

timed entry, the Algebroids change positions with each

turn.



A practice field option allows one to leave the
game, go to the practice field and experiment with
functions and their graphs without jeopardy of losing
points or a turn, and then return to the game. (This
option was very underused by the participants in the
study.)

If two players are involved, one player has
Algebroids with heads up and the other player has
Algebroids with heads down. They each have their own

playing board and play alternates between them.
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