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Using Selected Computer Games as an Instructional Strategy
with Learning Disabled Adoiescents
to Improve Achievement in Arithmetic Facts

I. INTRODUCTION

Learning disabled adolescents, as defined by Public Law
94-142, are youth of normal intelligence who exhibit a dis-
order in one or more of the basic psychological process that
affect listening, reading, writing, spelling and arithmetic.
Public Law 94-142 also states that the learning disabled
adolescent should be placed in a regular classroom and
given support service in a resource room.

Learning disabled adolescents who are placed in
regular classrooms are expected to meet all the curriculum
demands placed on all students. They not only must learn,
integrate, and express content information but they must de -
velop skills in academic and nonacademic situations. It fis
essential fhat new instruction strategies be developed to
facilitate skill development for these individuals.

One of the instructional strategies unique to special
education is remediation. Unfortunately, remediation pre-
sented to learning disabled adolescents in secondary schools
has focused mainly on reading and communication skills
(Marsh, Gearheart & Gearheart, 1978) and very 1little on
arithmetic facts. A knowledge of arithmetic facts 1is cru-

cial to the maturing learning disabled adolescent since, in



the near future, he or she will need to deal effectively
with salespersons, insurance agents, bankers, and others in
the course of handling personal affairs. Arithmetic facts
must be utilized in order to perform routine computations,
such as balancing the checkbook, paying bills, planning a
budget, or validating a paycheck (Alley & Deshler, 1979).
The adolescent who lacks this working knowledge of arith-
metic facts will be at a strong disadvantage. The greater
the number of facts (skills and abilities) that an adoles-
cent lacks, the less he/she is able to compensate for any
given deficiency (Alley, Deshler & Warner, 1977). It s
apparent, therefore, that there is need for an instructional
strategy for Tlearning disabled adolescents which focuses
primarily on improvement in arithmetic skills.

The development of electronic computers 1in the Jlate
forties, combined with their present day sophistication and
accessibijity, has unquestionably made a significant contri-
bution to the emergence of education games (Bowman, 1982).
Playing computer games utilizes conscious, deliberate mental
and physical activity. The games promote active iearning
by shifting players into participant roles, because each
strategic movement generates a visible responsa (Bowman,
1582).

Although slow to utilize computer games, educators are
beginning to realize that the use of game format as an in-

structional technique may provide a way to motivate ado-



lescents and raise their academic achievement Tlevels. For
adolescents who have learning problems, the game format can
facilitate the practice of arithmetic facts and operations.
Computer games enable the poor Tlearner to minimize or cir-
cumvent significant barriers to learning. Students who are
able to understand basic math concepts but unable to do
error-free calculations (due to poor memory or perceptual,
visual, and/or other problems) can manipuiate numbers in a
computer game with greater ease and accuracy. Also, use of
computers motivates adolescents to reduce errors (spelling,
writiﬁg, and computing errors), since the computer displays
their errors in a nonthreatening way. Most important the
adolescent who 1is otherwise unable to produce acceptable
work can use the computer to demonstrate his/her productiv-
ity to himself/herself and others ( Budoff, Thorman & Gras,

1984).

Statement of the Problem

The problem of this study was to investigate the use of
computer games as an intervention technique that will result
in a higher achievement level in computation of multiplica-

tion and division facts for learning disabled adolescents.

Need for the Study




There is not much dinformation available in the
professional literature concerning the arithmetic needs of
the learning disabled adolescent (Lerner, 19763 Mercer,
1979). Traditionally, arithmetic facts have been taught
through drill and practice methods. The teacher presents
the student with a worksheet or dittoed page. At the end
of the arithmetic period, the worksheet is collected and
graded. This traditional method may not Dbe the most
efficacious for the teacher of special education. The
student who has difficulty in learning arithmetic tacts does
not understand a concept after only one or two exposures to
the task; repeated exposures to the task are necessary
(Kennedy & Michon, 1973). Also, the learning disabled
student will not be helped merely by repetition, but must be
exposed to a wide variety of visual and symbolic approaches
to increase understanding. Using the rote memory method
(i,e., worksheets) to teach arithmetic facts to the learning
disabied student may not be the most effective approach
(Cawley, Fitzmaurice, Kahn, and Bates, 1978; dJohnson, 1979).

The learning disabled student should be an active par-
ticipant in the learning process. He/she needs to manipu-
Jate the objects used in the instruction, rather than pas-
sively observing other class members performing the given
task (Kennedy & Michon, 1973). Active participation allows

the learning disabled student to learn from the content of
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the activity as welil as from the othsr students (Bar-Adon,
1971).

Game activities afford active manipulaticn and partici-
pation and advanced technology has contributed a fresh so-
cial phenomenon--computer games. Computer game programs
provide direct interactive individualized instruction, allcow
a student to learn at his/her own rate, "remember" stu-
dent's rasponses, provide instant feedback, and give a va-
riety of reinforcements.

In racent years, there has been an increasing interest
in research on the effects of computer games. However, ¥ew
studies have been conducted to determing the instructional
value of computer games, and those studies that have been
conducted have involved normal children (Chaffin & Ruggles,
1982; Prigger,19832). There is 1ittle research evidence on
which to support thz educational value of computer games.
Any casual observer can produce anecdotal, impressiscaistic
data supporting the educational value of the games, but
organized, systematic studies are absent. The lack cf
research 1is even more conspicuous in the area of special
sducation.

In sum, learning disabled adolescents need much repeti-
tion, a wide variety of approaches, and active participation
in order to learn. Traditional methods of teaching arith-
metic often lack these necessary ingredients. Since computer

games supply these three ingredients, they could be



worthwhile tools for teaching aritnmetic to learning dis-
abled students. There is much subjective, but Tittle organ-
ized, scientific study of the use of computer games as a

viable teaching method.

Assumptions

1. Learning disabled adolescents can be taught basic
multiplication and division facts.

2. Traditional metnods of teaching arithmetic facts
to learning disabled adolescents have generally
peen ineffective.

3. Knowledge of division and multiplicaticn facts are
important to learning disabled adolescents if they
are to function adeguately in a scientific and
technological society.

4, The procedure used by South Albany High Schoel is
a valid and reliable method for selecting learning

disabled adolescents.

Limitations

Limitations of the study are as follows:



this

The study is limited to students who were
jdentified by a school psycholcgist as being
learning disabled.

The study is limited to the technical facilities
and equipment available in the classroom.

The study is limited by the validity and reliabil-
jty of the investigator-made achievement tests on

multiplication and division facts.

Delimitations

Delimitations of the study are as follows:

The subjects are four learning disabled students
enrolled in ninth grade at South Albany High
School, Albany, Oregon.

The computer games focus only on multiplication
and division facts.

The study does not compare other computer games to

those from Arc-ed software.

Definition of Terms

3aseline is a pre-experimental record of behavior. In

o s oty s vt e et

study, the baseline record of each adolescent is the

number of multiplication or division facts scored correctly



by each student during drill activities prior to tne
experiment.

Computer games are defined as Meteor Multiplication

(serial no. L1311) and Demolition Division (serial
no. L1411). These games are marketed by DLM, Inc. under tne
trade name of Academic Skillbuilders.

Drill and Practice is a method of teaching based exclu-

sively on repetition (Monroe, 1968). For the purpose of this
study, worksheets consisting of ten problems of multi-
plication and division facts, using numbers 0 through 9, are
used. The drill activities were completed independent of
teacher supervision by the student working alone at his/her
desk.

Intervention 1is the treatment consisting of playing

five computer games each in multiplication and division
facts, four times a week.

Learning disabled adolescent: is an adclescent of

normal intelligence who exhibits a disorder in one or more
of the basic psycholeogical processes invoived in
understanding or in using spoken and written language. The
disorder can be manifested as a problem in Tlistening,
thinking, reading, talking, writing, speliing, or doing
arithmetic. The disorder is not due primarily to a visual,
hearing, or motor handicap; mental retardation; emotional

disturbance; or environmental deprivation.



Learning disabled student is a student 12 to 21 years

of age diagnosed as learning disabled by a school
psychologist (Schmid, 1979).

Stability is a condition where there is Tittle change
in the baseline measurement of the subject, i.e., Tittle

change in the percentage of problems worked correctly from

day to day.

Student Achievement 1is the difference between the

students' pre-tests and post-tests scores on investigator-
made tests measuring knowledge of multiplication and
division facts.

Target behavior is the behavior to be changed, i.e.

student's performance on tests designed to measure knowledge

of multiplication and division facts.

Methodology

The subjects are four 1learning disabled adolescents
sixteen to eighteen years of age, enrolled in ninth grade at
Scuth Albany High Scheol, Albany, Oregon. These students
have been selected on the basis of their Tlack of proficiency
in muitiplication and division facts. The study will be
conducted in the resource room of the South Albany High
School. The materials to be used are an Apple computer,
computer games software, and worksheets of drill activities

in multiplication and division facts.
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A multiple baseline design across subjects has been
used as the research design. In this design, & particular
behavior common to the four subjects is observed and base-
1ine data are gathered regarding that behavior. After the
identified behavior for each subject becomes stable
(establishment of baseline), intervention is applied to one
subject's behavior while baseline conditions are continued
for other(s). The behavior of the subject exposed to
intervention dis expected to change; the behaviors of the
others ares expected to continue at baseline Tlevels. This
orocedure is continued until all of the subjects for whom
baseline data have been collected receive the intervention.
The effect of the intervention is demonstrated when a change
in each subject's performance is obtained at the point when
intervention is 1ntrodyced and not before. This design is
becoming npopular in clinical and educational settings
(Bernstein & Quevillon, 1976; Gruber, Reeser & Reid, 1979;
Sowers, Rusch & Cummings, 1980).

The dependent variables in this study are the student
scores on the investigator-designed multiplication and
division tests, and drill activities. The independent
variables are idnstruction in multiplication and division
facts by means of selected computer games.

Each subject will be pre-tested at the beginning of
winter term 1984. The pre-tast developed by the investiga-

tor, consists of 50 multiplication fact items and 50 divi-
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sion fact items randomly selected from intervention computer
games {Meteor Multiplication and Demolition Division). The
time limit for the pre-test is five minutes. After the pre-
test, the subjects will be given worksheets consisting of
drill activities in multipiication and division facts. Each
dri11 activity consists of ten multiplication facts and ten
division facts and has a time 1imit of two minutes.
Baseline data will be recorded for each subject. During
worksheet activity, no idinstruction or feedback will be
provided. |

As soon as baseline data reach stability for any one of
the subjects, training sessions with the computer games will
begin for that subject. Training sessions continue until the
subject is able to operate the computer and play the games
himself/herself. After the training session, intervention
will be implemented. During the dintervention phase, the
subject will play five games per skill, four times a week.
The intervention phase has the same duration as the baseline
phase (i.e., an egual number of data points exist in both
phases). If no improvement is seen or if there is a broad
range of variability in the occurrence of behavior, the
length of the intervention phase will be extended for the
subject. Data will be recorded for the subject throughout
the intervention phase. Meanwhile, baseline .data wi]T

continue to be recorded for the other three subjects. Data
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will be collected at the same time of day during the base-
1ine and intervention phases of this study.

One week later, after the first subject has completed
the intervention phase, training and intervention will be
implemented for the second subject, in the same manner as
the first, while baseline data continue to be collected for
the remaining two subjects. Since the remaining subjects
will have an extended (prolonged) baseline, dintermittent
assessment of drill activities will be conducted three times
a week to obtain baseline data for the third and fourth
subjects.

Each subject will be post-tested at the end of the in-
tervention phase. The pre-test and post-test are identical.

The data collected for each subject will be graphically
represented, and the means for baseline and intervention
will be calculated and interpreted.

Re]iabiTity of the pre-test/post-test will be indepen-
dently rated rated by a research assistant at Oregon State
University, a resource teacher at South Albany High School,
and the investigator.

The same raters will independently rate reliability of
the baseline data, using the permanent product record
method.

Maintenance, or generalization across time, is regarded
as the length in time the effects of intervention are main-

tained (Baer, Wolf & Risley, 1968). The efficiency of the
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intervention process is highly dependent on the systematic
evaluation and measurement of the training period(s) for
each student. In this study, maintenance of intervention
effects for each subject will be tested thirty days after
the termination of intervention, using the same investiga-

tor-designed test that was used as pre-test.

Organization of Remainder of Study

Chapter I has introduced the study by (1) develcping a
need by means of a Titerature review in the area of learning
disabled adolescents and computer games as a teaching aide‘
(2) presentation of the study problem, and methodology.

Chapter II reviews 1iterature pertainin to Tlearning
disabilities, Tlearning disabled adolescent, computer games
and multiple baseline across subjects.

Chapter III presents the methodology of the study. It
includes a discussion of characteristics of each subject,
setting, materials, experimental design, and research
procedures.

Chapter IV presents the findings of the study.
Reliability data from pre- and post-tests as well as each
subject's baseline, intervention and maintenance data, are
discussed. The overall performance of subjects with respect

to multiplication and division facts are discussed.
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Chapter V  presents a summary, conclusions, and
discussion of the apprepriateness of the multiple baseline
design across subjects. It also includes recommendations

for classroom practice and further study.
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IT. LITERATURE REVIEW

The literature will be reviewed in three sections. The
first section provides a brief historical overview of
learning disabilities and a description of the
characteristics of learning disabled adolescents.

The second section describes the general <character-
istics of computer games, their uses in general classrooms,
and their benefits for learning disabled students.

The third section describes the multiple baseline
research design and its underlying rationale, advantages,
and problems. Multiple baseline design across subjects, a
variation of multiple baseline design used in this study, is

also described.

Learning Disabilities

Historical Overview

The historical antecedents of the term "learning
disabilities" account for much of the confusion that
survrounds the definition. Before the term was accepted,
many definitions were used synonymously to describe those
children whose learning and behavior patterns did not quite
fit existing definitions of handicaps. The idea that the

mind was subdivided into traits or mental processes gained
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slow acceptance and essentially evolved from attempts to
explain the various brain functions now associated with
cognition, i.e., language, perception, memory, etc. For
several centuries, argument flourished among scholars
regarding localization of brain function. The British
empiricists-associationists introduced the information
processing theory as an alternative to Descartes's doctrine
of innate learning of the Seventeenth Century. The German
psychologist, Wolfe (1679-1754), introduced a psycho-
neurological study of how cerebral lesions affected
Jocaiized areas of the central nervous system. This thesis
was expanded by a Viennese physician, Gall (1758-1828), who
reasoned that damage to a certain area of the brain would
result in loss of a specific function. Gall's belief in
localization was so strong that he even postulated that
intelligence could be determined by measuring the
protrusions of the skull. This view resulted in the birth
of the science of phrenology.

Gall's beliefs 1in mental processes and phrenology
were challenged by one of Germany's leading psychologists,
George Frederick Herbart (1774-1841), who contended that
the brain worked as a unit. Herbart was so persuasive
that Wundt (1832-1920), the father of experimental
psychology, disregarded cognition in favor of

structuralism.
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Many early special educators depended on psychometric
tests for classification and placement of children. They
also believed that disabilities were related specifically
to brain area function; thus, they supported the basic
mental processes theory.

Pestalozzi (1747-1827), Bastian (1887), and Jackson
(1913), using research 1in speech, epilepsy, and sensory
functions, devised maps of localized brain function. Itari,
Seguin, Montessori, Fernald and Descoendres continued the
practice of modality training with handicapped children. The
work of éo]dstein, Strauss, and Werner in the 1940s and 50s
drew parallels between brain damage and perceptual-motoer
disturbance.

The 1960s were referred to as the perceptual-motor era.
Researchers such as Kephart, Barsh, Getman Frostig, and
Cruickshank devised teaching methods for children who were
assumed to be brain damaged, and who performed pcorly on
perceptual-motor tests.

Twenty five years 1later people, such as Strauss,
Monroe, Lehtinen, Gillingham, and Kirk, did research,
taught, and prepared others to teach, using mental process
training techniques (motor, perceptual, and language). Thus,
an information-processing approach became a strong influence
in defining handicapping conditions.

Until 1963, children who performed poorly in school and

on perceptual-motor tests were diagnosed as brain damaged.



18
In fact, the diagnostic term used was "minimal brain
dysfunction" (Chalfant and Scheffefin 1969). The symptoms,
(hyperactivity, distractibility, poor motor control, short
attention span, and impulsiveness) typically observed in
victims of brain damage, are typical symptoms of the
learning disabled. Unfortunately, no direct measure of
minimal brain damage dysfunction exists that can reliably
differentiate the learning disabled from normal
individuals.

An historic moment came on April 6, 1963, when Kirk
addressed the parent group responsible for the Fund for
Perceptually Handicapped Children, Inc., (the predecessor to
the Association for Children with Learning Disabilities).
For the first time, the term "learning disabilities" was
used in pubiic forum. Kirk questioned the relevance of a
search for neurological signs when, in fact, diagnosis of
minimal brain dinjury resulted from an absence of such
findings. He was even more critical of the idea of
instructional and behavioral management based on the
diagnostically useless term--minimal brain damage.

Kirk's speech resulted in the formation of the
Association for children with Learning Disabilities and the
widespread use of the term "learning disabled". In 1968, the
National Advisory Committee on Handicapped Children
developed a definition which became widely used because of

its inclusiocn in P.L. 91-230, a 1969 agreement amendment to
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the Elementary and Secondary Education Act (ESEA, Title VI,
of the Education of the Handicapped Act of 1967).

The current commonly accepted definition of learning
disabilities is found in P.L. 94-142 which defines learning
disabilities as disorders in one or more of the basic
physiological processes involved in understanding or in
using language spoken or written, which may manifest
themselves in an imperfect ability to listen, think, speak,
read, write, spell, or to do mathematical calculations. The
term includes such conditions as perceptual handicaps, brain
injury, minimal brain dysfunction, dyslexia, developmental
aphasia. It does not include children who have learning
problems which are primarily the result of visual, hearing,
motor handicaps, mental retardation, emotional disturbance,
environmental, cultural, or economic disadvantege. (USOE,
1977, p. 65083, published in the Federal Register)

Because the definition of 1learning disabilities, as
well as 1its assessment and diagnostic procedures, varies so
widely, there are no reliable distribution figures.
Estimates range wup to 30 ©percent of the school-zge
population. In 1981-1982 the Department of Education
identified 3.33 percent of the children from age 5 to 17 as

learning disabled.
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Characteristics of Learning Disabled Adolescents

Interest in the learning disabled adolescent has
increased in recent years. Educators have realized that,
though improvement occurred when the student received
extensive remediation at the elementary level, many learning
disabled adolescents <continued to lag academically and
socially. This lag was related to the ~characteristics
associated with adolescence.

Current information about the <characteristics of
learning disabled adolescents is derived from clinical data
and classroom observations. Numerous 1lists of character-
istics exist resulting from the populations studied and
from the judgment cf observers. It is difficult to compare
results or to draw conclusions from research and
observational findings.

Deshler (1975, 1978) identified four types of behav-
joral symptoms which continue 1into adolescence. These
adolescents exhibit characteristics previously observed 1in
SLD children but which are displayed in more subtle fashion
during adolescence, continuing problems in reading and
mathematics, poor self concept and motivation, and
difficulties in social and emotional areas.

Schmid (1979) noted four general characteristics with
many sub-characteristics. (See Appendix A). Many ditems in

Appendix A refer to continuing problems in information-
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processing, academics, physical development, and socio-
emotional differences.

In 1980, studies dealing with academic-cognitive,
personality-social, and perceptual-motor factors involved in
learning disabilities were reviewed by Deshler and he noted
that by the time the Tlearning disabled child reached
adolescence, there was a high probability that the indirect
effects of having a learning handicap would result in poor
self-perception, lowered self-concept, and reduced
motivation. At the same time, the former characteristics
of uncoordination, hyperactivity, distractibility, and poor
attention were manifested in more subtle fashions.

Recently, characteristics of learning disabilities were
documented through research conducted by University of
Kansas Institute for Research 1in Learning Disabilities.
This research was funded by the U.S.0.E office of Special
Education and Rehabilitative Services in 1978. The Institute
specified the learning disabled adolescent and young adult
as 1its target opopulation. Its commitment was to the
development of a comprehensive data base as a strategy for
describing learning disabilities. It was hoped that the
resulting description would serve as a basis for the design
and validation of idintervention and support systems that
would enhance the adolescent’s performance in school, home,

community, and employment settings. (See Appendix B.)
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In summary, the historical overview of learning
disabilities and the recent investigation of the
characteristics of 1learning disabled adolescent in recent
empirical research continue to substantiate the notion of a
heterogeneous group, which for classification purposes has
been labeled learning disabled.

In reality, this group may exhibit clusters of
characteristics. Thus it is 1ikely that by nature of
conditions, any attempts to form a 1ist might include
infermation-processing deficits, academic difficulties,
developmental dinconsistencies, and socio-emotional differ-

ences.
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Learning Disabilities and Arithmetic

There 1is there 1is not much empirical data concerning
the arithmetic abilities of Tlearning disabled adolescents
(Brown, 1975; Cawley, 1978; Johnscon, 1979; Marsh et al.,
1973). The 1imited 1information available describes the
student with a Tearning disability in several general and
specific areas (Johnson & Mykelbust; Bartel, 1975; Lerner,
1981). The general areas 1include the inability to count
meaningfully, perform arithmetic operations, understand
mathematical signs and symbols, associate numbers with
numerals, establish one-to-one relationships and generalize
mathematical concepts. Difficulty in telling time, using
money, interpreting maps and graphs, understanding when to
use a particular process are examples of specific probiem
areas (Sabatino, Miller, & Schmidt, 1981). These areas
often place the learning disabled adolescent two to three
years behind his/her expectancy age.

Educators are of the opinion that a comp]ex interaction
exists among student, the teacher, and the teaching methods
and/or materials and this interaction <can facilitate
learning and achievement. The instructional methods used
with the learning disabled adolescents who have arithmetic
deficits must be sensitive and appropriate to their

deficits.
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Computer Games

General Characteristics

Computer games have a number of characteristics which
contribute to their effective wuse 1in the classroom. For
example, they provide immediate feedback. The students or
the players know immediately whether their responses were
correct, or incorrect, too 1late, or too early. They are
also provided with feedback regarding the effect of their
respoenses by a constantly wupdated score on the screen.
Players are not provided with reasons that responses were
right or wrong, instead, correcticn and improvement usually
occur as a result of a deductive process. As the student or
piayer masters the game, the consequences which contribute
to or detract from performance are gradually reaiized. This
information about the nature of a good performance,
knowledge of his/her own mistakes, and knowledge of
successful results, aid the learning process.

Computer games provide an opportunity for improvement.
Typically, computer game players play poorly on the first
few games. Rather than regarding their poor performance
as failure, the players view the games as a challenge to
improve their scores. Improvement seems to result from two
factors: familiarity and development of strategy. As they

become familiar with the game, they begin to understand the
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content and sequences, and the consequences associated with
the various types of responses. As familiarity grows, the
players begin to anticipate events and plan strategies, thus
improving the accuracy of their performance. Therefore,
computer games provide opportunity for improvement. They
allow the student to be "in control" of his/her own
learning.

Computer games draw the student's undivided attention.

Over a very short time, several responses are not only

1 possible, but are required for good performance. Overt

responses (button pushing, etc) often range from ten to

thirty to more than a hundred per minute. Covert responses

(decisions) occur at the rate of several hundred per

minute with the experienced player. Because of their

undivided attention, players practice in playing, decision

making, strategy planning, and hopefully acquire permanent
skills.

Computer games actively involve the player or student.

| This is dimportant from the educational point of view, as

learning 1is more effective when a Tlearner 1is actively

involved in the learning process. 7

Computer games provide unlimited repetitive practice

and since the <computer is -emotionless and infinitely

patient, this repetition may not be embarrassing or aversive

to the learning disabled adolescent. This is particularly

important for slow-learning students or special education
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students who do not often experience success in the
classroom.

Computer games provide intrinsic motivation, which is
important for 1learning (Malone, 1981). This 1is important
from the educational point of view as learning 1is more
effective when reinforcement comes from within the person
rather than from the outside worid.

Malone (1981) conducted a series of research studies
on the motivational aspects of computer games. He generated
a theory of instruction based on their dintrinsically
motivating elements in which learning comes from within the
person rather than from the outside world. Malone (1980)
states that there are three major ingredients dinherent in
the student-computer game experience which make the games
such ideal vehicles for 1learning. These three ingredients
are challenge, fantasy, and curiosity. Challenge s
achieved in computer games because levels of difficulty
shift 1in accordance with how well the player 1dis doing.
Difficulty depends on such factors as the amount of time
needed to reach the goal, the memory capacity required, and
the response speed that is required. Thus, these

instructional games can vary in difficulty 1level so that

they remain forever <challenging. Fantasies abound in
computer games. They may be <created by the plot, the
graphics, and the sound effects. Fantasies are

instructionally useful since they help the Tlearner apply
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knowledge to new concepts. They also provide vivid images
related to the material to be learned, resulting in an ideal
learning situation, since many psychological experiments
have demonstrated that using dimagery is one of the best
ways to learn new material (Paivio, 1971). Fantasies serve
emotional functions, one of which is wish fulfillment. They
also can be powerful ways of harnessing pre-existing
emotional motivations and can be used to increase interest
in learning. The learning environment also is enhanced by
evocation of curiosity. To achieve this, one needs to
provide an optimal level of informational complexity. By
optimal 1level, Malone (1980) means that the environment
should be neither too complicated nor too simple for the
learner. The world of 1learning should be novel and
surprising; at the same time, it cannot be incomprehensible.
It is possible for the student to select his/her optimal
level of complexity by means of speed controls etc.

Computer games provide individualization, an essential
ingredient in special education. Individualization s
evidenced in two aspects of the game activity. First the
student 1is actively involved in a game, and second, the
teacher 1is then able to give individual attention to other
students (Clark, 1978).

Computer games give immediate reinforcement for correct
answers, which tends to motivate students. Playing the

games requires a combination of speed and accuracy. In
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learning, speed or frequency of performance is as essential
as the accuracy of the performance (Whitle & Haring, 1976;
Harghton, 1972). Usually, students advance to the next
level on the basis of performance which may be accurate, but
may also be slow. Hence, the degree of mastery necessary
to retain a skill, to perform it with confidence, and to use
it to build more complex skills, is seldom achieved. Since
use of computer games provides incentive for fast responses,
playing the games results in an increase in speed as well as
accuracy.

Finally, what makes computer games so intrinsically
rewarding? Csikzentmihaly and Larson (1980) suggest that
this results from "A flow of state" in which individuais
experience a peculiar, dynamic balanced state of
interaction.

Flow is described as a condition 1in which
one concentrates on the task at hand to the
exclusion of other internal or external
stimuli. Action and awareness merge, so that
one simply does what is to be done without a
critical, dualistic perspective on one's
actions. Goals tend to be clear, means are
coordinated to the goals, and feedback to
one's performance is immediate and
unambiguous. In such a situation, a person
has a strong feeling of control--or personal
causation--yet, paradoxically, ego involve-
involvement 1is low or nonexistent, so that

one experiences a sense of transcendence of
self,sometimes a feeling of union with the

environment. The passage of time appears to
be distorted; some events seem to take a
disproportionately long time, but, in

general, hours seem to pass by in minutes.



29

From this perspective, éddiction to computer games can

be explained as an acticn system in which skills and
challenges are progressively balanced, goals are clear,
feedback is immediate and unambiguous, and relevant stimuli
can be differentiated from dirrelevant stimuli. This
combination contributes to the sense of flow and interaction

which make the experience deeply satisfying.
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Use of Computer Games in Regular Classrooms

People of all ages have succumbed to the 1lure of
computer games. School age youth struggle to explain the
enjoyment which players derive from computer games.
Teachers wonder aloud 1if perhaps the magic of "Pac-Man"
cannot be bottled and utilized in the classroom to enhance
the student experience. Pointedly, educators are questioning
what implications, if any, computer games have for
restructuring classroom activities to create a productive
learning environment.

At the same time, mathematics educators are
increasingly concerned with the attitudes of children and
youth toward mathematics and with the general problem of
motivation. According to John Biggs (1963), ‘“anxiety
appears to be more easily aroused in Tlearning mathematics
than it s in other subjects". In recent years, the
instructional possibilities of games have «come to be
recognized.

Games are not only fun, but they are "tremendously
useful devices for developing skill 1in mathematics.
Practice in computational skills is just as effective and
much more palatable when disquised as a game. Games focus
on interest, and one advantage of using games for
instruction is that they improve attention/attendance

behavior" (Biggs & Maclean, 1969). Kennedy and Michon (1973)
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note that games can be used in the development of concepts
as well as mastery of skills. Games provide needed
structure and individualized 1instruction. They are also
valued by mathematics teachers for their variety and
novelty. Kennedy and Michon (1973) summarize the advantages
of games:

Games help teachers overcome problems
connected with children's mathematics. They
give children variety in the way they deal
with a topic, allow them to actively
participate in the learning process, provide
repeated exposures without becoming tiresome
and enrich children’s background.

Ashlock (1972) notes two characteristics of games which
make them useful for heiping children master the basic facts
of arithmetic. First, because a child does not have to win
a game every time, he/she feels more free to be wrong;
whereas, it is the ultimate expectation of much conventional
instruction that the child will get the correct answer every
time. Secondly, if the child is to master the basic facts
of arithmetic, he/she must practice "pulling them out of the
head" instead of always figuring them ouﬁ the long way. A
game provides the prompting necessary to respond quickly if
recall is to be reinforced.

B. David Brooks (1983), a consultant and instructor at
the University of Southern California, studizd 1000

adolescents who frequented arcade games. Sixty-eight percent

had C averages or better, and eighty percent spent less than
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$5 a week on games. Only six percent claimed that the games
encouraged truancy; ninety percent said they had never seen
alcohol or drugs 1in arcades. Brooks (1983) asserts that
games actually promote socialization among peers and between
fathers and children. He also found, in a separate study
of gang members, that games reduced peer tension by 400
percent. This 1is corroborated by Antonia Stone (1983), the
executive director of New York City’s Playing to Win, an
organization that has used computer games with incarcerated
juvenile offenders. Stone (1983) reported that members of
rival gangs overcame their differences to help each othef
beat their computer opponents in an electronic version of
the game Othello.

Patricia Greenfield (1983), a professor of psychology
at UCLA who studied cognitive skills required in video
games, debunks the idea that they merely foster eye-hand
coordination. "According to modern child psychologist dJean
Piaget, sensory motor skills are the foundation of
abstraction," says Greenfield (1983), and she suggests that
games also teach children many cognitive skills and
multilevel (rather than linear) thinking, the foundation for
mathematical concepts 1like calculus and the rudiments of
physics. "Having to induce the rules makes Pac-Man more
lifelike than chess," Greenfield observes. A good games

piayer becomes "very skilled with parallel processing of



33
multiple variables; that's 1ife. Most people who criticize
the games can't play them."

Psychologist Lepper (1982) points out that video games
could potentially be used to provide an intuitive
understanding of many principhes of physics. He calls such
games "educational simulations” 1in reference to the fact
that physical events can be simulated on the screen by
inserting the appropriate Taws into the computer program.

W. J. Lynch's study (1981) involved twenty-five
learning disabled children between the ages of six and
thirteen. Subjects were tested both before and after
concentrated playing of a number of video games. The game
sessions lasted approximately thirty minutes and were
carried out at weekly intervals for twelve weeks. Dramatic
improvements occurred. Specifically, children improved in
their ability to perform a Tline-tracing task that tapped
into motor ability and in a task of spatial visualization in
which they had to match a missing block with a like-shaped
contour. Further research is underway to answer such
questions such as whether it is best for the children to
engage in "structured" or in "free" video game training (W.
J. Lynch, 1981).

Most educators agree that classrooms need to be created
that motivate and challenge students to succeed in tasks and
make it clear that those tasks are worthwhile and relevant

(Verble, 1980). It has been argued that the "genius of good
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teaching is helping the student discover needs he never knew
he had" (Combs, 1976). Few educators would quarrel with the
notion that the instructors should be sensitive to the needs
to create potentially matched challenges and skills (Trump &
Vars, 1976).

Computer games in the classroom with characteristics of
fun, challenge matched to skill ability, high Fesponse rate,
feedback and intrinsic motivational appeatl may have
relevance to the education of adolescents.

In conclusion, the use of computer games in special
education classrooms is very limited. Used carefully with a
sense of their characteristics, the computer games can have
substantial impact on instructional practices in the special
education classroom. They can help many students,

especially those who have considerable difficulty in school.

Specific Benefits of Computer games for Learning
Disabled Adolescents

Learning disabled adolescents do not Tlearn as readily
as others of the same chronological age. They Tlack the
ability to master abstract ideas, and are usually unable to
learn material without specific instruction. As a result,
educational material should be programmed in sequence and
presented in such a way that the student will learn at a

rate compatible with his/her development.
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To implement systematic instruction, it is necessary to
apply learning principles and techniques that will
facilitate 1learning. Computer games are based on some of
the learning principles that educators believe will

facilitate learning for learning disabled adolescents.

1. Computer games provide immediate feedback.

2. Computer games provide immediate reinforcement for
correct responses.

3. Computer games proceed in a systematic way. The
software is programmed in such a way that the
lessons proceed in a step-by-step fashion so that
the more basic and necessary knowledge and habits
precede more difficult material.

4, Computer games provide repetition of experience
sufficient to develop over-learning.

5. Computer games motivate the student toward greater
effort due to
(a) reinforcement and the satisfaction of

succeeding,
(b) sessions of optimal length, and (c)
variations in the material presented.

6. Computer games provide success experiences thus
increasing self-concept and self-confidence in
the learning disabled adolescent.

7. Computer games provide a challenging level of
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difficulty which is subtle and inviting. Just as
the student accomplishes one goal or level another
more difficult level is introduced. Because of
previous success, instead of being frustrated,
discouraged or disillusioned with the game, the
student continues to play to improve skills. As a
result his/her coordination and or response times
increase and and once again he/she experiences
success in Tlearning.

Some software packages space or distribute
repetitions of material over time. This software
repeats the presentation of one concept in many
new settings, so that the student returns to it
again and again--not as drill but as transfer to a
new situation.

Computer games provide opportunity to build and
consolidate skills in natural settings, an
alternative to the more artificial contexts of

academic lesson and physical therapy.
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Multiple Baseline Designs

In applied behavior research, multiple baseline
research designs have recently come to the fore. Baer,
Wolf & Risley (1968) call these designs scientific
verification procedures, because they allow verification of
whether a research. procedure is really responsible for a
change 1in behavior. Multiple baseline designs demonstrate
causal relationships, and can be applied to single subjects
or to single groups. They are frequently used in cases in
which reversal of behavior is impossible or undesirabie.

In the multiple baseline design, inferences are based
on examination of performance across several baselines.
This procedure requires that baseline data be obtained
concurrently for several behaviors of one subject or one
group, or for the same behavior of a subject or group under
various stimulus conditions. When ail baseline data exhibit
acceptable stability 1in 1level and trend, an dintervention
(educational or therapeutic) 1is applied to the first
baseline (one of the behaviors, or conditions, or subjects).
During intervention, data continues to be gathered for the
remaining behaviors. 0Only when an appropriate change occurs
in the first behavior (or condition, or subject), may
intervention be applied to the second. As before, the same
abrupt, appropriate change 1in the second behavior should

be demonstrated, while baseline data continue to be gathered
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on the remaining behaviors. The process is repeated for the
third behavior and for all the remaining behaviors.

The unique feature of multiple baseline designs is the
demonstration of experimental control. The different
behaviors (conditions or subjects) in the design provide a
basis for estimating what changes can be expected to occur
without the application of intervention. At the time when
intervention 1is applied to one behavior (condition or
subject), a comparison exists between intervention and non-
intervention conditions. The behavior (condition or subject)
that receives intervention should <change (i.e., show clear
departure from the 1level of performance predicted by the
baseline). It is important to examine whether other
baselines that will 1later receive intervention show any
changes or variability during the same period. This
comparison of performance across behaviors (conditions or
subjects) at the same point in time is an essential aspect
of the multiple baseline design.

The three variations of the multiple baseline design
are:

1. Across several different behavicrs of an subject
or group (Kirby, Holborn & Bushby, 1981).

2. Across several different stimulus <cenditions to
which the same behavior of an subject or group is
exhibited (Lutzker, 1978).

3. Across several subjects or groups displaying the
same behavior under the same stimulus <conditions
(Gruber, Reeser & Reid, 1979).
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The multiple baseline design offers several practical

advantages. They are as follows:

1.

($4]
.

It is a particularly useful design for classroom
use for it establishes a functional relationship
without withdrawing the intervention, as is
necessary in a reversal design.

Intervention is not withheld or reversed to
demonstrate experimental control (Baer, Wolf, &

Risley, 1968; Kazdin & Kopel, 1975; Kratochwill,

1979).

It fosters simultaneous measurement of several
concurrent target behaviors. Monitoring of
concurrent behavior allows for a closer
approximation to naturalistic conditicns where a
variety of responses are occurring at the same
time. Second, examination of concurrent
behaviors leads to an analysis of covariation
among the targeted behaviors.

The design eliminates many practical and ethical
questions because reversal is not required.
Experimental control can be demonstrated withcut

a return to the baseline condition.
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6. It allows for evaluation of programs that are

designed to teach skills that are irreversible.
Problems in the design

Sometimes the baselines that have not yet received
intervention show slight variations. When only the treated
behavior (condition or subject) changes, this suggests that
normal variability 1in performance would not account for the
change. However, repeated demonstration of <changes in
specific behaviors (conditions or subjects) when the
intervention is applied provides a convincing demonstration
that the intervention was responsible.

Concurrent measurement of several Dbaselines is a
requirement of multiple baseline design. This requirement
can be 1limiting because it 1is difficult to identify the
requisite number of baseline measures and also concurrent
measurements of several behaviors may prove time-consuming,
expensive, or otherwise impractical (Horner & Baer, 1978;
Scott & Goetz, 1980).

A behavior change may said to have generality if it
endures over time. In multiple baseline designs research,
Sidman (1960) notes that the key to achievement of
generality is 1in replication of the results. Replication
will determine the extent to which results obtained in one

study can be generalized across a variety of behaviors.
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Inconsistency in the effects of intervention is another
problem in multiple baseline designs. This inconsistency is
demonstrated in cases in which some behaviors are altered
when the intervention is dintroduced and others are not
(Kazdin, 1982). In cases .which include only two behaviors
and only one of these behaviors changes at time of
intervention, the results are ambiguous since factors other
than intervention may well have caused the behavior change
{Kazdin, 1980). Thus, it 1is good strategy to incorporate
several behaviors (or conditions, or subjects) in the
design, since the effects of intervention will be clear from
the several behaviors that do change when the intervention
is introduced.

Use of multiple baseline designs in research gives rise
to additional problems. Since intérvention must occur in an
orderly fashion, a particular behavior may be allowed Lo
continue over a prolonged period of time until its prcper
time for intervention has arrived. This prolongation of
destructive or aisturbing behavior may be undesirable from
clinical or ethical viewpoints. It is also possible that an
extended baseline will introduce ambiguity or may result in
boredom, fatigue and competitive responding by learners.
Also, prolonging basg]ine measurers may be considered

ethically questionable when intervention is postponed on

behaviors that require immediate action (e.g., physical
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aggression directijon against self or others) (Kratochwill,
1978; Strain & Shores, 1979; Sulzar-Azaroff & Mayer, 1977).
These problems may be avoided, however, by using short
baselines or brief lags before applying intervention to the
next baseline. Also, intervention may be applied to two or

more behaviors at once, resulting in shorter baselines.

Multiple Baseline design across subjects

Multiple baseline design across subjects is one of three
variations of multiple baseline design. In this design, the
investigator sequentially applies intervention to the
behavior of several subjects who exhibit the same behavior
under similar environmental conditions. The first step
after selection of subjects 1is to gather baseline data
regarding a particular behavicr of a subject. The number of
subjects whose behaviors are observed or measured determines
the number of baselines, (i.e., multiple baselines). Meas-
urement of baseline performance of the target behavior of
each subject continues until a stable trend and Tevel is
established for each. The investigator proceeds by applying
the intervention to the first subject’s behavior while
baseline measurements are continued for the other(s). The
behavior of the subject exposed to the intervention is
expected to change; the behaviors of others are expected to

continue at their baseline levels. When the ‘target
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behavior of the first subject reaches the expected level,
the intervention is extended to the second subject’'s
behavior. This sequential and systematic procedure of
implementation of intervention is continued until all of the
subjects for whom baseline data were collectad have receijved
the Jintervention. At all times, the offect of the
intervention is demonstrated when a change 1in performance
is obtained at the point when the intervention is introduced
and not before:

Figure 2.1 shows a seqguential administration of an
after-school tutoring contingency on three tenth-grade
students who were obtaining grades of D0 and F on quizzes
given threse to four times a week 1in their French class.
During baseiine, quizzes given throughout the week were
scored independently By the tsacher and an outstanding
student. Starting on Day ld, Dave began receiving after
school tutoring whenever he obtained D or F grades on 2
quiz. Basaline conditions were maintained for Ray and
Debbiz. On Day 15, Ray began his after-school contingency,
whereas Debbie's tutoring contingency began on Day 20. The

results show that grades improved after each student was

exposed to the after-schocl contingency.
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After-schoo! tutoring contingent
Basaline on D or F grades
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Figure 2.1 A record of quiz score grades for three
high school French class students.
Baseline--before experimental procedures.
After-school tutoring contingent on D or F
grades. Pupils required to stay after
school for tutoring if they score D or F on
daily quizzes (Hall, R. V., Cristler, C.,
Cranston, S. S., & Tucker, B., 1970).

The multiple baseline design across subjects s
advantageous for classroom use for several reasons. First,
the design targets a common skill across several Tlearners.
Secondly, it staggers instruction to allow for rate
differences. Thirdly, it permits teachers to vaiidate
program effectiveness across several students, thus

increasing the generality of the findings (Cuvo, 1979).
Problems in the multiple baseline across subjects design

The investigator using the multiple baseline design
across subjects faces the problems o¢f covariation among
baselines, inconsistent effects of the intervention,
prolonged baseline, lack of random sampling, and

demonstration of experimental control.
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In the multiple-baseline design across subjects, it is
possible that altering the behavior of one subject
influences the behaviors of other subjects, thus causing
covariation across baselines. Covariation 1is also caused
when baselines are interdependent so that the implementation
of intervention to one baseline leads to changes in other
baselines even though these baselines have not received
intervention. Intervention based on reinforcement ¢r
punishment has occasionally produced such effects, i.e.,
hehavior changes among subjects who have merely observed
positive or negative reinforcement of the behavior of
others (Kézdin, 1982). It is also possible that extraneous
events may coincide with the application of intervention and
thus JTead tc changes in baselines. This ambiquity may be
erased by applying rapid intervention effects to those
baselines that show the covariance effects (Kazdin, 1983).
Another problem of this design occurs when the
intervention may produce inconsistent effects on the
subjects to which it 1is introduced. Inclusion of several
subjects in the design will overcome this problem since
clear effects may be observed in the several subjects that
do show & change when the intervention is introduced.
The third problem that may occur with use of this
design results from withholding intervention for a preclonged
period of ftime while the investigator is waiting to apply

the intervention to the final subject. As mentioned above,
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clinical and ethical considerations make it difficult to
justify withholding intervention for a 1long time. Also a
prolonged or extended baseline may introduce
ambiguity 1into the design. In <cases where subjects are
retested on several occasions, extended baseline assessment
may lead to positive or negative changes in behavior that
seem to have no explanation. These problems can be avoided,
however, by utilizing short baseline phases or by measuring
baselines on an intermittent rather than on a continuous
basis (Horner & Baer, 1978).

A fourth criticism of this design might be that it does
not employ random sampling in selection of subjects.
However, random sampling is not essential. As pointed out by
Edgar & 8il1lingsley (1974), most psychological and
educational research does not provide true random samples.
They state:

In the absence of random samples, hypotheses still

be tested, but statements of significance are

Timited to the effect of the treatment of Ss

actually utilized generalizations being based on

logical considerations of nonstatistical nature

(Edington, 1967). This logical rather than

statistical basis for generalization is applied in

most large sample studies and is equally

applicable when N=1 whether tests of significance

applied to the data obtained from the reversal or
multiple baseline idinvestigation. In many cases
generalization may, in fact, be more readily made

from N=1 studies due to the copportunity for more

accurate delineation and precise control of Ss
characteristics.
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The potential drawback, that of not using a random
sample, may be overcome by making detailed statements of the
characteristics of the subjects and detailed descriptions of
situational characteristics (Edgar & Billingsley, 1974).

A final problem 1is 1in the demonstration of enough
experimental control for believability (Baer et al., 1963).
In this design, experimental control 1is demonstrated by
collecting baseline data of the same behavior for each
Subject. After behavior of each Subject has reached a
stable state, the intervention {is applied to only one of
them while baseline conditions are continued for others.
The behavior of the person exposed to the intervention is
expected to ﬁhange, while the behaviors of the others would
be expected to continue at their baseline levels. When the
-target behavior of the first Subject reaches the expected
level, the intervention is extended to the second Subject.
This procedure 1is continued until all the subjects for whonm
baseline data were ~collected receive the intervention.
Experimental control is demonstrated only when behavior of
each subject changes maximally only upon application of the

experimental variable.
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ITlustration of the multiple baseline design across subjects

Montague (1984) investigated the effects of use of an
eight-step cognitive strategy on the ability of six learning
disabled adolescents to solve verbal math problems. The
eight-step strategy was designed to enable students to read,
understand, carry out, and check verbal math prob]ems that
are customarily encountered in the general math curriculum
at the secondary level. During the intervention phase,
students received strategy acquisition training over three
sessions. When they demonstrated that they had memorized
the eight strategy steps, they practiced applying this
strategy, and testing commenced. Utilization of the
strategy and improved performance were measured by resulting
test scores. (The number of correct responses and the
number of minutes taken to finish the test.)

The data dindicated that this eight-step <cognitive
strategy was an effective intervention for this sample of
students who had deficits in verbal math problems.

A11 the students demonstrated improved performance
(correct responses) on two-step verbal math problems. Four
of them generalized the use of the strategy to three-step
problems. Four students maintained improved performance
over two weeks with no instruction or practice. Substantial

increases were noted in the amount of time required to
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these problems. These tests were administered

immediately after strategy acquisition training.

Appropriateness of use of multiple baseline design across

Use

subjects in the present study

of multiple baseline design across subjects is

appropriate for the present study because:

1.

(o)}
.

The study is an experimental analysis of
individual behavior.

The population is small.

There is no random sampling.

A11 subjects are exposed to the same environmental
conditions.

A1l subjects have the same target behavior
(arithmetic deficiency) and are of similar age
(i.e., between 16 and 18 years).

Continuous or repeated measurement of each
subject's behavior will be employed. Behavior
varies in frequency as a function of normally
occurring events, and repeated measurement of tne
behavior of a subject is thought to be equivalent
to determining test-retest reliability of a
measurement with many subjects.

Evaluation of data occurs through visual

inspection rather than by statistic analysis.
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Visual inspection of data is a crucial
characteristic of this methodology (Baer, 1977).

8. Continuous measurement over time allows the
investigator to see changes in the data as a
function of stable patterns of performance within
different conditions.

§. Experimental control is demonstrated by
simultaneous measurement of several concurrent
target behaviors.

Multiple baseline designs demonstrate that a particular
intervention has produced an effect by showing that at
different times behavior change occurs if, and only if, the
intervention is present. These designs require no reversal
conditions in order to demonstrate the efficacy of the
intervention. Instead, data are collected across behaviors,
settings, or subjects and experimental control is
demonstrated when behavior is altered as a function of
exposure to the intervention. There are problems inherent
in multiple baseline designs that can be avoided 1if the
investigator is aware of them.

In multiple baseline design across subjects, the
intervention is applied, in segquence, to a particular
behavior of matched subjects exposed to similar environ-
mental situations. Problems resulting from covariation,
inconsistencies of intervention, prolonged baseline, and

small samples do occur. However, recommendations of Kazdin,
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1982; Sulzer-Azaroff & Mayer, 1977; Hersen & Barlow, 1978;
and Edgar & Billingsley, 1974, can be wused to resolve or

avoid the possibility of ambiguous results.

The field of learning disabilities has been developed
as a specialized field by Kirk (1963, 1972) and since then,
many important people have contributed to it. A Tlearning
disabled adolescent exhibits certain characteristics or
behaviors such as low achievement, hyperactivity, and
others. Identification of these characteristics enable the
educator or teacher to take steps towards remediation.
Although extensive work has been done in areas of reading
and language with these students, 1ittle has been done in
the area of arithmetic skills. Therefore, a need for
research exists.

Intervention techniques used with the learning disabled
adolescent must take into consideration not only general
problems (i.e. perceptual disorders) but also Tow
achievement in arithmetic. Activities in the classroom
should provide motivation, active participation, immediate
feedback, and repetition. Computer games provide these and
should be considered as a viable instructional strategy.

Multiple baseline designs are used in applied

behavioral settings. They are popular because they dc not
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require reversals of performance. In multiple baseline
design across subjects, one variation of multiple baseline
design, the effects of an intervention with each of the
subjects are clearly demonstrated because the intervention
has been presented to each subject at different points in
time. Problems 1in this design can be avoided 1if the

investigator is aware of them.



III. Hethodology

This chapter will discuss the subjects, settings

materials, experimental design and research procedures.

Subjects

Two female and two male Jearning disabled adolescents,
enrolled in special education mathematics classes at South
Albany High School, Aibany, Oregon, vparticipated 1in this
study. ATl had been diagnosed as Tearning disabled by the
school psycnologist. (The criteria wused to determine
specific learning disabilities are Tisted in Appendix C.)
These subjects were selected for this study because they

had daficiencies 1in the knowledge of multiplication and

division facts.

Subject A

At the time of the study, Subject A was sixteen years
0ld, the oldest of three children. Her sister was a year
younger, and a half brother was five years old. Subject A
1ived with her mother and stepfather, a construction worker.

Her natural father Tived in California.
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Subject A was born with a cleft palate and has had
cnronic eustachian tube dysfunctions with recurrent middle
ear infections. Her cleft palate has been repaired. She
has a hearing aide for hearing 1loss. She was seen
biannually by a representative of the Crippled Children’s
Division.

She had participated in speech therapy and special
programs since entering public schools. Her speech was
nasal because of the palate. She demonstrated ©poor
knowledge of general information, probably as a result of
her hearing loss.

Subject A was working toward a standard high school
diptoma. She received one period of resource assistance for
help with her mainstream classes. She received
individualized instruction in mathematics and language arts.

Subject A was well motivated in her classes. She was
pleasant and positive. She participated in a counselling
group to develop social skills and improve her self-concept.

During the baseline phase and at the beginning of the
intervention phase, she worked the multiplication and
division problems by counting on her fingers. She used a
variety of finger-counting techniques such as tapping her
fingers on the table, on a chair, or on her cheek. During
the first session with the <computer, she asked many
questions about the procedure and had a great deal of

difficulty comprehending the task. She needed reassurance
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that she was proceeding in the expected way. She 1improved
in every succeeding session, showed increased confidence,
and exhibited enthusiasm.

Subject A’'s IQ was borderline (70-79) in the verbal
area and low normal in the performance area. The verbal
score was attributed to the hearing loss.

Subject Als scores on the Peabody Individual
Achievement test revealed the following grade levels:
mathematics, 4.4; reading record 7.0; reading comprehension,

6.8; spelling, 4.2; key math, 4.2.

Subject B

Subject B was a sixteen-year-old hyperactive male, the
ycungest of four children. He had two older sisters and one
older brother. Both the sisters and the brother had simiiar
learning problems. Subject B's mother and father were
separated. Subject B's father 1ived 1in the state of
Washington, along with the brother, who lived there because
of delinquency problems he experienced while 1iving with the
mother. The older sister was married. Subject B lived with
his mother and stepfather. This was subject B's mother’s
third marriage. She was a housewife.

Subject B had been 1in special programs since first
grade when he had trouble paying attention. He was placed

in kindergarten for one-half of the year and in first grade
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for the second half of the year. He was returned to first
grade the following year. He also repeated third grade.

Throughout his schooling, Subject B received special
help in reading, spelling, and math. His family valued
education. His mother always came to the conferences at
schcol and was very supportive of the school. Subject B
worked to the best of his ability to earn C’s and D's in
his mainstream classes.

Subject B was well within the normal range (90-109) 1in
vocabulary, comprehension, and general information. His
weaknesses were in auditory attention span and mathematics.
He was small for his age and immature in development.

Subject B enjoyed playing the ~computer games. He
required minimum training on the computer, and was very
vocal and excited during the training sessions. As the
training and intervention sessions started, he waited
everyday at 8:20 a. m. for the investigator to open the
resource room door. He was bored during drill activities
and showed his boredom in various ways, such as playing with
a pencil on the table, and asking irreievant questions.

Subject B's scores on Woodcock tests revealed the
following grade levels: word identification, 1.9; word
comprehension, 2.5; and passage comprehension, 2.6.

Scores on key math revealed 5.3 grade Tlevel.

Scores on Peabody Individual Achievement Test revealed

the following grade levels: mathematics, 4.4; reading
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record. 3.1; reading comprehension. 2.7; spelling, 2.8.
Scores of written = spelling revealed the following:

predictable words, 2.4; wunpredictable words, 2.4; total,

2.4.
Subject C
Subject C was an eighteen-year-old female who 1lived
with her mother in Albany. The mother received disability

aid for a bad back and aid to dependent children for Subject
C. Subject C was the only child.

Subject C's mother did not value education. She rarely
attended a conference unless the school threatened to
remove Subject C from school and call welfare. She also had
a drinking problem. Subject C had extreme school attendance
problems.

Subject C’s mother was separated from her father, who
lived in Salem. She had been married a second time, but was
divorced from her second husband.

Subject C repeated kindergarten twice before entering
first grade. She was in special, se]ffcontained classes
until third grade, when she was mainstreamed. From third
grade on, Subject (€ attended regular classrooms with
assistance from special programs for certain subjects.

Subject C will earn a certificate of completion from

high school, rather than a standard diploma. At the time
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of this study, she was in a program aimed at independent
Tiving and work experience.

Subject C°s I0 was in the borderline (70-79) area. Her
strengths ware in visual memory and visual closure. Her
weaknesses were in general information and vocabulary.

During the baseline and intervention phases, she
counted on her fingers and preferred to guess. DBuring
training sessions she was reluctant to play, as the speed
of the game seemed to frighten her. She improved 1in every
succeeding session but maintained speed 2 for all games.

Subject C's scores on \VWoodcock tests revealed the
following grade 1levels: passage comprehension, 6.0; word
identification, 6.0.

Scores on written spelling test revealed the following
grade levels: predictable words, 3.0; unpredictable words,
3.9 total 4.1.

Scores on written English revealed the following grade
levels: capitalization, 3.0; punctuation, 2.0; written
expression, 5.0.

Scores on Peabody Individual Achievement Test on

mathematics revealed 6.0 grade level.



59

Subject D

Subject D was a sixteen-year-old male. He was confined
to a wheelchair, as a result of an automobile accident which
had occurred when he was three years old. He Tlived in a
sheltered environment from the time of this accident until
age eight. The main emphasis of his schooling had been on
physical therapy with limited academics.

Subject D entered the public school at age nine (when
he was returned to his mother). He was placed in the second
grade.

Subject D was the youngest of three boys. He Tived with
his mother and brother in an apartment in Albany. The mother
was unemployed; their income came from child support and
welfare.

Subject D is working toward a certificate of completion
rather than a diploma. His programs dincluded survival
skills and work experience. He attended three special
classes and two mainstream classes. He had been in special
classes since his accident at age three.

Subject D was motivated to do well in school. He earned
a C in classes at his ability level, but he had a tendency
to quit if he perceived things to be too difficult.

Subject D's IQ was in the low normal range (80-89). An

accurate IQ had not been assessed due to disability.
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During the baseline sessions he needed lot of prodding

and sometimes gave up easily. He tended to be erratic, and

impulsive and constantly sought the investigator's approval

and encouragement. He had no physical difficulty in working

with the computer and every day he looked forward to playing
the computer games.

Subject D's scores on Peabody Individual Achievement

Test revealed the following grade Tlevels: mathematics, 2.6;

reading record, 3.6; reading comprehension, 3.6; spelling,

2.8; and key math, 3.1.

The Setting

The sessions dealing with baseline, training, and the
intervention sessions were conducted each morning between
8:20 and 9:20 a.m. in a resource room across the hall from
the regular classroom. Each subject attended separately
and received all the investigator's attention. An Apple Ile
computer was placed at the northwest side of the room.
Generally, the resource room was used by the students and
the faculty members for preparation, testing, and for
receiving visitors. Since the room received the Tieast use
during 8:20-9:20 a.m., it was quiet and appropriate for
conducting the experimental sessions. The room was well

lighted and carpeted. A resource teacher or a faculty
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member was always present in this room but did not

participate in this study.

Two math games, Metesor Multiplication and Demolition
Division (DLM, 1982), were used in the training and in the
intervention phases. Meteor Multiplication presented
multiplication problems using numbers 0 through 9 and
Demclition Division presented division problems using the
numbers 0 through 9. (For a description of these games see
Appendix D.) These games were chosen by the investigator for
the following reasons:

1. The games had videc arcade game format.

2. The games dealt with basic multiplication and

division facts.

3. Directions for the games were in simple English.

4. The content Tevel of the two games (Meteor
Multiplication and Demolition Division) which
ranged from 0 to 9 was appropriate for the four
learning disabled adolescents.

5. The games allowed the student tc determine the
speed range and content level.

6. There were ten problems in each game (or
presentation).

7. After each game, there was feedback of the number
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of correct and incorrect responses.

Q0

The games fostered independent learning.

9. The gamas provided attention, motivation,
retention and transfer which, according to Gagne &
Briggs (1979), are some of the "external events

of instruction" which facilitate new learning.

In addition to these computer games, drill activities
in multiplication and division facts using numbers 0 through
9 were used during the basaline phase (See Appendix E for an
axample worksheet). The problems for drill activities were
randomly selected from special education class textbooks and
student workbooks.

Investigator-made pre- and post-tests (See Appendix F)
were administered before and after the experiment. The pre-
and post-tests were one and the same. The tests develcped
by the investigator consisted of fifty multiplication fact
items and fifty division fact items, which were randonmly
selected. (See Appendix & for the special program written to
randomize multiplication and division fact items for the
purpose of investigator-made pre- and post-tests.) from
Meteor Multiplication and Demolition Division <computer

games.
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The Experimental Design

Multiple baseline design across subjects, a variation
of multiple baseline design (Baer, Wolf & Risley, 1968),
was used in this study tc demonstrate the effectiveness of
the intervention strategy.

The experimental design involved five phases: pre-
testing, baseline measurement, training with computer games,
intervention, and post-testing.

In the pretest phase, the four learning disabied
adolescents were assessed for their basic knowledge of
multiplication and division facts using numbers ranging
from 0 through 9. After the pretesting, the baseline data
were collected simultaneously for each subject. Once a
stable baseline was achieved on the first subject (or any
one of the four subjects), training with the computer games
was initiated for that subject. During training sessions,
the subject was taught to use the computer and to play the
computer games, Meteor Multiplication and Demolition
Divisionwith the help of the games manual (se2 Appendix H).
As soon as the subject was able toc play the games by
himself/herself without the investigator's help, idinter-
vention (treatment) was applied. During the training and
intervention phases for a given subject, baseline data
collection continued for the remaining subjects. Training

with the computer games and intervention for the next



64
subject began when he/she had reached stability in the
baseline phase. This procedure was continued in sequence
until the intervention was applied to all the subjects under
study. In every case, the training and intervention was not
applied until baseline stability had been achieved. (For a
detailed description of the multiple baselina design across
subjects, see Chapter Two). Finally, each subject was post-
tested to assess his/her knowledge of basic multiplication
and division facts.

In this design, internal wvalidity was determined
through the following steps (Baer, Wolf & Risley, 1963;
Sidman, 1960):

1. Selection of the four learning disabled

adolescents was based on functionally related
target behaviors.

2. Target behavior of each subject was measured until

a baseline stability was established.

3. Each subject was trained in the use of computer

games.

4. As intervention was applied to the behavior of

one subject, monitoring the baseline measurements
for the other subjects continued until an expected
Tevel (due to intervention) was reached.

5. Step 4 was repeated for each subject.
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Baer et al. (1968) and Sidman (1960) have stated the
above steps as being criteria for determining the internal

validity or reliable control.

Pretest

An dinvestigator-designed pretest was administered to
each of the four learning disabled adolescents (Appendix F).
The purpose of the pretest was to determine subjects’
knowledge of multiplication and division facts ranging from
0 to 9. The problems for this test were randomly drawn from
the content of computer games (Meteor Multiplication and
Demolition Division). The content of these games was made up
of multiplication and division problems ran&ing from numbers
0 to 9. The pretest consisted of»fifty problems each in
multiplication and division facts. The problems were on two
different sheets (See Appendix F). The time limit for the
pretest Was ten minutes--five minutes each for
multiplication and division facts.

This informal investigator-designed test was developed
for tha following reasons:

1. It related to academic concerns in basic

multiplication and division facts of the learning

disabled adoiescent.
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2. It blended with the IEP math program in the

school.

3. It emphasized precise skills that a learning

disabled adolescent must acquire.

4. It allowed data to be collected within the

subjects’s "natural environment®.

Validity of pre- and post-tests was established by
content present in the computer games (Meteor Multiplication
and Demolition Division). The ditems for the tests were
drawn randomly from the existing population of items of the
games. (See Appendix G. Appendix G is a program written by
the investigator for this study.) Therefore, the tests have
adequate content wvalidity as they were representative
samples of the items in the games.

Yesseldyke & Salvia (1974) state that the behaviorist
is not faced with demonstrating that his measurement device
reliably and validly assesses some hypothetical construct;
rather he must only demonstrate that at Tleast two people can
agree on the criteria for the occurrence of a behavior. In
this study, reliability of the tests was assessed by inter-
rater reliability. Two raters, a resource teacher from
South Albany High School and a graduate assistant from 0SU,
along with the investigator rated the pre- and post-tests
and worksheets of drill problems. Prior to the beginning of

the study, the investigator met the two raters separately to
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discuss the nature of the experiment and the use of pre- and
post-tests and worksheets of drill problems. A manual (see
Appendix H) of instructions was given to each. Regular
meetings were held by the investigator with the raters
separately throughout the <course of study to answer
questions and clarify procedures. The method used to measure
the correct responses in pre- and post-tests and the
worksheets was by direct recording of permanent products.
Reliability of the data obtained from the pre- and post-
tests and worksheets was calculated by dividing the number
of correct responses on which the two raters and the
investigator agreed by the total number of correct and
incorrect responses and multiplying by 1GO0. According to
Nunnally (1967) in applied settings where important
decisions are made with respect to scores, a reliability of
.90 dis the minimum that should be tolerated and a
reijability of .95 should be <considered the desirable

standard.

Baseline

Fellowing the pretest, baseline measurements were
conducted for each subject. Each was given a worksheet of
drill problems, ten problems each in multiplication and
division which had been taken randomly from their classroom

textbooks and workbooks (See Appendix E). The completed
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worksheet was scored by the dinvestigatcr at the end of the
period (9:20 a.m.), and the correct and incorrect responses
were recorded. During this baseline phase, no instruction
was given, although feedback 1in the form of reassurance or
clarification was given if the subject requested it. At the
end of the each week, the two raters besides the

investigator independently scored all the worksheets.

Training

Individual training began for each subject when his/her
baseline stabilized. The length of baseline was different
for each subject and was dependent on each subject's
individual performance. Each training session began with the
investigator seated beside the subject at the table with the
Apple Ile. The dinvestigator then traianed the subject 1in the
use of the computer and in playing -the games ({See Appendix
H). A11 correct and incorrect responses, whether or not they
were prompted by the investigator, were treated as training
trials.

In each session the following specific procedures were
followed:

1. tach subject was given an explanation and a

demonstration for each game.

2. Each subject was given instructions and allowed

to practice with the keyboard.
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When the subject made a correct response to the
problem the investigator responded with either;
aj verbal praise ("Well done, Good" etc,]};

b) repetition of subject's answer; or c)
clarified instructions.

When the subject made an error or was reluctant
to play, the investigator either a) provided
the correct responses; b) discussed the subject's
reluctance to play; c) provided extra practice on
the consistently missed problems; or d) checked
to see whether the subject had difficulty with
the game controls. |

Each training session lasted ten minutes.
Options in the game were selected according

to the player's competency with math facts.

If the player knew few math facts he/she was
started with numbers 0-3 at a low speed Tevei
for two minutes. If a player knew some math
facts but was slow and frequently made

mistakes he/she was started at the content

and speed levels where he/she would

experience more incorrect responses than
correct responses. This strategy was used on

the assumption that improvement occurs when



70
there is rcom to improve and the games
provide encugh challengas to allow the player
to improve in both speed and accuracy.

Training for each subject continued until the subject
could play the game without assistance. Training time
varied with each subject because length of training phase
depended on individual differences. While the training
session was conducted with one subject, baseline sessions

were continuing for the remaining subjects.

Intervention

As soon as the subject could play the game by
himself/herself, training was stopped and intervention was
applied. Intervention involved playing <computer games
without the investigator's assistance. During intervention,
the subject played five games each of multiplication (Meteor
Multiplication) and division (Demolition Division), each day
for ten minutes. The computer recorded the number of correct
and incorrect responses. The investigator simul-taneously
recorded the correct and incorrect responses as a
reliability check to the computer. During intervention, a
subject's progress was controlled by the subject
himself/herself through two major options. The two options

were content level of the problems (using numbers 0-3,
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0-6, 0-9) and the speed at which the game was played (1 was

the lowest and 9 the fastest).
Post-test

As soon as the intervention phase stabilized for each
subject, he/she was tested with the same test used in pre-

testing.
Reliability

The data from pre- and post-tests and baseline were
recorded for interrater reliability by a research assistant
from O0SU, a resource teacher from South Albany High School,
Albany Oregon and the investigator by permanent product
recording method. This measurement of permanent products
réfers to the measurement of some product following a
response (Tawney & Gast, 1984). When teachers grade a
spelling test or check arithmetic problems, they are engaged
in the measurement of permanent products. Other examples of
permanent oproducts are records of expanded complexity of
sentence writing (Heward and Eachus, 1979), spef]ing
accuracy (Neef, Iwata, and Page, 1980) and evaluations of
the completion of assembly tasks (e. g., puzzles, circuitry
boards), and numbers of tasks completed. This type of

recording is then translated into some numerical form,
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usually the number or percent of correct answers. In this
study, correct answers to multiplication and division facts
were the enduring products. This method has several
advantages. They are:

1. It does not require continuous measurement.
2. It is nonintrusive.
3. It yields precise records of subject's behavior
which can be stored for later comparison.
4. It permits the objective evaluation by the
observer.
5. It is conducive to "seat work".
The reliability coefficient of permanent product data is
determined by the following formula:

# of correct responses
‘ X 100
# of correct responses + # of incorrect responses

In addition, reliability, of the results of the
experiment was established by replication. Replication is
defined by Sidman (1960) as "... repetition of a given
experiment by the same experimenter on the same subject.”
This type of replication increases confidence in the

reliability of results and is used in applied research.

Maintenance

To establish whether the higher achievement in

multiplication and division facts was maintained in the
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absence of further playing, a foliow-up test was given for
each subject exactly thirty days after the end of the
intervention. The test was the same used in pre- and post-
tests. The test procedure used with subjects was identical

to that used in pre- and post-tests.

Organization and analysis of data

Data collected for each subject are graphed (line
graph) and judgments are made about whether <change has
occurred. "Graph 1is the primary form of data processing,
research decisions, judgments and conclusions are based
almost exclusively on graphed data"” (Parsonson & Baer,
1978). Baer (1977), Micheal (1974), and Sidman (1960) also
state that investigators in experimental and applied
analysis should seek variables that attain potent effects
and that such effects should be obvious from merely
inspecting the data. The graphs are analyzed by these
criteria:

1. Changes 1in the mean (average) performance across
phases.

2. Changes in the level of performance (shift at the
point that the phase is changed).

3. Changes in trend (differences in the direction and
rate of change across phases).

4, Rapidity of change at the point that the
intervention is introduced.
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Visual analysis of graphic data has several advantages

for special educators and other service personnel (Tawney &

Gast,

1.

1984). They are as follows:

Visual analysis approach can be used equally well
for the data of individuals or small groups.
Visual analysis is a dynamic process in that the
data are collected and analyzed continuously.
Visual analysis focuses on the analysis of
individual data patterns.

Visual analysis permits a teacher to make data-
based decisions throughout the program.

Visual analysis permits a discovery of interesting
findings which may not be directly related to the
original research problem. Serendipitous findings
(Sidman, 1960; Skinner, 1956) are possible because
primary data are collected, graphed and anaiyzed
continuously.

Graphic presentation of primary data permits
independent analysis and interpretation of data,
thus permitting others to judge for themselves
whether an intervention has merit and whether the
findings are reliable and have social validity.

By graphing and analyzing the data for all
subjects, the effectiveness of an intervention
with an individual subject is neither

overestimated nor underestimated.



For these reasons the visual analysis of graphic data
is the strategy preferred by behavioral researchers working

in applied settings (Tawney & Gast, 1984).
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IV. RESULTS

This chapter presents the data of the study.
Interrater agreement data from the pre-and post-tests and
baseline phase are presented first, followed by each
subject’s individual baseline, intervention, and main-
tenance data. Finally, the performance of all four subjects

is summarized.

Interrater Agreement from the Pre- and Post-tests

Table 4.1 shows interrater agreement between raters for
each subject on knowledge of basic multiplication and
division facts obtained by the pre- and post-tests. The
overall pretest means of interrater agreement for subjects
A, B, C, and D were as foliows: 98% (range 98%-100%) in
multiplication and 99% (range 99%-100%) 1in division for
subject A, 99% (range 99%-100%) in multiplication and 1060%
(range 100%) in division for subject B, 100% (range 100%) in
multiplication and 98% (range 98%-100%) 1in division for
subject C, and 100% (range 100%) in multiplication and 100%
(range 100%) in division for subject D. The overall post-
test means for rater agreement for subjects A, B, C, and D
were as follows: 100% (range 100%) in multiplication and 98%
(range 98%-100%) in division for subject A, 98% (range 98%-
100%) in multiplication and 100% (range 100%) in division



‘Table 4.1

Interrater Agreement Between Raters for Each Subject
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Subject Pretest
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Post-test
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Hean(range)
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A 98%(98%-100%)  99%(99%-100%)
B 99%(99%-100%)  100%(100%)
c 100%(100%) 98%(98%-100%)
D 100%(100%) 100%(100%)

100%(100%)
98%(98%-100%)
100%(100%)
99%(99%-100%)

98%(98%-100%)
100%(100%)
100%(100%)
100%(100%)
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for subject B, 100% (range 100%) in multiplication and
division for subject €, and 99% (range 99%-100%) in
multiplication and 100% (range 100%) in division for subject

D.

Interrater agreement from the baseline data

Table 4.2 shows the interrater agreement between raters
for each subject in basic multiplication and division facts
during baseline phase. The overall means of rater agreement
for Subjects A, B, C, and D were as follows: 95.8% (range
95.6%-96.9%) 1in multiplication and 100% (range 100%) in
division for subject A, 100% (range 100%) in multiplication
for subjects B, C and D and 100% (range 100%) in division

for subjects B, C and D.



Table 4.2

Interrater agreement between raters for each subject in the
baseline phase

Subject Multiplication Division
Mean " Range Mean Range
A 95.8% 94.6% - 96.9% 100% 100%
B 100% 100% 100% 100%
C 100% 100% 100% 100%
D 100% 100% 100% 100%

6L



Table 4.3

Raw Data
Subject Pretest Posttest
ZAchievement %*Achievement
Multn Divisn Multn Divisn
A ]2- 24 96 62
B 34 34 92 90
C 58 20 80 82
D 38 2 60 40

- e T e e s e T e e e TP T Sh o W w TP M S W m TP mp e TP W W e me e P AN e e YR e R e we 4w e v e e e T e W e o

1

Maintenance
%Achievement
Multn Divisn

80 60
82 60
78 12
54 40

B6L
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Baseline

Figures 4.l1a, and 4.1b present the number of correct
responses of Subject A in multiplication and division facts
during the five days of the baseline phase. The graph 1in
Figure 4.1a depicts a stable data path across five data
points, and the graph 1in 4.1b reveals a slight variability.
Mean percent of correct responses in multiplication was 60%
(range 60%-60%) and in division was 20% (range 10%-30%).
Subject A’s data showed more deficiency in division than in
multiplication.

The raw baseline data for Subject A 1is presented in
Table 4.4. From that table it can be seen that Subject A
scored 6 out of 10 multiplication problems correctly for on
Days 1, 2, 5, & and 7. Her correct responses 1in division
problems were as follows: 1 out of 10 problems on Day 5, 2

out of 10 problems on Days 1, 6 and 7, and 3 out of 10

problems on Day 2.
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Figure 4.1b The percentage of correct responses Subject A

made in division facts during baseline phase.



Table 4.4

Baseline Data for Subject A*
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Day # Correct responses } incorrect responses
Mult. Divn. Mult. Divn.
B 6 2 T - s
2 6 3 4 7
5 6 1 4 9
6 6 2 4 8
7 6 2 4 8

* 10 problems each in multiplication and division facts

Z8



83

Training

Subject A required twelve ten-minute-long training
sessions, one each day. She was slow, reluctant, seemed
threatened at the beginning, and tock a Tlonger time to
train. Training was stopped when the subject was able to
play the the games by herself without the investigator's

help.

Intervention

The graphs in Figures 4.1c and 4.1d show that frequency
of correct responses gradually increased across time in both
multiplication and division during intervention phase for
Subject A. Graph 4.1c shows a data path that was initially
stable but increased across time. Graph 4.1d shows that the
number of correct responses increased on the first three
days of the intervention phase; however the trend began to
reverse on the fourth day and continued to increase on the
following four days. There was a 25% overlap in the number
of correct responses in multiplication between baseline and
intervention phases, with the level stabilizing at 80% or
below per day, beginning on Day 29 during intervention.
Mean percent of correct responses in multiplication was
76.25% (range 60%-84%) and 66.75% in division (range 58%-
76%) .
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The raw intervention data for Subject A is presented in
Table 4.5. From that table it can be seen that the correct
responses of Subject A din multiplication probiems were as
follows: 30 out of 50 problems on Days 19 and 21, 40 out of
50 problems on Days 29 and 32, 41 out of 50 problems on Days
22, 23 and 28, and 42 out of 50 problems on Day 27. Her
correct responses in division problems were as follows: 24
out of 50 problems on Day 19, 26 out of 50 problems on Days
23, 37 out of 50 problems on 27 and 28 and 38 out of 50

problems on Days 29 and 32.

Maintenance

Follow wup assessment for Subject A was conducted
exactliy thirty days after the termination of dintervention.
The percentage of scores in multiplication and division were
80% and 60%, respectively. The raw data for maintenance is
presented 1in Table 4.3. The scores in multiplication and
division were well above the pre-test scores and 1little

below the post-test scores.



Table 4.5

Intervention Data for Subject A*

Day ¥ correct responses # incorrect responses
Mult, Divn. Mult. Divn.

19 0 24 20 26
21 30 26 20 " 24
22 41 38 9 12
23 41 29 9 21
27 42 37 8 13
28 41 37 9 13
29 40 38 | 10 12
32 40 38 10 12

98
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Baseline

The graphs in Figures 4.2a and 4.2b present the number
of correct responses of Subject B for multiplication and
division facts made during the fifteen day baseline phase.
The initial Tlevel of correct responding in multiplication
began at 80%, gradually decreased, and then stabilized. The
mean percent in multiplication and division was 55.3% (range
20%-80%) and 36% (range 0%-50%).

The raw baseline data for Subject B is presented 1in
Table 4.6. From that table it can be seen that the correct
responses of Subject B in multiplication problems were as
follows: 2 out of 10 problems on Day 16, 4 out of 10
problems on Day 19, 5 out of 10 problems on Days 5, 8, 14
and 15, 6 out of 10 problems on Days 2, 6, 7, 9, 13, 20 and
21, 7 out of 10 problems on Day 12 and 8 out of 10 problems
cn Day 1.

In division problems he scored none correctly out of 10
problems on Day 1, but scored 2 out of 10 problems correctly
on Days 6, 7, 12, and 13. His correct responses for the
other remaining Days were as follows: 4 out of 10 problems
on Days 2 and 3, 5 out of 10 problems on Days 8, 14, 15, 19,

and 21, and 6 out of 10 problems on Day 1l¢6.
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Table 4.6
Baseline Data for Subject B8*

Day fcorrect responses i incorrect responses
Mult, Divn. Mult. Divn,
T s o 2 1w
2 6 4 4 6
5 5 4 5 6
6 6 2 4 8
7 6 3 4 8
8 5 5 5 5
9 6 3 4 7
12 7 2 3 8
13 6 2 4 8
14 5 5 5 5
15 5 5 5 5
16 2 6 8 4
19 4 5 6 5
20 6 5 4 5
21 6 5 4 5

----------------------------------------------------------------

* 10 problems each in multiplication and division facts



90

Training

Subject B was excited, enthusiastic, and required only
five-minute-long sessions, one each day for five days.
Training was stopped when the subject was able to play the

games by himself without the investigator's help.

Intervention

Graphs in Figures 4.2c and 4.2d present the number of
correct responses in multiplication and division facts that
Subject B made during intervention phase. In multiplication
facts, Subject B showed variability in correct responses,
ranging between 72% and 84% at the beginning of the
intervention. However, correct responses stabilized at 84%
on multiplication facts. On division facts, the variability
was low. There was 7.69% overlap in the number of correct
responses in multiplication and division facts between
baseline and intervention phases with levels stabilizing at
84% on Day 45 for multiplication and on Day 42 for
division facts. Mean percent of correct responses 1in
multiplication and division facts was 82.76% (range 72%-84%)
and 75.52% (range 30%-80%).
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The intervention data for Subject B 1is presented in
Table 4.7. From that table it can be seen that the correct
responses of Subject B in multiplication problems were as
follows: 35 out of 50 problems on Day 41, 36 out of 50
problems on Day 32, 39 out of 50 problems on Day 39, 40 out
of 50 problems on Day 42, 41 out of 50 problems on Day 43,
42 out of 50 problems on Day 45, 46 and 47 and 43 out of 50
problems on Day 36.

In division his correct responses were: 30 out of 50
problems on Days 32 and 35, 34 out of 50 problems correctly
on Day 34, 38 out of 50 problems correctly on Days 33 and
41, 40 out of 50 problems correctly on Days 36, 39, 42, 43,
45, 46 and 47, and 47 out of 50 problems correctly on Day
40.

Maintenance

Follow wup assessment for Subject B was conducted
exactly thirty days after the intervention. The percentage
of scores in mulitiplication and division facts were 82%
and 60%, respectively. Raw data for maintenance is presented
in Table 4.3. The scores wefe well above the pretest but

1ittle above the post-tests scores.
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Table 4.7

Intervention Data for Subject B*

------------------------------------------------------------------

DAY ! correct résponses fincorrect responses
Muit, Divn, Mult, Bivn.
e T % S R P 2
33 46 38 4 12
34 44 34 6 16
35 44 30 6 20
36 43 40 7 10
39 39 40 11 10
40 44 41 6 9
41 35 38 15 12
42 40 490 10 16
43 41 40 9 10
45 42 40 8 10
46 42 40 8 10
47 42 40 8 10

* 50 problems each in multiplication and division facts.
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Baseline

Graphs in Figures 4.3a and 4.3b present the number of
correct responses in multiplication and division facts made
by Subject C during the twenty days of baseline phase.
There were slight upward drifts in baseline data at the end
of the phase 1in both the facts. Mean percent of correct
responses in multiplication and division facts was 50.5%
(range 40%-70%) and 14.5% (range 10%-70%).

The raw baseline data for Subject C 1is presented in
Table 4.8. From that table it can be seen that the correct
responses of Subject C in multiplication problems were as
follows: 4 out of 10 problems on Days 6, 8, 12, 14, 16, 19,
21 and 32, 5 out of 10 problems on Days 9, 13, 15, 20 and
36, 6 out of 10 problems on Days 5, 7, 33, 39 and 41, and 7
out of 10 problems on Days 2 and 34.

Her correct responses in division problems were as
follows: 1 out of 10 problems on Day 12, 2 out of 10
problems on Days 2, 7, 13, 14 and 16, 3 out of 10 problems
on Days 8, 9 and 15, 4 out of 10 problems on Days 6, 19, 20,
21, 32 and 33, 5 out of 10 problems on Days 5 and 34, 6 out
of 10 problems on Days 36 and 41, and 7 out of 10 problems
on Day 39.
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Table 4.8
Baseline Data for Subject C*

Day # correct responses #incorrect responses

Mult. Divn. Kult, Divn.

2 7 2 3 8
5 6 5 4 5
6 4 4 6 6
7 6 2 4 8
4 3 6 7

9 5 3 5 7
12 4 1 6 9
13 5 2 5 8
14 4 2 6 8
15 5 3 5 7
16 4 2 6 8
19 4 4 6 6
20 5 4 5 6
21 4 4 6 6
32 4 4 6 6
23 6 4 4 6
34 7 5 3 5
36 5 6 5 4
39 6 7 4 3
41 6 ] 4 4

-------------------------------------------------------------

* 10 problems each in multiplication and division

96
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Training

Irreqgular attendance due to illness caused Subject C's
training to be delayed until Day 60 of the intervention.
She required only six training sessions, one each day. Each
training session lasted five to six minutes. Training was
stopped when the subject was able to play the games without

the investigator's help.

Intervention

Graphs in Figure 4.3c and 4.3d present the number of
correct responses in multiplication and division facts made
during the intervention phase. The data depict a Tow
variability at the beginning of the phase and increased
gradually to the 80% level. There was no overlap (Overlap
means the number of data points in intervention phase which
fall within the range of values of baseline phase.} in the
number of correct responses between baseline and
intervention phases and the level stabilized at 84% on Day
98 for both multiplication and division. Mean percent of
correct responses in multiplication and division was 80.10%

(range 72%-86%) and 78% (range 72%-84%).
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The raw intervention data for Subject C are presented
in Table 4.9. From that table it can be seen that the
correct responses of Subject C in multiplication problems
were as follows: 36 out of 50 problems on Days 71 and 86, 38
out of 50 problems on Days 74 and 87, 39 out of £0 problems
on Days 70 and 91, 40 out of 50 problems on Days 73, 84, 85,
92, 94, and 95, 41 out of 50 problems on Day 93, 42 out of
50 problems on Days 98, 99 and 100, 43 out of B8C probiems on
Day 88, and 44 out of 50 problems on Day 72.

Her correct responses in divisicn were as follows: 36
out of 50 problems on Days 70 and 71m 38 out of 50 problems
on Days 84 and 93, 39 out of 50 problems on Days 73, 85, 86,
87, 92 and 95, 40 out of 50 problems on Days 88 and 94, 41
out of 50 problems on Day 72, and 42 out of 50 problems on
Days 98, 99 and 100.

Maintenance

Follow wup assessment for Subject € was conducted
exactly thirty days after the termination of intervention.
The percentage of scores in multiplication and division were
78% and 72%, respectively. The raw data is presented 1in
Table 4.3. The scores in multiplication and division were
well above the pre-test scores but a 1ittle below the post-

test scores.
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Table 4.9

Intervention Data for Subject C*

el R R R R I I I I N

Day f correct responses f incorrect responses
Mult. Divn. Muit. . Divn.
70 39 36 11 14
71 36 36 14 14
72 44 41 6 9
73 40 39 10 11
74 38 36 12 14
84 40 38 10 12
85 40 39 10 11
86 36 39 14 11
87 38 39 12 11
88 43 40 17 10
91 39 36 11 14
92 40 39 10 11
93 41 38 9 12
94 40 40 10 10
95 40 39 10 11
98 42 42 8 8
39 42 42 8 8
100 42 42 8 8

* 50 problems each in muItiplicétion and division
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Baseline

Graphs in Figures 4.4a and 4.4b present the number of
correct responses made by Subject D in multiplication and
division facts during the thirty-seven day baseline phase.
There were no upward trends in multiplication facts except
that increases were seen on Days 35, 53, and 54. The correct
responses remained under 50% 1in spite of the extended
baseline. Correct responses to the division facts reached
its highest (40%) on Days 60 and 86; this percentage was not
exceeded on any other days. Mean percent of correct
responses in multiplication and division was 30.8% (range
10%-50%) and division was 15.1% (range 0%-40%). The raw
baseline data for Subjeét D is presented 1in Table 4.10.
From that table it can be seen that the correct responses of
Subject D in multiplication problems were as follows: 1 out
of 10 problems on Days 14, 21 and 88, 2 out of 10 problems
on Days 9, 20 23, 33, 39, 60, 61, 73, 78 and 93, 3 out of 10
problems on Days 2, 13, 28, 29, 70, 84, 91 and 94, 4 out of
10 problems on Days 7, 8, 34, 41, 43, 52, 74, 86 and 94, 5
out of 10 problems on Days 1, 6, 27, 53 and 54, 6 out of 10
problems on Day 35.

His correct responses in division were as follows: O

out of 10 problems on Days 2, 20, 21, 28, 29, 41, 43, 52,
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Table 4.10

Baseline Data for Subject D*

Day f correct responses incorrect resbonses
Multi. Divn. Multi. Divn.
1 5 2 5 8
2 3 0 7 10
6 5 1 5 9
7 4 3 6 7
2 6 8
9 2 2 8 8
13 3 1 7 9
14 1 2 9 8
19 0 1 10 9
20 2 0 8 10
21 1 0 9 10
23 2 1 8 9
27 5 2 5 8
28 3 0 7 10
29 3 1 7 9
33 2 0 8 10
34 4 1 6 9
35 6 3 4 7
39 2 2 8 8
41 4 1 6 9
43 4 1 6 9
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70, 87, 88 and 91, 1 out of 10 problems on Days 6, 13, 19,
23, 29, 41, 43 and 54, 2 out of 10 problems on Days 1, 8, 9,
14, 27, 39, 84, 92, 93 and 94, 3 out of 10 problems on Days
7, 35, 53, 61 and 73.

Training

Subject D required only six days to train. Each
training session lasted five to six minutes. Training was
stopped when the subject was able to play both games by

himself without the investigator’s help.

Intervention

Graphs in Figures 4.4c and 4.4d present the number of
- correct responses Subject D made in multiplication and
division facts during the intervention phase. The data show
a gradual increase of correct responses in both
multiplication and division facts. Responses stabilized at
around 80% for multiplication and at around 70%-76% 1in
division. There was a 5.88% overlap in the number of correct
responses in multiplication between baseline and interven-
tion phases, with the level stabilizing on Day 127 of the
investigation at 80%. The overlap in division facts was

11.76%. Mean percent of correct responses in muitiplication
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and division facts was 76.7% (range 40%-80%) and 56.7%
(range 38%-76%).

The raw intervention data for Subject C are presented
in Table 4.9. From that table it can be seen that the
correct responses of Subject C in multiplication problems
were as fcllows: 36 out of 50 problems on Days 71 and 86, 38
out of 50 problems on Days 74 and 87, 39 out of 50 problems
on Days 70 and 91, 40 out of 50 problems on Days 73, 84, 85,
92, 94 and 95, 41 out of 50 problems on Days 93, 42 out of
50 problems on Days 98, 99 and 100, 43 out of 50 problems on
Days 88, and 44 out of 50 problems on Day 72.

Her correct responses in division were as follows: 36
out of 50 problems on Days 70 and 71, 38 out of 50 prcblems
on Days 84 and 93, 39 out of 50 problems on Days 73, 85, 86,
87, 92 and 95, 40 out of 50 problems on Days 98, 99 and 100.

Maintenance

Follow wup assessment for Subject D was conducted
exactly thirty days after the termination of intervention.
The percentage of scores in multiplication and division were
54% and 40%, respectively. The raw data for maintenance is
presented in Table 4.3. The scores in multiplication and

division were very much above the pre-test scores.
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Table 4.11

Intervention for Subject D*

R R R R I R R R R R R R i L i I I T R I

Day § correct responses # incorrect responses
Kulti. Oivn. Hulti. Divn.
108 20 19 30 31
109 22 19 28 31
110 23 19 27 31
112 30 20 20 30
113 30 20 20 30
116 38 28 12 22
117 38 30 12 20
118 39 35 11 15
119 39 36 11 14
120 40 36 10 14
123 40 35 ' 10 15
124 39 35 11 15
126 38 35 12 15
127 40 38 10 12
130 40 .39 10 11
131 40 35 10 15
132 40 38 10 15

---------------------------------------------------------------

* 50 problems each in multiplication and division
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Responses made by each subject in mulitiplication facts

Figure 4.5 shows the number of correct responses made
by Subjects A, B, C, and D in multipiication facts. The data
show that the number of correct responses increased during
the intervention phase. With each subject, the data in the
intervention phase exceeded the baseline measurements and
remained stable at the end of the intervention phase--and
aiso remained stable 1in maintenance. Subject A made an
average of 60% during the baseline phase. This improved to
an average score of 76.25% during the intervention and
maintained at 80% exactly after thirty days. Subject B's
average baseline score was 55.3%. This score increased to
82.76% when intervention was implemented. The maintenance
score was 82%. The average baseline score for Subject C was
50.5%. This score increased to 80.10% and was maintained at
78%. Subject D had thirty-six sessions of baseline phase and
the average was 30.8%. The average rose to 76.7% during
intervention and was maintained at 54% after thirty days.
Overall, Figure 4.5 indicates that all subjects demonstrated

increased trends during intervention.
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Responses made by each subject in division facts

Figure 4.6 shows the number of correct responses made
by Subjects A, B, C, and D during the intervention phase in
division facts. The data show that the number of correct
responses increased during intervention phase. With each
subject, the data exceeded the baseline measurements.
Subject A made a average score of 20% during the baseline
phase. This score improved to 66.75% during intervention
and was maintained at 60% wexactly thirty days after
intervention. Subject B8's average baseline score was 36%.
This increased to 75.52% when intervention was implemented.
The maintenance score was 60%. The average baseline score
for Subject C was 50.5%. This increased to 78% during
intervention phase and was maintained at 72%. Subject D had
extended baseline but the average baseline score was 15.1%
This average rose to 56.7% during intervention phase and
was maintained at 40%. Figure 4.6 indicates that all

subjects demonstrated increased trends during intervention.
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Summary of Results

The primary question addressed by this research was
whether the wuse of computer games as an dinstructicnal
strategy would increase achievement 1in basic multiplication
and division facts. Relevant to this question:

1. The data for all subjects showed that the use of
cemputer games as an instructional strategy
increased achievement in basic multiplication and
division facts.

2. Subjects B and D required fewer training sessions
than Subjects A and C.

3. Subjects A and C took more time to train (more
than ten minutes) and required more explanations,
instructions, help and encouragement.

4. Each subject played all three difficulty levels of
the computer games at speed 2, except for Subject B
who played at speeds ranging from 2 to 4.

5. On the maintenance test, in both multiplication
and division facts, each subject reached a higher
number of correct responses than incorrect
responses. Further, each subject's percentage of
correct responses was at or above his/her pre-test

correct responses.



114

Findings not directly relataed to the hypothesis.

Subjects A, C and D were tested exactly one year after
the end of the intervention. The test was the same one used
in pre- and post-tests. The test procedure with subjects
was identicai to that used 1in pre- and post-tests. The
results were as follows: subject A scored 76% in
multiplication and 60% in division facts, subject C scored
75% in multipiication and 70% in division facts and subject

scored 55% 1in multiplication and 42% in division facts.
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V. SUMMARY, CONCLUSIONS,

and
RECOMMENDATIONS

The study was designed to investigate the wuse of
selected computer games as an instructional strategy with
learning disabled adolescents to improve achievement in

multiplication and division facts.

Summary

Four learning disabled adolescents, sixteen toc esightesen
years of age, enrolled in ninth grade at South Albany High
School, Albany, Oregon, were s2lected to participate in this
studv., These subjects were selected on the basis ¢f their
lack of knowledge 1in basic multiplication and division
facts. The study was conducted in the resource rcoem of the
schocl. The materials used in this study were tha computer
games software, an Apple computer, and worksheets of driil
activities of multiplication and division facts. A multipie
baseline design acreoss subjects was used as the research

o
wi

(4]

design. A ten-minute pretest, developed by

w

investigator, consisting of fifty multiplication fact item
and fifty <cdivision fact ditems randomly selected from
computer games was administered to each subject. Following

the pretest, the subjects were given worksheets of drill

activities in multionlication and division facts. £Each drili



activity cecnsisted of ten multiplicatinn facts and ten
division facts to be completed in two minutes. During this
phase, baseline data was reccorded for each sudject. As scon
as baseline data rzached stability for any ones ¢f the
subjects, training sessions with thes computer games began
for that subject. Training sessions continued until <the
subject was able to operate the computer and piay the games
hNimself/hersalf. After the training session, interventiocn
was implemented, during which the subject played five games
ner skill, four or five ‘times a week. The idintervanticn
phzse had the same duration as the baseline phase (2n egual,
number of data points existed in both phzases). If no
improvement was geen, or if there was a brecad range of
variability in the occurrence of beshavior, the lenginh ¢f the
intervention phase was extended for <that subjsci. Mean-
ine data continued to be recorded for the other

three subjects,

A week later, aftar the first subject hacd compleled tha
intervention phase, training and interventicn were

impiemented for the next subject who displaysd a stabilized
beseline. Training and intervention w2re impliementad in the
same manner as for the first, while beaseline data was
continued to be collected for the remaining subjects. At the

and of interventicn, each subject was post-testad. The pre-

ot

and post-tests were identical. The data collected for ezch

C

subject was grzaphically represented, and the mzans for
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baseline and intervention were calculated and interprated.
Reliability of the scores of pre- and post-tests and of the
baseline was obtained by the investigator and by two
independent raters.

Maintenance of intervention effects for each subject
was tested exactly thirty days after the termination of
intervention, using the same investigator-designed test that
was used as the pretest.

The results indicated that this procedure for improving
achievement in basic multipiication and division facts was
effective. Possibly more dimportant than the results, were
the recommendations for further research efforts along this
line of dinvestigaticn. These findings reise challenging
gquestions relating to the wuse of computer games as an

instructional strategy with learning disabled adolescents.
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Conclusion

The use of computer games, Meteor Multiplication and
Demolition Division, was an effective strategy for
increasing selected learning disabled adolescents' knowledge
of multiplication and division facts. This conclusion is
supported by the results presented in Chapter Four. The
results suggest that the use of computer games with selected
learning disabled adolescents, increased their achievement
level in basic multiplication and division facts. There
were greater gains (increases) in division facts than in
multiplication facts. Also, one-month follow-up data
revealed that 2all the treated adclescents maintained their
gains in both the facts. Furthermore, the intervention (use
of computer games) as an instructional strategy was
effective with Subject D, who was physicaily handicapped.
The results 3lso revealed that the speed of ths game was

dependent on individual differences of the subjects.

Relation of this Study to Applied Behavior Analysis

The study was conducted within the conceptual framework
of applied behavior analysis. Applied behavior analysis
refers to the use of an intervention <technique that is
designed to change behavior in a precisely measurable end
accountable manner. It is restricted to those interventions
that include a design to assess treatment effects. The

behavioral applications are analytical. Anzlytical



119
behavioral application is the process of applying sometimes
tentative principles of benhavior to the <improvement of
specific behaviors, and simultaneously evaluating whether or
not any changes are ijndeed attributable to the process of

application~--and if so---to what parts of that process
(Baer, Wolf & Risley, 1968). It is self-examining, self-
evaluative, discovery oriented research oprocedure for
changing behavior (Baer, Wolf & Risley, 1968; Sulzar-Azaroff
& Mayer, 1977).

Applied behavior analysis 1is purely applied research.
‘ Applied resesarch (Sulzar-Azaroff & Mayer, 1977) is directed
towards an analysis of the variables that can be effactive
in improving the behavior under study. It is confined tc
‘ the examination of behaviors that are socially important.
Applied research is wusually conducted in a natural settling
rather than in a laboratory. Unlike applied research, basic
‘ research (Sulzar-Azaroff & Mayer, 1977) 1is not directed
‘ towards the solution of practical problems. The purpose is
‘ to discover the relation between any variables, usuaily by
conducting experiments in a laboratory setting rather than

in 2 natural setting (Sulzar-Azarcff & Mayer, 1977).
This study meets the several criteria for applied

research as stated by Baer et al. (1968a) because it was

applied, behavioral, anaiytical, conceptual, technological,
effective, and it displayed generality.

Knowledge of basic arithmetic facts 1is essential in
order for an dindividual to functicn adequately in society.

It is also important to the society itself that its members
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know basic arithmetic facts. Baer et al (1968) state that if
behaviors are selected for study because of their importance
to the idindividual and to society rather than for their
importance to theory, they are classified as applied. In
addition, the selected behaviors must be observable and
measurable. Since 1low achievement of Jlearning disabied
adolescents in multiplication and division facts has been a
long-standing problem, the selection of this behavior for
study meets the criteria of being applied.

In this study, each subject demonstrated & greater
number of correct responses in multiplication and division

&

facts 1in post-test 2and maintenance phases than 1in the

i pretest phase. These results indicats that the study was
behavioral since behavior was significantly altered.
This experiment meets the criteria of being analytic.
| Analytic refers to the believability of the research, i.2.
whether or not the intervention was responsible for the
occurrence or non-occurrence of the target behavior. The
‘ variables (factors) that influence bhelievability are:
reliability of the experiment, internal validity, continucus
data collection and simplification and separation of
1 components.
The reliability of the experiment variabie (independent
variable) was established when the behavior of each learning
% disabled adolescent changed maximally only upon eapplication
‘ _

of the experiment variable. (Mean percent of correct

responses from baseline to intervention almost doubled.)
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Internal validity is the concept that the change in the
dependent variable bears a direct functional relationship to
the occurrence of the independent variable to the degree
that, if repeated, the study would yield similar results.
Campbell & Stanley (1963) note that internal validity is
required in order to interpret resultis.

Internal validity (Baer, Wolf & Risley, 1968; Cristler,
Cranston & Tucker, 1970; Haring & Phillips, 1962; Sidman,
1950) was achieved in this dessign by:

1) Selection of four subjects, who were

function21ly independent of each other, but

had similar target behaviors.

2) Baseline measurement of each subject until 2
stable baseline was established.

3) Training each subject with computer games.

4) Application of intervention to one subject
while monitoring the baseline measurements of
others until an expected level was reached.

Application of intervention to the next
subject while monitoring others.

($4)
S

These steps were applied to each of the subjects
concurrently and sequentially and the data showed that the
target behaviors of each subject were reliably changed by
the intervention.

The question of whether the experiment, 1if repeated,
would yield similar results was answered by the process of
replication, which consisted of applying the same procedures
across the same subjects by the same investigater. The
results (the increase in the number of correct rasponses)

were consistent across the four subjects.
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Continuous data ¢collection during baseline and
intervention phases demonstrated a relationship between he
dependent and independent variables ocver time; alsc change
in the dependent variable was demonstrated across time.
Also, continuous collection of the data provided many datum
points which eliminated the drastic effects of one or two
| high datum points (80% of Subject B's responses in multipli-
cation during baseline and 70% of Subject C's responses in
| multiplication during baseline).
The simplification and separation of Components adc to
the analytic criteria. Interventicn in this study was not
made up of a single component. Instead, it consisted of
i computer games, fz2edback, motivation, self-direction, and
‘ active-participaticon. Thus, in this study, since the games
| ware made up of many components, this criteria was not met.
In behavior analysis, principles o¢f Dbehavicr are
incorporated into behavior procedures to modify, increase,
decrezse, or maintain behavior. In this study, the study
procedure followed a stimulus-student response-feedback
model, and dincluded general principles of 1learning. For
example, the procedur2 dinciuded principles of active
participation, immediate feedback, intrinsic motivation,
‘ immediate reinforcement, and repetitive practice. Thus, the
study met the conceptual systems criterion.
Use of computer games improved achisvement of the
| subjects in multiplication and division facts. This improve-

ment or change in bshavior did not interfere with other
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gocals of the subjects of or the classroom. Thus, criteria of
effectiveness was met by this study.

The criteria of generality was met in this investi-
gation because the same procedures were applied across the

four subjects under the same conditions at different times.

h

ot
(1

The data obtained showed that what was learned in

o+

h

D

computer games was transferred in post-test and that
change in each subject endured over time, thus, increasing

confidence in the intervention technique.

Achievement of the learning disabled adolescents
in arithmetic facts

Analysis of the data indicate that the introduction or
use of selected computer games as an instructional stratagy
leads to dncreases in correct responses in multiplication
and division facts. The changes in achievement were gradual
among the four subjects and dependent on»individuaX differ-
ences. Subject B showed a high 1level of response (80
percent) on the first day of baseline phase, and a variable
baseline ranging from 50-60 percent at the end of the phase.
The factor that may have influenced Subject B's baseline in
this manner, 1is that he was hyperactive. Although the
extendad and variable baseline of Subject C showed increase
in correct responses in both mu]iip]icatiOn and division
facts during the bassline phase, Subject C's intervention
phase had a high number of correct responses without any

ocverlapping of responses between baseline and intervention
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phases. Subject D also had a lengthy baseline phase and an
overlap of 5.88 percent, both in multiplication and division
facts. In spite of this, he had higher responses in
multiplication and division facts.

It is important to note that the four learning disabled
adolescents entered the intervention phase with a high
percentage of idncorrect responses in division facts, and
that they subsequently showed greater gains in mastery of
division facts than in multiplication facts. This corrob-
orates the views of the makers of the games who regard high
rates of error as important to the early stages of lsarning
in order to maximize improvement. The errors are vieswed as
opportunities for improvement, rather than as indicators of
failure. Strategies for improvement are embhasized. :

The subjects did not often complete their drill
assignments, but during thé intervention phase, they were
actively involved in the computation of arithmetic facts and
scored a higher percentage of correct responses. Speed, or
freguency of performance, is an important consideration for
learning and is as impcrtant as the accuracy of the
performance (White & Haring, 1976; Haughton, 1972). Ignoring
the speed at which a subject can execute accurate responses
may result in several negative consequences.

First, students are freguently advanced prematurely on
the basis of performances which were accurats but also weare

-

slow and tedious. Hence, the degres of mastery necessary to

-

ensure that the student can perform with —ease and

confidence, retain his or her skill, and use it to build
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more compliex skills, is never achieved. Secondly, a student
who can respond at a higher speed has more opportunities to
experience and practice a skill than one who is performing
at a lower speed. Considering this, Subject B performed a2t a
rapidity of four and scored accurately. This suggests that
he was able to perform rapidly and accurately without
pausing to think. The remaining subjects, though actively
involved, scored accurately but did not perform well when
speed was increased. Although the current study was not
concerned with the speed of performance, this factor should

be considered in future analyses.

Computer games as a suppiement to traditional teaching.

The conclusion drawn from the study suggests that the
computer games had a high mctivaticnal influences on the four
learning disabled adolescents. One can c¢riticize the
popularity of computer games as a fad, 1ike so many other
curriculum innovations. However, few curriculum innovations
nave included such an instructional tool with such diversity
of applications across the disciplines and potential for
creative exploration by both the teacher and the student.
[t is too soon to adequately evaluate the educational value
of this tool, but the popularity and positive reactions from
studants cannot be denied.

Games <create "intrinsic motivation" (Malone, 1980),

because of the presence of goals, challenge and fantasy in
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the games. This motivational appeal was seen during the
training and intervention phases. During these phases, the
subjects appeared to adapt themselves easily to tne
mechanics of the games. Their dinterest remained high
throughout all the sessions. There were no withdrawals. A1l
subjects indicated at first that they were unfamiliar with
the games and  Subject A exhibited nervousness at the
beginning. Subjects B and D wanted to play Tlonger. An
important feature of the games 1is that subjects received
feedback regarding performance after each game (updated
scores on the screen). Another feature was that the games
improved motor skills of the subjects, especially those of
Subject D.

The most important feature of these games was the
active dinvolvement of the subjects and repetition in the
computation of multiplication and division facts. High rates
of correct responses were maintained during the game. Hall
et al. (1977) found 1in several <different studies that
increasing a student's opportunity to respond cften resulted
in academic gains. The relevant, assigned meterial on the
game format held their attention more than the ones on drill
sheets. In a game format, the subject receives more
repetition in a given task then he/she would have in a drill
activity.

The attributes of computer games, i.e2. high motivatiocn,
active 1involvement, repetitive work dintrinsic motivation,
feedback and improvement of motor skills, and the higher

scores in post-test and maintenance prove (reveal) that
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games may provide a positive supplement to traditional

teaching methods.

Recommendations

In the classroom

This research study shows that computer games may be
considered as an effective supplemental instructional
technique for increasing learning disabled student'’s
achievement in basic multiplication and division facts in a
classroom. On the basis of the data presented in this study,
Lthe researcher recommends that considerations be given to:

1. Use of computer games as an efficient instruc-
tional oprocedure for improving mastery of basic
multipiication and division facts. The procedure is
effective and easily implemented. Furthermore, the
games proved enjoyable for both the subjects and
the dinvestigator. Extensions of games to other
arithmetic facts or skills for learning disabled
adolescents is a viable possibility (Chaffin, 1982).

2. Increasing the awareness of educators at all levels
regarding computer game capabilities. It s not
enough to supply games to teaching personnel and
assume they will be used.

3. Procedures that will alter the attitudes of teach-

ers. Active cooperation of teachers is vital, but
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unfortunately it is not always easy to obtain. One
pcssible obstacle to cooperation is the fact that
the reward structure for teachers rarely motivates
them to implement change (Oettinger, 1969). Teachers
can be induced to adcpt change, especially 1if the
change increases motivation and student competence.
As indicated in this study, use of computer games
does produce these effects.

4. Use of computers as tools for storing information
regarding achievement or prcgress of students.

Use of computers for practice .cor drill activities

w
.

thus giving *teachers more time with othar students.
Appropriate games can be developed for efficient and
effective use by a classrcom teacher. Consideration
should be given to the provision of competent
resource personnel to develop specific games Tor
classroom teachers. Consideraticn should alsc be
given to a scnedule which includes assigning sctud-
ents to a daily time to interact with a computer in
either a corner of the'c1assroom or in the resource
room, where independent materials or other aids are

used.
For future research

Based on the results of this study, the researcher sees

several possibilities for future research.
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Use of different games. The computer games used in
this study were a key factor in the success of tne
study's basic facts-achievement effort. While use
of these games was successful, perhaps use of others
could be more successful. Consideration should be
given to a study of a variety of games.

Length of dintervention phase. At the end of the
intervention phase, Subjects C and D appeared tired
of the games, perhaps as a result of elongated
intervention. Research ~concerning the appropriate
number of days for use of the game technique would
yield additional valuable information.

Sex-related aspects. Observation 1in this study
jndicated that female subjects {(Subjects A and C)
showed reluctance to play the games. Both required
more days to train. Consideration should b e given
to a study of attitudes of female students toward
computer games.

Relationship of speed to accuracy. Another area for
future study concerns the relationship of speed or
frequency of performance to accuracy of performance.
Use of computer games with students without learning
disabilities. Since the use of computer games with
learning disabled adolescents has been successful,

consideration should be given to a study of computer
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games with adolescents without learning
disabilities.

Repetition of this study with other learning
disabled students. Repetition of this study with
other learning disabled students would increase the
generalization of the results.

Replication of the study in different setting. The
current was conducted in the resource room of the
school. Research concerning the different settings
(e.g., special weducation <classrcom and regular
mathematics classrooms) for use of the game tech-
nique would yield additional valuable information.
Use of other regular games. While use of computer
games with learning disable d adolescents was
successful, use of other regular mathematical games
should be considered with learning disabled adole-
scents.

Relationship of speed to achievement. Responding
correctly at a higher speed Tleads to mastery of the
subject (White & Haring, 1976; Haughton, 1972).
Consideration should be given to the study of
relationship between the effects of speed of the
games and the achievement using the computer games.
Previous experience with the computer games. The
current study was not concerned with the adole-

scent's previous experience with computer games.
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However, the previous experience would be indicative
of increased achievement.
Relaticnship between the characteristics of learning
disabled adolescents and how they oplay computer
games. In this study, the way each subject played
the game depended on his/her individual character-
istics. Consideration should be given to this
relationship.
Relationship between characteristics of learning
disabled adolescents and the achievement using
computer games. Since the achisvement of each
learning disabled adolescent in multiplication and
division facts depended on his/her individual
characteristics, the relationship between character-
istics of learning disabled adolescents and the
achievement using computer games should be studied

in the future.
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Table 1

General characteristics of learning disabled adolescents

137

Physical general motor awkwardness
hyperactivity
smaller than peers

Learning style excessive daydreaming
high distractibility
perceptual confusions
persistent confusion
short attention span
impulsive decisions and judgments
inflexibility toward ideas and activities

Cognitive/ difficulty anticipating the behavior of
Achievement others

difficulty modifying their behavior patterns

difficulty generalizing from experience

difficulty dinterpreting and using symbols

difficulty selecting from alternatives

poor development of logical reasoning and
abstract thinking abilities

severe underachievement

Social/ alienation from family
Emotional delinquency
feelings of inadequacy
few established principles or ideals
frustration with self
immaturity
inner rage
passive or active aggression
quickly yields to pressure
secondary emotional problems
truancy

Source: Schmid, R. E., in C. Mercer (ed.), Children and

Adolescents with Learning Disabilities. Columbus Chio:
Charles E. Merrill Publishing Co., 1979; and Wiederholt,
J. L., A report on secondary school programs for the
learning disabled. Final report (Project No. H12-71458,
Grant No. 0EG-0-714425). Washington, D.C.: Bureau of
cducation for the Handicapped, 1975.
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APPENDIX B

Description of learning disabled adolescents
as defined by University of Kansas Institute for
Research in Learning Disabilities

Ability and achievement test scores or written language
alone reliably differentiate LD and low-achievement (LA)
students.

LD and LA youth appear to be more likely than they are
different.

LD senior high school students were perceived by their
reqular classroom teachers as academically inferior to LA
students. No differences were noted in social and coping
skills.

The parents of LD students appear more supportive than
parents of LA students.

The LD and LA youth are more alike than different in their
performance on formal aspects of written and oral
expression. Spelling was the only formal feature of
written language which was significantly Tower for LD
youth.

LD young adults were like their non-LD counterparts in
many ways. They were, however, holding jobs with less
social status, less satisfied with their jobs, less
involved in recreational activities, using more
prescription drugs, convicted of more crimes, and had
fewer aspirations for future education and training.

LD students can acquire learning strategies to criterion
using eight systematic instructional steps. They can
generalize the use of these strategies to grade level
materials and tasks not previously practiced (e.g.,
regular classroom assignments).

Classroom observations and the perceptions of regular
classroom teachers revealed that many similarities and
few differences exist between LD youth and their non-LD
peers with regard to study, social, and ciassroom
behaviors.
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APPENDIX C

Eligibility Criteria

"SPECIFIC LEARNING DISABILITY"

Means a disorder in one or more of the basic
psychological processes involved in under-
standing or in using Tanguage, spoken, or
written, which may manifest itself in an
imperfect ability to listen, think, speak, read,
write, spel1l or do mathematical calculations.
These children are unable to profit from regular
classroom methods and materials without special
educational help, and are, or will become,
extreme underachievers. These deficits may be
exhibited in mild to severe difficulties with
perception (the ability to attach meaning to
sensory stimuli), conceptualization, language,
memory, motor skills, or control of attention.
Specific learning disability includes such
conditions as perceptual handicaps, brain
injury, dyslexia, minimal brain dysfunction and
developmental aphasia. The term does not
include children who have learning problems
which are primarily the result of visual,
hearing, or motor handicaps, of mental
retardation, of emotional disturbance, or of
environmental, cultural, or economic
disadvantage.

(a) A multidisciplinary eva]uatioh team may
determine that a child has a specific
lTearning disability if:

(A) The child does not achieve commensurate
with his or her age and ability levels
in one or more of the areas listed in
(5) (a) (B) or this rule, when provided
with learning experiences appropriate
for the child's age and ability Tevels.
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"SPECIFIC LEARNING DISABILITY" (cont.)

(d)

(B) The team finds that a child has a
severe discrepancy between achievement
and intellectual ability in one or more
of the following areas:

(1) Oral expression;

(i) Listening comprehension;
(iii) Written expression;

(iv) Basic reading skilis;

(v) Reading comprehension;

{(vi) Mathematics calculation; or

(vii) Mathematics reasoning.

Or Team may also determins that a child has
a specific learning disability if it
obtains evidence of a deficit in perception,
conceptualization, language, memory, motor
skills, or control of attention such as to
prevent the child from profiting adequately
from regular classroom methods and materials
without special education help.

The medical examination generally required
in determining eligibility of handicapped
children for special education may be waived
by the school district, but a medical
examination with neurological, vision, or
hearing problems, or when after a period of
special education help, the child has failed
to make reasonalbe progress.

The team may nct identify a child as having

a specific learning disability if the severe
discrepancy between ability and achievement

is primarily the result.-of:

A) A visual, hearing, or motor handicap;

B) Mental retardation;

C) Emotional disturbance; or

B) Environmental, cultural, or economic
disadvantage.

(
(
(
(
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Description of games

METEOR MULTIPLICATION: Assists students in the
multiplication of numbers 9 through 9 in a "meteor shower"
format. Large meteors with problems move toward a large
star position in the center of the screen. Answers to the
problems are placed in the center of the station, station
gun is aimed, and the gun 1is fired to disintegrate the
meteor. If the meteor reaches the star station before being
disintegrated with the correct answer, the meteor shatters
it in a highly graphic and sound explosion. Answers are
always placed in star station using designated keys; when
paddle option is selected, answers appear and must be
matched to problems. Hits and misses are recorded at the

bottom of the galaxy.

DEMOLITION DIVISION: Gives students an opportunity to
practice the division of problems with answers 0 through 9
in a wargame format. Tanks moving from the left side of the
screen with problems fire, destroying a wall surrounding the
guns on right as they move toward the guns. Answers are
placed beside the gun and fired at the approaching tank. If
the answer is smaller than the correct, the fire falls short

of the tank; if larger, it falls beyond; if correct, it
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destroys the tank. If the tank reaches the gun before being
destroyed by the number fired, tne tank destroys the gun.
Answers are placed in guns using the designated keys; when
the paddle option is selected, answers appear and must be
matched to problems. Hits and misses are recorded 1in

bunkers at the bottom of the screen.



Multiply:

oy
~J
>

Divide:
1. 48 +
2 48 =

35

81

APPENDIX

Worksheet

12 + 4

48 + 2

=
i

]

45

24

36

12
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Multiply:
1 2 x
2 § x
3 4 x
4 7 x
5 5 x
6 9 x
7 7 x
8 5 x
9 4 x

10. 9 x

APPENDIX F

Investigator-made tests

w

MULTIPLICATION

Name:

[g°]
>
o
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Divide:
1 24
2 0
3 48
4 27
5 6
6 81
7 48
8 24
9 i2

10. 36

18

20

21

43

40

18

42

o

DIVISION

18 ¢+ 2 =

14 + 2 =
36 + 6 =
24 + 8 =

27 + 9 =

48 + 8 =

72 + 8 =

Name:

36 +

72 +

64 +

72 +

15 +

145
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32

16

40

28
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Program for Randomization

5 DIM QUEST4(100)

10 FOR I = 1 TO 100

20 READ QUESTS$ (1)

30 NEXT I

40 S = PEEK (78) + PEEK (79) + 256
50 X = RND ( - S)

55 FOR I = 1 TO 50

60 R = INT (100 * RND (1) ) + 1
70 PRINT QUESTS(R):;" "3

80 NEXT I

90 DATA

180 END



APPENDIX H

Diskette instructions

GETTING READY

1. Read all the instructions thorougnhly.
2. Equipment needed Apple computer (48K, applesoft}), 1
disk drive, monitor (TV}).
3. Check to be sure that system components are connected
correctly and plugged into wall outlet.
4. Turn volume all the way down on monitor.
5. Place diskette in drive.
6. Turn on computer; when drive begins to "whirr" and "in
use” light on drive is one, snap door on drive closed.
7. when loading, screen will display:
DLM logo for ARCADEMICS and name of program. Adjust
color.
- Copyright notice. Adjust picture sharpness.
- PRESS ANY KEY TO PLAY appears.
GETTING SET

Practice with the game yourself.

When PRESS ANY KEY TO PLAY appears on screen, you can
change game control option. Diskette is programmed:

1 at skill level 7;

2 for problems with numbers 0-9;
3. to run 2 minutes per game;

4 for keyboard use, not paddles.

To change these game options:

1. When PRESS ANY KEY TO PLAY appears, hold down CTRL
key and press P.
2. These game options will appear:

1. SKILL LEVEL (1...9) Speed at which the game
runs. 1 is slowest; 9 is fastest.

2. PROBLEM RANGE 3, 6, 9. Problems with numbers
0-3 (press 3); 0-6 (press 7); 0-9(press 9).

3. RUN TIME (min). Games can run from 1 to 5
minutes each.

4, PADDLF CONTROL. Press Y for yes; N for no.
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Follow these directions as they appear on the
screen.

--PRESS NUMBER OF OPTION TO CHANGE (number at the
left of option}).

--Flashing cursor will appear at the programmed
level (number on right).

--Type level you want of that option.

--Program will change and relist options.

--Change as many options as you want.

--When all selections are made, press 5.

--PRESS ANY KEY TO PLAY will appear.

Game is ready to play.

REMEMBER:

1. Press CTRL P to change options.

2. Press 5 to exit options.

3. You can load several computers with the same diskette
by removing the diskette from the drive after game
options are selected and using it to load the next
system.

4, Game

control options can be selected during a game by

pressing CTRL P whenever scores appear on screen and
diskette is placed in drive.

PLAYING

. THE GAMES. The object of each game is to destroy the
problems with the correct answer before being
“destroyed” by the problem.

METEOR MULTIPLICATION - Problems move from all around the
screen toward center. Answers placed in center; gun at
center is moved with direction to fire.

DEMOLITION DIVISION - Problems move from left to right
toward gun on left. Answers placed in gun to fire.

. Answering with Keyboard. While pliaying the game, the

play will:
1. Place the answer in the answer graphic.
2. Fire the answer at the problem.
3. Move the answer graphic to the next problem.
4. Repeat for all problems.
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. Answering with Paddles. When paddle mode is selected,
the answers appear automatically in the answer
graphic.

The player must match the answer to the correct
problem.

1. Determine which paddle controls the screen.

2. Move answer to position to match problem by moving
the dial knob on the paddle.

3. Fire the answer by pressing the button on the
paddie.

NOTES ON SKILL LEVEL

1. Noise and visual explosion occurs when problem
reaches answer range before fired with correct
answer.,

2. Three explosions in a game terminates that game

and scores recorded.

KEYBOARD KEYS TO USE

e FEach game has several designated sets of keys that can be
used for playing the game.

THE GAME OPERATES WITH ANY COMBINATION OF THESE KEYS.

e OPTION A:

1-0 number keys = place answer

left arrow = moves answer left; counter-clock;
down

right arrow = moves answer right; clockwise; up
space bar = fires

s OPTION B
moves answer left; counter-clock;down
moves answer right; clockwise; up
increases answer number

decreases answer number

fires

| 3 K e, e
W

e OPTION C:

moves answer left; counter-clocki;down
moves answer rignt; clockwise; up
increases answer number

decreases answer number

fires

£ X A
wononouon



e TERMINATING GAME.
during play by pressing t key.

when player fails to answer in allotted time
game.

SCORES.

After each game, scores appear.

150

A game can be stopped at any time
A game is also terminated
3 times in one

--Scores show hits and misses for current (last game
played) and highest and lowest of all games
played.

--Scores continue to be recorded until computer

off or RESET key pressed.

--Misses recorded only when wrong answer fired; not for

failure to answer in time.

WHAT IF ...

Program does not load when computer

is turned on

.this means you do not have autostart in your
Apple. Type PR#6 and press RETURN.

Program freezes on screen

type t; scores will appear. Pressing any key

will start a new game.

RESET key 1is pressed

.all scores are erased; game options return to
programmed ones; drive will “"whirr." Hold down
RESET key until drive stops. Replace diskette
in drive. Type PR#6 and press RETURN. Program

will reload.

Blank screen continues when loading

Computer

CTRL P is pressed without diskette in drive

check all connections, especially input to

monitor.

is shut off during game

game options return to programmed ones; all
scores are erased. Replace diskette in drive.
Turn on computer. Program will reload.

drive will make "klunking" sound.
made, game will start immediately.

After options

is shut

*
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APPENDIX I
Instructions for scoring reliability
Score each multiplicaticn and division fact item.

by comparing them with the answer key sheet.

Mark each correct response as , and each
incorrect response as x.

If the response is unintelligible, mark the response
as Xx.

If the response 1is transcribed, mark the response as
Reiiability is calculated by using this formula:

#_of correct _responses
---------------------------------------- s X 100
# of correct responses + § of incorrect responses



