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Abstract:
This study was designed to investigate the effects of a computer drill and practice program and a
computer simulation program on students' content acquisition and retention scores.

The researcher's review, of the literature revealed disagreement as to the effectiveness of using a
simulation approach for content acquisition. Very little information was found on the effectiveness of
the drill and practice approach.

Fourth grade students at Emerson Elementary School, Bozeman, Montana, were randomly assigned to
one of three treatment groups for instructional computing lessons in science-related material. The
treatment groups were: 1.) drill and practice done individually (DP), 2.) simulation done individually
(SI), and 3.) simulation done in a group of three (SG). Analysis of a pretest administered before
treatment indicated that the treatment groups were equivalent.

Treatment consisted of two ten-minute instructional computing sessions. A posttest was administered
immediately following each student's second round of treatment. The retention test was administered
two weeks after the posttest.

Results of the data analysis indicated that students in all . three treatment groups showed significantly
higher scores after treatment and retention. As there were no other apparent experiences with the
subject matter at that time, it is reasonable to conclude that these gains were a result of the two
ten-minute treatment sessions.

Comparisons of gain scores between each treatment group were made to determine if any treatment
was superior. A significant difference between the pretest to posttest gain scores of the DP and SI
treatment groups was observed. This difference favored the SI treatment technique. No differences
were observed on any other gain score comparisons between treatment groups'.

The researcher concluded that all three instructional computing techniques were effective in promoting
content acquisition and retention. The SI treatment appeared to be more effective than the DP treatment
for promoting content acquisition. It is also evident that learning occurred even with the brief time on
task allocated each of these instructional computing techniques. 
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ABSTRACT
This study was.designed to investigate the effects of a computer 

drill and practice program and a computer simulation program on stu­
dents' content acquisition and retention scores.

The researcher's review, of the literature revealed disagreement 
as to the effectiveness of. using a simulation approach for content 
acquisition. Very little information was found on the effectiveness 
of the drill and practice approach.

Fourth grade students at Emerson Elementary School, Bozeman, 
Montana, were randomly assigned to one of three treatment groups for 
instructional computing lessons in science-related material. The 
treatment groups were: I.) drill and practice done individually (DP),
2.) simulation done individually (SI), and 3.) simulation done in a 
group of three (SG). Analysis of a pretest administered before treat­
ment indicated that the treatment groups were equivalent.

Treatment consisted of two ten-minute instructional computing 
sessions. A posttest was administered immediately following each 
student's second round of treatment. The retention test was admin­
istered two weeks after the posttest.

Results of the data analysis indicated that students in all . 
three treatment groups showed significantly higher scores after treat­
ment and retention. As there were no other apparent experiences with 
the subject matter at that time, it is reasonable to conclude that 
these gains were a result of the two ten-minute treatment sessions.

Comparisons of gain scores between each treatment group were made 
to determine if any treatment was superior. A significant difference 
between the pretest to posttest gain scores of the DP and SI treatment 
groups was observed. This difference favored the SI treatment tech­
nique. No differences were observed on any other gain score compari­
sons between treatment groups'.

The researcher concluded that all three instructional computing 
techniques were effective in prompting content acquisition and reten­
tion. The SI treatment appeared to be more effective than the DP 
treatment for promoting content acquisition. It is also evident that 
learning occurred even with the brief time on task allocated each of 
these instructional computing techniques.



CHAPTER I

Introduction
There is little doubt that instructional computing has come to 

the attention of educators, students and the public. It is widely 
recognized that instructional computing via the microcomputer has 
great potential to affect education.

Even though schools are experiencing a budget depression, the
' ■ i

nation's schools are purchasing microcomputers at an astounding rate. 
According to an editorial in "Educational Technology," January, 1981, 
the pessimists say the microcomputer will experience the same burst 
of interest and be followed by the same abandonment as did the learn­
ing and teaching machines of the late 1950's and early 1960's. It is 
stated in the editorial that this time the pessimists are wrong be­
cause computers are already too much a part of our lives to be elim­

inated from schools.
Although more and more schools are using microcomputers 

(Dickerson and Pritchard, 1981), there is still a significant amount 
of concern about how to make the best use of instructional computing 
in schools. Educators will need to give serious attention to the 

role of instructional computing in the schools.
If we agree that a major purpose of instruction is to facilitate 

learning, then it stands to reason that facilitation of learning 
should be one of the criteria in evaluating the role of instructional



computing. Wade (1980), identified the following "instructional 
events". Those events, were:

1. Gaining attention

2. Informing the learner of the objectives

3. Stimulating recall of prerequisite learnings
4. Presenting the stimulus material
5. Providing "learner guidance"
6. Eliciting the performance

7. Providing feedback performance
8. Assessing the performance
9. Enhancing retention and transfer
It is noted that not all of these events are contained in all 

instruction. The events contained in instruction depend upon the ob­
jectives intended (Wade, 1980).

Wade contended that evaluation of instructional computing programs 
falls into two categories. One category is the evaluation of programs 
as they are used. " . . .  programs are good only as they are good for 
students." In that context, it was the intent of the author of this 
study to investigate two types of instructional computing programs as 
they are being used. One type is the drill and practice program and 
the other is the simulation program.

2
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Statement of the Problem

In this investigation the effects of a computer drill and prac­
tice program were compared with a computer simulation program on cog­
nitive acquisition and retention of science-oriented material for 
fourth grade students.
Need for the Study

The purpose of this investigation was to compare the test scores 
of students participating in a computer drill and practice program 
and students in a computer simulation program to see if one program 
indicated a propensity for cognitive acquisition and retention of con­

tent material.
In a review of the literature disagreement was indicated about 

whether a simulation approach promotes learning of factual knowledge 
(DeNike, 1976). DeNike cited four studies which compared simulation 
approaches to "traditional" techniques. Results from one study indi­
cated that the simulation group outperformed the "traditional" group 
by a substantial margin on content tests. The results of another 
study proposed that the simulation approach is significantly related 

to gains in student achievement.
The opposite view was expressed in two other studies. In one 

study, students using a simulation approach were compared with a group 
whose treatment was similar except that the simulation periods were
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replaced by the lecture-discussion method. In this study, the con­
trol group made larger gains in factual and conceptual knowledge than 
the simulation group.

In the last study, it was reported that "the use of the simula­
tion game ’Marketplace1 resulted in a significant retardation of stu­
dent learning of economics. According to DeNike, "It is unclear 
whether this state is due to the nature of the research or to the 
shortcomings of the instructional strategy."

It should be noted that these simulations are not computer simu­

lations. In a search of the related literature very few studies were 
revealed comparing gains in or retention of factual knowledge by users 
of computer simulation programs. Many articles exist in which authors 
proclaim to recognize the potential of computer simulation programs 
as an instructional technique (Saltinski, 1981).

Critics of the drill and practice approach claimed that drill 
and practice with the computer does nothing that workbooks and work­

sheets are not already doing; and rather than actually freeing the 
user, the program locks the student into a fixed sequence of steps 

determined by the programmer.
Some of the benefits of drill and practice computer programs 

are described as individualizing the lessons to the student's need 

and giving immediate feedback. In a search of the literature, no
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studies were indicated as examining acquisition or retention of con­
tent using the computer drill and practice technique.

Drill and practice computer programs are the most frequently used 

type of instructional computing at this time (Billings, 1980). Com­
puter simulation is referred to as one of the most promising areas of 
instructional computing. Because of the microcomputer's capabilities 
of rapid interaction, a new door is open for new experiences in learn­
ing. Through the use of computer simulations, we may have discovered 
a key to promote divergent thinking in learners (Steffin, 1981).

Instructional computing is here. If it is to serve the student 
effectively, we must investigate several aspects of that effective­
ness. One of the major questions is whether or not certain types of 
instructional computing programs tend to promote content acquisition 

and retention.
In a search of the related literature a conflict was indicated 

as to whether or not a simulation approach promotes learning of factu­
al knowledge. Very little information was found about retention of . 
information gained by a simulation approach. It was the purpose of 
this study to investigate content acquisition and retention using a 

computer simulation approach. In this study it was also proposed to 
investigate the computer drill and practice approach as it relates to 
content acquisition and retention. At the.time of this writing there
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Questions Addressed by This Study
Questions concerning students' performance through use of the 

instructional computing drill and practice and simulation techniques 
were investigated. The questions investigated were as follows:

1. Was there a difference in drill and practice scores from 
pretest to posttest?

2. Was there a difference in drill and practice scores from 
posttest to retention test?

3. Was there a difference in drill and practice scores from 

pretest to retention test?
4. Was there a difference in scores from pretest to posttest 

scores in the simulation done individually?
5. Was there a difference in scores from posttest to retention 

test scores in the simulation done individually?
6. Was there a difference in scores from the pretest to reten­

tion test in the simulation done individually?
7. Was there a difference in scores from pretest to posttest 

scores in the simulation done in a group?
8. Was there a difference in scores from posttest to 

test scores in the simulation done in a group?

appealed to be little information on content acquisition and retention
using computer drill and practice programs.

retention
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9. Was there a difference in scores from pretest to retention 

test scores in the simulation done in a group?
10. Given a pretest and a posttest, was there a difference in 

students' content acquisition change scores for the following:
a. the drill and practice program and the simulation done 

individually?
b. the drill and practice program and the simulation done 

in a group?
c. simulation done individually and simulation done in a 

group?
11. Given a posttest and a retention test, was there a differ­

ence in students' retention change score for the following:
a. the drill and practice program and the simulation done 

individually?

b. the drill and practice program and the simulation done 
in a group?

12. Given a pretest and retention test, was there a difference 
in students' retention change score for the following:

a. the drill and practice program and the. simulation done 
individually?

b. the drill and practice program and the simulation done

in a group?
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c. simulation done individually and simulation done in a 

group? .
Procedures Followed

The procedures of this study followed in chronological order. 
Procedure One

Review of the literature. The first procedure was to complete 
an extensive review of the literature as it related to the use of drill 
and practice programs and simulation programs in instructional com- 

puting situations.
Procedure Two

Obtain permission. Permission from Bozeman School District 7 
Administration was requested in order to carry out the study using 
fourth grade students from Emerson School. The school district's 
guidelines were followed in obtaining the permission. A meeting was 
held with the principal and participating teachers to explain what 
the study involved. A letter was sent to parents explaining the study 
and to assure them that the individual's data would remain confiden­

tial.
Procedure Three

Instrument development. An instrument was developed to use as a 
pretest, posttest, and retention test. The instrument was validated 
by Dr. Paul Markovits and Dr. Elnora Old Coyote, Montana State Univer­
sity elementary science education specialists. The instrument was
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tested for reliability by selection of students not used in the study. 
Two fourth grade classes at Longfellow School in Bozeman were used 
for reliability testing. The instrument was administered to them 
twice. The interval between the first and second administration was 
one week. A correlation coefficient was computed to determine the 
reliability.
Procedure Four

Assignment of students. Fourth grade students were randomly as­
signed with computer assistance to one of three instructional computing 
groups: I.) drill and practice (DP), 2.) simulation done individually
(SI), 3.) simulation done in a group of three (SG).
Procedure Five

Assignment of student numbers. Students in the study were as­
signed a student number which was used throughout the study for pre­

test, posttest, and retention test data gathering, recording, and 
analyzing. The purpose of the student number was to maintain confi­
dentiality of individual scores and any other individual data col­

lected throughout the study.
Procedure Six

Orientation of students. The students were told what was neces­

sary for their involvement in the study. They were administered a 
pretest, which was then used to determine group equivalency and for

■■ t \  .
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later comparison with the posttest and retention test. A short in­
troduction to the operation of the computer was given.
Procedure Seven

Treatment. Students were given the instructional computing les­
son according to the group to which they were assigned.

Posttest. A posttest was given to the students one week after 
treatment.
Retention Test. A retention test was given to the students two weeks 
after the posttest.
Procedure Eight

Analysis. Using the data from the pretest, posttest, and reten­
tion test, means of all the groups were computed and compared statis­
tically.
Procedure Nine

Summary. After all data had been compiled, a summary of the study 
was prepared.

Procedure Ten
Discussion, recommendations, and implications. Discussion of 

the study’s findings, recommendations for further research, and impli­
cations for education tomplete this study.
Limitations

I. The site of the study was selected where the cooperation of 

the school district and the building principal could be obtained-

- _ "  -



11
2. The simulation program was a modified version of a commer­

cially prepared simulation. The modification was done by the re­
searcher and a computer science graduate student.

3. The drill and practice program was created by a computer 
science graduate student under the direction of the researcher. The 
drill and practice program was created to coordinate with the subject 
matter contained in the simulation.

4. The classes used in the study were self-contained.
5. Because the study was conducted in only one school, in one 

city, the conclusions were applied only to that school.
6. The treatment and testing were administered by the researcher 

conducting the study.
Delimitations

The following delimitations of the study are identified: .

1. This research did not attempt to compare classroom achieve­
ment and retention with the instructional computing achievement and 

retention.
2. The experimental treatment involved only two ten-minute les­

sons per student.
3. The study was limited to fourth grade students at Emerson 

School, Bozeman, Montana.
4. The posttest was administered immediately following each 

individual's last treatment session.
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5. The retention test was administered two weeks following the 

treatment. The retention test was administered in the self-contained 
classroom to the entire class at one session. A one-day variation 
existed for some students from the end of posttesting to the retention 
testing.

6. This research did not attempt to measure divergent thinking 
that may have occurred in the simulation program.
Definition of Terms

The following key terms will be used in the study:
1. Drill and Practice Program. This type of program presents 

a problem for response by the user. The user is informed whether he 
is correct or incorrect. Depending upon the individual program, the 
user may be given another opportunity to try again or may be given 
the correct answer.

2. Instructional Computing. Instructional computing is infor­
mation that is presented by some type of computer program with spe­
cific educational objectives.

3. Microcomputer. A microcomputer is an independent * self- 
contained unit. It does not depend upon any other computer system 
hookup for its operation.

4. Simulation Program. A simulation program sets up a choice 
of variables for the user to apply to ah event that occurs or could
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occur in a real-life situation. The user is given an opportunity to 
try out divergent approaches to situations.
Summary

Instructional computing is recognized as having great potential 
to affect education of students. At present time there are four types 
of instructional computing techniques. They are drill and practice, 
simulation, games, and tutorial. Currently simulation is looked upon 
as having potential to promote higher levels of thinking. There is 
conflict as to whether simulation can promote content acquisition.

If we are to realize fully the potential of instructional com­
puting, we must know how it is affecting the students. To do this, 
it is necessary to explore how the various techniques are serving the 

students.
In this study, the test scores of students participating in a 

computer drill and practice program were compared with a computer, 
simulation program; The comparison was made to see if it was indi­
cated that one program might be more effective for cognitive acquisi­
tion or retention of content material. The results of this experi­
mental study may be used to determine how each of the programs can be 
used to serve the student effectively.

Specific limitations, delimitations, procedures, and definitions 
were presented as they applied to the design and implementation of 
this study. .



CHAPTER 2

Review of Literature '
Education is a complex process. Educators face the task of pro­

viding learning situations that will benefit both the cognitive and 
affective domain of each student. Just what constitutes a successful 
learning situation for all children has riot been resolved. New meth­
ods and media are continually being scrutinized as to the potential 
value they may have in contributing to the child's education. Curric­
ulum committees revise, update, and innovate, hoping to meet the needs 
of the individual.

The microcomputer has surfaced as a medium that has captured the 
attention of educators. "Computers have become so prolific that edu­
cators can ignore them no longef" (Billings, 1980). Watts (1981) be­
lieves that, in order to reflect the needs of the students of today, 
computers must be implemented into the curriculum. According to Watts 
"The challenge is there for all schools to successfully introduce com­
puters and to develop their potential in education." The fact that 

the potential is there is emphasized by Stahl's statement (1979) that 
"The microcomputer is opening a fantastic array of possibilities for 
education." Ropes (1980), in his article "Bringing Microcomputers 
Into Schools," states that "Schools are on the threshold of the com­
puter age . . . Those who have worked with microcomputers are strongly 

of the opinion that no other single piece of equipment can do as much
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for etjucatipn." It is believed by those who have worked with micro­
computers in education that the micro motivates students to a remark­
able extent. Instructional computing via the microcomputer is unex­
celled at providing opportunities for demonstration of student crea­
tivity and logical thinking. Application and value of instructional 
computing are possible in all areas of the curriculum. Instructional 
computing is effective in individualized review and practice of skills 
and can give immediate feedback on performance.

Drill and practice and simulations can be written to work in al­

most any curriculum. At the present time, drill and practice and games 
account for most of the instructional computer use in the elementary 
school (Billings, 1980). One explanation may be that drill and prac­
tice and games are easy to use with the traditional basic skills ac­
tivities. Emphasis is being placed on the basic skills curricula by 

the developers of software for the microcomputer. Major publishers 
of textbooks and educational materials are in the process of producing 
basic skills curricula for use with the microcomputer (Holznagel, 1980) 
Science Research Associates has developed and is marketing mathematics 
and phonics programs. The mathematics program is a combination drill 
and practice with tutorial available when needed by the learner.

Teachers are under pressure to raise test scores and build skills. 
According to Billings (1980), drill and practice can "create better- 
skilled students. . ." Yoshida (1980) pointed out in his study that
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many educators tend to ignore the drill and practice technique needed 
to consolidate a concept. He feels that educators just move on to 
new concepts. In his study, he indicates three conditions that must 
be satisfied in order to have a successful drill and practice. The 
three conditions are sequencing, aptitude of the learner, and the type 
of drill and practice. The types of drill and practice, as he defines 
them, are "branched" or "fixed". A branched drill and practice is 
described as "adaptive to the ability of the learner." The fixed 
drill and practice is defined as one which "ignores the ability level 
of a learner and involves problems of all difficulty levels." Drill 

and practice through instructional computing can be set up as either 
branched or fixed. Instant feedback with opportunities for making 
corrections may be incorporated into drill and practice through in­
structional computing. Brissqn (1980) points out one value of in­

structional computing as providing an opportunity to allow students 
to practice and learn on their own with immediate feedback on their 
progress. It is felt that a self-testing approach allows students 
the opportunity to improve on their own.

According to Taba (1967), "Curriculum is a system of teaching 
someone something by a process." It consists of the following ele­

ments :
1. The objective to be obtained
2. . The selection and organization of content
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3. The selection and organization of learning experiences to 

be provided.
4. The formulation and organization of the teaching strategies 

to be employed.

The three cognitive tasks involved in learning are: concept for­
mation, interpretation, and application. A simulation can provide an

■ ■ ■ ■

opportunity to develop all three tasks defined by Taba. The primary 
emphasis of simulation, according to Cohen and Bradley (1978), is on 
"active rather than passive participation to give pupils a meaningful 
learning experience." The active participation leads to motivation 
which helps develop greater interest, which in turn leads to longer 

episodes for learning.
The increased sophistication in the development of graphics and 

animation adds another dimension to simulations, Important and novel 

kinds of learning experiences are possible through this method (Sagan,
1977). The future use of holographic images will add still another 
dimension to simulations. Holography incorporated into a simulation 
will make possible simulations which closely approximate real life. 
While the use of holography sounds like the ultimate in providing the 
learner with the best possible simulation, studies by Rigney and Lutz 
(1976) found that copying real life pictures were less effective in 
concept attainment than logical, animated or schematic representations 
of the real object. One of the strengths of simulation seems to be
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its ability to provide an abstract representation of the real event 
and allow students to analyze what occurs.

Simulation games have been in existence for some time. The mi­
crocomputer has made effective use of simulations by presenting sit­
uations that would otherwise be difficult to consider. The numerous 
variables and speed of processing and presenting the consequences of 
the user's decisions by the microcomputer makes simulations an area 
worth investigating.

Taba, Bloom and others remind us that to develop independent 
learners, the curriculum and instruction must contain goals and ob­
jectives that use higher-level thinking skills. Curriculum and in­
struction are still concerned with acquiring knowledge. According to 
Steffin (1981), "Much of elementary-secondary education today focuses 
on the development of convergent thinking skills. In many instances . 

each student is expected not only to reach the same answer, but to
I

apply precisely the same process as his or her classmates."

It is quite possible that the microcomputer is the vehicle which 
will promote divergent thinking in learners. Because of the micro­
computer's capabilities of rapid interaction, a new door is opened 
for new experiences in learning. Through the use of computer simula­
tions, we may have discovered a key to divergent thinking.

Steffin (1981) has set up three conditions which must be met to- 
apply divergent thinking to intellectual/cognitive problems. These
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conditions are:

1. Rigerous criteria must be established to distinguish 
between acceptable and unacceptable solutions;
2. Strong, positive reinforcement must support both the 
problem solving process and those answers which increasingly 
approximate the criteria developed for an "ideal" response;
3. The instructional strategies which are employed must 
provide for immediate feedback to the learner, communicating 
the status of the particular process employed and of the 
solution obtained.

The microcomputer allows the learner to try out divergent ap­
proaches to problem solving. The learner discovers which approaches 
are most appropriate to achieve his objectives.

To evaluate computer simulations may neccesitate taking another 
look at the purpose of the particular simulation being used. It is 
possible that simulation may not be the method preferred if knowledge 

acquisition is the goal. Findings conflict on whether or not simula­

tion promotes knowledge acquisition (DeNike, 1976).
According to Boysen and Thomas (1979), "Recent experiments have 

shown that the computer can be used effectively in simulation." Boysen 
and Thomas turned to computer simulation in order to overcome the prob­
lem of using students in the training of reading teachers. The simula­
tion approach allowed incorporation of a wide variety of reading disa­
bilities. Teachers practiced administering and evaluating informal 
reading inventory results through computer simulation. The teachers 
worked at developing skills at their own rate. The program allowed 
the teachers to repeat items as often as necessary in order to master
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the skills. In this particular simulation, teachers interacted with 
the simulated students by "correcting" the weaknesses. . .and observing 
changes in reading behavior. The program actually acted as a lab, 
giving the teachers the chance to experiment with the methods and 
theories learned in class. The program was evaluated "to determine 
its usefulness as a supplement to classroom instruction." The evalua­
tion compared the mean posttest scores of trainees who received both 
computer and classroom instruction with those who received only class­
room instruction. The mean pretest scores for both groups showed no 
significant difference. A significant difference appeared after treat­
ment. Posttest scores showed a significantly higher mean score for 
the treatment group than for the. control group. The control group 
then received the same treatment. After treatment, the control group 
received a second posttest. At that comparison, there was no signifi­

cant difference between the two groups. An evaluation was made to 
discover the retention of the material over a four-week period. The 
results showed no significant loss of retention of the simulation ma­
terial. Findings indicated that simulation was an effective method 
for the purpose described. According to Boysen and Thomas (1979),
". . .further plans call for the development of an instrument which 
will determine the extent of learning at the application level. It 

is at the application level where the simulation technique may have 

its greatest, potential."
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In a simulation study done by Shay (1980), which did not refer 

necessarily to computer simulation, he pointed out that there was 
skill acquisition for some in enhancing bargaining, persuasion, de­
cision making, and communication. There was some evidence that sim­
ulation spurred integrative thought processes. As far as cognitive 
learning, Shay stated that, "If factual-intellectual outcomes are de­
sired, simulation should not, perhaps, be the preferred teaching 
technique." On the other hand, there was no evidence from control- 
group experiments that simulations handicapped students in terms of 

cognitive learning and performance.
The commercially prepared program "Oregon Trail" was used with a 

group of students. In the program were simulated events that may have 
occurred as people made their way along the Oregon Trail. After com­
pleting the simulation, students were given a follow-up test. The 

test results indicated an increase in the students' recall of event- 

related facts (Osborn, 1981).
According to Shay (1980), ". . .while it cannot be proven that 

experience is the best teacher, it can certainly be said that the 

vicarious and partial experience provided by simulation may render 

knowledge more deeply relevant and personal." . . ,
To some, the term "game" is interpreted as not being related to 

"education". Using some of Bruner's ideas, Cohen and Bradley (1978) 
described some of the academic values of simulation. "Games go a long
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way toward getting children involved in understanding language, social 
organization, and the rest; they also introduce. . .the idea of a 
theory of these phenomena. We do not know to what extent these games 
will be successful but we shall give them a careful try. They provide 
a superb means of getting children to participate actively in the pro­
cess of learning— as players rather than spectators."

Good and Beckerman (1978), along with many other educators, be­
lieve that children's academic achievement seems to be related to 
their involvement in tasks. If they are to master material, according 
to Good and Beckerman, ". . .they must engage in it and react to it—  

read, make response."
It is through simulation that the student may be able to perform 

at the higher levels of cognitive process. This may be the highest 
and best use of instructional computing.

To determine what effect simulation has on students may be diffi-
. ■ '

cult to measure. Cohen and Bradley (1978) cited that research on sim­
ulation games, especially in the elementary school, has been limited. 
Very few studies have focused on retention of material learned through 
simulation. One reason may be that doing research on simulations is 
difficult. According to the above authors, some of the problems that 
produce conflicting data are as follows: "the lack of a theoretical
framework, the influence of the teacher or the director in setting
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the tone, the question of whether outsiders should evaluate the efr 
fectiveness of the simulation and their possible influence on the ac­
tivity, the environment and the type of pupils who engage in the 
games, the difficulty of getting accurate and valid instruments to 
measure short-term changes in attitude, the consideration of the 
Hawthorne effect, and the immense problem of generalizing about sim­
ulations from one particular simulation."

Chen (1978) found in her study that junior high students over­
whelmingly preferred the simulation games to the traditional class­
room techniques. She cited that Wing used two computer simulation 
games with two groups of sixth graders. One group played the two 
simulation games individually at computer terminals. The control 
group worked with the subject matter by traditional classroom meth­
ods. Results showed that the experimental group outperformed the 

control group on the criterion test for one of the simulation games 
while the control group outperformed the experimental group on the 
test for the other simulation game.

Coleman, Livingston, Fennessey, Edwards, and Kidder (1973) have 

stated that simulations and other types of experiential learning are 

not always effective in helping students transfer to other areas the 
generalizations from the particular game experience. Cohen and Bradley 
(1978) stated that "It is probably because (generalizing) is the weak­
est link.in experiential learning and that post-game discussions appear
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to be very important in the experiential learning that takes place in 
simulation games." They concluded that the "appropriate, mix of exper­
iential and information processing modes of learning" might make 
learning in school more effective.

Yoshida (1980) stated that "One of the principal objectives of 
education is the understanding of concepts. To consolidate a concept 
in a learner's cognitive structure it is necessary to develop problem­
solving skills for that concept."

Yoshida's study dealt with the use of three drill and practice 
programs to determine which were superior in acquiring the skill of 
division. The results indicated that gains made from pretest to post­
test were highest with the "fixed" drill and practice followed by the 
"mixed" drill and practice. The "branching" drill and practice was 
the least effective. The particular drill and practice programs used 

did not give feedback as to correctness. The students did not find 
out how they performed until answer sheets were returned on the fol­
lowing day. Researchers.feel that if differences in student charact­
eristics had been considered, the branching type (adaptive to learner's 
ability) would have been best, with the fixed drill and practice shown 

as the least effective.
Bloom (1981) believes that "most students become very similar 

with the regard to learning ability, rate of learning and motivation 
for further learning when provided with favorable learning conditions."
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Bloom goes on to state that "Instruction consists of the implementa­
tion of teaching-learning activities."

As educators, we have the responsibility to find the appropriate 
teaching-learning activities to facilitate learning for each student.
In the case of instructional computing, it is important that we under­
stand its potential and then fit the computer to the student’s needs, 
not force the student to fit the computer.

In this study it is proposed to promote additional understanding 
of the effects that a drill and practice program and a simulation pro­
gram have oh students, in the area of content acquisition and retention.

The limited amount of time that students were available for this 
particular study necessitated a review of the literature that discussed 
achievement and retention related to time on task.

In an article by Good and Beckman (1978), it is stated that . 
"Pupils' achievement in school seems to be related to involvement in 
tasks. If they are to master material, they must engage in it and 
react to it-.-read, make response. It is suggested that achievement 
is related to time for learning and opportunity to learn." Just how 
much "time" is necessary was not specifically referenced in this ar­

ticle. In the article it was suggested that data indicate that 
"learning is positively related to low rates of time lost because of 

poor management of classrooms. , ."
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The question seems to be whether a short amount of time on task 

can result in learning and retention. In a search of the literature, 
two articles were revealed that relate to short amounts of time spent 
on task and the learning that occurred. Huwiler (1979) says that 
"Quick learning is possible. . ." The basis for this type of learning 
may have come from television commercials and radio advertising.

Braden (1979) teaches a visual literacy and communication course 
that is structured around television commercials. He found that one 
can teach more than one might expect in 30 seconds or less. Braden 
asks, "What does it mean that today's students— and many of the rest 
of us for that matter— can spout advertising slogans, sing product 

jingles, and itemize what goes on a sesame seed bun?" According to 
Braden, what it means is that Madison Avqnue is doing a successful 
teaching job. He also found that ten seconds to one minute may be 

adequate time to present certain types of information that is to be 
remembered. He suggested that educators study the dozen or so com­
munication structures that are the basis of all commercials. Bradqn 
felt that educators should give "serious thought to new presentation 
strategies that draw upon self-contained, extremely brief perhaps re­
petitive learning messages. The obvious and simple message is 'brief, 
but often'." He felt that repetition to the point of mental satura­

tion aids recall.



27
Braden also suggested some not-so-obvious things we should notice 

about, commercials. They are:
1. wellrorganized
2. purposeful
3. based upon the analysis of the person the sponsor hopes will 

view them
4. designed with a concern for affective as well as cognitive 

impact
5.. intent of capturing and holding viewer's attention
6. use a variety of techniques.
The. list is representative of what educators advocate as good 

instructional practice.

To achieve success using the quick-learning idea, it is vital 
that a very clear objective be stated. The teacher must know what 
will be taught in that short time frame. The only material which may 
be included in the lesson must be limited to that which is critical 
to the objective. Huwiler (1979) advises that the vehicle to provide 

the information should present that information from multiple inputs. 
Using both sound and visual is an effective learning method. Quick 
drill and tutoring involving simple rule applications work well with 
this technique. It would appear that the microcomputer could be the 
vehicle to provide the information using both sound and visual ap­
proaches.

While no one claims that the microcomputer will be an educational 
panacea, its usage is a growing part of our educational system. We
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must investigate the impact of instructional computing as it is being 
used today in order to guide its use in the future.
Summary . '

In a review of the literature, it was indicated that the area of 
instructional computing holds strong potential to affect the education 
of our students. There are still conflicting thoughts as.to how ef­
fective instructional computing is. Stahl’s (1979) statement that 
’’The microcomputer is opening a fantastic array of possibilities for 
education" is not disputed. What is needed are investigations to de­
termine how well the microcomputer is actually succeeding in helping 
the student.

The use of microcomputers in the educational setting is increasing. 
Educators must investigate the impact of instructional computing as 
it is used today in order to guide its use in the future.



CHAPTER 3

Procedures
Introduction

In this study, the effects of a computer drill and practice pro­
gram and a computer simulation program on students' content acquisition 
and retention scores were investigated. Data were analyzed to see if 
either program technique indicated more effectiveness in promoting
content acquisition or retention of the material presented.

\ •

Site of the Research
The research took place in Bozeman, Montana, during the month of 

February, 1982. The school testing site was Emerson School. Emerson 
is one of the five elementary schools in Bozeman School District 7.
All five elementary schools are composed of kindergarten through fourth 
grade. The classes ape self-contained. Some students receive addi­

tional individual instruction through the resource room, speech ther­
apist, gifted and talented program, and Title I. The students are 
taught music and physical education by a specialist in that particular 
area. Emerson School was selected because of teacher cooperation. 
Emerson was also selected because it has three fourth grade class­

rooms while some of the other schools have only two. The three 
fourth grade classrooms provided an adequate number of students for 

this study.
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Assignment of Students

Fourth grade students were randomly assigned with computer assis­
tance to one of three instructional computing groups: I.) drill and
practice (DP)., 2.) simulation done individually (SI), 3.) simulation 
done in a group of three (SG).
Assignment of Student Numbers

All fourth grade students were assigned a student number which 
was used throughout the study. The purpose for the student number 
was to maintain confidentiality of individual scores and any other 
individual data that were collected during the study. The student 
number was used on the pretest, posttest and retention test. The stu­
dents’ names were not used at any other time during the study other 

than assigning each to the instructional computing group.

Testing Procedures
Pretesting. All students' who participated in the study received 

a pencil and paper pretest. The pretest was given in the regular 

classroom by the researcher.
The pretest results were subjected to analysis of variance (ANOVA) 

to determine equivalency of the three instructional computing groups.

If the instructional computing groups were shown not to be equivalent, 
the students would have been reassigned until equivalency occurred.
The pretest data were subjected to ANOVA; The pretest showed.the 

three treatment groups to be equivalent.
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Posttesting. The end of the treatment occurred when all students 

in the study had completed the two instructional computing lessons to 
which they had been assigned. All students who completed the treatment 
were given a paper and pencil posttest. The posttest was the same 
instrument as the pretest. The posttest was administered immediately 
after an individual had finished round two of the lesson. . The decis­
ion to posttest immediately after treatment was made to insure the 
same amount of time for each student between treatment and posttesting. 
Because only one computer was used, the amount of time between treat­
ment and posttesting could have varied from one day to one week if 
posttesting had occurred after all students had completed the treat­
ment. It was felt that that much variation might affect the accuracy 
of the study. Tp have designed the testing period differently would 

have extended the time necessary for the study. Because the researcher 
was already causing a certain amount of interruption of the students' 
schedules, this course was not taken.

Retention Testing. Two weeks after taking the posttest, the stu­
dents received a retention test. The instrument was the same as the 

pretest and posttest. It was administered in the individual class­

rooms .
All the tests were administered, scored, and recorded by the re­

searcher.
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Testing Instrument. An instrument was developed to use as a pre­

test , posttest, and retention test. The objectives of the instruc­
tional computing program were analyzed and the instrument was devel­
oped from the objectives established by the program.
Validity and Reliability of Instrument

Validity. The instrument was validated by Dr. Paul Markovits 
and Dr. Elnora Old Coyote, Montana State University elementary educa­
tion science specialists. The validity was established according to 
the content of the lesson.

Reliability. The instrument was tested for reliability by giving 
it to a selection of students hot used in the study. The instrument 
was administered to the group twice. The interval between the first 
and Second administration was two weeks. A Pearson correlation coef­
ficient of .63 was computed with a probability of .00 which was sig­
nificant at the .01 level. Because the correlation was low, one must 

use caution in making generalizations.
Treatment

There were three different treatment groups. The content infor­
mation for each group was the same. The instructional computing tech-

"

niqUe used to present the content information was what constituted 
the difference in treatment for the groups. The three instructional 
computing groups were as follows: I.) drill and practice (DP),
2.) simulation done individually (SI), and 3.) simulation done in a
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group of three (SG). A sample listing of each program is included in 
the appendix of this study. The content material was fish survival. 
Three species of fish were used in this program.

The DP program presented a question that asked whether a particu­
lar species of fish could eat certain other species of fish. The stu­
dent responded with a yes or no answer. The student was then informed 
of the correctness of his response. If the response was incorrect, 
the correct answer was given. . After making several comparisons of 
fish, the student was asked questions about the survival of the dif­
ferent species of fish when encountering an osprey and an otter. The 
same response-feedback pattern used in the other questions was fol­

lowed for this part of the program. The combinations of the two com­
parisons for each question were generated at random. Therefore, if a 
student responded incqrrectly to a question, that combination was 

likely to be presented again.
The simulation program used in the study was adapted from ODELL 

LAKE. ODELL LAKE, produced by Minnesota Educational Computing Consor­
tium, is a simulation about fish survival. Both the SI and SG groups 
used this program. The adaptation was made to reduce the number of 
fish from six to three. The length of time for the treatment was not
long enough to accommodate the program containing six fish. Some other

' 1 . .

modifications were made so that amount of information on the screen . 
was less than in the original program. . This was done to accommodate



the reading ability of the fourth graders in the study. The simula­
tion program used animated graphics and text. The student was given 
a choice of which fish he wanted to role play. An animated represen­
tation of that fish appeared on the screen. The student was told he 
was that fish. Representation of a different fish then appeared on 
the screen. The student was told what species the fish was. He was 
then given options of chasing it, ignoring it, eating it, escaping 
deeper, or escaping to shallow water. After several options concern­
ing fish, the student determined what options to take when encounter­
ing an osprey or an otter. After selecting an option, the result was 
shown through animated graphics. For example, the osprey might fly 

down and snatch the fish if the decision was to ignore the osprey. A 
written description of what happened followed the graphic presenta­

tion.
The difference in treatment for the SI and SG groups was as fol­

lows: the members of the SI group received and responded to the sim­
ulation lesson individually. The members of the SG group received 
and responded to the simulation lesson in groups of three. SG members 
were allowed to discuss the alternatives provided by the lesson before 

making a response.
Students in both drill and practice and simulation groups had 

control of advancing the program to new information by pressing the
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spacebar when they were ready to go on. This was done so that differ­
ent reading fates could be accommodated.

Students were given two instructional computing sessions accord­
ing to the type of program to which each had been assigned. The pro­
gram for each session was the same. Each session was ten minutes. A 
timer was set when the session began. Sessions which extended beyond 
the ten-minute limit would have been eliminated from the study. No 
session exceeded the ten-minute limit. Construction of the program 
did not constitute stopping and starting. Both programs presented 
various and continual combinations of the content information. There­
fore, students were not aware of the number of times they may have 
gone through the information. The treatment took place in a separate 
room set aside for this study.

Because this study involved using two ten-minute sessions, it 

was necessary to cite research in which it was indicated that learning 
and retention can occur within short time frames. Huwiler (1979) be­

lieves that "quick learning is possible." He based this thought on 
research that he had done involving learning that comes from televis­
ion and radio commercials. Braden (1979), who teaches a visual liter­

acy course that is structured around television commercials, has found 
that one can teach more than one might expect in thirty seconds or 
less. He has found that ten seconds to one minute may be adequate 
time to present certain types of information that is to be remembered.
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Good and Beckerman (1978) believe that student's academic achievement 
is related to task involvement. According to Good and Beckerman, if 
students are to master material, they must "engage in it and react to 
it— read, make response." Huwiler advised that the vehicle to provide 
the information should present the information from multiple inputs. 
Using both sound and visual methods is effective. It would appear 

that the microcomputer could be an effective vehicle, by which informa­
tion is presented in this manner.
Organization of Data

The data gathered during this study were organized and presented 
in the following manner.

1. Pretest stores. The pretest scores of the individual stu­
dents , using their student number rather than their name, were com­
piled. Descriptive statistics for each instructional computing group 
was computed and the results were presented. The groups were compared 
by use of analysis of variance (ANOVA).

2. Posttest scores. The posttest scores were compiled for in­

dividuals. Group means for the DP, SI, and SG groups were determined. 
Gain scores from pretest to posttest were analyzed for each group. 
Comparisons of treatment group gain scores were made. When a signif­
icant difference occurred, further analysis using Scheffe was per­
formed to isolate the difference. A significance level of .05 was

chosen.
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3. Retention scores. Retention scores were compiled for in­

dividuals . Group means for the DP, SI, and SG were computed. Gain 
scores from pretest to retention test and from posttest to retention 
test were analyzed using analysis of variance (MOVA), LSD, defined 
by the SPSS manual as least significant difference, and t-test. The 
analysis was made within each treatment group and between each treat­
ment group.
Statement of Hypotheses

The hypotheses of this study dealt with the performance of the 
students in the three instructional computing groups.

The hypotheses were as follows:
1. There is a difference in drill and practice scores from pre­

test to posttest.
2. There is a difference in drill and practice scores from post 

test to retention test.
3. There is a difference in drill and practice scores from pre­

test to retention test..
4. There is a difference in scores from pretest to posttest 

scores in the simulation done individually.
5. There is.a difference in scores from posttest to retention 

test in the simulation done individually.
6. There is a difference in scores from pretest to retention 

test in the simulation done individually.
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7. There is a difference in scores from pretest to posttest in 

the simulation done in a group.
8. There is a difference in scores from posttest to retention 

test in the simulation done in a group.
9. There is a difference in scores from pretest to retention

test in the simulation done in a group.
:

10. Given a pretest and a posttest, there will be a difference 
in students' content acquisition change scores for:

a. the drill and practice program and the simulation done 
individually

b. the drill and practice program and the simulation done 
in a group

c. . simulation done individually and simulation done in a
group.

I '

11. Given a posttest and a retention test, there will be a dif­
ference in students' retention change score for:

a. the drill and practice program and the simulation done 
individually

b. the drill and practice program and the simulation done 
in a group

c. simulation done individually and simulation done in a . 

group.
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12. Given a pretest and retention test, there will be a differ­

ence in students’ retention change score for:

a. the drill and practice program and the simulation done 
individually

b. the drill and practice program and the simulation done 
in a group

c. simulation done individually and simulation done in a 
group.

Statistical Analysis

Descriptive Statistics. Descriptive statistics was used to de­
scribe each instructional computing group's pretest, posttest, and 
retention test.

M O V A . In order to compare all three instructional computing 
groups, analysis of variance (ANOVA) was used.

Precautions Taken for Accuracy
The testing done in this study was conduted by the researcher.

The researcher also scored and recorded the tests. Students' test 
scores were recorded on test score sheets using student numbers in­
stead of student names.

The data analysis was conducted under the direction of the re­
searcher's major advisor, Dr. L. W. Ellerbruch. The analysis was done 
on the Honeywell level 66 computer at Montana State University using
SPSS.
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The final data set was verified against the raw data.

Management of Situations Beyond Researcher's Control
The following situations were considered in order to properly 

manage this study:.
1. Scores that may have been recorded for a student were de­

leted if the student left school, decided not to participate in the 
study, of was absent, which resulted in missing any of the required 
treatment or testing.

2. Testing, scoring, and recording were done by the researcher.
3. Presentation of the instructional computing lessons did not 

vary because of their nature. What was contained in the computer pro­
gram could not unintentionally be changed to vary the presentation.

4. Verification of data occurred at each stage by the research­

er's major advisor, Dr. Ti. W. Ellerbruch.

Summary
This study was designed to examine the effects of a computer drill 

and practice program and a computer simulation program on students' 
content acquisition and retention scores.

Three instructional computing groups were established. The groups 

were as follows: I.) drill and practice (DP), 2.) simulation done
individually (SI), 3.) simulation done in a group of three (SG). The 
groups were composed of the fourth grade students at Emerson School
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in Bozeman, Montana; The experimental period was during the month of 
February, 1982.

All three of the instructional computing groups subjects received 
the same amount of time on the computer program to which they were 
assigned.

Data collection included pretesting, posttesting, and retention 
testing. The instrument used for those purposes was developed by the 
designer of this study. Validation was done by Dr. Paul Markovits 
and Dr. Elnora Old Coyote, Montana State University elementary science 
education specialists. Reliability was established by administering 
the instrument to subjects not involved with the study.

Steps to insure confidentiality were taken. The study also in­
cluded precautions for accuracy.

Statistical analysis was supervised by Dr. L. W. Ellerbruch, 

Montana State University elementary math education specialist. The 
University's computer was used for the statistical process.



CHAPTER 4

Data Analysis
This study was designed to examine the effects of three instruc­

tional computing approaches on students' content acquisition and re­
tention scores.
Overview of Design

. In order to examine the effects of instructional computing, three 
treatment sequences were designed and implemented at Emerson School 
in Bozeman, Montana. The treatment groups were composed.of fourth 
grade students from three self-contained classrooms.

Students were randomly assigned to one of three instructional 
computing treatment sequences by the aid of a random number program 
implemented on the Honeywell Level 66 computer at Monana State Univer­
sity. The instructional computing treatment sequences used in this 
study are designated as: I.) individual drill and practice (DP),

2.) individual, simulation (SI), and 3.) group simulation composed of 

three students per treatment group (SG).
After students had been assigned to an instructional computing 

treatment sequence, the students were assigned individual code num­
bers. Those code numbers were used for scoring, recording and 
analyzing the data collected in this study.
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A pretest was administered to all students participating in this, 

study. Based on this pretest, equivalency of the three treatment 
groups was verified. 1

Students received two ten-minute sessions of an instructional 
computing lesson according to the treatment group to which they had 
been assigned. The amount of time between the first and second ses­
sion was five to six days.

After the instructional period, a posttest was administered to 
determine if the instruction had produced any change in scores from 
pretest to posttest as a result of treatment. The posttest was also 
used to determine if a difference occurred between groups.

The same instrument was used two weeks after the last instruc­
tional session as a retention test. A U  tests were administered, 
scored and recorded by the researcher. The analysis was done on the 

Honeywell Level 66 computer at Montana State University using SPSS 
under the direction of Dr. L. W. Ellerbruch, Montana State University 
elementary math education specialist.

Organization
In Chapter Four is contained the presentation and discussion of 

the results of the data analysis. The results are presented and dis­

cussed in the following order:
I. Pretest results to establish equivalency of treatment group 

Posttest results for each treatment group2
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3. Pretest to posttest gain scores for each treatment group
4. Retention test scores for each treatment group
5. Means of pretest to retention test scores for each treatment

group

6. Pretest to retention test mean gain scores for each treatment
group

7. Means of posttest to retention test scores for each treatment
group

8. Posttest to retention test mean gain scores for each group. 

Statistical Techniques
T-test, descriptive statistics, LSD, and analysis of variance 

(ANOVA) were the statistical tools used for the data analysis for this . 
study. A significance level of .05 was chosen. When appropriate, 
further analysis was performed using Scheffe to isolate treatment dif­

ferences.
Pretest

The pretest was administered to students from the three fourth 
grade classes participating in the study.

The treatment groups were determined to be equivalent by use of 
the t-test. The pretest scores were later used to compute gain score 
(pretest to posttest) and net gain score (pretest to retention test). 
ANOVA was used for comparison of treatment groups mean scores.
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Results of the pretest are shown in Table I. The purpose of this 

analysis was to determine if the DP, SI, and SG treatment groups were 
equivalent before administration of the treatment. The F value derived 
was 1.06 which has a significance equal to .36. Based on the analysis 
of the data, no significant difference was found at the .05 level.
It was concluded that the three treatment groups were equivalent prior 
to treatment.

Table I. Pretest Comparability for Treatment Groups

Group N Mean SD
DP 17 3.00 2.18
SI 20 2.20 1.47

SG 21 2.57 ' 1.33

F ratio 1.06 P value .35

Treatment
After the treatment groups were determined to be equivalent, all 

the participants were subjected to round one of the treatment which 
consisted of the ten-minute instructional computing sequence. When 
all participants had completed round one, the second ten-minute in­
structional sequence was administered in the same manner.
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Posttest

Immediately after a student completed the second instructional 
session, a posttest was administered. This procedure was used to in­
sure the same amount of time between treatment and posttest for each 
participant.

After treatment and posttesting, data were analyzed according to 
treatment group. Means and mean gain scores were computed and then 
analyzed. The purpose of this analysis was to determine whether there 
were differences in treatment group "scores.

Posttest means by treatment group are shown in Table II.
Data from the posttest means were subjected to ANOVA. An F score 

of .96 was derived with a probability of .39. It was determined that
there was no significant difference at the .05 level. In the analysis

\  ■

it is suggested that there was no difference in posttest means for 

the three treatment groups. It may be concluded that the three treat­
ment groups were equal at the end of treatment and posttesting. Be­
cause the three different tretments did not result in differences in 
scores, we can conclude that none of the treatment techniques was more 
effective than another.
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Table II. Posttest Means for Treatment Groups

Group N Mean SD
DP 17 6.52 3.02
SI 20 7.75 2.31
SG 21 7.09 2.70

F ratio .96 P value .39

Posttest Means Compared to Pretest Means
Each treatment group's posttest and pretest mean was compared. 

This comparison was performed to determine whether there was a differ­
ence in students' scores after treatment.

The means of the DP treatment group changed from 3.00 on the pre­

test to 6.52 on the posttest. The computed t-value was -4.69. The 

means of the SI treatment group changed from a pretest mean of 2.20 
to 7.75 on the posttest. A t-value of -10.56 was computed. The means 
of the SG treatment group changed from a pretest mean of 2.60 to 7.09

for the posttest. The t-value was computed at -7.99. All three treat
■ment groups increased their scores from pretest to posttest at a sig­

nificant level. It may be concluded that content acquisition occurred 
during the time from the pretest to the posttest for each group. The 
only apparent treatment that occurred between pretest and posttest
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was the instructional computing lesson. It can be inferred that the 
treatment was responsible for the increase in scores.

In a search of the literature it is indicated that not much re­
search has been done to determine the effectiveness in using simula­
tion as a technique to promote content acquisition (Cohen and Bradley,
1978). In the research that has been done it is indicated that the 
value of simulation may well lie in promoting divergent thinking rather 
than learning content material. Conflicting views are expressed con­

cerning the effectiveness of simulation as a means of promoting con­
tent acquisition (Boysen and Thomas, 1979). According to the litera­
ture, one might expect that content acquisition would occur using the 
drill and practice approach. It might be doubted that content acqui­
sition would occur using the simulation approach. In the results of 
this study it is indicated that content acquisition can occur using 

the simulation technique.
This information is presented in the following tables: In Table

III are presented the results of data subjected to ANOVA. In Tables 

IV, V, VI, and VII are presented the t-test results. The t-value, 
degrees of freedom.and correlation probability are also given.
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Table III. Pretest to Posttest Means for Comparison of Treatment

Groups

Pretest Posttest
Group N Mean SD Mean SD
DP 17 3.00 2.17 . 6.52 3.02
SI 20 2.20 1.47 7.75 2.31
SG 21 2.60 .1.35 7.09 2.70

Table IV. T-Test Comparison of Pretest to Posttest Means

DP Treatment Group
' N Mean SD

Pre 17 3.QO 2.17
Post 17 6.52 3.02

t-value = -4.69 
probability = .00 
mean difference = -3.52 
.standard deviation = 3.11
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Table V. T-Test Comparison of Pretest to Posttest Means

Pre
N
20

DP Treatment Group 
Mean 
2.20

SD

1.47
Post 20 7.75 2.31

t-value = -10.56
probability = .00
mean difference = - 5.55
standard deviation = 2.35

Table VI. T-Test Comparison of Pretest to Posttest Means

Pre
N
.21

SG Treatment Group 

Mean 
2.60

SD
1.36

Post 21 7.09 2.71

t-value = -7.99
probability = .00

mean difference = -4.52
standard deviation = 2.67
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Table VII. T-Test Comparison of Pretest to Posttest Means for Treat­

ment Groups

to Post Mean Dif SD T P
DP -3.52 3.11 - 4.7 .00
SI -5.55 2.35 -10.5 .00

SG -4.52 2.67 - 8.0 .00

Gain Score From Pretest to Posttest
The gain score was computed from the pretest to the posttest to 

determine whether a particular type of treatment would result in dif­
ferences in content score.

Gain scores for each treatment group were computed by subtracting 
the pretest mean from the posttest mean within.each group.

An F score of 2.69 with a probability of .08 was computed. There 
was no significant difference at the .05 level. This information would 

lead us to conclude that none of the three treatment groups was more 
effective in promoting content acquisition. However, LSD procedures 
performed on the same data showed a significant difference at the .05 
level when comparing, the DP group with the SI group. The SI group 

had a mean gain of 5.55 with a standard deviation of 2.35. The DP 
group's mean gain was 3.52 with a standard deviation of .75. No sig­
nificant difference occurred when comparing the SG group's mean gain
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of 4.52 with the mean gain of the DP and the mean gain of the SI. 
Because a significant difference occurred when comparing the DP and 
the SI, Scheffe procedures were used to attempt to locate the differ­

ence at the .05 level. The results indicated no two groups were sig­
nificantly different at the .05 level. LSD procedures tend to be more 
sensitive than Scheffe procedures, which could account for the differ­
ence being picked up by LSD and not picked up by Scheffe. Although 
there may be a difference in gain score from pretest to posttest when 
comparing DP and SI, it is not so strong as to be demonstrated by 
Scheffe. Thus, the implications may have to be questioned.

All three treatment groups showed a positive gain score. Based 
on.the results of the tests, it can be inferred that the three types 
of treatment used were effective in instruction. If the type of 
treatment influenced the gain score, it can be said that the SI ap­

proach was more effective than the DP approach. It is important to 
keep in mind that the more sensitive LSD procedure indicated a differ­

ence while the less sensitive Scheffe procedure did not locate a dif­
ference.

In Table VIII is presented the information for each of the treat­
ment group gain scores. By the asterisk .(*)', a significant difference 
at the .05 level is identified.
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Table VIII. Gain Scores from Pretest to Postest for Treatment Groups

Group N Mean SD
DP 17 3.52 3.10*
SI 20 5.55 2.35*
SG 21 4.42 2.73

^indicates a signfleant difference at the .05 level 
comparing the SI group with the DP group.
F ratio 2.69 P value .08

Retention Testing
After a two-week period following the posttest, a retention test 

was administered to the three treatment groups. The instrument used 
was the same instrument administered as the pretest and posttest.
The retention test was administered in a single session in each.in­
dividual classroom. Three students were tested three days after the 
regular retention test date because of absence from school.

The purpose of the retention testing was to determine whether 
there was a difference in scores of any of the three treatment groups

ANOVA was used to compare treatment group retention means. The 

analysis showed no significant difference at the .05 level. The F 
ratio was computed as .26 with the P value of .78. The treatment 
groups were considered equal at the end of the retention testing.
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Since no difference was found, none of the treatment techniques used 
can be considered as more effective than another.

In Table IX are the results of the analysis of retention test 
means.
Pretest to Retention Test

A t-test was used to compare the.retention test mean with the 
pretest mean of each treatment group. All three treatment groups 
showed a significant difference at the .05 level from pretest to re­
tention test. It can be concluded that all three treatment techni­
ques were effective in retention of the acquired content material.

In the following tables is shown the t-test comparison of pre­

test to retention test for all three treatment groups.

Table IX. Retention Test Means for Treatment Groups

Group N

DP 17
SI 20

SG . 2 1

Mean SD
7.00 3.08
7.60 2.14

7.19 2.68

P value = .78F ratio = .26
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Table X. T-Test Comparison of Pretest to Retention Test Means

DP Treatment Group
N Mean . SD

Pre 17 3.00 2.17
Post 17 7.00 3.08

t-value = -5.58 
probability ■ . = .00 
mean difference = -4.00 
standard deviation = 2.96

Table XI. T-Test Comparison of Pretest to Retention Test Means

SI Treatment Group
N Mean SD

Pre 20 2.20 1.47
Post 20 7.60 2.13

t-value = -10.70 
probability = .00 
mean difference = - 5.40 
standard deviation = 2.26
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Table XII. T-Test Comparison of Pretest to Retention Test Means

Pre
Post

SG Treatment Group 
N Mean SD
21 2.57 1.32
21 7.19 2.67

t-value - = -7.65 
probability = .00 
mean difference = -4.61 
standard deviation = 2.76

Table XIII. T-Test Comparison of Pretest to Retention Test Means

Pre to Ret 
DP 

SI 
SG

Mean Dif SD T P
-4.00 3.00 - 5.60 . .00
-5.40 2.30 -10.70 .00

-4.61 2.76 - 7.70 .00

Posttest to Retention Test
A t-test was used to compare posttest means to retention test 

means for each treatment group. The comparison was made to determine 
whether there was a difference in treatment group scores from post­
testing to retention testing. No difference was found in any of the 
treatment groups. It can be concluded from the analysis of the
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scores that each treatment group maintained retention of the content 
acquired.

Table XIV. T-Test Comparison of Posttest to Retention Test Means

DP Treatment Group
N Mean SD

Post .17 6.52 3.02
Ret 17 7.00 3.08

t-value = -1.12 
probability = .28 
mean difference = - .47 
standard devaiation = .42

Table XV. T-Test Comparison of Posttest to Retention Test Means

' SI Treatment Group

• N Mean SD

Post 20 7.75 2.31
Ret 20 7.60 2.13

t-value = .28
probability T .79
mean different = .15
standard deviation = 2.43
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Table XVI. T-Test Comparison of Posttest to Retention Test Means

SG Treatment Group
N Mean SD

Post 21 7.09 2.70
Ret 21 7.19 2.67

t-value = - .23
probability = .82
mean difference = - .695
standard deviation = 1.86

Gain Score From Pretest to Retention Test
Gain scores were computed for three treatment groups and com­

pared by ANOVA. The comparisons were made to determine whether there 
were any differences in gain scores for the three treatment groups.

No difference occurred between the three treatment groups' gain score 
from pretest to retention test. This indicates that none of the 
treatment techniques was more effective in promoting retention of the 

content material. ,
The results of the pretest to retention test gain score are 

shown in table XVII.
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Table XVII, Retention Text Gain Score Pretest to Retention Test

Group N Mean
DP . 17 4.00
SI 20 5.40
SG 21 4.62

SD
2.96
2.26
2.77

F ratio =1.29 P value = .28

Gain Score From Posttest to Retention Test
Comparison by ANOVA showed no dif(erepce between the three 

treatment groups' gain score from posttest to retention test. This 
indicates that none of the treatment techniques was more effective in 
promoting retention of the content material.

Table XVIII. Retention Test Gain Score Posttest to Retention Test

Group N
DP 17
SI 20
SG 21

Mean SD
.47 1.74

-.15 2.43
.10 1.87

F ratio = .43 P value = .66



60
Summary

In Chapter Four are presented the results of the pretesting, 
posttesting, and retention testing of the three treatment groups in­
volved in this study.

Data were analyzed and compiled for the following:
1. Establishing equivalency of treatment groups
2. Results of pretests for the three treatment groups
3. Results of posttests for the three treatment groups
4. Results of retention tests for tfye three treatment groups.
ANOVA was used to compare the three treatment groups. The three

treatment groups were found to be equivalent at the beginning of 

treatment.
All three treatment groups acquired content at a significant 

.level from the pretest to the posttest. The SI group showed a signi­
ficant difference in gain score from pretest to posttest when com­
pared by LSD to the DP group. This indicates that the SI treatment 
was more effective at promoting content acquisition than the DP 
treatment. It should be noted that, when Scheffe was used to isolate 
the difference, no significant difference occurred. The LSD proce­
dure is a more sensitive procedure than the Scheffe procedure. Al­
though a difference did occur, it must be noted that the difference 
was not great enough to be picked up by Scheffe.
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There was no significant difference from posttest to retention 
test between any of the treatment groups. That information leads us 
to the conclusion that none of the treatment techniques was more ef­
fective in promoting retention of the acquired content. Analysis of 
the data indicates that each treatment group maintained the acquired 
content throughout the two-weeh. retention period.

An important observation about simulation as a vehicle for 
learning content material was noted. Simulation has been claimed to 
be valuable for promoting higher-level thinking (Boysen and Thomas,
1979). Suggestions have been made that simulation may not be .a de­
sirable method for learning content material (Shay, 1980). This 
study has found that certain content material can be acquired through 
simulation.

Studies have been limited on retention of material acquired 
through simulation. In this study is indicated that retention of 
content acquired through simulation can occur.

The claim that acquisition and retention of content material oc­
curs through drill and practice is not disputed by other studies, nor 

by this study.
Huwiler1s (1979) theory that "Quick learning is possible" seems 

to be verified in this study. A significant difference in content
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acquisition occurred from pretest to posttest and from pretest to re 
tention test for all three groups. These students acquired the con­
tent in two ten-minute instructional computing sessions and retained 
the content throughout the two-week retention period. There was no 
other time spent on acquisition of the material. It seems that stu­
dents can acquire certain content material in a short amount of time 

Discussion, recommendations, and implications of these findings 

are discussed in Chapter Five.

I



CHAPTER 5

Discussions, Recommendations, and Implications
Computers are now a part of our lives. Homes, businesses, and 

schools are finding ways to effectively implement the microcomputer. 
Educators are continually searching for new and better ways to help 
students in learning situations. In that search, the microcomputer 
is being analyzed as to how it can best serve the student. A part of 
that search must be to determine whether certain types of instructional

jcomputing techniques are more effective for specific purposes. This 
L research was developed to help add information to that search.

The specific purpose of this study was to compare the effects of 

a computer drill and practice program with a computer simulation pro­
gram on cognitive acquisition and retention of science-oriented ma­
terial for fourth grade students at the Emerson School, Bozeman,
Montana.

The fourth grade students were randomly assigned to one of the 
three treatment groups for instructional computing lessons in science- 
related material. The treatment groups were as follows: I.) drill
arid practice done individually.(DP), 2.) simulation done individually 
(SI), and 3.) simulation done in a group of three (SG).

In a pretest administered before treatment, it was determined 
that the treatment groups were equivalent.
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Treatment consisted of two ten-minute instructional computing 
sessions for each individual or, in the case of the SG students, two 
ten-minute sessions for each group of three.

At the present time, there is conflicting evidence as to whether 
simulation is a technique which can promote learning of content 
material. It is felt by many that the best use of simulation is to 
promote higher levels of thinking and problem solving. There is some 
question as to whether or not the use of simulation can promote con­
tent acquisition. Very little research has been conducted on reten­
tion as it relates to content acquisition through simulation. It is 
generally felt that drill and practice programs are well-suited for 
computer use where learning a defined objective with specific out­
comes is the goal (Wall and Taylor, 1982).

Twelve hypotheses were tested for this study. Through the test­

ing of the hypotheses, it was found that content acquisition and re­
tention are possible using the computer simulation technique. Con­
tent acquisition and retention also occurred using the computer drill 
and practice technique.
Organization

In Chapter Five are the discussion, recommendations, and impli­
cations concerning this study. The Chapter is organized around the 
following items:

I. The hypotheses are presented as being accepted or rejected.
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2. The statement of the problem is discussed in reference to 
the information obtained from the data.

3. Conclusions are presented dealing with the results of test 
analysis.

4. Subjective information collected during the study is dis­
cussed.

5. Recommendations for further research are presented.
6. Implications for educational uses are discussed.

Hypotheses Acceptance or Rejection Based Upon Data Analysis
The hypotheses in this study dealt with the performance of the 

students in the three instructional computing groups. Each of the 
hypotheses was reviewed according to the analysis of the data and 

then accepted or rejected.
Hypotheses

1. There is a difference in drill and practice scores from pre­
test to posttest. This was accepted. A significant difference oc­
curred for the DP treatment group from pretest to posttest.

2. There is a difference in drill and practice scores from 
posttest to retention test. This was rejected because no significant 
difference occurred for the DP group from posttest to retention test.

3. There is a difference in drill and practice scores from pre­
test to retention test. This was accepted because a significant dif-
\
fefence occurred for the DP group from pretest to retention test.
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4. There is a difference in scores from pretest to posttest 
scores in the simulation done individually (SI). This was accepted 
because significant difference occurred for the SI group from pretest 
to. posttest.

5. There is a difference in scores from posttest to retention 
test in the SI. This was rejected because no significant difference 
occurred for the SI group from posttest to retention test.

6. There is a difference in scores from pretest to retention 
test in the SI. This was accepted because a significant difference 
occurred for the SI group from pretest to retention test.

7. There is a. difference in scores from pretest to posttest in 
the simulation done in a group (SG). This was accepted because a sig­
nificant difference occurred for the SI group from pretest to post­

test.
8. There is a difference in scores from posttest to retention 

test in the SI. This was rejected because no significant difference 

occurred for the SI group from posttest to retention test.
9. There is a difference in scores from pretest to retention 

test in the SI. This was accepted because a significant difference 
occurred for the SI group from pretest to retention test.

10. Given a pretest and posttest, there will be a difference in 
student's content acquisition gain scores for:
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a. the DP and SI
This was accepted because there was a significant differ­

ence when comparing the DP and the SI treatment groups. The SI 
treatment group showed a higher gain score than the DP group.

b. the DP and SG
This was rejected because no significant difference occurred.

11. Given a post^test and a retention test, there will be a dif­
ference in the retention gain score for:

a. the DP and SI
This was rejected because no significant difference occurred.
b. the DP and SG
This was rejected because no significant difference occurred.

c. the SI and SG
This was rejected because no significant difference occurred.

12. Given a pretest and retention test, there will be a differ­
ence in student's retention gain score for:

a. the DP and SI
This was rejected because no significant difference occurred.

b . the DP and SG
This was rejected because no significant difference occurred.

c. the SI and SG
This was rejected because no significant difference occurred. ,
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Twelve hypotheses were tested. The hypotheses that related to 

difference in scores from pretest to posttest were accepted. All 
three treatment groups showed a significant difference from pretest 
to posttest. Hypotheses that related to the difference in. scores 
from pretest to retention test were accepted. All three treatment 
groups showed a significant difference from pretest to retention 
test. .

Hypotheses that related to the difference in scores from post­
test to retention test were rejected. None of the three treatment 
groups showed a significant difference from posttest to retention 

test.
Hypotheses that related to differences when comparing treatment 

groups' scores were rejected with one exception. The hypothesis that 
there would be a difference in content acquisition gain scores for 

the DP treatment group and the SI treatment group was accepted. In 
the results of data analysis it was indicated that the SI treatment 
was more effective than the DP treatment for content acquisition. 
Statement of the Problem

In this investigation the effects of a computer drill and prac­
tice program were compared with a computer simulation program on cog­
nitive acquisition and retention scores of science-oriented material 

for fourth grade students.
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Discussion of the Statement of the Problem
In this study was addressed the question of what effects the 

three instructional computing techniques would have on cognitive ac­
quisition and retention of science-oriented material for fourth grade 
students in the Emerson School, Bozeman, Montana. The purpose of the 
study was to compare the test scores to see if one technique is more 
effective for acquisition and/or retention of content material. The 
findings of the study provided information on this question.

A significant difference occurred from pretest to posttest in 
all three instructional computing groups. It can be concluded that 
all three techniques were effective in content acquisition. A signi­
ficant difference occurred when using LSD to compare the pretest to 
posttest gain scores for the DP and SI groups. The SI gain score was 

higher than that of the DP. This indicates that the SI technique was 
more effective than the DP technique for content acquisition. It
should be noted that when Scheffe was used to isolate the difference,

■ . . 
no significant difference occurred. The LSD procedure tends to be
more sensitive than the Scheffe procedure. Although a difference did 
occur, it must be noted that the difference was not great enough to 
be picked Up by Scheife. This must be taken into account when consi­

dering any implications or generalizations.
No significant difference occurred between any of the lnstruc-
■ ' , . 'tional computing groups' gain scores in the posttest to retention
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test. It must then be concluded that no treatment technique was more 
effective in promoting retention of the content material.
Conclusions

This study was designed to investigate the effects of a computer 
drill and practice program and a computer simulation program on stu­
dents' content acquisition and retention scores.

Fourth grade students were randomly assigned to one of three 
treatment groups for instructional computing lessons in science- 
related material. The treatment groups were: I.) drill and practice
done individually (DP), 2.) simulation done individually (SI), and
3.) simulation done in a group of three (SG). A pretest administered 
before treatment determined that the treatment groups were equivalent.

Treatment consisted of two ten-minute instructional, computing 

sessions. A.posttest was administered immediately following each stu­

dent's second round of treatment. The retention test was administered 
two weeks after the posttest.

Data obtained from pretesting, posttesting, and retention test­
ing were analyzed to determine whether a particular treatment tech­
nique indicated a difference in scores for content acquisition or re- 

tention.
Posttest conclusions

In the results of the posttest it was indicated that the three 
instructional computing groups gained in content acquisition the
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science material presented. This gain was attributed to the instruc­
tional computing techniques used in the treatment because there was 
no other apparent treatment th,at could have significantly influenced 
the change in score from pretest to posttest.

According to the literature, it would be expected that the DP 
group would acquire content. There was, according to the literature, 
some question and doubt as to whether the SI group or the SG group 
would acquire content. In the results of this study it was shown 
that students in the SI group generated a significant difference in 
gain score from pretest to posttest when compared with the DP group. 
It can be concluded that the SI group was more effective than the DP 
group in content acquisition for this study. It must be noted that 
although the difference was found by LSD procedures, a difference was 
not found by the less-sensitive Scheffe procedure. In.making gener­

alizations or discussing implications, it is necessary to realize the 
difference was not strong enough to be picked up by Scheffe proce­

dures .
One factor not measured could have had some influence on the . 

score for each group. That factor not measured is the number of 
cycles through the program. It is probable that the number of cycles 
through the program were not equal in number for each child. This 
could have been affected by reading ability, time spent in discus­
sion, learning style and construction of the program.



72

Student's reading ability could have affected the number of 
times the student went through the sequence of information in the two 
ten-minute sessions. Students controlled the reading of the informa­
tion by pressing a key to go to additional material. This was done 
to allow children to progress through the material at their own rate. 
Whether or not the student worked in a group or worked alone could 
have affected the number of cycles through the program because of 
time spent or not spent in discussion.

The student's learning style may or may not have matched the 
type of program to which he was assigned. No attempt was made to 
determine or match learning styles with the instructional computing 
technique. It is possible that students who prefer to work alone 
were assigned to work in a group and visa versa. In the written com­
ment section about this study, one student expressed he would rather 

work alone if he had another chance. It is also possible that stu­
dents who learn better by visualization were assigned to a program 

with no graphics.
The difference in construction of the computer drill and prac­

tice program and the computer simulation program could have had an 
effect on the number of times the information was presented to the 
students. Students were allowed ten minutes from the time the program 
was started. The DP treatment group was presented a question, the 
student responded and received the feedback as to whether his/her
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response was correct or incorrect. The SI and SG treatment involved 
more reading and more time for the computer to display the graphics. 
Additional time was taken by decision-making. Students in the SI and 
SG treatment groups decided which fish to role play and what option 
to take for each situation that the program generated.

One of the theories of drill and practice is that learning oc­
curs by repetition. It is probable that the DP treatment group was 
presented the content information more times than the SI or the SG 
treatment groups. However, it is also possible that the decision­
making in the SI and SG treatment groups may have promoted more con­
crete learning than the stimulus-response-feedback provided for the 
DP treatment group. Thus the decision-making in the simulation pro­
gram may have been more efficient for learning than the repetition of 

the material.
One other consideration is the incubation or digestion time from 

treatment to posttest. Research indicates that the amount of time 
from treatment to posttest may affect the score. Some students ap­

pear to benefit by an incubation period between treatment and test­
ing. The students in this study were administered the posttest imme­

diately after completing round two of the treatment. This procedure 
was taken to insure the same.amount of time for each student from

treatment to posttest.
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Retention Test Conclusions

A significant difference was reported for all three instructional
«

computing groups from pretest to retention test. It is concluded that 
all treatments used were effective in promoting learning and retention 
of the content acquired. In the results from the posttest to the re­
tention test it was indicated that the students maintained their con­
tent acquisition level over the two-week retention period. There was 
no significant difference in retention between any of the groups. It 
is not known whether a longer period for retention would have affected 
the retention test results. It can be concluded that the instructional 
computing techniques used in treatment were effective in retention of 
the material learned in the treatment. None of the treatment tech­
niques was more effective than another in promoting retention from 

posttest to retention test.
Discussion of Subjective Information

Collection of subjective information could not be subjected to 

statistical analysis. The researcher finds it worthwhile to mention 
the subjective information that was collected during the study.

■ I The principal and the three classroom teachers involved in the 
study were interested and cooperative throughout the entire project. 
They observed the students and the instructional computing programs.
Two of the teachers indicated a desire to learn more about instruc­

tional computing. One of the teachers attended an inservice at
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another school to learn more about using computers with students. '
The other teacher has decided to take a university course in instruc­
tional computing. Other staff members stopped for brief observa­
tions, questions, and tried sample runs of the programs. Some of the 
staff members expressed previous feelings of intimidation involving 
the computer. One teacher visited another elementary school to ob­
serve what was being done with computers at that school. It appears 
that this casual type of exposure to computers was non-threatening to 
the teachers and may facilitate implementation of instructional com­
puting in the future. As a contrast to the teachers, the students 
seemed relaxed and eager to attempt the instructional computing les­

sons .
All students that were in the group simulation technique (SG) 

participated in discussion and decision-making during the program. 
Often they took turns reading the information. Occasionally they 
read it out loud simultaneously. Discussion and speculation occurred 

in all cases., The decision of what action to take was usually the 
result of consensus of the group. Frequently they left it up to one 
individual if the group couldn't agree. Usually the decision was 
made by the person at the keyboard. The determination of who was at 
the keyboard was usually decided shortly after the program had begun. 
A rotation system was the method all groups used. The determining 
point of when to rotate varied from general time limits to completion
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of a simulation situation. The researcher made no attempt to inter­
fere or make suggestions.

In the photographs taken by the researcher of students running 
the programs, the students are shown as intent and not distracted by 
other elements. From the tape recordings of students running the pro­
grams, the researcher indicated the students were enthusiastic about 
both the first and second round of the treatment. Many of them were 
interested in other programs that might be available. One boy asked 
if there might be a program similar to the one he was using so he 
could learn about snakes. When students saw the researcher at the 
school after the study was completed, they frequently asked to. have 
the computer brought back. In the appendix is contained a section on 
student reaction to this instructional computing study. The comments 
were written by the students after taking the retention test.

In informal questioning about computer use it was revealed that 
about one-fourth of the students had used computers outside of the 
school before this treatment. None of the students who had exper­
ienced computers had seen the program used in this study.

The school district superintendent observed three groups of stu­

dents during treatment. He noted that the students were not intimi­
dated by the computer and he was interested in the number of students 
who had already experienced computers outside of the school setting, 
He expressed interest in the study and speculated on the results.
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In reviewing the subjective information, it appears that the use 

of instructional computing was well-accepted by students, staff, and 
administration. „ .
Recommendations for Further Research

Recommendations for further research derived from this study's 
objective data and subjective information are:

1. to investigate content acquisition by drill and practice 
and simulation programs using a larger sample

2. to replicate this study and include a control group to com­
pare with the instructional computing group(s)

3. to investigate whether a student's computer experience has 
any effect on his score

4. to replicate the study and keep track of the number of 
passes through the program or the number of responses during the pro­

gram
5. to identify students' learning styles and compare With per­

formance on varying instructional computing techniques
6. to investigate what role graphics play in learning
7. to investigate the outcome of dividing the sample into three 

groups (group one would have a determined number of passes through 
the program, group two would have a certain amount of time, and group 
three would be free to use whatever number and length of sessions 
necessary to feel they had learned the content.. Careful
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recording of the time, number of sessions, and passes through the 
program would be necessary)

8. to investigate difference in performance between students 
allowed to choose their preferred instructional computing technique 
and students not allowed to choose

9. to investigate varying amounts of incubation time.on reten­

tion
10. to investigate varying amounts of incubation time of a spe­

cific instructional computing technique
11. to investigate varying amounts of time on task for content

t

acquisition
12. to investigate varying amounts of time on task for content 

acquisition for a specific computing technique.

Implications for Educational Uses
I. Educators should be aware of specific computer techniques. 

They should then determine which technique will best provide instruc­

tion for the objective in mind. Although this study found that con­
tent acquisition and retention of that content can occur through both 
simulation and drill and practice techniques, generalizations must be 
approached with caution. It is possible that the type of content and
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the design construction of the program may determine the effectiveness 
of the program. As software development progresses, hopefully evalu­
ations of programs will spell out the objective and how effective 
that individual program is at meeting the stated objective. Until 
then, educators must pay careful attention to the programs they are 
using with students.

2. Because in this study it was found that there was a signi­
ficant difference in gain score from pretest to posttest when com­
paring the DP and SI treatment groups, we should focus attention of 
further research that may provide more information on this finding.

3. In this study information was not included about learning 
styles of the students. Educators should be aware that certain stu­
dents may perform better on a certain type of instructional computing 

technique. Teacher observation and students' input should be taken 
into consideration when determining what program or program technique
is to be used with each individual.

I ■ ■4. Although in this study the researcher did not investigate

simulation use for promoting higher-level thinking or divergent 
thinking, educators should be aware that the literature generally 
claims that may be the best use of simulation. One reason for the 
claim is that the computer has the capabilities required to quickly 
process the variety of situations and responses necessary in a simu-.

Iation.



5. Peer discussion occurs in situations where students are al­
lowed to work on a simulation in a group. It is possible this dis­
cussion can promote or reinforce thought processes in a different 
method than the typical classroom setting. Students can share ways 
to approach a situation and predict what and why they perceive a par­
ticular outcome. The rapid response of the computer allows immediate, 
non-judgmental feedback on their thinking.

6. Educators should be aware that it is possible to acquire cer­
tain types of content in relatively short amounts of time on task. It 
is possible that the intentness that the student shows to the program 
may account for this success. One must be aware that "quick learning" 
is probably only possible when the objective of the program is very 
clear to the learner. Teachers may want to transfer this technique . 
to certain classroom instruction that does not involve the computer.

7. The rapid increase of home computers will no doubt make . 
Changes in education. Software that is used in schools will be avail­
able for purchase by parents and students for use at home. Some 
school librarians are already checking out software for students to 
use with home computers. This will allow students to work on speci­
fic skill acquisition, content acquisition, problem solving and areas 

of individual interest at their own rate and own style. Students Inay 
choose the amount of time, the number of sessions, the time of day, 
place in the home, levels of noise needed or tolerated and other

80
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combinations of environment that make up the student's learning 
style. Parents, extended family members, friends, and peers may be­
come involved in the student's learning or quite possibly decide to 
do some additional learning of their own. The microcomputer may well 
be the vehicle to encourage students and adults to continue learning 
outside the classroom (Elliott, 1982).

If this type of learning becomes successful, according to Toffler 
(1981), the role of the teacher as we perceive it today will change. 
Rather than a provider of information, the teacher will move more to­
ward a role of an educational facilitator. This should not be taken 
to mean that the computer will replace the teacher. The computer 
will enhance, rather than replace, the teacher's effectiveness.

Summary
As the computer increasingly becomes a part of our lives, it is 

necessary to determine how it will affect students. This study in­
vestigated the effects of a drill and practice program and a simula­

tion program on students' content acquisition and retention scores.
Fourth grade students in the Emerson School, Bozeman, Montana, 

were randomly assigned to one of three instructional computing treat­

ment groups. The treatment groups were as follows: I.) drill and
practice done individually (DP), 2.) simulation done individually 

(SI), and 3.) simulation done in a group of three (SG).
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Treatment consisted of two ten-minute instructional computing 

lessons of■science-related material. The content of the programs was 
the same for each treatment group. The difference in the programs 
was in the design construction. The drill and practice program con­
sisted of a question, the student responded and received feedback 
about the response. The simulation program presented a role-playing 
situation in which the student selected an option, watched the result 
via graphics, read information about his choice of options and was 
presented another situation. Both the SI and SG treatment groups 
used the same simulation program. The difference was that the SI 
group received the treatment individually, and the SG group received 
the treatment in a group of three students per group. The students 
in the SG group were free to discuss the program and their decisions 

during the treatment.
In the results of the data analysis it was indicated that stu­

dents in all three treatment groups acquired and retained the content 

material. This was shown by the significant difference which occurred 
for each treatment group from pretest to posttest and from pretest 

to retention test.
An interesting finding occurred when comparing the gain score of 

the DP treatment group to the gain score of the SI treatment group. 
Doubts haVe' been raised as to the effectiveness of using a simulation 
approach for content acquisition. While the benefits of simulation
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have been acclaimed for use in divergent thinking, claims have also 
been made that simulation may not be the approach to use if content 
acquisition is the goal. Although caution must be taken in general­
izing the findings of this study, it is important to note that a sig­
nificant difference occurred when comparing gain scores of the DP and 
SI treatment groups. According to the results of the analysis of the 
data, the treatment for the SI group was more effective than the 
treatment for the DP group in promoting content acquisition. Because 
of this finding, the researcher suggests further investigation be 
conducted.

It should also be noted that the treatment sessions consisted of 
two ten-minute instructional computing lessons. Because content ac­
quisition and. rention did occur, it is reasonable to believe that 
learning can occur in a short amount of time. Before making general­
izations, it is important to note that "quick learning" may only be 
possible when the objective is very clear to the learner.

Suggestions for further research include investigating learning 
styles and student performance on computer drill and practice and 

computer simulation programs.
There are many aspects of instructional computing that appear to 

be beneficial to students. We must, continue to investigate how the 

computer can best serve the educational needs of the student.
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P
D L I S T

5  R E M  G R E E T I N G
1 0 P R I N T D R I L L  A N D  P R A C T I C E  P R O G R A M "
1 1 P R I N T
2 0 P R I N T " C R E A T E D  B Y "
2 5 P R I N T
3 0 P R I N T K I M  H A S T I N G  A N D  S H A R O N  H U L E T T
3 5 P R I N T
4 0 P R I N T
5 1 P R I N T " F O R "
5 5 P R I N T
6 0 P R I N T U S E  I N  A  C O M P U T E R  S T U D Y "
7 5 P R I N T
B O P R I N T " J A N U A R Y ,  1 9 8 2 "
8 5 P R I N T
8 6 P R I N T " M O N T A N A  S T A T E  U N I V E R S I T Y ”
8 7 P R I N T
8 8 P R I N T
8 9 P R I N T
9 0 P R I N T " T O S T A R T  T H E  P R O G R A M ,  T Y P E "
9 5 P R I N T
1 0 0 P R I N T  " R U N  F I S H 2 "no E N D

3 L O A D  F I S H 2  
D L I S T

I O  H O M E
2 0  R E M  O D E L L  L A K E  D R I L L  &  P R A C T I C E  
3 0  R E M  V E R S I O N  1 . 0  1 / 1 6 / 8 2  K H
4 0  R E M
5 0  R E M  F  i  F I S H  T Y P E
6 0  R E M  A  i A T T A C K E R  T Y P E
7 0  R E M  P l  I  P H A S E  I  ( I  I F  C O M P L E T E )
8 0  R E M  P 2  I P H A S E  I I
9 0  R E M  P 3  I P H A S E  I I I
1 0 0  R E M  T  I  #  O F  T R I E S  
1 1 0  R E M  R  «  N U M E R I C  R E S P O N S E  
1 2 0  R E M  R S  I C H A R A C T E R  R E S P O N S E  
1 3 0  R E M  R l S  *  C O R R E C T  R E S P O N S E  
1 4 0  R E M  N S  »  F I S H  N A M E S  
1 5 0  R E M
1 9 0  N S ( I )  -  " R A I N B O W  T R O U T "
2 0 0  N S ( 2 )  -  " M A C K I N A W  T R O U T "
2 1 0  N S ( 3 )  -  " D O L L Y  V A R D E N "
2 2 0  R E M  S T A R T  O F  P R O G R A M
2 3 0  H O M E  I V T A B  ( 1 0 ) I P R I N T  "  T H I S  I S  A  P R O G R A M  A B O U T  F I S H . "  
2 4 0  F O R  X = I T O  2 0 0 0  
2 5 0  N E X T  X  
2 6 0  V T A B  ( 2 4 )
2 7 0  P R I N T  " P R E S S  S P A C E B A R  T O  C O N T I N U E . "
2 8 0  G E T  X S
2 9 0  I F  A S C  ( X S )  <  > 3 2  T H E N  2 0 0
3 0 0  H O M E  I V T A B  ( 1 0 ) I P R I N T  " Y O U R  J O B  I S  T O  L E A R N i "
3 1 0  P R I N T  
3 2 0  P R I N T
3 3 0  P R I N T  "  I .  T H E  S I Z E  O F  T H E  F I S H . . . . . . . . . A N D "
3 4 0  P R I N T
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3 3 0  F O R  X - I T O  2 3 0 0  
7 6 0  N E X T  X
3 7 0  P R I N T  "  2 .  T H E  E N E M I E S  O F  T H E  F I S H "
3 8 0  F O R  X - I T O  1 5 0 0  
3 9 0  N E X T  X
4 0 0  V T A B  ( 2 4 ) :  P R I N T  " P R E S S  S P A C E B A R  T O  C O N T I N U E "
4 1 0  G E T  X S
4 2 0  I F  A S C  ( X S )  <  >  3 2  T H E N  4 1 0
4 3 0  H O M E  I V T A B  ( 7 ) :  P R I N T  " T H E  F I S H  Y O U  W I L L  L E A R N  A B O U T  A R E : "
4 4 0 P R I N T
4 5 0 P R I N T
4 6 0 P R I N T  " I .  D O L L Y  V A R D E N "
4 7 0 P R I N T
4 8 0 P R I N T  " 2 .  R A I N B O W  T R O U T "
4 9 0 P R I N T
5 0 0 P R I N T  " 3 .  M A C K I N A W  T R O U T "
5 0 1 F O R  X - I T O  3 0 0 0
5 0 2 N E X T  X
5 0 3 V T A B  ( 2 3 )
5 0 4 P R I N T  " P R E S S  S P A C E B A R  T Q  C O N T I N U E "
5 0 5 G E T  X S
5 0 6 I F  A S C  ( X S )  <  >  3 2  T H E N  5 0 5
5 1 0  P l  = *  O s  P 2  -  O i  P 3  -  O
5 2 0  H O M E  I  V T A B  ( 1 0 ) I  P R I N T  " R E M E M B E R , "
3 2 1  P R I N T
5 2 2  P R I N T
5 2 3  P R I N T  " F I S H  S I Z E  I S  O F T E N  I M P O R T A N T . "
3 3 0  F O R  X - I T O  3 0 0 0
3 4 0  N E X T  X  
5 5 0  P R I N T
5 6 0  F O R  X - I T O  1 5 0 0
5 7 0  N E X T  X
5 8 0  H O M E  I V T A B  ( 9 )
5 9 0  H O M E  I V T A B  ( 9 )
6 0 0  T - O
6 1 0  I F  T  -  6  T H E N  1 3 7 0 »  R E M  P H A S E  I I  
6 2 0  F  =  I N T  (  R N D  ( I )  $ 3 + 1 )
6 4 0  A  -  I N T  (  R N D  ( I )  $ 3 + 1 )
6 6 0  I F A - F  T H E N  6 4 0
6 6 1  P R I N T
6 6 2  P R I N T
6 7 0  P R I N T  " C A N  A  " N S ( F ) "  E A T "
6 8 0  P R I N T
6 9 0  P R I N T  "  A  " N S ( A ) "  ( Y / N )  " ;
7 0 0  I N P U T  R S
7 1 0  I F  F  <  2  T H E N  R l S  -  " N "
7 2 0  I F F -  2  T H E N  R l S  *  " Y "
7 3 0  I F  ( F  -  3 )  A N D  ( A  <  2 )  T H E N  R l S  =  " Y "
7 4 0  I F  ( F  -  3 )  A N D  ( A  -  2 )  T H E N  R l S  -  " N "
7 5 0  R S  =  L E F T S  ( R S t I )
7 6 0  I F  ( R S  <  >  " Y " )  A N D  ( R $ <  >  " N " >  T H E N  P R I N T  " P L E A S E  A N S W E R  Y E S  O R  N O .
G O T O  6 7 0
7 7 0  T  -  T  +  I
7 8 0  P R I N T
7 9 0  H O M E  I V T A B  ( 1 4 )
8 0 0  I F  R S  <  >  R l S  T H E N  1 0 4 0
G l O  I F  R S  -  " N "  T H E N  9 2 u  
0 2 0  P R I N T  " Y O U  A R E  R I G H T . "
8 2 1  P R I N T
8 2 2  P R I N T
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8 2 3  P R I N T  " A  h N S ( F ) "
8 3 0  P R I N T
8 4 0  P R I N T  M  C A N  E A T  A  " N S ( A ) " . "
8 5 0  F O R  X  ■  I  T O  1 5 0 0  
8 6 0  N E X T  X  
8 7 0  V T A B  2 4
8 8 0  P R I N T  " P R E S S  S P A C E B A R  T O  C O N T I N U E "
8 9 0  O E T  X S
9 0 0  I F  A S C  ( X S )  <  >  3 2  T H E N  8 9 0
9 1 0  G O T O  1 3 2 0
9 2 0  P R I N T  " Y O U  A R E  R I G H T . "
9 2 1  P R I N T
9 2 2  P R I N T
9 2 3  P R I N T  " A  " N S ( F ) "  C A N N O T  E A T "
9 2 4  P R I N T
9 2 3  P R I N T  " A  " N S ( A ) " . "
9 3 0  P R I N T
9 5 0  F O R  X - I T O  2 3 0 0  
9 6 0  N E X T  X  
9 7 0  P R I N T  
9 8 0  P R I N T  
9 9 0  V T A B  2 4
1 0 0 0  P R I N T  " P R E S S  S P A C E B A R  T O  C O N T I N U E "
1 0 1 0  G E T  X S
1 0 2 0  I F  A S C  ( X S )  <  > 3 2  T H E N  1 0 1 0
1 0 3 0  G O T O  1 3 2 0
1 0 4 0  I F  R l S  -  " N "  T H E N  1 2 0 0
1 0 5 0  P R I N T  " S O R R Y .  T H A T  I S  N O T  R I G H T . "
1 0 5 1  P R I N T
1 0 5 2  P R I N T
1 0 5 3  P R I N T  " A  " N S ( F ) "  C A N  E A T  A  " N S ( A ) " . "
1 0 6 0  P R I N T
1 0 8 0  F O R  X - I T O  2 0 0 0  
1 0 9 0  N E X T  X  
1 1 0 0  P R I N T  
1 1 1 0  P R I N T  
1 1 2 0  P R I N T  
1 1 3 0  P R I N T  
1 1 4 0  P R I N T  
1 1 5 0  P R I N T
1 1 6 0  P R I N T  " P R E S S  S P A C E B A R  T O  C O N T I N U E "
1 1 7 0  G E T  X S
1 1 8 0  I F  A S C  ( X S )  <  >  3 2  T H E N  1 1 7 0
1 1 9 0  G O T O  1 3 2 0
1 2 0 0  P R I N T  " Y O U  M I S S E D  T H I S  O N E . "
1 2 0 1  P R I N T
1 2 0 2  P R I N T  
1 2 1 0  P R I N T
1 2 2 0  P R I N T  "  A  " N S ( F ) "  C A N N O T "
1 2 3 0  P R I N T
1 2 4 0  P R I N T  "  E A T  A  " N S ( A ) " . "
1 2 5 0  P R I N T  
1 2 6 0  P R I N T  
1 2 7 0  P R I N T  
1 2 8 0  P R I N T
1 2 9 0  P R I N T  " P R E S S  S P A C E B A R  T O  C O N T I N U E "
1 3 0 0  G E T  X S
1 3 1 0  I F  A S C  ( X S )  <  >  3 2  T H E N  1 3 0 0
1 3 2 0  I F  ( T  -  3 )  A N D  ( P 2  -  I )  T H E N  1 6 4 0 :  R E M  P H A S E  I I I  
1 3 3 0  H O M E  I  V T A B  ( 1 0 )
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1 3 4 0  I F  T  = 6  T H E N  1 3 7 0  
1 3 3 0  P R I N T
1 3 6 0  G O T O  6 1 0  '
1 3 7 0  P R I N T
1 3 0 0  P R I N T  " S O M E T I M E S  A N  O S P R E Y "
1 3 9 0  P R I N T
1 4 0 0  P R I N T  "  F L I E S  A B O V E  T H E  L A K E . "
1 4 0 1  F O R  X  -  I  T O  2 0 0 0
1 4 0 2  N E X T  X
1 4 0 3  P R I N T  
1 4 1 0  P R I N T  
1 4 2 0  P R I N T
1 4 3 0  P R I N T  " C A N  A N  O S P R E Y  E A T  A  " N S ( F ) " 7 "
1 4 4 0  I N P U T  R S
1 4 3 0  R S  •  L E F T S  ( R S , I )
1 4 6 0  I F  ( R S  <  >  " Y " )  A N D  ( R S  <  >  " N " )  T H E N  P R I N T  " P L E A S E  A N S W E R  Y E S  O R  N O

G O T O  1 4 3 0
1 4 7 0  H O M E  I V T A B  ( 9 )
1 4 8 0  P R I N T
1 4 9 0  I F  R S  -  " Y "  T H E N  P R I N T  " R I G H T . "
1 4 9 1  I F  R S  ■  " N "  T H E N  1 3 5 0
1 4 9 2  P R I N T
1 4 9 3  P R I N T  " A N  O S P R E Y  C A N  E A T  A  " N S ( F ) " . "
1 4 9 4  F C l R  X  -  I  T O  2 0 0 0  
1 4 9 3  N E X T  X
1 5 0 0  V T A B  ( 2 3 )
1 5 1 0  P R I N T  " P R E S S  S P A C E B A R  T O  C O N T I N U E "
1 5 2 0  G E T  X S
1 3 3 0  I F  A S C  ( X S )  <  > 3 2  T H E N  1 3 2 0
1 3 4 0  H O M E  I V T A B  ( 1 5 )
1 3 4 1  G O T O  1 6 0 0
1 3 3 0  P R I N T  " T H A T  I S  N O T  C O R R E C T . "
1 5 5 1  P R I N T  
1 3 3 2  P R I N T
1 5 3 3  P R I N T  " A N  O S P R E Y  C A N  E A T  A  " N S ( F ) " . "
1 3 5 4  F O R  X - I T O  2 0 0 0
1 5 5 5  N E X T  X
1 5 5 6  V T A B  2 3
1 5 3 7  P R I N T  " P R E S S  S P A C E B A R  T O  C O N T I N U E . "
1 3 3 8  G E T  X S
1 3 5 9  I F  A S C  ( X S )  <  > 3 2  T H E N  1 3 5 8
1 6 0 0  H O M E  I V T A B  ( 1 5 )
1 6 1 0  P 2  -  I
1 6 2 0  P R I N T
1 6 3 0  G O T O  6 0 0
1 6 4 0  H O M E  I  V T A B  ( 1 5 )
1 6 6 0  P R I N T  
1 6 7 0  P R I N T  
1 6 8 0  H O M E  I V T A B  ( 9 )
1 6 8 5  P R I N T  " O T T E R S  A L S O  L I V E  I N  L A K E S . "
1 6 8 6  P R I N T
1 6 8 7  P R I N T
1 6 9 0  P R I N T  " C A N  A N  O T T E R  E A T  A  " N S ( F ) " ? "
1 7 0 0  I N P U T  R S
1 7 1 0  I F  ( R S  <  >  mY*') A N D  ( R S  <  >  " N " )  T H E N  P R I N T  " P L E A S E  A N S W E R  Y E S  O R  N O

G O T O  1 6 9 0
1 7 2 0  H O M E  I V T A B  ( 9 )
1 7 3 0  P R I N T
1 7 4 0  I F  R S  -  " Y "  T H E N  P R I N T  " Y O U  A R E  R I G H T . "
1 7 4 1  I F  R S  -  " N "  T H E N  1 8 0 1
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1 7 4 2  P R I N T
1 7 4 3  P R I N T  " A N  O T T E R  C A N  E A T  A  " N S ( F ) " . "
1 7 4 5  F O R  X - I T O  2 0 0 0
1 7 4 6  N E X T  X  
1 7 5 0  V T A B  ( 2 3 )
1 7 6 0  P R I N T  " P R E S S  S P A C E B A R  T O  C O N T I N U E "
1 7 7 0  G E T  X S
1 7 8 0  I F  A S C  ( X S )  <  > 3 2  T H E N  1 7 7 0
1 7 9 0  H O M E  I V T A B  ( 1 5 )
1 7 9 1  G O T O  1 8 3 0
1 0 0 1  P R I N T  " T H A T  I S  N O T  C O R R E C T . "
1 8 0 2  P R I N T
1 8 1 1  P R I N T
1 8 1 2  P R I N T  " A N  O T T E R  C A N  E A T  A  " N S ( F ) " . "
1 8 1 9  F O R  X - I T O  2 0 0 0
1 8 2 0  N E X T  X
1 8 2 1  V T A B  ( 2 4 )
1 8 2 2  P R I N T  " P R E S S  S P A C E B A R  T O  C O N T I N U E "
1 8 2 3  G E T  X S
1824 I F  A S C  ( X S )  <  >  32 T H E N  1 8 2 3
1830 H O M E  I V T A B  (9)
1 8 4 0  P 3  -  I  
1 8 5 0  P R I N T
1 8 6 0  P R I N T  " Y O U  M A Y  C H O O S E  W H A T  Y O U  W A N T  T O  D O  N E X T . "
1 8 7 0  P R I N T
1 8 7 1  P R I N T
1 8 7 2  P R I N T
1 8 8 0  P R I N T  " Y O U  M A Y  C H O O S E  I "
1 0 9 0  P R I N T  
1 8 9 1  P R I N T
1 9 0 0 P R I N T  " I . F I S H A G A I N S T F I S H "
1 9 0 1 P R I N T
1 9 1 0 P R I N T  " 2 . F I S H A G A I N S T O S P R E Y
1 9 1 1 P R I N T
1 9 2 0 P R I N T  " 3 . F I S H A G A I N S T O T T E R "
1 9 2 1 P R I N T
1 9 3 0 P R I N T  " 4 . Q U I T "
1 9 3 1  P R I N T  
1 9 4 0  P R I N T
1 9 5 0  I N P U T  " T Y P E  T H E  N U M B E R  A N D  P R E S S  R E T U R N . " ; R  
1 9 5 5  H O M E  :  V T A B  ( 9 )
I 9 6 0  I F  ( R  <  I )  O R  ( R  >  4 )  T H E N  P R I N T  " P L E A S E  C H O O S E  1 , 2 , 3  O R  4 . G O T O  1 9 3 0
1 9 7 0  I F  ( R  =  2 )  O R  ( R  -  3 )  T H E N  F -  I N T  (  R N D  ( I )  * 3 + 1 )
1 9 8 0  O N  R  G O T O  5 9 0 , 1 4 2 0 , 1 6 8 0 , 1 9 9 0  
1 9 9 0  H O M E  I  V T A B  ( 9 )
2 0 0 0  P R I N T  "  G O O D  B Y E . "
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The.following program is an adaptation of ODELL LAKE. 
The program has been adapted to include only three fish 
instead of six fish. Data statements still include the 
original six fish. Statements have been inserted to skip 
the first three fish in the data statements.

The section on water insects and plankton has been 
eliminated in this adaptation.

Other modifications were made to lessen the amount of 
information on the screen. Some wording was changed to 
make it more applicable for this study.



96

J L O A D  X  
J L I S T

S  X l  -  P E E K  ( 6 0 0 ) I  P O K E  6 0 0 , 0 :  D I M  S ( 6 >
1 0  C  -  0 «  T E X T  I  H O M E  I Z «  -  " " I  P R I N T  I  I F  X l  »  9  T H E N  6 0
1 1  H O M E  I  V T A P  ( 1 4 ) I  P R I N T  " G E T  R E A D Y  F O R  A  T R I P  T O  O D E L L  L A K E "
1 2  F O R  X - I T O  2 0 0 0
1 3  N E X T  X
1 4  H O M E
1 5  P R I N T
1 6  V T A B  ( 7 ) 1  P R I N T  " Y O U  W I L L  H A V E  A  C H A N C E  T O  B E "
1 7  P R I N T
1 8  P R I N T  " E A C H  F I S H  T H A T  L I V E S  I N  T H E  L A K E .  "
1 9  P R I N T
2 0  F O R  X - I T O  4 0 0 0
2 1  N E X T  X  
2 5  P R I N T  
5 5  P R I N T
4 0  P R I N T  “  Y O U R  J O B  W I L L  B E  T O  F I N D  O U T : "
4 5  P R I N T
5 0  P R I N T  "  I .  T H E  S I Z E  O F  T H E  F I S H "
5 5  P R I N T
6 0  P R I N T  “  2 .  T H E  E N E M I E S  O F  T H E  F I S H . "
6 1  V T A B  ( 2 4 ) I
6 2  V T A B  ( 2 4 ) :  P R I N T  " P R E S S  S P A C E B A R  T O  C O N T I N U E . "
6 3  G E T  X *
6 4  I F  A S C  ( X $ )  <  > 3 2  T H E N  6 3
6 5  H O M E  I  V T A B  ( 9 ) I  P R I N T  " T H E  F I S H  Y O U  S E E  O N  T H E  S C R E E N "
6 7  P R I N T
6 8  P R I N T  " M A Y  N O T  B E : "
6 9  P R I N T
7 0  P R I N T  "  I .  T H E  S A M E  S I Z E  I N  R E A L  L I F E "
7 1  P R I N T
7 2  P R I N T  “  2 .  T H E  S A M E  S H A P E  I N  R E A L  L I F E "
7 3  V T A B  ( 2 3 ) :  P R I N T  " P R E S S  S P A C E B A R  T O  C O N T I N U E . "
7 4  G E T  X *
7 5  I F  A S C  ( X * )  <  >  3 2  T H E N  7 4
8 0  D »  -  C H R S  ( 4 )
8 3  P R I N T  D * ; " N E W "
8 4  H O M E  :  V T A B  ( 1 5 )
8 5  P R I N T  D * : " R U N  E D I T "
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33
3

3 L 0 A D  E D I T  
3 L I S T

6 0  P R I N T  I  P R I N T  " T H E  F I S H  Y O U  C A N  C H O O S E  F R O M  A R E : " :  P R I N T  
8 0  R E S T O R E  %  F O R  X  -  I  T O  3 :  R E A D  A S :  N E X T  X  
0 1  F O R  X  -  I  T O  3 l  R E A D  A S :  P R I N T  "  " X " .  " A S :  N E X T  X
1 4 0  P R I N T  i  P R I N T  " W H I C H  F I S H  D O  Y O U  W A N T  T O  B E  :  I N P U T  A S
1 5 1  A  *  V A L  ( A S )  +  3
1 5 2  I F  A  <  4  O R  A  >  6  T H E N  1 0
1 6 0  D A T A  " W H I T E F I S H " , " C H U B " , " B L U E B A C K  S A L M O N " , " R A I N B O W  T R O U T " , " M A C K I N A W  T R O U T  
" , " D O L L Y  V A R D E N "
1 6 1  R E S T O R E  :  F O R  X  =  I  T O  A :  R E A D  A S :  N E X T  X  
1 7 0  I F  X l  -  9  T H E N  2 4 1
1 8 0  D S  »  C H R S  < 4 ) 1  P R I N T  O S " N O M O N  C " :  T E X T  I  H O M E  I  V T A B  I O i  P R I N T  "  T R A V E L  I  
N S  T O  O D E L L  L A K E . . . "
2 0 0  H I M E M i  8 1 6 4 :  P O K E  2 3 2 , 0 :  P O K E  2 3 3 , 6 4 :  S C A L E -  I :  H C O L O R -  3 s  R O T -  O  
2 0 5  P R I N T  D S i " B L O A D  S C E N E S  " I  H O M E  :  H G R
2 1 0  Z l  -  5 : Z 2  -  2 0 : Z S  -  " A S  A  "  +  A S  +  "  Y O U  W I L L  L O O K  L I K E " :  G O S U B  3 0 0 0 0  
2 2 0  D R A W  5  A T  1 2 0 , 6 0
2 3 0  Z l  -  S i Z 2  -  1 0 0 : Z S  -  " T H E  F I S H  Y O U  E N C O U N T E R  W I L L  L O O K  L I K E  " :  G O S U B  3 0 0 0 0
2 3 5  D R A W  2  A T  1 1 0 , 1 2 6 :  V T A B  ( 2 1 ) :  P R I N T  " I N  R E A L  L I F E  T H E  F I S H  A R E  D I F F E R E N T "
2 3 6  P R f N T  " S I Z E S .  Y O U R  J O B  I S  T O  D I S C O V E R  T H E " :  P R I N T  " A C T U A L  S I Z E  O F  T H E  F I S H  
. " I  G O S U B  1 0 0 0 0
2 4 1  H O M E  :  H G R  :  H C O L O R -  3 :  S C A L E -  I :  R O T -  O s  D R A W  I  A T  1 , 5 5 :  V T A B  2 1  
2 5 2  Z l  - S l Z S -  8 : Z S  -  " A S  A " :  G O S U B  3 0 0 0 0
2 5 5  Z l  -  4 2 : Z 2  -  8 : Z $  -  A S  +  "  Y O U  C A N " :  G O S U B  3 0 0 0 0
2 5 6  Z l  -  S i Z 2  -  1 6 : Z S  -  " I  E S C A P E  D E E P E R " :  G O S U B  3 0 0 0 0  
2 5 8  Z 2  -  2 4 : Z S  -  " 2  E S C A P E  S H A L L O W " :  G O S U B  3 0 0 0 0
2 6 0  Z 2  -  3 2 : Z S  -  " 3  I G N O R E  I T " :  G O S U B  3 0 0 0 0
2 6 3  Z 2  -  1 6 : Z l  -  1 4 0 % Z S  -  " 4  E A T  I T " :  G O S U B  3 0 0 0 0
2 6 4  Z 2  *  2 4 : Z S  -  " 5  C H A S E  I T " :  G O S U B  3 0 0 0 0
2 7 5  G O T O  3 0 1
3 0 0  S I  -  S I  *  I :  G O T O  3 5 5
3 0 1  F O R  S I  -  I  T O  6
3 1 0  S  -  I N T  ( 6  S  R N D  ( I )  +  I )
3 2 0  F O R  S 2  -  I  T O  S I  -  I  
3 3 0  I F  S  -  S ( S 2 )  T H E N  3 1 0  
3 4 0  N E X T  S 2  
3 4 5  S ( S l )  -  S :  N E X T  S I  
3 5 0  S I  -  I
3 5 5  I F  S I  > 6  T H E N  5 0 0 0 0
3 5 6  I F  A  -  S ( S l )  T H E N  3 0 0
3 6 0  O N  S ( S l )  G O T O  3 0 0 , 3 0 0 , 3 0 0 , 2 0 0 0 , 3 0 0 0 , 2 5 0 0
5 0 0  H O M E  :  V T A B  ( 2 1 ) I  P R I N T  " Y O U  F I N D  Y O U R S E L F  C L O S E  T O  A  W H I T E F I S H "
5 0 1  G O S U B  4 0 0 0 0 :  G O S U B  1 2 0 0 0
5 0 5  O N  A  G O T O  5 3 0 , 5 2 0 , 5 3 0 , 5 3 0 , 5 1 0 . 5 1 0  
5 1 0  O N  B  G O S U B  4 0 0 0 , 5 0 0 0 , 9 0 5 0 , 7 0 0 0 , 8 0 0 0
5 1 2  I F B - I  O R  B  *  2  O R  B  «  5  T H E N  G O S U B  9 0 0 0 :  G O S U B  9 0 5 0 :  G O S U B  1 0 0 0 0 : C  -  C  
♦  1 5 :  G O S U B  9 1 5 0 :  G O T O  3 0 0
5 1 4  I F  B  -  4  T H E N  G O S U B  9 1 0 0 :  G O S U B  I 0 0 0 0 : C  -  0 :  G O T O  3 0 0  
5 1 6  G O S U B  1 0 0 0 0 :  G O T O  3 0 0
5 2 0  O N  B  G O S U B  4 0 0 0 , 5 0 0 0 . 9 0 3 0 , 7 0 2 0 , 9 0 4 0
5 2 1  I F  B  -  I  O R  D  -  2  T H E N  G O S U B  9 0 0 0 :  G O S U B  1 0 0 0 0 : C  =  C  +  5 :  G O S U B  9 1 5 0 :  G O T O  

3 0 0
5 2 4  I F  B  «  4  T H E N  G O S U B  9 0 7 0 :  G O S U B  1 0 0 0 0 1 C  =  C  +  5 :  G O S U B  9 1 5 0 :  G O T O  3 0 0
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5 2 9  G O S U B  I O O O O I C  »  C  ♦  S i  G O S U B  9 1 5 0 1  G O T O  3 0 0
5 3 0  I F  B  <  > 5  T H E N  5 2 0
5 3 1  G O S U B  O O O O i  G O S U B  V l O O i  G O S U B  I O O O O i  G O T O  3 0 0
I O O O  H O M E  I  V T A B  2 1 l  P R I N T  “ A L O N G  C O M E S  A  C H U B " |  G O T O  5 0 1
1 5 0 0  H O M E  I  V T A B  2 1 l  P R I N T  “ I N  V O U R  V I C I N I T Y  I S  A  B L U E B A C K  S A L M O N , “ l  G O S U B  4 0 0 0  0
1 5 0 5  G O S U B  1 2 0 0 0 :  I F  A  > 4  T H E N  5 0 5  
1 5 2 0  O N  B  G O S U B  4 0 0 0 , 5 0 0 0 , 9 0 8 0 . 7 0 2 0 , 8 0 0 0
1 5 2 2  I F  B  -  I  O R  B  -  2  O R  B  -  5  T H E N  G O S U B  9 0 0 0 i  G O S U B  9 0 5 0 :  G O S U B  I O O O O l C  -  C  

♦  I  S i  G O S U B  9 1 5 0 1  G O T O  3 0 0
1 5 2 4  I F  B  -  4  T H E N  G O S U B  9 0 7 0 I  G O S U B  I O O O O l  G O T O  3 0 0  
1 5 2 6  G O S U B  I O O O O l  G O T O  3 0 0
2 0 0 0  H O M E  I  V T A B  < 2 1 ) 1  P R I N T  “ Y O U  S E E  A  R A I N B O W  T R O U T  I N  F R O N T  O F  Y O U " :  G O T O  5 0  
I
2 5 0 0  H O M E  I  V T A B  < 2 1 ) 1  P R I N T  “ Y O U  F I N D  A  D O L L Y  V A R D E N  V E R Y  N E A R " | A 9 *  -  " D O L L Y  V  
A R D E N "
2 5 0 1  G O S U B  4 0 0 0 0 1  G O S U B  1 2 0 0 0
2 5 0 5  O N  A  G O T O  2 5 0 6 , 2 5 0 6 , 2 5 0 6 , 2 5 0 6 , 2 5 6 0 , 2 5 0 6
2 5 0 6  O N  D  G O S U B  4 5 0 0 , 5 0 0 0 , 6 0 0 0 . 7 5 0 0 , 7 5 0 0
2 5 1 0  I F  B  -  I  A N D  R  -  I  T H E N  R - O l  G O S U B  9 0 7 5 i  G O T O  1 1 0 0 0  
2 5 1 2  I F  B  -  I  O R  B  -  2  T H E N  G O S U B  9 0 7 S i  G O S U B  I O O O O l  G O T O  3 0 0  
2 5 1 5  G O S U B  9 0 7 8 l  G O S U B  I O O O O l  G O T O  1 1 0 0 0  
2 5 0 0  G O T O  5 1 0
3 0 0 0  H O M E  I V T A B  < 2 1 ) 1  P R I N T  " A  M A C K I N A W  T R O U T  I S  I N  F R O N T  O F  Y G U , “ l A 9 «  -  " M A C K
I N A W  T R O U T " I  G O T O  2 5 0 1
4 0 0 0  H C O L O R -  O l  D R A W  5  A T  1 1 0 , 1 1 8
4 0 0 5  X  -  I l O l  F O R  Y - I l B  T O  1 5 0  S T E P  2 :  H C O L O R -  3 l  D R A W  5  A T  X . Y l  H C O L O R -  O  
4 0 0 7  D R A W  5  A T  X . Y l  I F  Y  Z  1 0  -  I N T  < Y  /  1 0 )  T H E N  X  -  X  ♦  6 |  N E X T  Y
4 0 1 1  H C O L O R -  3 :  D R A W  5  A T  1 3 4 , I S O l E l  -  5 l E 2  -  1 3 4 : E 3  -  I S O :  R E T U R N
4 5 0 0  H C O L O R -  O i  D R A W  5  A T  1 1 0 , 1 1 8
4 5 0 5  I F  R N D  < ) )  <  . 9 0  T H E N  4 0 0 5
4 5 0 6  D R A W  M  A T  E 4 , E 5
4 5 1 0  X  -  I l O l  F O R  Y  -  1 1 8  T O  1 4 0  S T E P  2 l  H C O L O R -  3 l  D R A W  5  A T  X l Y l  D R A W  2  A T  E 4 ,  
Y l  H C O L O R -  O
4 5 2 0  D R A W  5  A T  X e Y l  D R A W  2  A T  E 4 , Y l  I F  Y  Z  1 0  -  I N T  < Y  Z  1 0 )  T H E N  X  -  X  ♦  6
4 5 2 5  E 4  •  E 4  -  6 |  I F  E 4  -  2 3  >  X  T H E N  N E X T  Y
4 5 2 6  H C O L O R -  3 l  D R A W  5  A T  X l Y i X l  -  X
4 5 2 8  R - I l  F O R  X  -  E 4  T O  E 4  -  3 6  S T E P  -  2 l  D R A W  1 5  A T  X , Y  -  5 :  H C O L O R -  O l  D R A W  

1 5  A T  X 1 Y  -  S i  H C O L O R -  3 :  N E X T  X
4 5 2 9  H C O L O R -  O l  D R A W  5  A T  X I , Y
4 5 3 0  H C O L O R -  3 l  D R A W  2  A T  X l Y l E l  -  S l E 2  -  X H E 3  -  Y | E 4  -  X l E S  -  Y l M  -  2 l  R E T U R N

5 0 0 0  H C O L O R -  O i  D R A W  5  A T  1 1 0 , 1 1 8
5 0 0 5  X  »  I l O l  F O R  Y  -  1 1 8  T O  H O  S T E P  -  I l  H C O L O R -  3 |  D R A W  4  A T  X , Y l  H C O L O R -  O
5 0 0 7  D R A W  4  A T  X . Y l X  -  X  -  4 l  N E X T  Y
5 0 1 1  H C O L O R -  3 l  D R A W  4  A T  7 8 , I l O i E l  -  4 i B 7  -  7 B i E 3  -  I l O i  R E T U R N  
5 7 1 4  E l  -  1 2 4 1 E 2  -  1 1 8 l E 3  -  5 l E 4  -  1 1 4 | E 5  -  I l B l M  -  2 :  R E T U R N
6 0 0 0  H C O L O R -  O l  D R A W  M  A T  E 4 , E 5
6 0 0 1  H C O L O R -  3 l  F O R  X  -  E 4  T O  1 0 0  S T E P  -  6 l  D R A W  2  A T  X l I l B l  H C O L O R -  O l  D R A W  2  

A T  X l I l B l  H C O L O R -  3
6 0 0 3  D R A W  1 4  A T  X  -  2 , I l S l  H C O L O R -  O l  D R A W  1 4  A T  X  -  2 , I l G l  H C O L O R -  T i  D R A W  1 5  
A T  X  -  4 , 1 1 8
6 0 0 5  H C O L O R -  O l  D R A W  1 5  A T  X  -  4 , 1 1 8 :  N E X T
6 0 0 7  D R A W  5  A T  H O ,  I l f l i  H C O L O R -  3 i  D R A W  2  A T  1 0 0 ,  I l f l i E l  -  5 l E 2  •  H 0 l E 3  -  I l f l i E  
4  -  1 0 0 : E 5  -  I l B i M  -  2 l  R E T U R N  
7 0 0 0  H C O L O R -  O l  D R A W  5  A T  1 1 0 , 1 1 8
7 0 0 7  Y  -  I O O l  F O R  X -  H O  T O  E 4  ♦  2 6  S T E P  2 l  H C O L O R -  3 i  D R A W  7  A T  X , Y l  H C O l O R -  0
7 0 0 8  D R A W  7  A T  X . Y l  N E X T  X
7 0 1 1  H C O L O R -  3 l  D R A W  5  A T  E 4  *  2 0 , I l S l E l  -  5 l E 2  -  E 4  ♦  2 0 i E 3  -  I l B i  R E T U R N  
7 0 2 0  H C O L O R -  O l  D R A W  5  A T  1 1 0 , 1 1 8
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7 0 2 1  D R A W  2  A T  E 4 , E 3
7 0 2 2  F O R  X  -  O  T O  2 2 0  -  E 4  S T E P  4 »  H C O L O R -  3 i  D R A W  7  A T  X +  H O , I O O i  D R A W  3  A T  
E 4  +  X , I l O i  H C O L O R -  O
7 0 2 4  D R A W  7  A T  X +  1 1 0 , 1 0 0 »  D R A W  3 A T E 4 +  X t I l O i  N E X T  X
7 0 2 3  H C O L O R -  3 *  D R A W  3  A T  E 4  +  X t I l O i M  -  3 i E 4  -  E 4  +  X i E S  -  H O
7 0 2 6  H C O L O R -  3 i  D R A W  5  A T  X  +  1 1 0 , I  I O i E l  -  3 » E 2  -  X  +  1 1 0 i E 3  -  I l O i  R E T U R N
7 3 0 0  F O R  X  -  1 1 0  T O  1 2 4  S T E P  2 »  H C O L O R -  O i  D R A W  5  A T  X t I l B i  H C O L O R -  3 »  D R A W  5  A  
T X  + 2 , 1 1 8 ;  N E X T  X
7 3 0 3  H C O L O R -  C l  D R A W  M  A T  E 4 , E 3 »  F O R  X  -  E 4  T O  1 1 4  S T E P  -  6 i  H C O L O R -  3 »  D R A W  2  

A T  X t I l S i  H C O L O R -  0
7 3 0 8  D R A W  2  A T  X t I l B i  H C O L O R -  3 i  D R A W  1 4  A T  X -  2 , 1 1 0 »  H C O L O R -  O i  D R A W  1 4  A T  X  
-  2 , 1 1 8
7 3 1 0  H C O L O R -  3 »  D R A W  1 5  A T  X -  4 , I l B i  H C O L O R -  O i  D R A W  1 5  A T  X -  4 , 1 1 0 »  N E X T
7 3 1 2  H C O L O R -  O i  D R A W  5  A T  1 2 6 , 1 1 8 »  H C O L O R -  3 »  D R A W  2  A T  1 1 4 , 1 1 8
7 3 1 4  E l  »  2 i E 2  -  1 2 6 » E 3  -  1 1 8 » E 4  -  I 1 4 i E 3  -  I l B i M  -  2 »  R E T U R N  
8 0 0 0  H C O L O R -  O i  D R A W  5  A T  1 1 0 , 1 1 6
8 0 0 3  D R A W  M  A T  E 4 , E 5 » Y  -  I l B i  F O R  X - I T O  2 3 0  -  E 4  S T E P  2 s  H C O L O R -  3 i  D R A W  5  A  
T  H O  +  X t I l B i  D R A W  3  A T  E 4  +  X ,  1 1 8
8 0 0 7  H C O L O R -  O i  D R A W  5  A T  H O  +  X t I l B i  D R A W  3  A T  E 4  +  X t I l B i  N E X T  X
8 0 0 9  H C O L O R -  3 »  D R A W  5  A T  H O  +  X , I  I B i E l  -  5 » E 2  -  1 1 0  +  X i E 3  -  1 1 8 »  R E T U R N
9 0 0 0  P R I N T  " T H A T  W A S  A  W A S T E  O F  E N E R G Y ' *  i  R E T U R N
9 0 3 0  P R I N T  " T H A T  F I S H  J U S T  A T E  Y O U R  L U N C H . " i  R E T U R N
9 0 4 0  P R I N T  " Y O U  A R E  T O O  L I T T L E " ;  R E T U R N
9 0 3 0  P R I N T  " Y O U  A R E  G E T T I N G  H U N G R Y . . B E T T E R  E A T " ;  R E T U R N
9 0 7 0  P R I N T  " Y O U  C A N  N O T  K I L L  T H I S  A N I M A L  A N D " I  P R I N T  " Y O U  U S E D  A  L O T  O F  E N E R G Y  
N E E D L E S S L Y " !  R E T U R N
9 0 7 5  P R I N T  " Y O U  G O T  A W A Y  F O R  T H E  T I M E  B E I N G " I  R E T U R N
9 0 7 8  P R I N T  " N O . . . . . T H A T  W A S  T H E  W R O N G  M O V E " I  R E T U R N
9 0 8 0  P R I N T  " G O O D ,  I T  D O E S  N O T  O C C U P Y  T H E  S A M E  N I C H E " ;  R E T U R N  
9 1 0 0  P R I N T  " Y O U  H A V E  B E E N  S U C C E S S F U L " ;  R E T U R N  
9 1 3 0  I F  C  <  3 0  T H E N  R E T U R N
9 1 6 0  H G R  I  T E X T  I  H O M E  I  V T A B  1 1 1  P R I N T  " Y O U  P A S S E D  U P  T O O  M A N Y  C H A N C E S  A T  F O O D  
" I  P R I N T
9 1 6 2  P R I N T  i  P R I N T  "  Y O U  S T A R V E D  T O  D E A T H . "
9 1 6 4  G O S U B  1 0 0 0 0
9 1 7 3  T E X T  I  H O M E  »  V T A B  1 2 »  I N P U T  " D O  Y O U  W A N T  T O  T R Y  A G A I N ? " ; A $
9 1 7 7  I F  L E F T S  ( A S , I )  -  " N "  T H E N  H G R  i  T E X T  »  H O M E  I  G O T O  5 5 5 5 5
9 1 7 8  I F  L E F T S  ( A S , I )  -  " Y "  T H E N  X l  -  9 »  G O T O  6 0
9 1 7 9  G O T O  9 1 7 5
1 0 0 0 0  P O K E  -  1 6 3 6 8 , 0 »  V T A B  2 4 »  H T A B  1 3 »  P R I N T  " P R E S S  S P A C E  B A R " ;
1 0 0 1 0  I F  P E E K  (  -  1 6 3 8 4 )  <  1 2 7  T H E N  1 0 0 1 0
1 0 0 1 1  H C O L O R -  O i  D R A W  E l  A T  E 2 , E 3 »  D R A W  M  A T  E 4 , E 3 »  R E T U R N
1 1 0 0 0  H G R  I  T E X T  I  H O M E  I  V T A B  9 »  P R I N T  " R E M E M B E R  A  " A 9 S "  W I L L " ;  P R I N T  »  P R I N T
" E A T  A  " A S " . "
1 1 0 0 1  P R I N T  I  P R I N T  " N O W  R U N  T H E  P R O G R A M  A G A I N  A N D  S E E  I F  " i  P R I N T  :  P R I N T  " Y O U  

C A N  S U R V I V E " !  G O S U B  1 0 0 0 0
1 1 0 0 2  G O T O  9 1 7 3
1 2 0 0 0  H O M E  I  V T A B  2 1 »  O N  B  G O T O  1 2 0 0 3 , 1 2 0 0 7 , 1 2 0 0 9 , 1 2 0 1 2 , 1 2 0 1 4
1 2 0 0 5  P R I N T  " A T T E M P T  T O  E S C A P E  T O  P E E P E R  W A T E R " »  R E T U R N
1 2 0 0 7  P R I N T  " A T T E M P T  T O  E S C A P E  T O  S H A L L O W  W A T E R " ;  R E T U R N
1 2 0 0 9  P R I N T  " J U S T  I G N O R E  I T " ;  R E T U R N
1 2 0 1 2  P R I N T  " A T T A C K  A N D  E A T  I T " ;  R E T U R N
1 2 0 1 4  P R I N T  " C H A S E  I T  O U T  O F  Y O U R  T E R R I T O R Y " ;  R E T U R N
3 0 0 0 0  F O R  Z  -  I  T O  L E N  ( Z S )  i  Z 3  «  A S C  (  M I D S  ( Z S t Z a D )
3 0 0 1 3  I F  Z 3  >  6 4  T H E N  D R A W  Z 3  -  4 4  A T  Z l  +  ( Z  -  I )  $  7 , Z 2 »  G O T O  3 0 0 3 0
3 0 0 1 6  I F  Z 3  -  3 2  T H E N  3 0 0 5 0
3 0 0 3 0  D R A W  Z 3  -  I  A T  Z l  +  < Z  -  I )  $  7 , Z 2
3 0 0 3 0  N E X T  Z
3 0 0 6 0  R E T U R N
4 0 0 0 0  H C O L O R -  3 »  D R A W  5  A T  I l O t I l B i B S  -  " " i A l S  -  . . . E l  -  3 i E 2  -  U 0 « E 3  -  I l B i  D
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R A W  2  A T  160, I l O l  P O K E  -  1 6 3 6 8 . 0
4 0 0 0 3  V T A B  ( 2 3 ) I  P R I N T  " W H A T  D O  Y O U  W I S H  T O  D O ?
4 0 0 0 4  H C O L O R -  O l  D R A W  2  A T  1 6 0 , 1 1 0
4 0 0 0 5  F O R  X  -  1 6 2  T O  2 1 0  S T E P  2 l M  -  3
4 0 0 0 7  H C O L O R -  O l  D R A W  3  A T  X -  2 , I  I O l  H C O L O R -  3 l  D R A W  3  A T  X t I l O
4 0 0 0 8  I F  P E E K  I  -  1 6 3 6 4 )  >  1 2 7  T H E N  4 0 0 2 0
4 0 0 0 9  N E X T  X
4 0 0 1 1  H C O L O R -  O l  D R A W  3  A T  2 1 0 , I l O i  F O R  X  -  2 1 0  T O  1 6 0  S T E P  -  2 l M  -
4 0 0 1 3  H C O L O R -  O l  D R A W  2  A T  X  ♦  2 , 1 1 0 :  H C O L O R -  3 l  D R A W  2  A T  X t I l O
4 0 0 1 4  I F  P E E K  <  -  1 6 3 8 4 )  >  1 2 7  T H E N  4 0 0 2 0
4 0 0 1 5  N E X T  X l  G O T O  4 0 0 0 4
4 0 0 2 0  A l  -  P E E K  <  -  I 6 3 8 4 )  -  1 2 8
4 0 0 2 1  P O K E  -  1 6 3 6 8 , 0 1  I F  A l  -  1 3  T H E N  B  -  V A L  < B « > I  I F B  > 0  A N D  B  
4  -  X i E S  -  I l O l  R E T U R N
4 0 0 2 2  I F  A l  -  1 3  O R  ( A l  -  8  A N D  L E N  < B « >  <  -  I )  T H E N  B *  -  " " l  G O T O
4 0 0 2 3  I F  A l  -  8  T H E N  B *  -  L E F T *  ( B S ,  L E N  ( B I )  -  I ) I  G O T O  4 0 0 2 5
4 0 0 2 4  B *  -  B *  ♦  C H R *  ( A l )
4 0 0 2 5  V T A B  ( 2 3 )  I  H T A B  2 5 :  P R I N T  B * "
4 0 0 2 6  I F  M -  2  T H E N  4 0 0 1 5
4 0 0 2 7  G O T O  4 0 0 0 9
5 0 0 0 0  P O K E  6 0 0 , A l  P O K E  6 0 1 , C
5 0 0 0 3  H C O L O R -  O l  D R A W  M  A T  £ 4 , E S t  D R A W  E l  A T  E 2 , E 3 l  V T A B  ( 2 1 ) I  P R I N T  
H R *  ( 4 ) I " R U N  L A K E P 2 "
5 5 5 5 5  P R I N T  I  I F  P E E K  ( 1 0 2 3 )  -  1 2 3  T H E N  P R I N T  C H R *  ( 4 ) | " P R # 6 "
5 6 6 6 6  E N D

2

<  6  T H E N  E  

4 0 0 2 5

I P R I N T  C
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3 P R # 0I
3 L I S T

1 0  H O M E  I  V T A B  ( 2 1 )
2 0  A  -  P E E K  ( M O )
2 5  C -  P E E K  ( 6 0 1 )
3 0  F O R  X -  I  T O  A :  R E A D  A * I  N E X T
3 3  D A T A  " W H I T E F I S H " , " C L U B " , " B L U E B A C K  S A L M O N " , " R A I N B O W  T R O U T " , " M A C K I N A W  T R O U T "  
, " D O L L Y  V A R D E N "
2 2 3  C  -  P E E K  ( 3 2 6 )
2 6 0  D I M  S ( 2 )
2 7 5  E 2  -  1 8 0 l E 3  -  1 1 8
2 7 6  G O T O  3 0 1
3 0 0  S I  -  S I  ♦  I l  G O T O  3 3 3
3 0 1  F O R  S I  -  I  T O  2
3 1 0  S -  I N T  ( 2  *  R N D  ( I )  ♦  I )
3 2 0  F O R  S 2  -  I  T O  S I  -  I  
3 3 0  I F  S  -  S  ( S 2 )  T H E N  3 1 0  
3 4 0  N E X T  S 2  
3 4 5  S ( S l )  -  S i  N E X T  S I  
3 3 0  S I  -  I
3 3 5  I F  S I  > 2  T H E N  S O O O O  
3 6 0  O N  3 1  G O T O  1 3 0 0 , 2 0 0 0
3 0 0  H O M E  I  V T A B  ( 2 1 ) :  P R I N T  " Y O U  S E E  W A T E R  I N S E C T S  A H E A D  O F  Y O U , "
5 0 1  R l  -  6 0 : R 2  -  1 0 0 l R 3  >  9 0 : A 2  -  I l M  -  1 2 l  G O S U B  4 0 0 0 0 1  G O S U B  1 2 0 0 0  
5 0 5  O N  A  G O T O  5 2 0 , 3 2 0 , 5 2 0 , 3 2 0 , 5 8 0 , 3 8 0
5 2 0  O N  B  G O S U B  4 0 0 0 , 3 0 0 0 , 4 3 0 0 , 5 0 0 0 , 6 0 0 0
5 2 1  R 5  -  O l  I F  B  -  4  T H E N  G O S U B  9 1 0 0 l C  -  O l  G O S U B  I 0 0 0 0 I  G O T O  3 0 0
3 2 2  I F  B  -  3  T H E N  G O S U B  9 0 5 0 : C  -  C  +  5 :  G O S U B  1 0 0 0 0 1  G O S U B  9 1 5 0 :  G O T O  3 0 0
3 2 3  I F  B  -  5  T H E N  G O S U B  9 1 7 0 i C  -  C  +  1 0 :  G O S U B  I O O O O l  G O S U B  9 1 5 0 :  G O T O  3 0 0
5 2 4  G O S U B  9 0 0 0 :  G O S U B  9 0 5 0 : C  -  C  +  I O l  G O S U B  1 0 0 0 0 :  G O S U B  9 1 3 0 :  G O T O  3 0 0  
3 8 0  O N  B  G O S U B  4 0 0 0 , 3 0 0 0 , 4 5 0 0 , 3 5 0 0 , 6 0 0 0
5 8 2  I F  B  -  3  T H E N  G O S U B  9 1 7 3 :  G O S U B  I O O O O i  G O T O  3 0 0
3 8 3  I F  B  -  4  T H E N  G O S U B  9 1 7 4 1  G O S U B  I O O O O l  G O T O  3 0 0
5 9 0  G O T O  3 2 4
1 0 0 0  H O M E  I  V T A B  2 1 :  P R I N T  " A T  T H E  S U R F A C E  L I E S  S O M E  A N I M A L  P L A N K T O N , "
1 0 0 1  R l  -  6 0 I R 2  -  I O O l R 3  -  9 4 | M  -  1 3
1 0 0 2  A 2  -  2 :  G O S U B  4 0 0 0 0 :  G O S U B  1 2 0 0 0  
1 0 0 4  R S - I l  G O T O  5 0 5
1 3 0 0  H O M E  I  V T A B  ( 2 1 ) I  P R I N T  “ Y O U  S E E  A N  O S P R E Y  C L O S E  T O  T H E  S U R F A C E , "
1 5 0 1  A 2  -  4
1 3 0 2  R l  -  I O O l R 2  -  2 0 0 I R 3  -  6 0 : M  »  9 |  G O S U B  4 0 0 0 0 1  G O S U B  1 2 0 0 0
1 5 0 5  O N  B  G O S U B  4 0 0 0 , 3 0 0 0 , 5 7 0 0 , 5 7 0 0 , 5 7 0 0
1 5 0 6  A 2  -  O
1 3 0 7  I F  B  -  I  T H E N  G O S U B  9 1 0 0 :  G O S U B  1 0 0 0 0 :  G O T O  3 0 0
1 3 0 8  G O S U B  9 0 6 0 :  G O S U B  I 0 0 0 0 I  G O T O  3 0 0
2 0 0 0  H O M E  I  V T A B  2 1 :  P R I N T  " N E A R  T H E  S H O R E L I N E  I S  A N  O T T E R , ”
2 0 0 2  R l  -  9 4 | R 2  -  I  1 0 : R 3  «  9 5 : A 2  -  3 : M  -  I  I  I  G O S U B  4 0 0 0 0 :  G O S U B  1 2 0 0 0
2 0 0 5  O N  B  G O S U B  4 0 0 0 , 6 4 5 0 , 6 4 5 0 , 6 3 0 0 . 6 5 0 0
2 0 0 6  G O S U B  9 1 0 0 1  G O S I J B  1 0 0 0 0 1  G O T O  3 0 0  
3 0 0 0  H C O L O R -  0 :  D R A W  4  A T  1 8 0 , 1 1 8
3 0 0 2  X  -  1 8 0 1  F O R  Y  -  I  1 8  T O  I  1 0  S T E P  -  I :  H C O L O R -  S i  D R A W  4  A T  X . Y :  H C O L O R -  O l  

D R A W  4  A T  X , V : X  -  X  -  2 l  N E X T  Y
3 0 0 4  H C O L O R -  3 :  D R A W  4  A T  1 6 0 , 1 0 6
3 0 0 5  I F  A 2  -  4  A N D  1 0 0  »  R N D  ( I )  * •  I  <  1 9  T H E N  3 0 5 0
3 0 0 6  E l  -  4 : E 2  -  1 6 B | E 3  -  1 0 6 l  R E T U R N
3 0 3 0  P R I N T  " Y O U  D I D  N O T  M A K E  I T  T H I S  T I M E "  I  G O T O  3 7 1 0  
4 0 0 0  H C O L O R -  O l  D R A W  4  A T  1 8 0 , 1 1 8



102

4 0 0 2  X  -  1 8 0 »  F O R  Y  -  1 1 8  T O  1 4 0  S T E P  2 s  H C O L O R *  3 s  D R A W  3  A T  X , Y i  H C O L O R -  O  
4 0 0 4  D R A W  5  A T  X , Y i  X  -  X  « •  4 i  N E X T  Y
4 0 0 6  H C O L O R -  3 *  D R A W  5  A T  X l Y i E l  -  3 i E 2  -  X » E 3  -  Y i  R E T U R N
4 3 0 0  H C O L O R -  O i  D R A W  4  A T  1 8 0 , I  I B i  H C O L O R -  3 i  D R A W  5  A T  1 8 0 , 1 1 8
4 3 0 2  E l  -  S i E 2  -  1 8 0 s E 3  -  1 1 8 :  R E T U R N  
3 0 0 0  H C O L O R -  O i  D R A W  4  A T  1 8 0 , 1 1 8
3 0 0 2  F O R  X  -  E 2  T O  7 0  S T E P  -  2 i  H C O L O R *  3 »  D R A W  1 6  A T  X , 9 3
5 0 0 4  H C O L O R -  O i  D R A W  1 6  A T  X , 9 3 :  N E X T  X
3 0 0 5  I F  1 0 0  S  (  R N D  ( I ) )  +  I  <  1 5  T H E N  5 0 0 7
3 0 0 6  H C O L O R -  3 i  D R A W  4  A T  X , 1 1 4 : E 1  -  4 i E 2  -  X s E 3  -  1 1 4 »  R E T U R N
3 0 0 7  I F A 2 - 2  T H E N  5 0 1 1
5 0 0 8  H C O L O R -  O l  D R A W  1 7  A T  3 0 , 3 0 »  H C O L O R *  3 »  D R A W  1 8  A T  3 0 , 3 0 :  P R I N T  " W I T H  T H E  
I N S E C T S  W A S  A  H O O K .  Y O U  W E R E "
3 0 0 9  P R I N T  " C A U G H T  B Y  A  F I S H E R M A N . " :  G O S U B  I 0 0 0 0  
5 0 1 0  G O T O  9 1 7 5
3 0 1 1  H O M E  I  T E X T  »  H G R  I  T E X T  I  V T A B  ( 1 3 ) I  P R I N T  " T H I S  W A S  P A R T  O F  A  F I S H  T R A P "
I  P R I N T
3 0 1 2  P R I N T  " Y O U  W E R E  C A U G H T . . . .  T R Y  A G A I N . " »  G O S U B  1 0 0 0 0 »  G O T O  9 1 7 3  
5 3 0 0  H C O L O R -  O s  D R A W  4  A T  1 8 0 , 1 1 8
3 3 0 2  F O R  X  *  1 8 0  T O  1 7 0  S T E P  -  2
5 5 0 4  H C O L O R -  3 »  D R A W  1 6  A T  X , 9 3 :  H C O L O R *  O i  D R A W  1 6  A T  X , 9 3 i  N E X T  X  
3 3 0 6  H C O L O R -  3 :  D R A W  4  A T  1 7 0 , I 1 8 : E l  -  4 i E 2  -  1 7 0 » E 3  -  I l B i  R E T U R N  
3 7 0 0  H C O L O R -  O i  D R A W  4  A T  1 8 0 , 1 1 8  
3 7 0 2  X  -  1 1 8
5 7 0 5  F O R  Y  -  1 8 0  T O  1 6 8  S T E P  -  I s  H C O L O R -  3 i  D R A W  4  A T  Y , X i  H C O L O R -  O l  D R A W  4  
A T  Y ,  X
5 7 0 6  X - X - I i  N E X T  Y
5 7 0 8  H C O L O R -  3 »  D R A W  4  A T  1 6 8 , 1 0 6
3 7 0 9  I F A 2 - 3  T H E N  E l  -  4 i E 2  »  1 6 8 : E 3  -  1 0 6 »  R E T U R N
3 7 1 0  I F  M  -  8  A N D  E 4  >  1 7 0  T H E N  3 7 9 0  •
3 7 1 1  I F M  = 9  T H E N  5 8 0 0
3 7 1 2  H C O L O R *  0 :  D R A W  8  A T  E 4 , E 3
5 7 1 3  X  -  I N T  ( 1 6 8  -  E 4 )  /  I O i  F O R  Y  *  6 0  T O  7 0 »  H C O L O R -  3 l  D R A W  8  A T  E 4  +  X , Y
3 7 1 7  H C O L O R -  O i  D R A W  8  A T  E 4  +  X , Y : E 4  =  E 4  +  X :  N E X T  Y
3 7 2 0  H C O L O R *  O l  D R A W  4  A T  1 6 8 , 1 0 6 »  F O R  X  *  E 4  T O  2 2 0  S T E P  2 »  H C O L O R *  3 »  D R A W  1 0

A T  X , Y  -  3
5 7 2 2  H C O L O R -  O s  D R A W  1 0  A T  X , Y  -  3 »  N E X T  X x  G O S U B  1 0 0 0 0
5 7 2 3  H G R  :  T E X T  »  H O M E  »  V T A B  1 0 »  P R I N T  " A N  O S P R E Y  W I L L  E A T  A  " A S " . " i  P R I N T
5 7 2 4  P R I N T  " T R Y  A G A I N " :  G O S U B  I O O O O i  G O T O  9 1 7 5  
5 7 9 0  H C O L O R *  0 :  D R A W  M  A T  E 4 , E 5
5 8 0 0  M  *  9 »  F O R  X  -  E 4  T O  1 0 0  S T E P  -  3 »  H C O L O R -  3 %  D R A W  M  A T  X , E 5 »  H C O L O R -  0 :  D  
R A W  M  A T  X , E S *  N E X T  X  
5 8 0 2  E 4  -  1 2 0 *  G O T O  5 7 1 3
6 0 0 0  H C O L O R -  0 »  D R A W  4  A T  1 8 0 , 1 1 8
6 0 0 1  X l - O
6 0 0 5  F O R  X  «  E 4  T O  6 0  S T E P  -  2 *  H C O L O R -  3 :  D R A W  M  A T  X , E 5 :  D R A W  4  A T  1 8 0  -  X I ,
I  I  B i  H C O L O R -  O
6 0 0 6  D R A W  M  A T  X , E 5 i  D R A W  4  A T  1 8 0  -  X I , 1 1 8
6 0 0 7  X l  -  X l  t .  2 *  N E X T  X
6 0 0 8  H C O L O R -  3 *  D R A W  4  A T  1 8 0  -  X I , I l G i E l  -  4 i E 2  -  1 8 0  -  X l i E 3  -  I 1 8 i E 4  -  6 0 *  R  
E T U R N
6 4 3 0  I F  A  >  4  A N D  I N T  ( 1 0 0  S  R N D  ( I ) )  > 2 0  T H E N  5 7 0 2
6 3 0 0  H C O L O R -  O i  D R A W  M  A T  E 4 , E 5 i  F O R  X  -  1 0 0  T O  1 7 0  S T E P  2 *  H C O L O R *  3 I  D R A W  1 9  
A T  X , 1 0 0 *  H C O L O R -  O
6 3 0 5  D R A W  1 9  A T  X , I O O i  N E X T
6 3 0 6  P R I N T  " A N  O T T E R  W I L L  E A T  A  F I S H . "
6 3 1 0  H C O L O R -  O i  D R A W  4  A T  1 8 0 , 1 1 8 »  F O R  X  -  1 8 0  T O  1 0 0  S T E P  -  2 *  H C O L O R -  3 :  D R A  
W  1 1  A T  X . 1 0 0
6 5 2 0  H C O L O R -  0 *  D R A W  1 1  A T  X , I O O i  N E X T  X
6 5 2 1  H C O L O R -  3 »  D R A W  1 1  A T  X . 1 0 0
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6 5 2 2  S O S U B  I O O O O l  G O T O  9 1 7 5
9 0 0 0  P R I N T  " Y O U  W A S T E D  A l - O T  O F  E N E R G Y "  I  R E T U R N  
9 0 3 0  P R I N T  “ T H A T  F I S H  J U S T  A T E  Y O U R  L U N C H . " I  R E T U R N
9 0 5 0  P R I N T  “ Y O U  A R E  G E T T I N G  H U N G R Y . . . B E T T E R  E A T "
9 0 5 1  R E T U R N
9 0 6 0  P R I N T  " Y O U  G O T  A W A Y  T H I S  T I M E . . . " :  R E T U R N
9 0 7 0  P R I N T  “ Y O U  C A N  N O T  K I L L  T H I S  A N I M A L  A N D " I  P R I N T  " Y O U  U S E D  A  L O T  O F  E N E R G Y  
N E E D L E S S L Y . “ I  R E T U R N
9 0 7 5  P R I N T  “ Y O U  G O T  A W A Y  F O R  T H E  T I M E  B E I N G . " l  R E T U R N
9 0 7 8  P R I N T  " N O . . . . . T H A T  W A S  T H E  W R O N G  M O V E . " I  R E T U R N
9 1 0 0  P R I N T  " Y O U  H A V E  B E E N  S U C C E S S F U L . " l  R E T U R N  
9 1 5 0  I F  C  <  3 0  T H E N  R E T U R N
9 1 6 0  H G R  I T E X T  I H O M E  I V T A B  ( 1 0 ) :  P R I N T  " Y O U  P A S S E D  U P  T O O  M A N Y  C H A N C E S  A T  F O  
O D  " I  P R I N T
9 1 6 2  P R I N T  " A N D  U S E D  Y O U R  E N E R G Y  W A S T E F U L L Y . " :  P R I N T  I P R I N T  "  Y O U  S T A R V E
D  T O  D E A T H . "
9 1 6 4  G O S U B  1 0 0 0 0 :  G O T O  9 1 7 5
9 1 7 0  P R I N T  " W H Y  C H A S E  F O O D  A W A Y ? "
9 1 7 1  R E T U R N
9 1 7 3  P R I N T  " T H A T ’ S  R I G H T ' " l  R E T U R N
9 1 7 4  P R I N T  " Y O U  C A N ’ T  S U R V I V E  O N  T H A T  T Y P E  O F  F O O D . " :  R E T U R N
9 1 7 5  T E X T
9 1 7 6  H O M E  :  V T A B  1 2 :  I N P U T  " D O  Y O U  W A N T  T O  T R Y  A G A I N ? " ; A «
9 1 7 7  I F  L E F T *  ( A * . I )  -  " N “  T H E N  H G R  I T E X T  I H O M E  I G O T O  5 5 5 5 5
9 1 7 8  I F  L E F T *  ( A * , I )  =  " Y "  T H E N  X  -  F R E  ( O )  I  P O K E  6 0 0 , 9 :  P R I N T  C H R *  ( 4 ) ; " R U N

L A K E "
9 1 7 9  G O T O  9 1 7 6
1 0 0 0 0  P O K E  -  1 6 3 6 8 , 0 :  V T A B  2 4 :  H T A B  1 3 :  P R I N T  " P R E S S  S P A C E  B A R " ;
1 0 0 1 0  I F  P E E K  I  -  1 6 3 8 4 )  <  1 2 7  T H E N  1 0 0 1 0
1 0 0 1 1  H C O L O R =  O l  D R A W  E l  A T  E 2 . E 3 :  D R A W  M  A T  E 4 . E 5 :  R E T U R N
1 1 0 0 0  H G R  I T E X T  I H O M E  I  V T A B  ( 9 ) I P R I N T  " R E M E M B E R  A  “ I A 9 « ; “  W I L L " :  P R I N T  I P R
I N T  " E A T  A  " I  A * ; " . “
I  1 0 0 1  P R I N T  I P R I N T  " N O W  R U N  T H E  P R O G R A M  A G A I N  A N D  S E E  I F  " :  P R I N T  I P R I N T  " Y O U  

C A N  S U R V I V E " :  G O S U B  I O O O O  
1 1 0 0 2  G O T O  9 1 7 5
1 2 0 0 0  H O M E  I  V T A B  ( 2 1 )
1 2 0 0 1  O N  B  G O T O  1 2 0 0 5 , 1 2 0 0 7 , 1 2 0 0 9 , 1 2 0 1 2 . 1 2 0 1 4
1 2 0 0 5  P R I N T  " A T T E M P T  T O  E S C A P E  T O  D E E P E R  W A T E R " I  R E T U R N
1 2 0 0 7  P R I N T  " A T T E M P T  T O  E S C A P E  T O  S H A L L O W  W A T E R " :  R E T U R N
1 2 0 0 9  P R I N T  " J U S T  I G N O R E  I T " :  R E T U R N
1 2 0 1 2  P R I N T  " A T T A C K  A N D  P R E Y  U P O N  I T "
1 2 0 1 3  R E T U R N
1 2 0 1 4  P R I N T  " C H A S E  I T  O U T  O F  Y O U R  T E R R I T O R Y " :  R E T U R N
4 0 0 0 0  H C O L O R =  3 :  D R A W  4  A T  1 8 0 , 1 1 8 : 8 *  =  . . . A l *  =  . . . .  »  1 8 0 : E 3  =  1 1 8
4 0 0 0 1  D R A W  M  A T  R 1 . R 3
4 0 0 0 2  P O K E  -  1 6 3 6 8 , 0
4 0 0 0 3  V T A B  2 3 :  P R I N T  " W H A T  D O  Y O U  W I S H  T O  D O ? "
4 0 0 0 4  H C O L O R =  0 :  D R A W  M  A T  R 1 . R 3 :  I F  A 2  =  3  T H E N  R l  «  9 4 : R 2  =  1 3 0 : M  »  M  ♦  8
4 0 0 0 5  I F  A 2  =  4  T H E N  M = M - I
4 0 0 0 6  F O R  X  -  R l  T O  R 2  S T E P  2
4 0 0 0 7  H C O L O R =  O l  D R A W  M  A T  X  -  2 , R 3 l  H C O L O R =  3 :  D R A W  M  A T  X . R 3
4 0 0 0 8  I F  P E E K  (  -  1 6 3 8 4 )  >  1 2 7  T H E N  4 0 0 2 0
4 0 0 0 9  N E X T  X
4 0 0 1 0  H C O L O R =  O l  D R A W  M  A T  R 2 . R 3 :  I F  A 2  =  3  T H E N  R l  -  5 0 : R 2  •  I  I O l M  =  M - B  
4 0 0 1  I  I F  A 2  =  4  T H E N  M  =  M t l
4 0 0 1 2  F O R  X  »  R 2  T O  R l  S T E P  -  2
4 0 0 1 3  H C O L O R =  O l  D R A W  M  A T  X  t  2 . R 3 :  H C O L O R =  3 :  D R A W  M  A T  X , R 3
4 0 0 1 4  I F  P E E K  (  -  1 6 3 8 4 )  >  1 2 7  T H E N  4 0 0 2 0
4 0 0 1 5  N E X T  X
4 0 0 1 6  G O T O  4 0 0 0 4
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4 0 0 2 0  A l  -  P E E K  <  -  1 6 3 8 4 )  -  1 2 8
4 0 0 2 1  P O K E  -  1 6 3 6 8 , 0 :  I F  A l  -  1 3  T H E N  B  -  V A L  ( B I ) I  I F B  > 0  A N D  B  <  6  T H E N  E  
4  -  X l E S  -  R 3 i  R E T U R N
4 0 0 2 2  I F  A l  -  1 3  O R  ( A l  -  8  A N D  L E N  < B » >  <  -  I )  T H E N  B «  -    G O T O  4 0 0 2 3
4 0 0 2 3  I F  A l  -  8  T H E N  B S  =  L E F T S  ( B S .  L E N  ( B S )  -  1 ) 1  G O T O  4 0 0 2 5
4 0 0 2 4  B S = B S +  C H R S  ( A l )
4 0 0 2 3  V T A B  2 3 :  H T A B  2 5 :  P R I N T  B S "
4 0 0 2 6  I F A 2 - 3  A N D  M - I l  T H E N  4 0 0 1 3
4 0 0 2 7  I F A 2 - 3  A N D  M  -  9  T H E N  4 0 0 1 3
4 0 0 2 8  G O T O  4 0 0 0 9
5 0 0 0 0  H G R  I H O M E  :  T E X T  :  V T A B  ( 1 0 ) :  P R I N T  " Y O U  M A D E  I T _ _ _ _ F A N T A S T I C " :  P R I N T  I
P R I N T  “ T R Y  A G A I N  A S  A  D I F F E R E N T  F I S H  A N D "
5 0 0 0 1  P R I N T  :  P R I N T  " S E E  I F  Y O U  C A N  S U R V I V E . " :  G O S U B  1 0 0 0 0 :  G O T O  9 1 7 5  
3 3 3 5 5  I F  P E E K  ( 1 0 2 3 )  -  1 2 3  T H E N  P R I N T  C H R S  ( 1 3 ) ,  C H R S  ( 4 ) , " R U N  H E L L O "
3 3 5 3 6  N E W
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CODE_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ■
DATE___________ ________

READ THE NAMES OF THESE FISH: 
Rainbow trout 
Mackinaw trout 
DolIy Varden

1. Decide w hich fish you think is largest. Put the name of that fish on the 
number one line. Put the next largest fish on the number two line. Put the 
smallest fish on the last line.

1 . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

2. _________________ ;___________'

3. _ _ _ _ _ _ _ _ _ _ _ _ ;_ _ _ _ _ _ _ _ _ _

2. What is an osprey?_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ '

3. Which fish in the list can attack and eat all of the others?_______

4. Which fish will an otter eat?_ _ _ _ _ _ _ _ _ _ _ _ _ _

5. Which of the fish on the list has the best chance for survival and why?

6. What advice.would you give to:
the rainbow trout _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
the m a c ki n aw  trout_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
the Dolly Varden_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ________  '
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gsmSsBi©schooBs

DIANE THOMAS-RUPERT assistant superintendent

Jlf- //
$



APPENDIX E
Letter to Parents for Permission 

to Participate
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Dear Parents,

Instructional computing is recognized as having great 
potential to affect the education of students. If we are to 
fully realize the potential of instructional computing, we 
must know how it is affecting students.

The Bozeman School District has approved a study to 
analyze the effects of three different types of instructional 
computing programs. The study will be conducted by Sharon 
Hulettz who is completing her masters degree in elementary 
education.

Content of the computer programs will be science-orient­
ed supplementary material for fourth-grade students; Each 
child participating in the study will spend approximately 
twenty minutes interacting with the computer in the school. 
Students' grades will not be affected.

Data will be collected and analyzed as group data. 
Individual names will not be used in the study in order to 
maintain confidentiality. Results of the study will be 
available in March, 1982.

We think your child will find the opportunity to use 
the computer in a learning situation a stimulating and enjoy­
able experience.

In order for your child to participate in this activity, 
it is necessary to have your permission. Please indicate 
whether your child may participate by returning the permis­
sion slip to your child's teacher as soon as possible.

Thank you for your cooperation.

******************************* t *

has my permission to participate in the
computing study.

r e l a t i o n s h i p  to stud e n ts i g n a t u r e date
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COMMENTS WRITTEN BY STUDENTS AFTER THE RETENTION TEST

The comments are grouped according to treatment group - 
They are presented as the students wrote them. No spelling 
changes were made.

The comments were:
DRILL AND PRACTICE (DP TREATMENT GROUP).
It w$s yery neat and i Did everything right thank you

I like computers because there funer than watching T.V.

I liked it very much becaus I like working with computers 
and I hope I can work with them more.

I Like the cumpter be cus it wus cool.

I thought it was neat because I never heard abuot mackinaw 
trout or the Dolly varden

I was fun working with you'r cunputer

I liked to work with the comuter. I would Like to study 
snakes on a computer sometime. I would Like to know when
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we could.

I liked working by myself. But one thing I didn't like, 
is I wanted to do the one with The picture.

I like working with the computer it is fun.

I liked working with the comupters.
I

I kind a liked it except I only got to do one thing I 
only got questions sone kids got games like I don't think 
thates right

I really liked working with the computer. I whis I could 
work with it again.

I liked it and I hope I can do it again.

I liked it

It was fun I would like to come agen

I thought it was fun. Because I learned a little more
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SIMULATION■DOME INDIVIDUALLY (SI TREATMENT GROUP)
I liked the computer and there wasn’t anything I disliked 
about it. It was alot of fun I hope I can work with it 
more.

It’s a lot of fun. 

halares

I Did like it because I seen that things I didn't no like 
the seal can eat a makinow trout

I like computers
I liked it it was fun. I hope we have one in our class.• 

I like to work in a group. It was fun.

They were very fun working with, 

it's a good program Do more of it 

Excellent I it was fun and I learned alot.
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It was very fun I learned alot.

It was fun using the computer.

I liked it better working with a partner.

I liked the computer game it was very fun to do.

SIMULATION DONE IN A GROUP (SG TREATMENT GROUP) 
it was fun. i

I would like to work by my shilf

I liked playing when the fish would eat each other.

I liked working with the computers I think they're fun.- 

I hope we can use them again

I liked working in a group. If we did it again I wold 
like to be alone. it was a good expeerense.

I thing it was neat to work with the computer
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I loved it!

I thought it was to nice to work with a computer: P.S.
Thank you

I liked it becauce I Iear something. It was fun thank you.

It was fun to play games on the computer P.S. Thankyou

I thot that working with the compoter was very fun and I'd 
like to do it a.gian It was neat to see the fish eat each 
other

I liked to play with the comuder.

I didn't like when you didn't survive.
BUT, I realy loved the rest

)
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