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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: 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 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 experlences 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 promoting 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 1

Introduction

There is little doubt that instructional computing has come to
the attention of edﬁcators, students and the public. It is widely
recognized that instructional computing via the microcomﬁuter has
great potential.to affect education.

Even though ;choo%s are experiencing a budget depression, the
nation's schools are purchasing microcgmputers at an astounding rate.
According to an editorial in "Educational'Technology," January, 1981,
the pessimists say the microcomputer will experience ;he same burst
of interest and be followed by the same abandomment as dia 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 al;eady too much a part of our lives to be elim-
inated from schpols. |

Although more and more schools are using microcomputers
(Dickerson and Pritchard, 1981), there is still a significant amount
of concern about how to.make_ihe best use of instructional computing
in schools. Educatbrs 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
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computing. Wade (1980), identifiéd the followiﬁg "iﬁstructional
events". ‘Those events. were:

I.- Gaining attention

2. Informing the learner of the objectives

3. Stimulating recall of prerequisite learpings :

4. ‘Presenfing the stimulus materialy

5. Providing "learner guidance"

6. Eliciting the performance

7. Providing feedback perfofmance

8. Assessing the performance

9. -Enhanéing.retention and transfer

It is héted that not all of these events are contained in all
instruction. The évents contained.in instruction depend upon the ob-
jectives intended ‘(Wade, 1980).

Wade cbﬁtended that evaluation of instructional computing programs
falls into two categories. One category is the evaluation of programs
as they are uséd. ". . . programs are good only as'they are good for
students." In that‘cohtext, it waé the intent of the author of this
study to ihvestigate two types of instruc;ional‘computing.pfograms as
they are being uséd. One type is the drill and practice program and

the other is the simulation program.




Statement of the Problem

In tﬁis investigation’ghe effects of a computer drill and prac-
tice program were compared with a computer simulation program on cog-
nitive acquisition and rgtention 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 prAgram to‘see if one program
indicated'a propensity for cognitive acquisition and reten£ion of con-
tent matgfial. |

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 froﬁ one study indi-
cafed that the simulation group oﬁtperformed the "traditional" group
by a substantial margin on confent tests. The results of ancther
study proposed tha£-§h§ simulation‘appro;ch is éignificantly related
to gains in sﬁudent achie&ement.

The opposite'view was‘expressed in two other stu&ies. In one
study, students psing a simulati&n approach wére compared with a group.

whose treatment was similar except that the simulation periods were
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replacgd by the lecture-discussion method. In this stﬁd&,-the con~
trol group made larger gains in-factualland conceptual knoWledge than
the simulation group.
In the last stﬁdy,'if was reporfed that "the use of.the simula-
: tion game 'Marketplace’ resultéd in a significant retardation oflstu-
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 néted 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 simulgtioﬁ prqgrams; Many articles e#ist in which authors
proclaim to.recognize the potential of'computer simulation programs
as an instructional teéhnique (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 a}ready Qoing; and rather than actuélly freeing the
user, the program locks the student into a fixed sequence of steps )
determined by the programmer.
Some of the benefits of drill énd practice computer programs '
are-descfibed as indiﬁidualizing the lessons to ghe student's need

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

.brill and pracﬁice computer progfamé are the most frequently'ﬁsed
type of instructional computing at this time (Billings, 1980). Com-
puter gimulation is feférred to as one of the most promising areas of
instructibnal computing. Beéaﬂsé 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
a4key to promote divergent thinking in learners (Steffin, 1981).

Instructional computing is here. If it is £o serve the student
éffgctiveiy, 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 promoté:content acquisition
and retention.

In a searéh of the related literature a conflict was indicated
as to whéthgr or not a simplation'approach promotes learning of factu-
al knbwledgé. Very littie'informatiéq was found aboup'reﬁentioﬁ’of ;
information éained by a simulation approach. It was £he puréose of
this study to in?estigaté content acquisition.and retention‘usiqg a
computer simulation approach. In this study it was aiso proposed to
investigate the computer d;ill and perticé approach as it-relateé to

content acquisition and retention. At the time of this writing there
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appeared to be little information on content acquisition and retention

using computer drill and practice brograms._

"Questions Addressed by Tﬁis Study
| Questions boncerning studehtsf performance through use of the
instructional compuping drill and practice and simulation techniques
were investigateéd. The questions inyestigated were as follows:
1. Was there a difference in drill and practice scqres.from
pretgét to posttest? '
2. Was there a difference in drill and practice scores f;om
posttest to retention test?
3. Was there a difference in &rili and practice scores from. -
pretest to retention test?
4. Was there a difference in scores from pretest to posttest
scofes in the simulation done individuglly?
5. Was there a difference in scores from posttest to retéhtion

test scores in the simulation done individually?

6. Was there a difference in scores from the pretest to reten-

tion test in the éimulatipn done individually?

7. Was there a difference in scores from’pretesp to posttest
scorés in the simulation done in a group?ﬁ

8. Was there a difference in scores from posttest to retention

test scores in the simulation done in a group?
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9. Was there a difference in scores from pretest to retention
test scores in the simplation_done in a group?
10. GiQen‘a prepest and a posttesp, was there 4 difference in
students' conient acquisition change scores for the following:
~a. .the‘dfillland practice program and thé éimulatiSn,done
individually?
b. the drill aﬁd prac;ice program and the simulation done

in a group?

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

iﬁ a group?
12. Given a pretest and retention test, was'tﬁere a difference
in students' retention change score for the following:
| ‘a.  the drill and fractice program and the.simulétion done
indiyidually? | |
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 chronoiogical order.

Procedure One

Review of the literatﬁre. 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

bbtain bermission. Permission from Bozeman School Di§£rict.7
Administration was'requested in order to carry out the study using
" fourth grade s;udents from Emerson School. The schoolhdistrict's
guideliﬁes were followed in obtaining the perhiésioﬁ. A méeﬁing was
held with the principgl and participating teachers to explain what.
the study involved. A letter was sent to parents explaining the study
and to assure them that thg individual's data would remain confiden-
. tial.

AProcedure 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 Br. Elnora 01d 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.gradé classes at Longfellow School in Bozeman were used
for réliability_teéting. The.insfrument was administered to them
twice. The interval between the first and second administration was
one week. A correlation coefficient was computéd'to determine the
reliability.

Procedure Four

Assignment of students. Fourth grade students wére randomlf as-
signed with computer stisﬁance to one of éhree instructional-cbmputiﬁg
groups: 1.) drill and practice (DP), 2.) simulation done individually
(81), 3.) simulation done in a group of three (SG).

Procedure Five

Assignﬁent of student numbers. Stqdénts in the study were as-
signéd a student number which was used throughout the study for pre--
test, ppéttest, and retention test data gathering, recording, and
analyzing. The purpose of the student nﬁmber was to maintain confi-
dentiality of individual scores and any other individual dat;_coif
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
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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 givenlthe iﬁstructional computing les-
son according to the group to‘which they were assigned. .
Posttest; A posttest was given to the students one week aftgf
treatment. |
Retention Test. A retentiénltest was given to the students two weeks
after the pos£test. |

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 summar& of the sfudy
was prepared. .

Procedure Ten

Disqussion, recommeﬁdations, and implica£ions. Discussion of
the studyfs findings, recommendations for fufthgr research, and impli-
cations for education gomﬁlete this study.

Limitations ‘
1. The site of the.study was seleéted where the cobperat&on of

the school district and the building principal could be obtained.
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2. The simulation program was a modified version of a commer- .
-cially pfepared simulation. The modification was done by the re-
searcher_and a computer.science graduate stﬁdent. |

3. The drill and practice program was created by a computer
science graduate stﬁdentlunder the direction of the researcher. The
drill and p;actice program was created to,coqrdinatg wi£h the subje;t
matter coniainéd in the simulation. |

4. The classes used in the study ﬁere self-contained.

5. Because the study was conducted in only one school, in one
city, the conclusibns Qeré applied only to that school.

6. The treatment and testing were administered by'the researchFr

conducting the study.

Delimitations

The following delimitations of the study are'idéntifiéd:

1. This research did not attempt to compare classroom achieve-~ °
ment and retention with the instructional compufing achievement and
retention.

- 2. The éxperiméntal treatment involved only two ten;minutellés-
sons per Student. ‘

3. The study‘ﬁas limited to fourth grade studeﬁté at'Emerson_
School, Bozeman, Montané.' |

4. The posttesf was administered immediately foliowing each

individﬁal's last treatment session.
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5. The retention test was,adminiétéred two weeks following the

treatment. The retention test was administered in the-self-contained
classroom to the entire class at one session. A one—déy variation
exiéted-for'somé students f;om the end of posttesting to the'retention
testing. |

| 6. fhis research did not attempt to measure diyergent thinking
that may have occﬁrrgd 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 pfesenﬁgl
a problem for response by the ugef; The user is informed whether he
is correct ér incorrect. .Depending upon the individual program, the
user may be givén another opéortunity to try'qggin or may be given
the qorréctAanswer.

2. Instructional Computing. Instructional computing is infor-

mation that is presented by some type of computer prbgram'with spe-
cific educational objectives.

N . i B \
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'opcuré 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

Instruétiéhal computiné is recognized as having great poténtiél
to affect education of students. At p?esent time there are:four types
of instructional éomputing techniqges.. They are drill agd'praétice,
gimulation, games, and tutorial. Currently simuIation is lookéd upon
as having potential to promote higher 1¢§e1s of ‘thinking. There is
conflict as to whether simulation can proﬁote contént‘acquisition.'

If we are'to realize fully the potential of instructional com-
puting,:we must know how if is affecting the students. To do this;
it ié nécessary'tb'exﬁlore how the various teéhniques are serving the
students. )

In this study,'the.test scores of stpdents parti;ipating in a
coﬁputer drill and practice'progfam weré compared with a compufer
simulétion program. The comparison was made to see if it was indi-
Eatéd.that one program might be more effective forrcognitive acquisi-
tion or retention of content material. The results of this‘ekperij
mental study may be used to determine how'éach of the programs can be
used to'servé the student effectivel&. |

Specific liﬁiFations, delimitations, précedures,‘gnd définif{ons
were presented’gs they applied to the design and implemenpatibn of

this study. .




CHAPTER 2

Review of Literature

Education is a complex process.

Educators face the task of pro-

E viding learning situétions that will benefit both the éognitive and

affective domain of each student.
learning situation for all children
ods and media are continually being
vaiue fhey'may have in'contriﬁuting
ulum committees révise, update, and
of the individual.

The microcomputer has surfaced

attention of educators. "Computers

Just what constitutes a successful

has not been resolved. New meth-
scrutinized as to the potential
to the,child'é education. Curric-

innovate, hoping to meet the needs

as a medium that has captured the

have become so prolific that edu-

cators can ignore them no longer" (Billings, 1980). Watts (1981) be-

lieves that, in order to reflect the needs of the students of today,

computers must be implementea into the curriculum. According to Watts, .
"The challenge,is there for all schools to sﬁccessfully introduce com-
puters and to develop their potential in education." The éaét,that

the ﬁoten;iai is there is emphasized by Stahl's étatemént-(lQ?é) £ﬁatf
"fhe microcoﬁputér is opening a fantastic array of possiﬁilipié; for
_education.”" Ropes (1980), in his article "Bringing Microcomputers

Into échbols," states that "Schools are on the threshold of the-cpm-
puter age . . Those who have worked with microcomputers are strbpgly

of the opinion that no other single piebe of .equipment can do as much
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for educatipn.ﬁ It is believed by those who have worked with miéroj
computers-.in education that the micro motivétéé students to a remark-
able extent. Instructionai computing via the microcompu£er is unex;
cellea at providing opportunities for demonstrétion of student crea-
tivity and logical thinking. Application and value of instructional
computing are possible in all areas‘of the curriculum. Instructional
cbhputing is effective in individualized review and practice of skills
and can giye immediate.feedback on performance.

_brill and practicé and simulapions can be written to work in.al-
most any curriculum; At the present time, drill and practice and games
account fof most of the instructional computer use in the elementary
.school (Billings, 1980). One explanation may be that drill and pf%c-
tice and games are easy to use with the traditional basic skills ac- -
tivities. - Emphasis -is being placed on the basic skills purricuia 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.Aséociates has deﬁelopéd and is marketing mathematics
an& phonics programs. The mathematics program is a combination drill
and pr;éticé with tutorial available when needed by the learnerl

Teachers are under pressure to raise tesﬁ scores and build ékillg.‘
According tolBillings (1980), drill and practice can "create better-

skilled students. . ." Yoshida (1980) pqinted out in his study that
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many edchtors tend to igngre the drill and éractice technique needed
to consolidaté-a céncépt. He feels ;hat educators just move onlto'
new concepts. In his stﬁdy, he in&icates three condi;ions thaﬁ must
be sa;isfied in order to have a successful dfill and fracfice. The
thfeg conditions are sequencing, aptitude of the learnér,.gnd the type
of driii and pracfice. The types of drill and practicé,'a;-he defines
‘tﬁém, are "branched" or "fixed". A branched drill énd précpiﬁé is--
‘described aé fa&aptiQe t; the ability of the learner." The fixed
drill aﬁd.practicé is defined as one which “ignores the abilitﬁ level
of a learner and involves broblems of all.difficulty levgis." Drill -
and‘practice through instructional computing can be set.up as ei;her
branched or fixed. Instént feedback with opportunities for making
correctioqs‘may be incorporated into drill and practice through "in-
" structional computing. Briésqn‘(1980) points out one value of in-
structional computing as providing an'oppbrtunity to allow students .
to practice and learn on their own with.immediate feedback on their
progress. It is feltAthat'a self-testing afproach'allows students
" the opportunity té imprer'on their own. | | |
According to Taba (1967), "Curriculum is a system of teaching.
someéne something by a process.f It ;oﬁsists of. the foliowingielef
ments: . | |
1. The objective to be obtained

2. . The selection and organization of content




17.

3. The seleétion and organization of learning experiences to
bé provided. | | |

4. The formulation and organization of_the tea;hing strategies
to be‘embloyed. |

The three cognitive tasks involved in 1earﬁing are: 'concépf for-
mation, interpretation, and application. A simulation can provide an
opportﬁnity to develoﬁ ail three t;sks &efined by Taba. The primary
emphasis 6f-simuiation, aécording to Cohen and Bradley (1978), is‘oﬁ
"active rather than passivg participatioﬁ to give pupils almeaﬁiﬁgfui
learning expErience."‘"Thelactive participation leads to motivation
which.helps develop greater interest, which in turn leads to longer
'episodes for learning. - |

The increase& sophistication in the development of graphics aﬁd
- animation adds another dimgnsion to simulations. Impqrtant and novel
kinds of learning experiences are possible fhrough this method (Sagan,
1977). The future uée.of holographic‘images will add still another .
" -dimension to simulations.: Holography iﬁco;porated into a simulétioﬁ
will make possible simulations which ‘closely approximate real life.
While the use qf holography sounds like the ultimate in froviding the
1earn¢r with the besf'poésible‘simulation;:studies by Rigney andeﬁtz
(1976) fouﬁdzthat copying real life pictﬁres were less effective in
conéept attainmgnﬁ than logical, animated or schematic.represenfationé

~of the real object. One of the strengths of simulationlgeems to-be
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its ability to pfovide an abstract representation of the feal event
;nd allow students to analyze what occurs.

Simulation games havé_been in existence for some time. ‘The mi-

- crocomputer has made effective use of simulations by pfesenting sit-
uations that would otherwise be diffigult to consider. The‘numeroué
variables and'speed'of ﬁrocessing and presenting the coﬁseéuences of
the user's decisions by the microcomputer makés simulations an area
‘worth investig;tingl

Taba, Bloom and others remind us that to &evelop indepéndéntu
"learners, the curriculum and instruction must contain goals and'ob-

jectives that use higher-levél thinking skills, Cufricuium and inj

struction are still concerned with acquiring knowledge. According to
Steffin t1981), "Much of elementary-seéondary 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

.apply p;eciéely the same'process as his or her classmates."

It is ‘quite possible that tﬁe microcoﬁputer.is the vehicle which -
will promote divergent tﬁinking in 1ea£ners. Beqause.of the mic;d—
compqter's'capabilities of rapid interaction, a new door_is opened
for qgﬁ‘experiences in le;pning. Through .the use 6f comfuter simula-
tions, we may have discovered a keylﬁo divergent‘thinking. |

-Steffin (1981) has sét up three conaitions which must bg met to .
appl& diveréeﬁt thinking to intellectual/cogniti?e 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 fry 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 hay 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 prdgram allowed

the teachers to repeat items. as often as necessary in order to master
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'£he skills; In this particular'simulgtion, teachers inte;acted with
the simulated étudents by "correcting" the weaknesses. . .and observing
changes in reading behavior. The program actually acted as a lab,
giving.thé'tgachers the chance to éxperimént with the methodé and
theoriesllearned.in class. The program was evaluated "to determine
its usefulness as a supplement to classroom instruction." The evalua-
tion cqmpafed the meah posttest scores of £rainees'who'received both
computer énh classroom instruction with-those who received only class-
room instruction. The ﬁean'pretest scores for both groups showed no
significant difference. A éignificant differgncé.appeared.after frgat-
ment. ?oéttest scores showed a sigﬁificanﬁly higher ﬁean score'for'
thg'treatment group than for the. control groﬁp. The control group
then received the same treatment. After treatment, the control group
received a second posttest. At tha? comparison, there was no~signifi-
éant difference betﬁeép the two groups. An‘evéluation was made to }
.discover'the retention of the material over a four-weék.period. The
results showed no éigﬁifidant loss of retention of the simulation ma-
terial. Findings indicated that simulation was an efféctive method
for thé purpose described. According to Boysen and Thomas (1979),

", . .further plans call for the development of an iqstrument which
wili determine the extent of léarning at the application level. It

is at the appiication lével 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 acqﬁisition for some in enhancinglﬁargaining, persuasion, de-
cision making, and communication. There was some evidence that sim-
ulation spﬁrre& integrative thought processes.. As far as cognitive
learning, Shay §tated that, fIf factual-intellectual outcomes are de-
sired, simulation should;not, perhaps, be the préferxed‘teaéhing
technique." On ihe otherrhand,'theré was no evi&ence fréﬁ control-
group experiments that simulations handicapped students in terms of
cognitive.learning and performance.

vThe commércially preparéd program "Ofegon 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 cém-

pleting the simulation, students were given a follow—up test. The
test results indicated aﬁ increase in the students' recall of event-
related facts (Osborn, 1981). - o - o
According to Shay (1980), ". . .while it cannot be proven that
expefience is the best teacher, it can'certainly be said that the
vicarious and pgrtial experience providéd 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,'Cohéﬁ and Bradley (1978)

described some of the academic values of simulation. "Games go a long
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way'tbward getting children involved in underéténding language, social

drganization, 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--és 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

Aat the higher levels of cognitive processl This may be the highest'

" and best use of instructional computing.

To determine what effect simulation has on studehts may be diffi-

cult to meaéu;e. Cohen and Bradley (1978) cited that research on sim-

ulation‘games, especiaily in the elementary school, has béep 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 teachér or the director in.éettiﬁg
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the tohe, the question of whether out51ders should-evaluate the ef-
fectlveness of the slmulatlon and the1r p0551b1e 1nf1uence on the ac4
t1V1ty, the environment and the type of pupils who engage in the
- games, the. difficulty of getting accurate and valid instruments td
measure short-term changes in attitude, the consideration of the
Hawthorne effect, andlthe immense érobiem of generalizing about sim-
ulations from one particular simulation."

Chen (1978) found in her study that junior high studehts'over-
whelmingly preferred'the simulation games to the traditional class-
room techniques. She cited that WingﬁtSed two computer simulation
gamea with two groups of sixth graders.. One .group played the th '
simulation games‘individdallyvat computer terminalsi The control
group worked with the subjeét'matter by traditienal classroqm meth-
ods. Results showed that the experimental group outperformed the
control group on the criterion test for one of the simuiatian games
while the control group outperformed the experimental grpub on the
test for the other simulatioh game.

Coleman, Livingston, Fennessey, Edwards, and Kidder (1973) have
stated that simulations and other types of experiential learning are
not always effective in helping studenté transfer to other areas the
generalizations from the particular game experience. - Cahen and Bradley
(1978) stated that "It is probably because (generallzlng) is the weak-

est link.in experlentlal 1earn1ng and that post-game discussions appear
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to be very imﬁorﬁaﬁt iﬁ the expe;iential learning that takes place in
simulation games." They concluded that the "appropriate mix of exper-
iential and information pfocessing modes of 1§arning" might make
leérning in schoollmore effective. | u

Yoshida (1980) stated that "One of the principallobjeétives of
education is the understanding of concepts. To consolidate a concept ‘
in a learner's cognitive structure it is neqessary'to develop pfoblem-
soiving skills for thaf concept." |

Yoshida's study dealt with the,usé of threé drill and.ﬁractice
programs.to determine which'ﬁefe syperiof in acquiring the skill of
division. The results indicated that gains made from pretést 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 proérams used
did not give feedback as to correctness. Thé students did nof find |
out how they performed until answer sheets were returned on the fol-
lowing day. Researchers.feel that if differences in studént characg—
eristics had been considerea? the branching type (adaptive £6‘1earn¢r's
ability) would have_béen 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 abilit&, rate of leafging and motivation

for further learning when provided with favorable learning conditiqné."
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Bloom goes on to state that "Ins;ruction consists of the implementa-
tion of.teaching-learning aptivities." )

:As educatofs, we have the responsibiiity to find the appropriate
teaching~learning activities to facilitate learning for each studént.
In the case of instructional cbmputing, it is important that we under-
stand i£s potentiil and ﬁhen fit the'computer'to the student's needs,
n&t force the s£udent to fit the compuper.

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 omn studénts_in the area of content acquisition and reﬁention.

-}The limited amount of time that students were gvail;blg fér this
particular study necegsitated.a review §f the literaturé‘that diécussed
achievement and fetentiog related to time on task.

In an article by Good and 3eckman‘(19785,'it is stated that
"Pupiis' achievement in school seems to be related to involvement in
‘tasks., If the§ aré to master material, they must engage in it and
react to it--read, make response. It is suggesﬁed that.achiévemeﬁ;:

~is related to time for leérping and opportunity to learn." Jﬁst how
- mﬁch "time" is'neceséary was not specifically referenced -in this ar-
ticle. In the article it was suggested_that daté indicate that
"learning is positively related to low rates of time lost because of

poor management of classrooms. . ."




26
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
. ' T .

on task and the learning that occurred. Huwiler (1979) says_thai
"Quiék.learning is possible; . ." The basis for this type'of learning
ma& have come from telévision commercials and radio advertisiné.
Braden (1979) teaches a visual literacy and communibgtién course
that is structured around television commercials. He found that one
can teaéh,morg'than one might expect in 30 seconds o¥ legs. Bréden
asks, "What does it @ean that today's students--and many of the rest
of us for that matter--can spout advertising slogans, sing product
jingles, and itemize whaf goes on a sesame seed bun?" According to ’
Bradeﬁ,‘what it means is that Madison Avenue 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 dozén or so com-
munication st;uctures thgt are the basis af all commercials. Braden
feit théf éducators should give "serious though£ to new presentation.
stratégies that draw upon self-contaihed, extremely brief perhaps re-
petitive learning messages.' The obvious and simple message is 'brief,
but often'.”" He felt thét'repetition to the point of mental satura;

tion aids recall.
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Braden also suggested-some‘not-so-obvious things we should notice

about. commercials. They are:

1. well-organized

2 purposeful )

3. - based upon the analysis of the person the sponsor hopes will
~ view them

4. designed with a concern for affectlve as well as cognltlve
. ,1mpact

5.. intent of capturing and holdlng viewer's attentlon

6. . use a variety of technlques.

The. list is representative of whet educatqrs advocete 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 limitee to that which is critical
to phe 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 leafning method. Quick
qrill apd tutoriné:invelving simple rule applications work well with-
this technique. It would appear that.the microcomputer-eould be the "
vehicle to provide the information usiqg both sound and<§isua1 ap-
froaches. |

While no one claims that the microeomputer will be an educetionai

panacea, its usage is a growing part of our educational system. We
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must‘invéstigate the imp#ct of igstruttional computing as it is being
used'today in order'to‘guide its use in the future.
§tmmarz o . ._’ |

In a review of the 11terature; it was 1nd1cated that the area of
instructional computing holds strong potentlal to affect the education
'of our students. There are st111 confllctlng thoughts as .to how ef-
fectiVe instructional computlng is. Stahl's (1979) statement that
"The microcomputer is opéning a fantastic array of possibilities for
education" is not disputed. What is needed are investigations to de-
términe-how weil the micfocomputen is ;ctually suéceeding,in hélping_
the student.

The use of microcpmputers in the educational setting ts increasing.
Educatoré must investigate the impact of'instruttional computing as

it is used today in order to guide its’use in the‘ﬁﬁtpre.




CHAPTER 3

Procedures

Introduction

In this s£udy, the effects of'a compﬁter drill an& préctice pfo-

. gram and a computer siﬁulation program on students' content ac@uisition
and retention scores were investigated. Data were analyzed to see if
either program techn;que indiéated mére effectiveness in promoting _
content acéhisition or reténfion of the material presented. -

. . i

Site of the Research

.The research took place in Bozeman, Monténa, during the month of
' February, 1982. ‘The school testing site was Emerson School. Emerson
is one of the five elementary schools in ﬁozemaﬁ School District 7.
All five.elémentapy schools are composed of kiﬁdergarten tﬁrqugh fourth
grade. The classes are self-contained. Some students receive addi-
tional individual instructioq thrqugh the resource fqom, speech ther-
apist, gifted and talented program, and Title I. Tﬂe students are
'téught music and physical education by é sﬁecialiét in that particuiar
area. Emerson School Qas selected becausé of teacher cooperation. |
Emerson was also.séleétéd because it has three four£h grade class-
rooms whilé some of the other schqols have on1§ two. The three
fourthlgrgde classroomg provided an adequate number of studeﬁfs for

this study.
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Assignment of Students

. Fourth grade students were randomly.gssigned'with computer assis-
tance to onequ three‘inétructional computing groups: 1.) drill and |
practice (DP), 2.) simulation done indiﬁidually (Si), 3.) simulation -
- done in a group éf three (SG); ’

Assignment of Student'Numbérs

All fourth grade students were assigned a stuéeht number which
was used throughout the study. The purpose for ‘the student number
was to maintain confidentiality 6f individual scores and any other
individualvdata that were cbllectéd during the study. The student
number waé uséd on the pretest, postteét and retention test. The stu-~
dents' names were not uséd at any otﬁef time during the study other
than assigning each to the instructional computing group.

Testing Procedures

‘ Pretésting. _All s;udents'who participated in the stﬁdy received-.
a pencil and_pape? pretest. Thg pretest was given in the regular
} classroém by the researcher.

| The pretest results were sﬁbjécted to.énglysis of variance (ANOVA)
to determine equivalency of the three instructional computing groups.
If the instructional computing groups wefe showﬁ not to be equivalent,
the students would‘have been reassigﬁed until quivalency occuf;ed.
The prefest d;ta‘were.subjectéd fo 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
instrcment as the pretest. The posttest was administered 1mMed1ate1y
after an individual had finished round two of the lesson. . The decls-
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 posttestlng could have varied from one day to one week 1f

.posttestlng had occurred after all students had completed the treat-

ment. It was felt that that much variation m1ght affect the accuracy
of the study. To have designed the testlng perlod dlfferently would
have extended the t;me necessary for the study. Because the researcher
was already cecsing a certain amount of intefruption of the students}

schedules, this course was not taken.

Retention Testing. Two weeks aftec taking the posttest; the stu-
dents!received 5 retentidn test. The instrument wes the same as the
pretest and posttest. It was admtnisteced in the individuai class~-
rooms. | |

All the teste were administered; scered, and cecorded 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 pbjectivés 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 Universify 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 not used in the study. The instrument

was administered'ﬁo;the group twice. Tﬁe intervallbetwgen the first
and second adminisfration was two weeks. A Pearson correlation.csef-
ficient of .63 was computed with a probability of .00 which was sig-

nificant at the le.leVel. Becéusa the correlation was low, one must
use cautibn ih‘making generalizationé;-

T;eatment |

_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: 1.) 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 wefe used in this progfam.

The DP program presented a quéstion that asked whether a particu-
lar sp;cies of fish could eat certain othér species of fish. The stﬁf
dent respondea with a yes or no answer. The student was then informéd
of the.copréctness of his response. If the response was incorrect,
.the cbrrect answer was given. After méking several comparisons ofh
fish, the student was asked questions about the'survival of the-dif-
ferent species of fish when encountering an osprey and .an otter. Thé-
.same respohse-feedback pattern used in the other questi&nsvwés fol-
lowed for this part of the program. The combinations of the-two com-
p;risons,for each queétion were generated at random.  Therefore, if a
student responded incorrectly to.a question, that'combination was
likely to be presented again;

The simulation program used in the study was.adéptgd.from-ODELL
LAKE. ODELL LAKE, prodﬁced by Minnesota KEducational Computing ansor-
tiom, is a sinulation about fish survival. Both'the»SI.and SG gfoups
used this programu 'The:adaptatipn was made to reduce the number of
"fish from six to three. The length of time for the'tfea£ment was n§t'

long enough to accommodate the program containing six fish. Some other

modifications were made so that amount of information on the screen .

was less ‘than in the original program. . This was done to accommodate
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the feading 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 rdle play. An animated‘represén-
t#tion of that fish appeared on the screen. The studen£ was told he
‘'was that fish. Representation of a different fish then appeared on
the.screen. The student was told whafISPeéies the fish w#é. He was
then given options‘of chasing it, ignoring it, eating it, escafing
deeper, or escaping to shallow water. After several options ;oncerﬁ—
'ing fish, the student determined- what options to take when encounter=-
ing an osprey or an otter; After selecfingjén option, the result was
shown through animated graphics. For example, the osprey might fly
down an&>snatch'the‘fish if the decision was to igqore the osprey. A
written description'qf what happened followéd the éraphié presenta-
tion. |

The difference in treatment for the SI and SG groups Qas as fol-
lows: the members of the SI group received and resﬁpnded 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 proyided'by the lesson before .

making a respohse.
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 wheﬁ they ﬁére rgady to go on. This was done so that differ-
ent reading'rétes could be accommodated.

Stqdents were giveq two instructioénal computing‘sessions accord-
ihg té the type of program to which each had bgen assighed. The pro-
g?am for each session was the samé. Each session was ten minutesl A
~ timer was:set.when the session beganﬂ Sessions which exfended béyond
the'ten-minute limit would have been eliminated from the study. No
' - session- exceeded the tén—hinﬁte limit. Construction of £he'program
did nbt.conétitute.stopping and starting. Both.programs bresented
various and continuélAdombinétions of the coh;ent information. There-
fore{'students were not. aware of the numbe;'of times they may havel
gone through the inforhation. The treatment took blace in a separate
room set aside for this study. | |

Because this study invélved using two ten-minute sessions? it.
was necessary to cite research in which it was indicéﬁed that learning
‘and rétention can occﬁr within $hort time frames. Huwiler (1979) bej
lieves'that‘"quick iearning is possible." He based this tHought on
réseérch that helhad done involving 1earhing that comes from televis=
ion anQ‘rédio‘commerciqls. Bfaden (1979), who teaches a visual 1i£er-
acy course that is structured around télevisioq commefciais, has féﬁnd
that one can £each more than one might expect in thirty §econd§ of'
.less. Hé'has found that ten;seconds to one miﬁute méy'be adequate

time to present certain types of information that is to be' remembered.
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Good and Beckerman (1923) believe that student's‘acadeﬁic achievement
is related to ﬁask involvement. According to Good and Beckerméﬁ,.if
students are to maste# material, they must "engage in it and react io
it-;read, make response.® Huwiler ;dvised that the vehicle £o provide
the information shouid’pregent 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 scores. The pretest scores of the individual stu-

dents, using their student number rather than their name, were com-
piled; bescriptive statistics for each instructiophl computing group
was computed and the results were pfesen£ed. 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 froﬁ pretest to posttést were analyzed for each group.
Comparisons of treatment group gain scores were made. When a signif-
icant differenée occurred, further analysis usiné Scheffe was per-
formed to isolate the differencé. A significance level of .05 was

chosen.
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3. Retention scores. Retention scores were compiled for in-
diyidua}s.. Group means for the DP, SI, and SG were computed. Gain
scores from preiest to retention test énd from pogttest'tovretention
test were analyzed using analysis of variance (ANOVA), LSD, defingd
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 stﬁdy dealt with the performance of the
. students in the three instructional computing groups.
The hypoppéses were as follows:
'1.“ There is a difference in drill and practice scofés frpm‘pre-
test to posttest.
2. There is a difference in drill and practice scores -from post-
;es; to retention.test.
3. There is a difference in drill and practice scores from pre-
test to retention tesﬁ.
4, There is a difference in scores from pretest to posttest
scores in the simulation done individually.
5; | There is. a difference in scoreé from posttest to retention
test ih the simulation done individﬁglly;
| 6. 'There is a difference in scores from pretest to retention

test -in the simulation done individually.
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7. Thére is a difference in scores from pretest to postteét in
the éimﬁlation dbné in a group. |
8. There is a differeﬁce iﬁ scores from posttest to reténtion
test in the simulation done in a grouﬁ.
9. There is a difference in scores from pretest to retention
test in the simulation done'in a group.
IQ. Given a pretesé and a posttest, fhéfe will be a difference
in students' content acquisition change scores fﬁr:
a. the drill and practice program and the simulation dgne
individually
b. tﬁé drill énd practicelproéram 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, there will be ;-dif-
ference in students' retention change score for:
a. the drill apd practice program and the simulation done
individually
" b. the drill and praétice 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 ;tudents' fetention change score for: |
a. the.drill and practice program.and the'simulationldqne
individually

- b. fhe drill and practicéAprogfam and the simulation done

in a group

c. simula#idn done individually and simulation do;e.ih a

group.

Sfatistical Analysis

Descriptive Statistics. Descriptive statistics was used to de-

scribe each instructional computing group's pretest, posttest, and
. retention test.
~ ANOVA. - In order to compare all three instructional computing

groups, analysis of variance (ANOVA) was used.

Precautions Taken for Accuracy

The tésting déne in this study was conduted bylthe researcher.
The researcher also scored and recorded the tests- ' Studen£s' tést
scoreg wére,recorded on test.score sheets using student numbers in-.
stead of student names.

The data anal&sis w&siconducted qnder the direction of the re-
searéher}s major‘advisor, Dr. L. W. Ellerbruch. The analysis was done

on the Hone&well level 66 computer at -Montana State University using

SPSS.
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The final data set was verified égainét the raw data.

Management of Situations Beyond Researcher's Control

The following situations were considered in order to propgrly
manage this study: o

1. Scores that may have been recorded_fqr a student were de- -
' leted if the student left schooi, decided not to participate in the
study, Sr was absent, which resulted in misSing any of the requiréd
- treatment or.testing; |

2. Testing, scoring, and recording were done by the researcher.

3. Presentatioﬂ of the instructional compu;ing lessons did not
véry because of their nature. What was contained in the computér pro=-
gram'could not unintentionally be changed to vary ﬁhe presentation.

4; Verification of data occur;éd at each stage by the resgafchﬁ
er's major advisor, Dr. L. W. Eilerbruch.
Summary

This study was -designed to examine the effects.of ; computer drill
and practice prééraﬁ'and a computer|siﬁu1ation érogram'on students'
content acquisition and retention scores.

Three instructional éomputing groups were established. The groups
were as folloﬁs: 1.) drill and practice (DP), 2.) simulatibn:doﬂe
individually (Si),'3t) simulation done in a_gfoup of thrée (SG). The

groups were composed of the fourth grade students at Emerson School
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in Bozgman, Mbntana; 'The'experimental periqd was during §h¢ month of
Februafy, 1982. |

All three of the instructional c$mpqting groups'subjécts received
the same amount of time on the computer program to which they were |
assigned. | - :

Data collection included pretesting, postéesting; and retention
testing.. The instrument used for'those burposes was developed by the
designer of this étudy.' Validation was done by DrilPaul Markovits
and Dr. Elnora.Old Coyote, Montana State University elemehtary science
education specialists. Reliability was established by'administgring
the instrument to subjects not involved with the study.

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

Statistical analysis was supefvised'by Dr. L. W. Ellerbruch,
Monténa State'University eiementary math education specialist. "The

University's computer was used for the stétistical process.




CHAPTER 4

Data Analysis
This study was designed to examine the effects of three insﬁruc-
tional computing approaches on students' content acquisition and re-
tentipﬁ scores. |

Overview of Design

. In order to examiﬁe the effects of inétrgctional computing, three
treatmeht.sequenées were designed and’implemented at Emerson School
in Boéemaﬂ, Montana. The treatment groups were composéd.of fourth
érade students.frém three sélf;coﬁtgined classrooms.

Students wére'randomly assigned to one of ‘three instructional

computing treatment sequences by the aid of a random number p;ogram.

implemented on the Honeywell Level 66 computer~at Monana State Univer-
sity. The instructional compu;ing treatment sequences used in this
study are designated as: 1.) individuéi.d;ill and practice (DP),
2.) iﬁdivid#al.simulation (SI), and 3.) group simulation composed of
three students per treatﬁent group (SGj.

Aftér studéﬁts had been assigned to an instructional computing
treatment sequence, the.studénts were assigned individual code num-
bers. Those code numbers were used for ;coring, recording énd

analyzing the data collected in this study.
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A preteét was administered to all students participating in this
study. Based oﬁ this pretest, equivalency of the three treatment
groups was verified. | !

Students received two tgn-minuté sessions of an instructional
computing'lesson-accofding 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 instructioﬁal period, a posttest was administered to
determine if the instruction had produced any change in scores from
pretest tq posttest as a'result of tréatment. The posttest wasnaléo
used to determine if a difference occurred between groups.

The same instrument was used two weeks after thehlast instruc-
tional 'session as a retention test. All tests were adminiétered,
scored. and recorded.by'the researcher. The analysis was done on the
Honeywell Level 66 computer at Montana State University using'SPSS
under the direption of Dr: L. W. Ellerbruch, Montana State University
elementary math education specialist. |

Organization

' In Chapter Four is contained the presentation aqd discussion of
the results of the data analysis. The resul@s are_preseﬁted and dis-
cussed in the following order:

1. Pretesf’results to establjsh equivalency of treatméﬁt'group

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

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

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

‘Statistical Technigues

T-test, descriptiée statistics, LSD, and analysis of'variangé
(ANOVA) ﬁere.the statisticai tools used for the data analysi;-for this'
study. A significance level of .05 was ;hoseﬁ. When abpropriate, |
further analysis Qas perfofmed-using.Scﬁeffe to isolate treatment dif—
ferences. -
Pretest |

| The pretest was administered to students from the.threé fourth
g?ade clésses participating in the study. |

| The treatment -groups were deterﬁined'to be equivaient by usé §f

.‘the t-test. The pretest séores were 1a£er'used to éompufe gain score
(pretest‘to poéﬁtest)vand net gain score‘(prétest‘td ?eteﬁtion.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 1.06hwhich 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. Pré#est Comparability for Treatment Groups

" Group N Mean SD
pP 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 pérticipants had completed round one, the second ten-minute in-

structional sequence was admipistered in the same manner.
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'.Ppsttest

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

-After treatment and posttesting, data were analyzea according to
. treatment groub. Means and mean gain scores were éompﬁted and then
analyzed. The purpose of this analysis was to determine whether ;heré
Weré differences in treatment group scores.

Posttest means by treatment group are shoﬁn in Table II.

Data from the posttest means wefe 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. 1In Fhe anaiysis
.i£ is sugéested that there was no difference in posttest means for
the three t?eapment groups. It may be concluded that'th¢ three treat- .
ment groups were equal éf the end of treatment and posttesting. Be-
cause the three different tretments did not result in differences in
scores,-we can'concludé.that none of the tregtment techniques was more

 effective than another.
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Table II. Posttest Means for Treafment Groups

Group N Mean ' SD
.DP 17 . 6.52 3.02
ST 20 . 7.75. 2.31
s¢ 21 7.09 . 2.70
F ratio .96 ' - P value .39

Posﬁtest Means Compared to Pretest Means
Eaﬁh treatment group's posttest and pretest mean was compared.

This comparison was pé?formed.to determing whether there was a differ-
- ence in students' scores after treatment.
| The means of the DP treatﬁent 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 changgd frpm a pfetest-mean of 2.20
. to 7.75 on the posttést. A t-value of -10.56 was computed. The means
of fhe SG treatment group changed from a pretest mean of 2.60 io 7.09
for thé posttest. The t-value was computed at -7.99. All threé treat-
ment groups increased tHeir scores from pretest'to poéttest at a,sigL
nificant level. It may be concluded thét content acquisitidn occurred
during the time frém the preteét fo tlie po;ttest 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'inferfed-that the
treatment;was respﬁnsible for the inc%gase in scores. |

In a search of the literature it is indiéated that ﬂop much re-
search has been done to detérmine the effectiveness in using simula-
tion as a technique to prométe coﬁtent ;cquisitigh (Cohen and Bradley,
1978). In the research that has been done it is indicated that ﬁhe
vaiue of simulation ma& well lie in promoting divergent thinking rather’
than leérning content material. Conflicting vie@s are expressed con-
cerning the effectiveness of simulation as a heans of promoting con~"
t¢n£ acquisition (Boysen and Thbmas, 1§79). According to the litera-
'fure, one might expect that content acquisition Qould ;ccuf ﬁsing the
drill and praétice approach. It.might be doubted that contént acqui-
sifioﬁ would occur using the_simqlation_approach. In the results of
this ;tudy it.is indicatea that content écquisition can occur using
the simulation technique.

This iﬁfofhation is presented in the fbiloﬁing tables: In Table .
IIT are preéenfed the results of data subjected to ANOVA. In Tables
Iv, v, VI, and VII are preéentedtthe t-test results. The t—Valué,

degrees of freedom. and correlation probability are also given.
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Tabie III. Pretest to Posttest Means for Comparison of Treatment

Groups
Pretest - ' - Posttest
Group N . Mean SD Mean - 8D
DP 17 ~3.00 27 . 6.52 3.02
SI. 0 2.20 1.47 7.75 2.31
S6 21 260 135 7.09 2.70

Table IV. T-Test Comparison of Pretest tofPosttgst Means

DP Treatment Group .

N Mean Ssh
. Pre 17 - 3.00° 2.17
Post 17 6.52 3.02
t-value = -4.69
probability = .00
mean difference = =-3.52
_standard deviation = 3.11




50

Table V. T-Test Comparison of Pretest to Posttest Means
DP Treatment Group
N Mean SD

Pre 20 2.20 1.47
Post - 20 7.75 2.31
t-value = -10.56
probability = .00
mean difference = =555
standard deviation = 2.35

Table VI. T-Test Comparison of Pfetest_to Posttest Means

SG Treatment Group

standard deviation

N Mean SD

Pre 21 2.60 1.36

Post 21 7.09 2.71
t-value = =7.99
 probabiljty = .00
mean difference = <4.,52

2.67
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Table VII. T-Test Comparison of Pre;est.té Posttest Means for Treat- -
. ment Groups E

Pre to Post ‘Mean Dif sD - T P

DP . -3.52 311 . - 4.7 .00
ST . -5.55 2.35 -10.5 - .00
.86 -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 éarticular type of treatment would result in dif-
. feren&es iﬁfcohtent‘écore.

-Gain scores for each treatment group were Eompﬁted by subtracting
the preﬁest mean from the pésttest mean within each group.

An F score of 2.69 with a probability of .08 was computed. There
was no significant diffefence at the:.05 level.\ This information would
lead us‘tb conciude that none of the three treatment groups was more
effecfive_in promoting content acquisition. However, LSD procedures
' perforﬁed.on'the éame data showed a signifi;ant difference at the .05
level when comparihé_thé DP group with the SI group. The SI group
had a mean gain of 5.55 wiﬁh 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 compariﬁg 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 differenée occurred when compariﬁg the DP and
the SI, Scheffe procedures were used. to attempt to locate the differ-
ence ét the L05 level. The-fésulté indicated no two groups were sig-
nificantly different at the .05 level. LSD proceduresltend‘to be more 7
sensitive ;han Scheffe procedures, which could ac;oﬁnt for the differ-
.ence béing picked up by LSD and not picked up by Scheffe. - Although
there may be a‘difference.in gain score from pretest ﬁo'posttest'when a
compériﬁg DP‘and.SI,-i; is not so strong as to be demonstrated by.:
Scheffe. Thus, the implicafions may have to be ques;ioned.

All three treatment groups showed a positive gain score. Based
. on. the results of the tests, it can be inferred that the threg types
of'treaﬁhént uged were efféctive in instruction. If the.type of
. treatment. influenced the gain score, it can be said that the SI ap-
proach daé mofe effective than the DP approach. It is important to'
. keep in mind that. the more sensitive'LSD prqceddre iﬁdicatéa a differ-
énce whilé‘tﬁe less sensitive Scheffe proceduré did gﬁt locate a dif-
ference. .

In Table VIII is presented the information for each qf the treat-
ment group gain scores. By the asterisk (*), a signifiéant,difference

at the .05 level iélidentified.
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Table VIII. Gain Scores from Pretest to Postest for Treatment Groups

Group . .- N Mean . SD
Dé : 17 3.52 3.10%
' SI 20 N 5.55 2.35%
SG | 21 4.42 | 2;73

*indicates a 51gnf1cant dlfference 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 retentioh.test
was administered to the three treatment groups. IThe iustrumeut uood-
was the same instruuent oduinistered as the pretest and‘posttest{
The retention tesr was administered in a single session in each in-
diyidual'classroom. Three studeuts-were tegted three days after the
reéular.retention test date.becauso‘of absence from sphool.

The purpose of the rouention tesfing was to determine whether
there wos,é difference.in scores of any of the three treatment groups.

ANOVA was used to compare treatment group retent1on means. The
'analyols showed no significant difference at the .05 level. The F
' ratio was computed ao .26 w1th the P value of .78. The treatmént

: groups were con31dered equal - at the end of the retentlon testlng
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Since no difference was found, none of the treatment techniques used
can be considered as mqreleffective than another.
In Table IX are the results pf the analysis of retention test
means. o

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 teet. It can be concluded that all three treatment techni~
ques were effecfive in retention of the acquired content material.’

" In the -following tables is shown the t—test_comperisqn of pre-

test to retention test forlall three treatment groups.

Table IX. Retention Test Means for. Treatment Groups

Group N . . Mean - 8D

DP 17 . 7.00 3.08
ST . 20 . 7.60 , 2.14
S6 - o2t . 7.19 2.68

F ratio = .26 o -'__.P value = .78
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. Table X. 'T-Test Comparison of Pretest to Retention Test Means

D? Treatment Group

N L Meap X 1))

. Pre 17 ..3.00 2,17
Post . 17 7.00 ' 3.08
t-value = -5,58
probability - = .00 .
mean difference = =4.00

Sténdard‘deviation 2.96

Table XI. T4Test'Coﬁparisqn of Pretest to Retention Test Means

SI.Treafﬁent Gpouf

N . Mean ~ . 8D

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

SG Treatment Group

N . Mean SD

. Pre ' 21 2.57 o 1.32

Post o 21 7.19 2.67
t-value = -7.65.
probability = .00
mean difference = ~4.61

standard deviation 2,76

Tablé XII1. T-Test Comparisoﬁ of Pretest to Retention Test Means

Pre to Ret Mean Dif Sh ) T P

DP . =4.00 " 3.00 - 5.60 . .00
SI _ . =5.40 2.30 -10.70 .00

 SG -4.61 2.76 - 17.70 .00

~Posttest to Retention Test

- A t-test was‘ﬁseduto compare posttest means to retention test
means for each treatment éroup. Tﬁe cohéarispn was made to determine
_ Whether'there was a difference iﬁ treatment group scores from post-
testing to refention testing. No difference was found in any of the

treatment groups. It can be concluded from the analysis of the"
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L ' scores that each treatment group maintained

acquired.

retention of the content

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

- DP Treatment Group

N Mean

SD

Post 11 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

standard deviation 2.43

N Mean SD
Post 20 7.75 2.31
Ret 20 7.60 2.13
t-value = .28
probability | = .79
mean different = .15
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Table XVI. T-Test Comparison of Posttest to Retention Test Means

SG Treatment Group

N Mean 8D

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 Prétest to Retention Test

Gain- scores were compufed for three treﬁtment gréups and com-
fared by ANOVA. The comparisons were made to‘determine whether therg
~ were any differences in gain scores for the three treatment groups.
No difference.occurrgd'between the three treatment groups' g;in score
from pretest to retention test.' This'indicatés that ﬁone of the
treatment ;echniques waé more effective in promoting retentioﬁ.of the
¢onteht mate?ial;_, |

fhe results of the pretest to retention.test gain score are

shéwn iq Table XVII.
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Table XVII. Retention Text Gain Score Pretest to Retention Test

Group V N Mean SD
np 17 - 4.00 ' .-2.96
SI ._ 20 5.40 | 2.26

. Sé ' 21 4;62 2.77

F ratio = 1.29 - P value = .28

Gain Score From Posttest-to Retention Test

Comparison by ANOVA showed no differepnce 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 ~ Mean © SD
DP 17 47 17
SI 20 -.15 - 2.43
SG | 21 .10 1.87

F ratio = .43 ‘ P value = .66
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Summary

In Chapter four are'présented the results of the pretesting,
postteéting, and reténtion]testing'of“the three treatment groupé in-
‘volved in this study. o

Data were analyéed'and épmpiled for the foilowing:‘

1. -Establishing equivalency of treafmenf groups

2. Results of pretests for the‘fhree treatment groups

3. Results of posttests for the three treatment groups

4. Results of retention tésts for the three treatment groups.

ANOVA was used to compare the three treatmen£ groups. The»threé
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 cbntgnt 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 differencé did occur, it must be noted that the difference

. was notlgreét 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 nbne 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 throughoﬁt'the two-week retention period.

An important observation about simulation a; a vehicle fo;
learning content material was noted. Simulation has been claim;d to
be valuable for promoting higher-level thinking (Boyseq and Thomas,
1979). Suggestions have been made that simulation may not be.g de-
sirable method for learning content material (Shay, 1980). This
study has found that certain content material can be 5cquired ;hrough
simulation. |

Studies have been limited on retenﬁion of material acquired
through simulation. In this study is indicated ﬁhat 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, nof
by this study. |

Huwiler's (1979) fheory that "Quick learning is possible" seems

to be verified in this study. A significant difference in content
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acquisition océurred froﬁ pretest to posttest and from pretést tq're;
tention test for all pﬂree groups. These students a;quifed the con--
tent in two ten-minute instructional computing sgésions and retained
the content througHout the two-week retention period. There was no
- other time spent on gqquisition of the matérial. It seeﬁs that .stu-
dents can acquire ceftain coﬁtent material in a short amount of time:

Discugsién, recommepdaiions, and implications of these findings

are discussed in Chapter Five.




CHAPTER 5

Discussions, Recommendations, and Implications

Computers are now a fart of our lives. Homes, Businesses, and
SChéOlS are‘finding ways to effectively implement the miéfocomputér.~
Ed@cators are continually searching for new and better ways to ﬁelp
students in learning'sitﬁations. Iﬂ thathéegrch,‘thé microcomﬁutér
is beiﬁg'énalyzea as to how it can best éerve the student. A part of
that search must be to determine whether certain types of instructional
cémputing techniques é;e‘more.effective for specific purposes. This
, research was developed to help add information to that search.’ |

Thé spééificipurbose oflthis study was to cOmpare-the effects of

a computer drill and practice program with a computer simulation pro-

-

gram on cognitive acguisition and retention of sciencé-oriented ma-
terial for fourth grade studénts'at‘thg Emerson School, ﬁozeman,
Montana. |

Thelfourth gréde students were r$ndom1y‘assigned to one of the
three treatment groups for instructional computing lessons in science-
related material. The treatment gpqups-were as follows: 1.) drill
and practice done indiyidually\(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 equiValegt.




64

Treatment consisted of two ten-minute instructional coﬁputing
sessions for each individual ér, in the caée of the SG students, two
ten-minute sessiﬁns for each group of three.

At the present time,‘there is conflictihg evidence as tb whethef
simulation is a technique which can promote learning of cbntent
‘material. It is felt by'many that the best use 6f simulation is to
promote higher levels of-thiﬁkihg.and problem soiving. There is some
question as to whéther or not the use of simulation can promote con-
tent acquisition. Very little research has been conducted on reten-
tion as it relates tovcontent acquisition through simulation. It is
generally felt that drill and pfactiée programs are well-suited . for
' computer use where learning a defined objective with specific out-
comes is the goal (Wall énd Taylor, 1982). |

Twelve hypotheses were tested fér 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-
teﬁt écquisition and retention also occurred.usinglthe 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: |

1. The hypotheses are'presedted as being acéepted or'rejécted.
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2. The statement of the problem is discussed in reference tﬁ'
the information obtaihed from the data.

3._ Cdnclusions are presented dealing with the results of test
'analysis.

4. Subjectiye information collected during the study is dis-
cussed.

5. Recommendations for furtﬁer rese;rch are presented.

6. Implications for educational uses aré discussed.

Hypotheses Acceptance or Rejection Based Upoﬁ 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'accéfding to the analysis of the data and

then accepted or rejected.

Hypotheses

1. There is-a difference in drill and practice scores from pre-
éest to'posttést. This was accebtea. A significant difference oc-
.éurred for the DP:t;eatment group from pretest to posttest.

2. Theré is a difference in drill and practice scores from
posttest to retention test; This was rejected bec;use no sigﬁificént
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-

ference 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 simulatién done iﬁdiviaually (SI). This wa; acbepﬁéd
" because signifiéant difference occurred for the SI.group from pretest
to. posttest.

5. There is a differeﬁce.in séores from posttest to retention
test in the SI. This was rejected bgcaﬁse no significant‘difference
occurred for the SI‘gfoup from bostteét to retention test.

6. There is a difference in écores'from pretest to retention
test in the SI; This wés.accepted because a significant difference
occurred for the SI gfoup from preﬁest to.retention test.

7. There is a difference in scores from prétest-to posttest in

. the'simulation:done in a groﬁp (86). This was accepted because a sig4
nificant difference occurred for the SI group from pretest to post-
test. |

8. There is a difference in scqres.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. fhere is a difference in scores from pretest to fe;entipn
test in the SI. :This was acceptgd because a significént 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 be;ause there was a’significant differ-
-ence when comparing.the DP And the SI treatment groups. ‘ihe-SI
treatment group showed a higher gain score than the DP gréup.‘

b. the DP and SG

This was rejected because no signific;nt'différence,occurred}
11. Given a posttest and a retention tést, there will be a dif-

ference in the retention gain score for: |

a. the DP and SI

Ihis was rgjecﬁed because no significant diffefence occurred.

b. the DP and SG

-This was fejected-because no significant difference‘occurred.

c. the SI and SG

_This was rejected because no significant difference'pccurred.
12. Given a pretest.and retention téét,‘fhere will be a differ-
ence iﬁ student’'s retention gain score for:

a. the DP and SI

This Qas rejected because no significant difference occurred.

b. the DP . and 5G

This was réjeéted because‘no significant difference occurred.

c. the SI_and SG -

This was rejected because no significant difference occurred.

v .
’ PR
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Twelve hypotheses were tested. The hypotheses that related to
difference in scores from pretest to posttest wére 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 trgafment
groups showed a”significant diffgrence from pretest to retention
teét., |

Hypotheses that related té the difference in s&ofes from post-

test to retention test were rejected. None of the three treatment

. groups showed a significant différence from posttest to retention

test.

Hypotheses that related to differencgs when comparing treétment
groups' scores were rejected with one excéption. 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-
N ' v .
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 Statemeht 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 retentién of science-orieﬁted material for fourth gréde
students iﬁ the Emerson School, Bozeman, Mgngana. The purpose of ?he
study was to coﬁpare the test scores to see if one technique is more
effectiye for acquisition ana/or retention of content‘matérial. The
findings of the-study provided information on this qugstiona

A significant difference océﬁrred from pretest to pogttest in
all three instru;tional computing gfoups. It can be concluded that
all thfee tgchniques:were effecﬁive in content apquisitidn.A A signi-
ficant difference 6c;urred whén using LSD tﬁ compare the prétest.ﬁd
posttest gain scores for the DP and SI groups. The SI gain score was
higher than-that of.the DP. 'This indicates th;t the SI technique was
more effective than fhe DP technique fop content acquisition. It
should be noted‘that when Scheffe was used to isolate the difference,
no significént difference occurred. The LSD pfocedé?g tends to be
more sensigive than the Scheffe procedure. Although a difference did
OCCuf, it muéﬁ be noted that the difference was not great enough to

be picked up by Scheffe. This must be taken into account when consi-

dering any implications or generalizations.

No significant difference occurred between any of the instruc-’

‘ ) ¢ T . « ) . N ' ' 3 ) '
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 pfomoting retentiQﬁ of the content material.
Conclusions | |

This study was designed to investigate the effects 6f a computer
drill and practice progfém and a computer simulation program on stu-
dents' content acquisition and rétentiog scores. |

Fourth grade students were randomly assigned to oﬁe of three
treétme#t groups for instructional computing lessons in science-
related mate?ial. The treatmenﬁ groupslwere: 1.) drill and practice

done individually (DP), 2.) simulation dbng individually (SI’, and

3.) simulation done in a group of three (SG). A pretest. administered

before freétment determined that tﬁe treatment groups were equivalent.

Trea£ment consisted of two ten;minute instruétional.computing
sessions. A posttest was administered immediafely following each stu-
dent's second roﬁnd of treatment. Thg_retention test was'administered
two weeks after the pqsttest.

Dafé'obtained.from preteéting, posptesting, and retention test-
ing were analyzed:to determine whether a particular treatment tech-
nique indicated éxdifferente in_scpres’for content acqﬁisition 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 éomputing technique# used in the treatment because fhere was
no other apparent treatment that coﬁld have significantly infiuenced
£he change in score from pretest to éosttest.

'Acébfding to the iitefature, it would be expected that the DP
group wauld acquiré content. . There #aé, according to the literature,
some question.and doubt.aé to whe;her the SI group or the SG group
would acquire content. In the re?ults of.this study it was shown
that students in the SI group generated a significant difference in
gain score from pretest to posttest when cpmparéd with the"DR group.
It can be concluded that the SI grouﬁ was more effective than the DP
group in content acquisition for this sfudy. It must be uotéd £h5£
alfhough the difference was found by LSD procedufes, a differenEe was
‘not found by the less-sensitiQe Scheffe procedure. In.making gener-
alizations or discussing implications,:it is necéssary to realize the
difference was ﬁot strong enoughﬂto be picked up by Scheffe proce-
dures. .

One factor not measured could‘havé had some influence on the
score for each group. That facto£'not measured is thé number of
cycles through the program. It is probable-that the'number of cycles
through the program were not equal:ih number for each child. This
could have been affected by reading abiiity, time sbent in discus-

sion, learning style and construction of the program.
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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 b& pressing a key to go to additional maferial. This was done
to allow childrén to progreés through the material at their own_?atg.
Whether or not the student worked in a group or workea alone could
. have affected the number of cycles throﬁgh‘the program because of
time speht or not spen; in discussion. |
The student's learning style may or may not have matched tﬁe

type of program to which he wa; assigned. No attempt was made to

determine or match learning styles with the instruétioﬂal 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 differeﬁce in:constructioh of the computer drill and préc-
tice program and the computer simulation program‘could have had én
effect on the number of times the information was pfesented to the
students; Studenté were allowed ten minutes from the time the program
was.started. The DP treatment gfoup was presented_a question; thé_

student responded and received the feedback as to-whether his/her
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reéponse 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
-8G treatment groubs'deéided which fish to role play and what' option
to take for each situation that the program generated.

One of the theéries of dfill 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 ﬁhe SG
treatment groups. However, it is aiso possible that the decision-
making in the SI and SG treatment groups may havenpromoted more con-
crete learning fhap the stiﬁulus-response-feedback providgd for -the
DP treatment graup. 'Thus the de;ision-méking in the simulation pro-
gram ma& have been more_efficient for learning than thé 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 postteét may affect the score. Some students ap-
pear to benefit by an incubation period between tréatment and teét-
ing. The studcnt5 in this study were administered the posttést imme=
diately after completing round two of the treatment. Tﬁis érocedure
was taken.to.iﬁsure the same.amount of time for each student from

treatment to posttest. _ -
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Retention Test Conclusions

A significant difference was repﬁrted for.all three instructional
computing groups from pretest to retention test. It is concluded ‘that
. all treatments uﬁed were effective_in prohoting learning aﬁd retention
of the conteﬁt acquired. In the results from fhe posttest to the ré-
tention test it was‘indicated that the students maintained their con-
tent acquisition 1eVé1 over the two-week rétention périod. There was
no signific#nt difference in retention between any of the.groups. If
i; not kﬁown whetheria longer period for retention would have affected
the retention test results. It can be conéludedAthat the instructional
éomputing techniques used in treatment were effective iﬁ 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

Colle;tion of.subjective information could not be subjected'to'
statistical analjsis. The researcher finds it worthwhilé to mention
the subjective information that was collected during the study.

-+ The prinéipal and the thiee clas;room teachers involved in the
study were interested and coopefative throughoﬁt the entire projeci(
They observed the studenté 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

1 1




another schoollto learn more about using computers with students. -
The other teacher has decided to take a university course in instruc-
tional computing. Other étaff members stopﬁed for brief obsgrvar

' tions, questions, and tried sample runs of the programs.. Some of the
staff members expressed previous feelings of iﬁtimidétion involving
the computer. One teacher visited another”elementary school to ob-
'serve what was being done with computers at that school. It appeats
that this casual fype of exposure to'compﬁters was non-thréaﬁening to
the teachers andlmay facilitate implementation of instructibﬁal com-
puting in the future. As a contrast to the teachers, the students
seemed relaxed and eager to attempt the ihstructional computing les-
sons. '

All students that were in the group simulation technique (SG)
participatea in discuésion and decisioﬁ-making during the prggfam.
Often they took turns réading the infdrmation. Occasionally they
read it out loud gimultaneously. Discussion ana speculation occurred
in all cases. . The .decision of what action to take Qas uéually thé
“result of consensus of the group. Frequently they left it up to one
individual if the group couldn't agree. Usuglly the decision waé
made by the person at the keyboard. The determina£ion 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.researchér made no éttempt to inter-
fere or méke suggestipns;

In the phofogrgpﬁs taken by the reéearchgrhof students running
the programs, the students are shéwﬁ as intent and ﬁot‘distracted by
other elements. From the tape recordings oﬁ students runniﬁg the pro-
gfams, the researcher indicatedAfhe-studénté:were enthusiasfic ébbﬁt
both the_first and second round of the treatment. Many of them were
interested in other programs that might.be'avaiiable. One boy ésked
if there might be a program similar to the one he was using so he
could learn about snake#. When studénts saw thé researchef'at the
school after the study was completed, they frequently asked to. have
the computer brought back. In the appendix is conéained a sec;ién on
'studeﬁt reaction to this iqstructional computing'study. The commeﬁts
were written by the students after taking the retention test.

In informal quesﬁioning 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_obsérved three.groups.of stu-
dents during fregtment. He ngted'that thg students were nét intimi=
dated by the computer and he waé interested in the number of séﬁdents 
who had already experienced computers outsidé of the school setting..

He expressed interest in the study and spe@uléted 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,
administration. - : .

Recommendations for Further Research

and

Recommendations for further research derived from this study's

objective data and subjective information are:

1. to.inVestigate content acquisition by drill and practic
and simulation programs using a.larger éémple

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

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

4. to replicate the stud& and keep track of the number of
passes through the progrém or the numbgr of responses during the
gram

5. to identify students' Iearning styles and compare with
formaﬁce oﬁ varying instructional computing tecﬁniques |

6. to investigate what role graphics play in leafning

7. to investigate the outcome of dividing the sample into

e

com-

has

pro-

per-

three

groips (group one would have a determined number of paéées 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

neceséafy to feel fhey had learned the content. Careful
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recording of the time, number of sessions), and passes through the-
program would be necessafy)

8. to investigate difference in perfo?mance between students
aliowed to choose their pfeferred instructional computing tgéhnique
and gtudents 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 investig;te varying amounts of time on task for content
N . ) :
acquisition
12. to investigate varying amounts of time on task for content
acquisition for a specific comﬁuting technique.

Implications for Educational Uses

1. Educators should be aware of specific computef techniques.
They should thén defermine which technique will best provide instruc-
tion for thé objective in mind. Although this study found that con-
tent acquisition and retention of that content can occur througﬁ'both
simulétion 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 construétion of the progfam may dgtermine the.gffeétiQEness.
of the program; As software development pfogresses, hopefully evalu-
ations of programs willzsbeli dqt the objective and how effective
' Fhat indiﬁiduél program is at meeting the stated objectivg.- Until
then, educators muét péy careful éttention to the programs they are
using with students.

2, Because'in this study it was found that there was a signi-
ficantldifferénce in gain score from pretest to posttest when com-
paring the DP and SI treatment groﬁps, we should fécus attention of
further research that may provide more information on this finding,

3. In this study informafion'was not inciuded about learning
styles of the students. Educators should be aware that certain stu-
dents may perform beﬁter on a certain type of instructiénal domputing 
technique. Teacher ob;ervatioﬁ aqd students' input should be taken
iﬁto consideration when determining what prog?amlor program techniqqe
is to be used with each individual. |

4.  Although gn this sﬁudy the researcher did not invéstigate
simul?tion use fér promoting_higher-level thinking-or diveréent
thinking, educators sﬁould be aware that the literature generaily
‘claims th;t ﬁay be the best use of simulation. One reason for the
claim is'that éhe computer has the capabilities required.tq quickly
process the varigty.of situations and responses necessar& in a simu-.

lation.
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5.~ Peer discussion occurs in sitdationé where studen;s are al-
lowed to work on a simulation in a groupp It is possible .this dis-
cussion can promote or reinforce‘thgught processes in a different
method ﬁhan the typical classroom setting. Students can éhare 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 thinkingﬁ

6. Educators éhould be awarelthat it is possible to acéuire cef-
tain types of content in relatively sﬁort amounts of time on task. It
is possible that the intentness that the student showé t§ the program -
may account for this succéss. One must be.aware that '"quick learning"
is probably only possible when the objective of the program is very
clear to fhe learner. Teachers may want to transfer this technique
to certaih classroom instruction that does not involve the computer.

7. The rapid.increése 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 sﬁudents for use ét homé. Some
school librarians are already checking out sofﬁware for students:to
use with home'comphfers. This will allow studgnts to work 6n speci=-
fic skill aéquisition, content acquisition, problem solving and areaé
of individual inte;gst at their own rate and own style. Students may
choose the amouﬁt of pime,‘the number of sessions, the time of day, |

plaée in thé home, levels of noise needed or tolerated and other
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combinations of environment that make up the student's learning
style. Parenté, extended family ﬁembers; 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 stﬁdents and adults fo continue learning
outside'the claséroom (Elliott, 1982);

If this type of learning becomes successful, according fo Toff;er
(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 aﬁ educétional facilitatpr. This should not be taken
to mean that the compu;er‘will replace the teacher. ' The computer
will enhance, rathef'th;n replace, the teacher's gffectiveﬁess.
Summar |

As the Eomputer increasingly becomes a part of our liyes, it is

,_necéssary to determine hbw it will affect students. This study in-
vestigated the effects of a drill and practice program and a simula-
tion program on students' content vauisitioﬁ'ahd retentiQn'SCOrés.

Fourth grade students in the Emerson School, Boéeman,‘Montana,
were randomly assigned fo oné of three-instructional computing treat-
ment groups. The treatment groups were as follows: . 1.) drill and

practice done individually (DP), 2.) simulation done individually

(SI), and 3.) simuilation done in a group of three (SG).
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Treatment cohsigted of two ten-minute instructional computing
lessons of science-related maﬁerial. Thencontent of the programs was’
fhe same for eachvtreatﬁenﬁ 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 simulafion program presénted a role-playing
situation in which the §tudent selected an option, watched the resﬁlt
via graphics, read information about,hié choice of options‘and‘was
presented another situation. Both the SI and SG treatment groups
used the same simulétion program. The difference was that the SI
group received the treatmen£ individually, and the SG éroup recéived
the tfeatment in a grgup of three students perlgrouﬁ. The students
in the SG group were free to discuss the progfam'and their decisions
during.the treatment. |

In the results of the data anaiysis it was indicated that stu-
dents 'in all three'treatment.groups acquirea aﬁd rétained the content
material: This was shown by the signifiéant difference which occurred
for each treé?ment gfouP'from'pretest‘fo postéest gnd,frqm‘pretest
to retention test.

An interesting finding occurred when comparing the gain score of
the DP tréétment 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 thinkiﬁg, claims have:also
been made that simulation may not be'£he-approach to usé if content
acquisition is the goal. Although caution must be taken in general-
‘izing.the findings of this stud&, it is impbrtant to no£e that a éig-
nificant'difference occﬁr;ed when cdmparing gaiﬁ scores of the DP and
SI treatment groups. Aécording to the results oflthe analysis of the
data, the treatment for the SI group was more effecﬁive'than the
treatmént for the DP group in prémoting content acquisition. Because
of this finding, the researcher suggests further investigation be
conductéd.

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

Suggestions for further research include investiéating learning
" styles and étudent-performance on computer drill and practice and
. computer simulation programs.

There are many aspects of instructioﬁal computing that appear £o

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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Listing of Drill and Practice Program
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p

WwisT

5 REM GREETING

10 PRINT * DRILL AND PRACTICE FROGRAM"
11 PRINT

20 PRINT * CREATED BY"

25 PRINT

30 PRINT * KIM HASTING AND SHARON HULETT"
35 PRINT

40 PRINT

51  PRINT * FOR"

5 FRINT

60 PRINT * USE IN A COMPUTER STUDY"
75 PRINT

80 PRINT " JANUARY, 1982"

85 PRINT

86 PRINT * MONTANA STATE UNIVERSITY"
87 PRINT

88 PRINT

89 PRINT

90 PRINT "TO START THE PROGRAM, TYPE"

95 PRINT

100 PRINT " RUN FISH2"

110 END

ILOAD FISH2

JLIST

10 HOME

20 REM ODELL LAKE DRILL & PRACTICE

30 REM VERSION 1.0 1/16/82 KH

40 REM

50 REM F : FISH TYPE

60 REM A : ATTACKER TYPE

70 REM P1 : PHASE 1 (1 IF COMPLETE)

80 REM P2 : PHASE II

90 REM P3 : PHASE III

100 REM T 1 # OF TRIES

110 REM R 1 NUMERIC RESPONSE

120 REM R$ 3 CHARACTER RESPONSE

130 REM R1$ : CORRECT RESPONSE

140 REM N$ : FISH NAMES

150 REM

190 N$(1) = "RAINBOW TROUT"

200 N$(2) = "MACKINAW TROUT"

210 N$(3) = “DOLLY VARDEN"

220 REM START OF PROGRAM

230 HOME : VTAB (10): PRINT " THIS 1S A PROGRAM ABOUT
240 FOR X = 1 TO 2000

250 NEXT X

260 VTAB (24)

270 PRINT "PRESS SPACEBAR TO CONTINUE."

280 GET Xs

290 IF ASC (X$) < > 32 THEN 280

300 HOME : VTAB (10): PRINT "YOUR JOE IS TO LEARN:"
210 PRINT

%20 PRINT

330 PRINT * 1. THE SIZE OF THE FISH........AND"
340 PRINT

FISH."




350
460
370
380
390
400
410
420
430
440
450
460
470
480
490
500
S01
S02
S03
504
S0S
S06
S10
S20
S21
S22
$23
530
540
S50
560
570
580
590
600
610
620
640
660
661
662
&70
680
690
700
710
720
730
740
750
760
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FOR X = 1 TO 2%00

NEXT X

PRINT * 2. THE ENEMIES OF THE FISH"
FOR X = 1 TO 1500

NEXT X

VTAB (24): PRINT "PRESS SPACEBAR TO CONTINUE"
GET X$

IF ASC (X$) < > 32 THEN 410

HOME : VTAB (7): PRINT “THE FISH YOU WILL LEARN ABOUT ARE:"
PRINT

PRINT

PRINT * 1. DOLLY VARDEN"

PRINT

PRINT * 2. RAINBOW TROUT"

PRINT

PRINT * 3. MACKINAW TROUT"

FOR X = 1 TO 3000

NEXT X

VTAB (23)

PRINT "PRESS SPACERAR TO CONTINUE"
GET Xs

IF ASC (X$) < > 32 THEN 505
P1 = 0:P2 = O1P3 = 0

HOME : VTAB (10): PRINT "REMEMEER, "
PRINT

PRINT

PRINT “FISH SIZE 1S OFTEN IMPORTANT."
FOR X = 1 TO 3000

NEXT X

PRINT

FOR X = 1 TO 1500

NEXT X

HOME : VTAR (9)

HOME : VTAR (9)
T=0

IF T = & THEN 13703 REM PHASE 11
F= INT ( RND (1) % 3 + 1)
A= INT ( RND (1) % 3 + 1)

IF A = F THEN 640

PRINT

PRINT

PRINT "CAN A "N$(F)" EAT"

PRINT

PRINT " A "N$(A)" (Y/N) “j

INPUT R$

IF F < 2 THEN Ri$ = “N"

IF F = 2 THEN R1$ = "y*

IF (F = 3) AND (A < 2) THEN R1s = "y
IF (F = 3) AND (A = 2) THEN R1% = “N"
R$ = LEFTS (R$,1)

IF (R$ < > "Y") AND (R$ < > “N") THEN PRINT "PLEASE ANSWER YES OR

GOTO 670

770
780
790
800
810
820
821
822

3 i A i e |

PRINT

HOME : VTAB (14)

IF R$ < > R1% THEN 1040
IF R$ = "N" THEN 920u
PRINT "YOU ARE RIGHT."
PRINT

PRINT

NO.




823
830
840
850
840
870
880
890
900
910
920
921
922
923
924
925
930
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1051
1052
1053
1060
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1201
1202
1210
1220
1230
1240
1280
1260
1270
1280
1290
1300
1310
1320
1330
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PRINT "A "NS$(F)"
PRINT
PRINT " CAN EAT A “"Ns(A)"."
FOR X = 1 TO 1500
NEXT X
VTAE 24
PRINT "PRESS SPACERAR TO CONTINUE"
GET Xs
IF ASC (X$) < > I2 THEN 890
GOTO 1320
PRINT "YOU ARE RIGHT."
PRINT
PRINT
PRINT "A "N$(F)" CANNOT EAT"
PRINT
PRINT “A "Ns$(A)"."
PRINT
FOR X = 1 TO 2500
NEXT X
PRINT
PRINT
VTAB 24
"PRINT "PRESS SPACEBAR TO CONTINUE"
GET Xs$
IF ASC (x$) < > 32 THEN 1010
GOTO 1320
IF R1$ = "N" THEN 1200
PRINT "SORRY. THAT IS NOT RIGHT."
PRINT
PRINT
PRINT "A "N$(F)" CAN EAT A "Ns$(A)"."
PRINT
FOR X = 1 TO 2000
NEXT X
PRINT
PRINT
PRINT
PRINT
PRINY
PRINT
PRINT "PRESS SPACEEAR TO CONTINUE"
GET Xs
IF ASC (Xs) < > 32 THEN 1170
GOTO 1320
PRINT "YOU MISSED THIS ONE."
PRINT
PRINT
PRINT
PRINT " A "N$(F)" CANNOT"
PRINT
PRINT " EAT A "Ns$(A)"."
PRINT
PRINT
PRINT
PRINT
PRINT "PRESS SPACEBAR TO CONTINUE"
GET X%
IF ASC (X%) < > 32 THEN 1300
IF (T = 3) AND (P2 = 1) THEN 1640: REM PHASE
HOME : VTAB (10)

111




1340
1350
1360
1370
1380
1390
1400
1401
1402
1405
1410
1420
1430
1440

92

IF T = & THEN 1370

PRINT

GOTO 610 :
PRINT

PRINT "SOMETIMES AN OSPREY"
PRINT

PRINT " FLIES ABOVE THE LAKE."

FOR X = 1 TO 2000

NEXT X

PRINT

PRINT

PRINT

PRINT "CAN AN OSPREY EAT A "N$(F)"?"
INPUT Re

1450 R$ = LEFTS (Re,1)

1460
GOTO

1470
1480
1490
1491
1492
1493
1494
1495
1500
1510
152

1530
1540
1541
1550
1851
1552
1583
1554
1585
1356
1557
1558
1559
1600
1610
1620
14630
1640
1660
1670
1680
1685
1686
1687
1690
1700
1710

BOTO

1720
1730
1740
1741

IF (R$ < > "Y") AND (R$ < > "N") THEN PRINT "PLEASE ANSWER YES OR
1430

HOME 1 VTAB (9)

PRINT

IF R$ = "Y" THEN PRINT “RIGHT."

IF R$ = "N" THEN 1550

PRINT

PRINT "AN OSPREY CAN EAT A "N$(F)", "
FOR X = 1 TO 2000

NEXT X

VTAB (23)

PRINT "PRESS SPACEBAR TO CONTINUE"
GET X%

IF ASC (X$) < > 32 THEN 1520

HOME 3 VTAB (1%)

GOTO 1600

PRINT “THAT IS NOT CORRECT."

PRINT

PRINT

PRINT "AN OSPREY CAN EAT A “N$(F)","
FOR X = 1 TO 2000

NEXT X

VTAB 23

PRINT "PRESS SPACEBAR TO CONTINUE."
GET Xs

IF ASC (X$) < > 32 THEN 1558

HOME 1 VTAB (1%)
P2 = 1

PRINT

BOTO 400

HOME : VTAB (1%)

PRINT

PRINT

HOME 1 VTAB (9)

PRINT "OTTERS ALSO LIVE IN LAKES,"
PRINT

PRINT

PRINT "CAN AN OTTER EAT A "N$(F)"?"
INPUT R$

IF (R$ < > "Y") AND (R$ < > "N") THEN PRINT "PLEASE ANSWER YES OR
1690

HOME s VTAB (9)

PRINT

IF R$ = "Y" THEN PRINT "YOU ARE RIGHT."
IF R$ = "N" THEN 1801

NO. "3

NO. "1




1742
1743
1745
1746
1750
1760
1770
1780
1790
1791
1801
1802
1811
1812
1819
1820
1821
1822
1823
16824
1830
1840
1850
1860
1870
1871
1872
1880
1890
1891
1900
1901
1910
1911
1920
1921
1930
1931
1940
1950
1955
1960
1970
1980
1990
2000
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PRINT

FPRINT "AN OTTER CAN EAT A "N$(F)"."
FOR X = 1 TO 2000

NEXT X

VTAB (23)

PRINT "PRESS SPACEBAR TO CONTINUE"
GET X%

IF ASC (Xs) < > 32 THEN 1770
HOME : VTAB (15)

GOTO 1830

PRINT "THAT I8 NOT CORRECT."
PRINT

PRINT

PRINT "AN OTTER CAN EAT A "Ns$(F)"."

FOR X = 1 TO 2000

NEXT X

VTAB (24)

PRINT "PRESS SPACEBAR TO CONTINUE"

GET Xs$

IF ASC (Xs$) < > 32 THEN 1823

HOME : VTAB (9)
P3 = 1

PRINT

PRINT "YOU MAY CHOOSE WHAT YOU WANT TO DO NEXT."
PRINT

PRINT

PRINT

PRINT "YOU MAY CHOOSE:"

PRINT

PRINT

PRINT " 1. FISH AGAINST FISH"

PRINT

PRINT “ 2. FISH AGAINST OSPREY"

PRINT

PRINT " 3. FISH AGAINST OTTER"

PRINT

PRINT " 4. QUIT"

PRINT

PRINT

INPUT "TYFE THE NUMEER AND PRESS RETURN.";K
HOME : VTABR (9)

IF (R < 1) OR (R > 4) THEN PRINT "PLEASE CHOOSE 1,2,3 OR 4.": GOTO
IF (R=2) OR (R = 3) THEN F = INT ( RND (1) ¥ 3 + 1)
ON R GOTO 590,1420,1680,1990

HOME : VTAB (9)

PRINT * GOOD BYE."
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Listing of Simulation. Program’
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N The.followipg‘program is an édaptation of'ODELL'LAKE.
.The-prngam has been adapted to inélude only three fish
instead of six fish. Data statements stili include the
‘original six fish. Statements have been insgfted to skip
the first ﬁhrée fish in the data statements.

' The'section on Qater insects and plankton has’been
elimiﬁated in ﬁhis adaptation.

Other modifications were maée to lessen the amount'pf

information on the screen. Some wording was changed to

.make it more apolicable for this study.
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1LOAD X
JLIST

S X1 = PEEK (600): POKE 600,0: DIM S(&)
C = O0: TEXT ¢ HOME :2% = “": PRINT : IF X1 = 9 THEN 60
HOME ¢ VTAR (14): PRINT "GET READY FOR A TRIP TO ODELL

10
11
12
13
14
15
16
17
18
19
20
21
25
35
40
45
S0
55
60
61
62
63
64
65
&7
68
69
70

FOR X = 1 TO 2000

NEXT X

HOME

PRINT

VTABR (7)1 PRINT "YOU WILL HAVE A CHANCE TO BE"
PRINT

PRINT "EACH FISH THAT LIVES IN THE LLAKE."
PRINT '

FOR X = 1 TO 4000

NEXT X

PRINT

PRINT

PRINT " YOUR JOB WILL BE TO FIND OUT:"
PRINT
PRINT
PRINT
PRINT * 2. THE ENEMIES OF THE FISH."
VTAB (24):

VTAB (24): PRINT “"PRESS SPACEBAR TO CONTINUE."
GET Xs

IF ASC (X$) < > 32 THEN &3

HOME : VTAB (9): PRINT "“THE FISH YOU SEE ON THE
PRINT

PRINT "MAY NOT BE:"

1. THE SIZE OF THE FISH"

PRINT
PRINT " 1. THE SAME SIZE IN REAL LIFE"
PRINT
PRINT " 2. THE SAME SHAPE IN REAL LIFE"

VTAB (23): PRINT "PRESS SPACEBAR TO CONTINUE."
GET X%

IF ASC (X$) < > 32 THEN 74
D$ = CHRs (4)

PRINT D#$; "NEW"

HOME : VTAB (15)

PRINT D$:"RUN EDIT"

SCREEN"

LAKE"
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JLOAD EDIT
LIST

60 PRINT : PRINT "THE FISH YOU CAN CHOOSE FROM ARE:": PRINT

B0 RESTORE : FOR X = 1 TO 3: READ A%: NEXT X

81 FOR X = | TO 3: READ A$: PRINT “ "X". "A$: NEXT X

140 PRINT 3 PRINT "WHICH FISH DO YOU WANT TO BE "3: INFUT AS

151 A = VAL (A$) + 3

152 IF A < 4 OR A > 6 THEN 10

1640 DATA "WHITEFISH", "CHUB", "BLUEBACK SALMON", "RAINEOW TROUT","MACKINAW TROUT
“,"DOLLY VARDEN"

161 RESTORE : FOR X = 1 TO A1 READ A$: NEXT X

170 IF X1 = 9 THEN 241

180 D$ = CHR$ (4): PRINT D$"NOMON C": TEXT : HOME : VTABR 10: PRINT " TRAVELI
NG TO ODELL LAKE..."

200 HIMEM: B8164: FOKE 232,0: POKE 233,64: SCALE= 1: HCOLOR= 3: ROT= O

205 PRINT D$;"BLOAD SCENES "1 HOME : HOR

210 Z1 = 5322 = 20:2% = "AS A " + A% + " YOU WILL LOOK LIKE": GOSUE JI000Q

220 DRAW S5 AT 120,60

230 21 = 372 = 100:2% = "THE FISH YOU ENCOUNTER WILL LOOK LIKE ": GOSUB 30000
235 DRAW 2 AT 110,126t VTAE (21): PRINT "IN REAL LIFE THE FISH ARE DIFFERENT"
234 PRINT "SIZES. VYOUR JOB IS8 TO DISCOVER THE": PRINT "ACTUAL SIZE OF THE FISH
. "3 BGOSUB 10000

241 HOME : HGR : HCOLOR= 3: SCALE= 1: ROT= O: DRAW 1 AT 1,55: VTAB 21

2%2 I1 = %3172 = B:1Z% = "AS A": GOSUB JI0000

255 21 = 42312 = B12% = A% + " YOU CAN"3 GOSUE 30000
256 71 = 5:22 = 16:2¢ = "1 ESCAPE DEEPER": GOSUB 30000
258 22 = 24:12¢ = "2 ESCAPE SHALLOW": GOSUE 30000

260 22 = 32:7¢ = "3 IGNORE IT": GOSUE I0000

263 12 = 163121 = 140:37% = "4 EAT IT": GOSUB 30000

264 212 = 24:7¢% = "5 CHASE IT"3 GOSUE 30000

27% GOTO 301

300 81 = 81 + 13 GOTO 355

301 FOR S1 = 1 TO &

310 8 = INT (6 ¥ RND (1) + 1)

320 FOR 82 = 1 TO §1 - 1

330 IF 8 = S(82) THEN 310

340 NEXT 82

34% S(S1) = 8: NEXT S

350 81 = 1

355 IF S1 > & THEN 30000

386 IF A = S(81) THEN J00

260 ON S(81) GOTO 300,300,300,Z000,3000, 2500

500 HOME : VTAB (21): PRINT "YOU FIND YOURSELF CLOSE TO A WHITEFISH"

501  GOSUB 40000: GOSUB 12000

50% ON A GOTO 530,520,530,530,510,510

510 ON B GOSUB 4000,5000, 9050, 7000,8000

512 IFB=10RB=20RE=25 THEN GOSUB 9000: GOSUE 9050: GOSUE 10000:C = C
+ 153 GOSUR 9150: GOTO J00

%14 IF B = 4 THEN GOSUB 9100: GOSUE 10000:C = O: GOTO 300

S14 GOSUB 10000: GOTO 300

%20 ON B GOSUB 4000,5000,9030,7020,9040

S21 IFB=10ORE =2 THEN GOSUB 9000: GOSUB 10000:C = C + 5: GOSUE 719503 GOTO
300

524 IF B = 4 THEN GOSUE 9070: GOSUE 10000:C = C + 93 GOSUB 9150: GOTO 300
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529 GOSUB 10000:C = C + % GOSUB 9150: GOTO 300

930 IF B < > 5 THEN S20

S31 BGOSUB 8000:; GOSUDB 9100: GOSUB 10000: GOTO 300

1000 HOME 31 VTAB 21: PRINT "ALONG COMES A CHUB": GOTO S01
1500 HOME 1 VTAB 211 PRINT "IN YOUR VICINITY IS A ELUEBACK SALMON, "3 GOSUB 4000

o .

1505 GOSUB 12000: IF A > 4 THEN S05

1520 ON B GOSUB 4000, %000,9080,7020,8000

1522 IF B=10RB=20RB=25 THEN GOSUB 9000: GOSUB 9050: GOSUB 10000i1C = C
+ 15: GOSUB 9150: GOTO J00

1524 IF B = 4 THEN GOSUB 9070: GOSUB 10000: GOTO 3I00

1526 GUSUR 10000: GOTO 300

2000 HOME : VTAB (21):1 PRINT "YOU SEE A RAINBOW TROUT IN FRONT OF YOU": GOTO SO

1

2500 HOME 1 VTAB (21):1 PRINT "YOU FIND A DOLLY VARDEN VERY NEAR"i1A9% = "DOLLY V

ARDEN"

2501 GOSUB 4000031 GOSUB 12000

250% ON A GOTO 2506,2506,2506, 2506, 250, 2506

2506 ON B GOSUB 4500, 5000, 4000, 750Q, 7500

2510 IF B= 1 AND R = 1 THEN R = 01 GOSUB 90751 GOTO 11000

2512 IF B =1 OR B = 2 THEN GOSUB 907%: GOSUB 100001 GOTOD 300

251% GOSUB 90783 GOSUB 100001 GOTO 11000

2580 GOTO 510

3000 HOME 3 VTAB (21): PRINT "A MACKINAW TROUY IS IN FRONT OF YOU,":1A9% = "MACK
INAW TROUT": GOTO 2501 !

4000 HCOLOR= O: DRAW S AT 110,118

4005 X = 110: FOR Y = 118 TO 150 STEP 2: MCOLOR= I3 DRAW 5 AT X.Y: HCOLOR= O

4007 DRAW % AT X,Y: IF Y / 10 = INT (Y / 10) THEN X = X + &: NEXT Y

4011 HCOLOR= 31 DRAW 5 AT 134,1503F)1 = 51E2 » 134:E3 = 1501 RETURN

4500 HCOLOR= O: DRAW 5 AT 110,118

4505 IF RND (1) < .90 THEN 400%

45046 DRAW M AT E4,ES

4510 X = 1103 FOR Y = 118 TO 140 STEP 2: HCOLOR= 31 DRAW S AT X,Y: DRAW 2 AT E4,

Y: HCOLOR= O g

4%20 DRAW S AT X,Y: DRAW 2 AT E4,Y: IF Y /7 10 = INT (Y 7 10) THEN X = X + &

A52% E4 = E4 - &3 IF E4 - 23 > X THEN NEXT Y

4526 HCOLOR= 31 DRAW 5 AT X,YiX1 = X

4528 R = 13 FOR X = E4 TO E4 - 34 STEP - 21 DRAW 1% AT X,Y =~ 5: HCOLOR= O1 DRAW
15 AT X,Y - S1 HCOLOR= 3: NEXT X

4529 HCOLOR= O: DRAW S AT Xi,Y

4530 HCOLOR= 3: DRAW 2 AT X,Y1El = S1E2 = X11E3 = Yi1E4 = X1ES = Y:M = 23 RETURN

5000 HCOLOR= O3 DRAW S AT 110,118

5005 X = 1103 FOR Y = 118 TO 110 STEP ~ 13 HCOLOR= 3: DRAW 4 AT X,Y: HCOLOR= O
S007 DRAW 4 AT X,Y:X = X = 4: NEXT Y

5011 HCOLOR= 3: DRAW 4 AT 78,110:El = 41F2 = 78:E3 = 110: RETURN

5714 E1 = 1041E2 = 1183EJ = S51E4 = 114:1E5 = 118:1M = 2: RETURN

6000 HCOLOR= O: DRAW M AT E4,ES

6001 HCOLOR= 3: FOR X = E4 TO 100 STEP =~ &1 DRAW 2 AT X,1181 HCOLOR= O: DRAW 2
AT X,118: HCOLOR= 3

6003 DRAW 14 AT X - 2,118: HCOLOR= O: DRAW 14 AT X = 2,11B1 HCOLOR= ¥: DRAW 15

AT X - 4,118

6005 HCOLOR= O: DRAW 1% AT X - 4,116: NEXT

6007 DRAW 5 AT 110,118: HCOLOR= 331 DKAW 2 AT 100,11Bi1E1l = S1E2 = 1101E3 = 1181E
4 = 100:ES = 1181M = 21 RETURN

7000 HCOLOR= O: DRAW S AT 110,118

7007 Y = 100: FOR X = 110 TO E4 + 26 STEP 21 HCOLOR= 3: DRAW 7 AT X,Y: HCOLOR= O
7008 DRAW 7 AT X.Y:s NEXT X

7011 HCOLOR= 33 DRAW 5 AT E4 + 20,1181E1 = 5;E2 = E4 + 20:1EX = 118: RETURN

7020 HCOLOR= O3 DRAW S5 AT 110,118
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7021 DRAW 2 AT E4,ES

7022 FOR X = O TO 220 - E4 STEP 4: HCOLOR= 3: DRAW 7 AT X + 110,100: DRAW 3 AT
E4 + X,110: HCOLOR= O

7024 DRAW 7 AT X + 110,100: DRAW 3 AT E4 + X,110:1 NEXT X

7025 HCOLOR= 3: DRAW 3 AT E4 + X,1101M = 3:E4 = E4 + X:ES = 110

7026 HCOLOR= 3: DRAW 5 AT X + 110,1103E1 = S3E2 = X + 1101EI = 1103 RETURN
7500 FOR X = 110 TO 124 STEP 23 HCOLOR= O: DRAW S5 AT X,118: HCOLOR= 3: DRAW S5 A
T X + 2,118 NEXT X

7505 HCOLOR= O: DRAW M AT E4,ES: FOR X = E4 TO 114 STEP -~ &3 HCOLOR= 33 DRAW 2
AT X,118: HCOLOR= O

7508 DRAW 2 AT X,118: HCOLOR= 3: DRAW 14 AT X ~ 2,118: HCOLOR= O: DRAW 14 AT X
- 2,118

7510 HCOLOR= 3: DRAW 15 AT X - 4,118: HCOLOR= O: DRAW 15 AT X -~ 4,118: NEXT
7512 HCOLOR= O DRAW S AT 126,118: HCOLDR= 3: DRAW 2 AT 114,118

7514 E1 = 231E2 = 126:E3 = 11B1E4 = 114:ES = 118:M = 23 RETURN

B000 HCOLOR= O: DRAW S AT 110,118

8005 DRAW M AT E4,ES:Y = 1181 FOR X = 1 TO 230 - E4 STEP 2: HCOLOR= 3: DRAW S A
T 110 + X,118: DRAW 3 AT E4 + X,118B

8007 HCOLOR= O: DRAW 5 AT 110 + X,1183 DRAW 3 AT E4 + X,1181 NEXT X

B0O09 HCOLOR= 31 DRAW 5 AT 110 + X,118:E1l = S5:E2 = 110 + X1E3 = 1181 RETURN
9000 PRINT “THAT WAS A WASTE OF ENERGY": RETURN

9030 PRINT "THAT FISH JUST ATE YOUR LUNCH.": RETURN

9040 PRINT "YOU ARE TOO LITTLE": RETURN

9050 PRINT "YOU ARE GETTING HUNGRY..BETTER EAT": RETURN

9070 PRINT "YOU CAN NOT KILL THIS ANIMAL AND"3 PRINT "YOU USED A LOT OF ENERGY
NEEDLESSLY":1 RETURN

9075 PRINT "YOU GOT AWAY FOR THE TIME BEING": RETURN

9078 PRINT "NO.....THAT WAS THE WRONG MOVE": RETURN

9080 PRINT "GOOD, IT DOES NOT OCCUFY THE SAME NICHE": RETURN

9100 PRINT "YOU HAVE BEEN SUCCESSFUL": RETURN

9150 IF C < 30 THEN RETURN

9160 HGR 3 TEXT 1 HOME 3 VTAB 11: PRINT "YOU PASSED UP TOO MANY CHANCES AT FOOD
"1 PRINT :

9162 PRINT : PRINT * YOU STARVED TO DEATH."

9164 BGOSUB 10000

9175 TEXT 3 HOME : VTAB 12: INPUT "DO YOU WANT TO TRY AGAIN?"jA¢

9177 IF LEFTS (As$,1) = “N" THEN HGR : TEXT : HOME 3 GOTO 55355

9178 IF LEFTS (A$,1) = "Y" THEN X1 = 93 GOTO &0

9179 GOTO 9175

10000 POKE =— 146368,0: VTAB 241 HTAR 13: PRINT "PRESS SPACE BAR";

10010 IF PEEK ( - 16384) < 127 THEN 10010

10011 HCOLOR= O3 DRAW E1 AT E2,EZ:1 DRAW M AT E4,ES: RETURN

11000 HGR 1 TEXT : HOME 1 VTAB 91 PRINT "REMEMEER A "A9%" WILL": PRINT : PRINT
"EAT A "As"."

11001 PRINT 3 PRINT "NOW RUN THE PROGRAM AGAIN AND SEE IF "1 PRINT : PRINT "YOU
CAN SURVIVE": GOSUE 10000

11002 GOTO 9175

12000 HOME : VTAP 21: ON B GOTO 12005,12007,12009,12012,12014

12005 PRINT "ATTEMPT TO ESCAPE TO DEEPER WATER"i1 RETURN

12007 PRINT "ATTEMPT TO ESCAPE TO SHALLOW WATER": RETURN

12009 PRINT "JUST IGNORE IT": RETURN

12012 PRINT "ATTACK AND EAT IT"3 RETURN

12014 PRINT "CHASE IT OUT OF YOUR TERRITORY": RETURN

30000 FOR Z = | TO LEN (Z$)12Z3 = ASC ( MID$ (Zs,Z,1))

3001% IF I3 > 64 THEN DRAW 2Z3 - 44 AT Z1 + (Z - 1) ¥ 7,22: GOTO 30050

30016 IF I3 = 32 THEN 30050

30030 DRAW Z3 - 1 AT Z1 + (Z - 1) % 7,12

30050 NEXT I

30060 RETURN

40000 HCOLOR= 3: DRAW S5 AT 110,118:8¢% = ""3;A1¢$ = “""1El = S51E2 = 110:EX = {183 D
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RAW 2 AT 1460,110: POKE -~ 16368,0

40003 VTAB (23)1 PRINT "WHAT DO YOU WISH TO DO? *j

40004 HCOLOR= O: DRAW 2 AT 160,110

40005 FOR X = 1462 TO 210 STEP 2:1M = 3

40007 HCOLOR= O3 DRAW 3 AT X - 2,1103 HCOLOR= 3: DRAW 3 AT X,110

40008 IF PEEK ( - 16384) > 127 THEN 40020

40009 NEXT X

40011 HCOLOR= O: DRAW 3 AT 210,110: FOR X = 210 TO 160 STEP - 21M = 2
40013 HCOLOR= O: DRAW 2 AT X + 2,110: HCOLOR= 3: DRAW 2 AT X,110

40014 IF PEEK ( - 16384) > 127 THEN 40020

40015 NEXT X1 GOTO 40004

40020 Al = PEEK ( - 16384) - 128

40021 POKE =~ 16368,0: IF Al = 13 THEN B = VAL (B$): IF B > O AND B < & THEN E
4 = X31ES = 1101 RETURN

40022 IF Al = 13 DR (Al = B8 AND LEN (B$) < = 1) THEN Bs = ""; GOTO 40025
40023 IF Al = 8 THEN Bs = LEFTs (Bs, LEN (Bs$) - 1): GOTO 40025

40024 B$ = Bs + CHRs$ (Al)

4002% VTAB (23): HTAB 251 PRINT Bs" o

40026 IF M = 2 THEN 40015

40027 GOTO 40009

50000 POKE 600,A: POKE 601,C

%0003 HCOLOR= O: DRAW M AT E4,ES: DRAW E1 AT E2,E3:1 VTAB (21): PRINT : PRINT C
HRS (4);"RUN LAKEP2"

sswes PRINT 3 IF PEEK (1023) = 123 THEN PRINT CHRS (4);"PR#&"

S6b666 END
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IPR#0
]

ILIST

10 HOME : VTAEB (21)

20 A = PEEK (4600)

25 C = PEEK (601)

30 FOR X = 1 TO A: READ A$: NEXT

35 DATA “WHITEFISH", "CLUB", "BLUEBACK SALMON","RAINBOW TROUT","MACKINAW TROUT"

» "DOLLY VARDEN"

225 C = PEEK (326)

260 DIM §(2)

275 E2 = 1B0:E3 = 118

276 GOTO 301

300 81 = 81 + 13 GOTO 355

301 FOR 81 = { TO 2

310 § = INT (2 ¥ RND (1) + 1)

320 FOR 82 = | TO S1 - 1

330 IF 8 = S(82) THEN 310

340 NEXT 82

345 S(81) = S3 NEXT S1

350 81 = |

385 IF S1 > 2 THEN S0000

360 ON 81 GOTO 1500,2000

500 HOME : VTAE (21): PRINT "YOU SEE WATER INSECTS AHEAD OF YOU,"

501 R1 = 60:R2 = 100:R3 = 90:1A2 = 1:M = 12: GOSUE 40000: BOSUB 12000

505 ON A GOTO 520,520,520,520,580, 580

520 ON B GOSUB 4000, 3000,4500, 5000, 6000

521 RS = O: IF B = 4 THEN GOSUB 9100:C = O: GOSUB 10000: GOTO 300

522 IF B = 3 THEN GOSUB 9050:C = C + %: GOSUE 100001 GOSUB 9150: GOTO 300

S23 IF B = 5 THEN GOSUB 9170:C = C + 10: GOSUE 10000: GOSUB 9150: GOTO 200

524 GOSUB 9000: GOSUB 9050:C = C + 10: GOSUE 10000: GOSUB 91%50: GOTO 300

580 ON B GOSUE 4000, 3000, 4500, 5500, 6000

582 IF B = 3 THEN GOSUB 9173: GOSUE 100003 GOTO 300

S8 IF B = 4 THEN GOSUB 91743 GOSUE 100003 GOTD 300

590 GOTO S24

1000 HOME 3 VTAB 21: PRINT "AT THE SURFACE LIES SOME ANIMAL PLANKTON, *
1001 R1 = 60:1R2 = 100:R3 = 94;M = 13

1002 A2 = 2: GOSUB 40000: GOSUR 12000

1004 RS = 1: GOTO 505

1500 HOME : VTAB (21): PRINT "YOU SEE AN OSPREY CLOSE TO THE SURFACE,"
1501 A2 = 4

1502 R1 = 1001R2 = 200:R3 = &01M = 9: GOSUB 400001 GOSUB 12000

1505 ON B GOSUB 4000, 3000,5700,%700,5700

1906 AZ = O

1507 IF B = 1 THEN GOSUB 9100: GOSUE 10000: GOTO 300

1508 GOSUB 9060: GOSUB 10000: GOTO I00

2000 HOME : VTAEB 21: PRINT "NEAR THE SHORELINE IS AN OTTER,"

2002 R1 = 94:R2 = 110:R3 = 95:A2 = 3:M = 11: GOSUB 40000: GOSUB 12000

2005 ON B GOSUB 4000,4450,4450,6500, 6500

2006 GOSUB 9100: GOSUEB 10000: GOTO 200

3000 HCOLOR= O: DRAW 4 AT 180,118

3002 X = 180: FOR Y = 118 TO 110 STEF - 1: HCOLOR= 3: DRAW 4 AT X,Y: HCOLOR= O:
DRAW 4 AT X,Y:X = X - 23 NEXT Y

3004 HCOLOR= 3: DRAW 4 AT 168,106

3005 IF A2 = 4 AND 100 & RND (1) + 1 < 19 THEN 3050

J006 E1l = 4:E2 = 14B1E3 = 1061 RETURN

3050 PRINT "YOU DID NOT MAKE IT THIS TIME": GOTO S710

4000 HCOLOR= O: DRAW 4 AT 180,118
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4002 X = 18031 FOR Y = 118 TO 140 STEP 2: HCOLOR= 3: DRAW 5 AT X,Y: HCOLOR= O
4004 DRAW 5 AT X,Yi1X = X + 4: NEXT Y

4006 HCOLOR= 3: DRAW 5 AT X,Y:El = S1E2 = X3E3 = Y: RETURN

4500 HCOLOR= O: DRAW 4 AT 180,118: HCOLOR= 31 DRAW S AT 180,118

4%02 E1 = Si1E2 = 1B80:E3 = 118: RETURN

S000 HCOLOR= O: DRAW 4 AT 180,118

%002 FOR X = E2 TO 70 STEP ~- 21 HCOLOR= 3: DRAW 14 AT X,93

5004 HCOLOR= O: DRAW 16 AT X,93: NEXT X

S005 IF 100 ¥ ( RND (1)) + 1 < 15 THEN 5007

%006 HCOLOR= 33 DRAW 4 AT X,114:E1 = 4:E2 = X:E3 = 1143 RETURN

5007 IF A2 = 2 THEN 5011

S008 HCOLOR= O: DRAW 17 AT 30,503 HCOLOR= 33 DRAW 18 AT 30,%0: PRINT “WITH THE
INSECTS WAS A HOOK. YOU WERE"

5009 PRINT "CAUGHT BY A FISHERMAN.": GOSUB 10000

5010 GOTO 9175

=011 HOME : TEXT 3 HGR : TEXT : VTAE (13): PRINT "THIS WAS PART OF A FISH TRAP"
+ PRINT

5012 PRINT "YOU WERE CAUBHT....TRY AGAIN.": GOSUB 10000: GOTO 9175

5500 HCOLOR= O: DRAW 4 AT 180,118

5502 FOR X = 180 TO 170 STEP - 2

=504 HCOLOR= 3: DRAW 16 AT X,93: HCOLOR= O: DRAW 16 AT X,933 NEXT X

%=04 HCOLOR= 3: DRAW 4 AT 170,118:E1 = 41E2 = 170:E3 = 118: RETURN

5700 HCOLOR= O: DRAW 4 AT 180,118

%702 X = 118

€705 FOR Y = 180 TO 168 STEP - 1: HCOLOR= 3: DRAW 4 AT Y,X: HCOLOR= O: DRAW 4
AT Y,X

%706 X = X - 13 NEXT Y

5708 HCOLOR= 3: DRAW 4 AT 168,106

5709 IF A2 = 3 THEN E1 = 41E2 = 168:E3 = 1061 RETURN

5710 IF M = B AND E4 > 170 THEN 5790

5711 IF M = 9 THEN 5800

5712 HCOLOR= O: DRAW B AT E4,ES

571% X = INT (168 — E4) / 103 FOR Y = &0 TO 70: HCOLOR= 31 DRAW B AT E4 + X,Y

%717 HCOLOR= O3 DRAW 8 AT E4 + X,Y:E4 = E4 + X: NEXT Y

%720 HCOLOR= O: DRAW 4 AT 168,106: FOR X = E4 TO 220 STEP 2: HCOLOR= 31 DRAW 10
AT X,Y - 3

5722 HCOLOR= O: DRAW 10 AT X,Y — Z: NEXT X: GOSUE 10000

5723 HGR : TEXT : HOME : VTAB 10: PRINT "AN OSPREY WILL EAT A "As".": PRINT
5724 PRINT “TRY AGAIN": GOSUE 10000: GOTO 9175

5790 HCOLOR= O: DRAW M AT E4,ES

5800 M = 9: FOR X = E4 TO 100 STEP - 3: HCOLOR= 3: DRAW M AT X,ES: HCOLOR= 0: D
RAW M AT X,ES: NEXT X

5802 E4 = 120: GOTO 5715

6000 HCOLOR= O: DRAW 4 AT 180,118

6001 X1 = O

6005 FOR X = E4 TO &0 STEP - 2: HCOLOR= 3: DRAW M AT X,ES: DRAW 4 AT 180 - X1,
118: HCOLOR= O

6006 DRAW M AT X,ES: DRAW 4 AT 180 - X1,118

6007 X1 = X1 + 23 NEXT X

6008 HCOLOR= 3: DRAW 4 AT 180 - X1,11831E1 = 431E2 = 180 - X131E3 = 118:1E4 = &0: R

ETURN

6450 IF A > 4 AND INT (100 ¥ RND (1)) > 20 THEN 5702

6500 HCOLOR= O3 DRAW M AT E4,ES: FOR X = 100 TO 170 STEP 2: HCOLOR= I: DRAW 19

AT X,100: HCOLOR= O

6505 DRAW 19 AT X, 100: NEXT

6506 PRINT "AN OTTER WILL EAT A FISH."

6510 HCOLOR= O: DRAW 4 AT 180,118: FOR X = 180 TO 100 STEP =~ 21 HCOLOR= 3: DRA

W11 AT X.100

6520 HCOLOR= O: DRAW 11 AT X, 1001 NEXT X

6521 HCOLOK= 3X: DRAW 11 AT X, 100
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9000
9030
9050
9051
9060
9070
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BOSUB 10000: GOTO 9175

PRINT "YOU WASTED ALOT OF ENERGY": RETURN

PRINT “THAT FISH JUST ATE YOUR LUNCH.": RETURN

PRINT "YOU ARE GETTING HUNGRY...BETTER EAT"

RETURN

PRINT "YOU GOT AWAY THIS TIME...": RETURN

PRINT “YOU CAN NOT KILL THIS ANIMAL AND": PRINT "YOU USED A LOT OF ENERGY

NEEDLESSLY. "1 RETURN

9075
9078
9100
9150
9160
oD "
9162

PRINT "YOU GOT AWAY FOR THE TIME BEING.": RETURN

PRINT "NO.....THAT WAS THE WRONG MOVE.": RETURN

PRINT "YOU MAVE BEEN SUCCESSFUL.": RETURN

IF C < 30 THEN RETURN

HGR : TEXT : HOME : VTAB (10): PRINT "YOU PASSED UP TOO MANY CHANCES AT FO
PRINT

PRINT “AND USED YOUR ENERGY WASTEFULLY.": PRINT : PRINT " YOU STARVE

D TO DEATH."

9164
9170
9171
9172
9174
9178
9176
9177
7178
LAKE"
9179
10000
10010
10011
11000

GOSUB 10000: GOTO 9175

PRINT "WHY CHASE FOOD AWAY?"

RETURN

PRINT "THAT’S RIGHT!'"s RETURN

PRINT "YOU CAN’T SURVIVE ON THAT TYFE OF FOOD.": RETURN

TEXT

HOME : VTAR 12: INPUT "DO YOU WANT TO TRY AGAIN?";AS

IF LEFTS (As,1) = “N" THEN HGR : TEXT : HOME : GOTO 55555

IF LEFTS (AS,1) = "Y" THEN X = FRE (0): POKE 600,9: PRINT CHR$% (4);"RUN

GOTO 9176
POKE = 163468,0: VTAB 24: HTAE 13: PRINT "PRESS SPACE BAR"j
IF PEEK ( - 14384) < 127 THEN 10010

HCOLOR= O: DRAW E1 AT E2,E3: DRAW M AT E4,ES: RETURN
HGK ¢+ TEXT : HOME : VTAB (9): PRINT "REMEMEER A “31A9%;" WILL": PRINT : PR

INT "EAT A "jAs;"."

11001

PRINT : PRINT “NOW RUN THE PROGRAM AGAIN AND SEE IF ": PRINT : FRINT "YOU

CAN SURVIVE": GOSUB 10000

11002
12000
12001
12005
12007
12009
12012
12013
12014
40000
40001
40002
40003
40004
40005
40006
40007
40008
40009
40010
40011
40012
40013
40014
40015
40016

GOTO 9175

HOME : VTAB (21)

ON B GOTO 12005,12007,12009,12012,12014

PRINT "ATTEMPT TO ESCAPE TO DEEPER WATER": RETURN

PRINT "ATTEMPT TO ESCAPE TO SHALLOW WATER": RETURN

PRINT "JUST IGNORE IT"1 RETURN

PRINT "ATTACK AND PREY UPON IT"

RETURN

PRINT “CHASE IT OUT OF YOUR TERRITORY": RETURN

HCOLOR= 3: DRAW 4 AT 180,118:B% = ""1Als = ""31E2 = |BOiEX = 118
DRAW M AT R1,R3

POKE -~ 16368,0

VTAB 23: PRINT "WHAT DO YOU WISH TO DO?"

HCOLOR= O: DRAW M AT R1,R3: IF A2 = 3 THEN R1 = 94:R2 = 130:M = M + B
IF A2 = 4 THEN M =M - |

FOR X = R1 TO R2 STEP 2

HCOLOR= O: DRAW M AT X - 2,R3: HCOLOR= 33 DRAW M AT X,R3

IF PEEK ( - 146284) > 127 THEN 40020

NEXT X

HCOLOR= 0O: DRAW M AT R2,R3: IF A2 = 3 THEN R1 = SO31R2 = 110:M = M - B
IF A2 = 4 THEN M = M + 1|

FOR X = R2 TO R1 STEP - 2

HCOLOR= O: DRAW M AT X + 2,R3: HCOLOR= 3: DRAW M AT X,R3

IF PEEK ( - 14384) > 127 THEN 40020

NEXT X

GOTO 40004
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40020 Al = PEEK ( - 16384) - 128

40021 POKE =~ 16368,0: IF Al = 13 THEN B = VAL (B$): IF B > O AND B < & THEN E
4 = X3ES = R3:1 RETURN

40022 IF Al = 13 OR (Al = B AND LEN (B%) < = 1) THEN B¢ = ""; GOTO 40025
40023 IF Al = 8 THEN B$ = LEFTS (Bs. LEN (Bs) - 1): GOTO 40025

40024 B$ = B$ + CHR$ (Al)

4002% VTAE 23: HTAB 25: FRINT Bs" 1 |

40026 IF A2 = 3 AND M = 11 THEN 40015

40027 IF A2 = 3 AND M = 9 THEN 40015

40028 GOTO 40009

S0000 HBR : HOME : TEXT : VTAB (10)3 PRINT "YOU MADE IT....FANTASTIC": PRINT :
PRINT "TRY AGAIN AS A DIFFERENT FISH AND"

50001 PRINT : PRINT "SEE IF YOU CAN SURVIVE.": GOSUB 10000: GOTO 9175

5=%5S IF PEEK (1023) = 123 THEN PRINT CHR$ (13); CHR$ (4);"RUN HELLO"
855556 NEW
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. NAME 6

CODE

. DATE

READ THE NAMES OF THESE FISH:
Ralnbow'trouf
Mackinaw trout

Dolly Varden

1. Decide which fish you thipk 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.

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 mackinaw trout

the Dolly Varden
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Permission Letter From District 7
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bpi DIANE THOMAS-RUPERT
assistant superintendent
bozeman : : :

public
- schools




‘ ' 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
Hulett, 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 aoproximately
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.

*********************************** ************;ﬁé********

has my permission- to participate in the

computing study.

signature . relationship to student date
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Students' Comments
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COMMEMNTS WRITTEN BY STUDENTS AFTER THE RETENTION TEST

The comments are grouped accérding to treaﬁment group5
They are presenﬁed as the students wrote them. No spelling
changes were made.

The éomments were: .
- DRILL AND PRACTICE (DP TREATMENT_GROUP)

It was very 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 kind-a liked it except I only got to do one thing I
only got questions sone kidsﬁgot gameé 1ike I don't think

thates right

I really liked.working with the computer. I whis I could

work with-iﬁ‘again,

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

It was fun T would.like to come agen

I thought it was funf Because I learned a little more
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about fish. 14

SIMULATION - DONE 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
moré.

It's.é lJot 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 likg to work in a'group. It was fun. -

They were very fun Working yith.

it'; a gooq program Do @ore ofvit

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

It was fun uSinéuthe4comQuter,

I liked it.beﬁte; workihg with a partner.

I likeé the compu#er'game it was‘very fun to do.

SIMULATION DONE IN A GROUP (SG TREATMENT GROUP)

it was fun. ‘
I would like to Qork by my shilf

I liked piaying‘when the fish would éa£ each“qther.

I liked.wggking with the computors I'think they're fun.

I hope we can use them again

T liked working in a group; .If we did it again I wold

like to be alone. it was a good éxpeerense.

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 lear 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 agian 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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