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experience, felt that they had learned from it, and would like to
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This recearch was conducted in response to a need perceived
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&y the researcher for data pertaining to the effectiveness of
computer—aszsisted instruction «CAIY in increasing learning in the
science classroom 1n general, and the biology ciassroom in
carticular.

ED265015

~ sample of 77 advanced placement biclogy students in four
classes at a large high school 1n the Pacific Northwest
mer.icipated 1n the study. The experimental group numbered 3% and
the control group 38. Both groups were presented with a
fi1fteen~day instructional unit. prepared by the researcher, on
poculation genetics and evolution. The control group participated
th a traditional bean-coutning laboratory exercise designed to
t1lustrate evolutionary trends resulting from natural selection
acting upon a population. The experimental group pacticipated I1n a
computerized simulation of evolutionary trends resulting from
natural szelection acting upon a population in lieu of the
traditronal laboratory. as well as an additional tutorial CAI
exerctze,

The control and experimental groups were demonstrated, by a
ztudent s t test at p<0.0S, to be statistically equivalent ;in terms
of cumulative grade point average, and biology term point totals.
Likewise, the control and experimental groups were demonstrated, by
means of Chi Square analysis at p<0.05, to be statictically
equivalent 1n terme of proportions of iuniors arnd zeniors.

The control! and exper'mental qgroups were given the same
evaluation exercises and the scores compared with a

t test at p{0.05. No significant increase or decrease In

s was Jemonstrated at this level.
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Ztudent evaluations of the CAl lessons precented were very
Fiah and indicated considerable interest 1n continued invc'vement
wirth CAI. This is consistent with findings reported by Fetersen
11784 which indicated that students enjoved the CAl experience,
felt that they learned from it, and would like to participate in
CAI lessons 1n the future. LiKewise, in concurrence with the
findings of Orlansky (1983) and White (1923), a considerable time
sav.ngs tn terms of concept formation was observed.
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A currently popular topic 1n the educational literature 1s
Computer-Assisted Instruction (CARIY 1n the clascroom. While this
tcoic may be popular, there seems to be iittle data pertaining to
eftfectiveness of the use of microcomputers to implement Cal. At
least two aquestions are rarsed relative to microcomouterz and CAIl
sitirch 1nclude both promo%ion of increased understanding as well as
mcst effective modes of implementation. Considering the current
cl mate regarding the rapid increase of microcomputers in the
public =chools, 1t seems that development of these data is
imperative in order that educators may make informed decizions
regarding the purchase of hardware and software, as well as the
oroper 1mplementation of CAI into the curriculum.

Stxtement of Purpose and Hypothesis

The purpose of this study 1s to ascertain whether or not
LAl doe= i1ndeed enhance the qualitv 2f the educational experience
and result I1n increased learning. This study measured
effectiveness 1n the high school biology classroom, as well as to
examine two possible modes (tutorial! and simulation) of CAI
oresentation. This investigation tested the null hypothecis that
the add:ition of the CAI lessons to the author’s tradition:l
instructional unit would produce no significant increase 1n
postteszt unit scores as compared to those achieved by the control
groip which received no CAI lessons, in advanced placement bioloqy
z=tudents at a large high schocl in the Pacific Northwest.

This siudy involved the teaching of a three-week
instructional unit on population genetics/evoluticnary processes to
advanced placement biology ztudents. The control group (N = 38
receined the instructional unit alone while the experimental group
(N = 39 received CAl experiences in addition to the conventional
tearrning activities. All materials, lesson plans, lecture notes,
readings. study guides, and evaluations were the game for both
aroups,

FPrezuming ac many variables as possible to be held
constant, the score/grade distributions could. with appropriate |
staxtrstical analrsis, be correlated tn the effectivenecss of CAl in ~~
promoting 1ncreased effectiveness and/or efficiency of learning. |

Descr:ption of the Instructional Unit

Thiz unit was designed to meet the educational goal# and
4 "The =tudent should understand how inheritance and envircrment
irte, act to produce changes in the structure and function in '
aorganizms through geologic time."
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abrectivesz for this urnt as developed by the autnor. This unit was
nrefsced with 3 cons:'deration of the scientific method and =
discussz:ion of wnat constitutes scientific theery.

The computer-aszisted instructional material develcpec by
the reszearcher concsists of a comprehensive tutorial oroaram,
tharlie's Beagle, written for the Apple 11+ and Ile
microccemouters, which was augmented by the Evolut simulation
program. The tutorial program ;ncludes consideration of:

1. The majyor czoncepts and princioles involved in the
theor» of euvoluticn by means of natural selectton.
as develcoped by Cnarlee Darwin ard Al fred Rusze!l!
Wallace;

2. The nistorical background of the development of
the theorv of evolution by means of natural
selection;

. The manner in which environment and i1nheritance
interact to produce changes 1n the structure and
function of organiems through geologic time;

4. The contributions of others such as Georqes Cuvier,

Jean Baptiste de Lamarck, and Thomas Hutton.

The Evolut program by Conduit was also emploved, allowing

ttudentz to explore the concepts of differential survival inherent
in the process of evolution by means of natural selection.

resumptions of the Study

It was assumed that the samrle groups of students i1n this
studv did not reprezent a normal distr:bution of high school
students, or even of high school biology students, given the
elective and advanced placement status of the course. The
distributicn, then, wacs assumed ‘o be skewed significantly to the
high side of grade distributions. For this reason data was
gxtnered regarding the cumulative arade point averages and quarter
thialogy point totals of the students 1n each aroup 'n order to shed
light on the nature of this distribution. Furthermcare, thece data
mere subjected to a t teszt to determine the equivalence of the two
groups.

cim:tations of the Study

The researcher had anticipated certain 1 1mitations 1n the
evperimental des:an of this studr. Foremost was the possibi!:ty of
contamination by the recearcher, since he was also the instructor.
This may have presented some problem in terms of the Pyamalion
Effect. The poszibility of confounding the findings due to student
enthusiasm for microcomputers, in light of their recent advent ;nto
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the curriculum, was also cons:dered. There was rno pretest
zam:niztered ta eirher qroup, owing to practical conziderations
verta:ning to experimental design. Therefore the researcher has no
measure of the prior Knowledae of the subjyect matter of the two
groups. Since this study has only advanced placemert bioloay
students, students wnich do not fi1t a normal distribut:on, the very
distribution of students in the sample may hawe confounded or
trecluded the observation of results.

Need for the Study

Prior to the cstudy the researcher surveéyed the currenc
1y terature pertaining to CAI in the public schools, both 1n terms
of effectiveness in promotion of learning and in terms of most
effective mode(s) of implementation in the curriculum.

With regard to the former, there 1s indeed a lack of data
avsailabie to adequately address the question of actual
effectiveness of learning promoted by the utilization of the
microcomputer as an instructional aid.

With regard to the latter, again data are scanty. The
urrent literature suggests, however, that a problem exists
egarding the evaluation of the proper mode of implementation and
etfectiveness of CAl in the curriculum Specifically, it seems
that software must be of a high quality, both in terms of
rnztructional design and in terms of programming to allow the
assessnent of effectiveness and proper mode of implementation to be
addressed. This preliminary literature survey conducted by the
researcher, in congunction with an extensive review of aporopriate
commercially available software, as well as develnpment of the
researcher’s own tutorial praogram, contributed to the production
xnd procurement of quality educational software for the proposed
study, thereby removing the obstacle presented by infer:or
scftware,

i
-
'

This researcher belijeves that this study 1= one of many
zuch studies which must be conducted soon, sc that educatorz will
nave the data needed to make informed decisions regarding the role
the microcomputer is to play in education in the immediate future
and espedite the addressing of this crucial educational i1ssue.

Pelated Literature

The current concern of the educational community regarding
the mplementation of the microcomputer involves a very complex and
interrelated set of i1ssues. Althouagh presently a popular tooic,
there 15 a paucity of adequate data to confirm or reject the notion
tnat CAl using microcomputers 1s actually effective 1n enhancing

- 4 -




O

ERIC

Aruitoxt provided by Eic:

‘storatory experiences. All mater:isl:z developed ncluding Yecture
noctee. and postteszt evzluation exercises niere retained. Oetziiec
Jata were kept for the classes.

The Subjects

The subiects in this study were 77 advanced placement
bioloagy students, Jjuniors and seniors. The experimental Qroup
conzisted 3% Jurniors and seniors 1n advanced placement classes in
zoring 1984, The control group consis*ed of 38 Jjuniors anc seniors
in the came clacssroom teacher‘s advanced placement biclogr clasces,
These ztudents were in intzct classes and were not. therefore,
random!y assiqgned.

ThH2a Trextment

No pretect was administered to either the conircl aroup or

tre espe rsment group. Both agroups received a presentation of the
“mzearcher ‘s complete instructional urit on population genetics and
evolution, This unit reguired 1S days for both groups. The
control group participated in a traditional bean-counting
iaboratory exercise to simulate the effects of natural selection on
x'lele frequencies in a populat:cn.

In 1ireu of the traditional bean-counting laboratory. the
e.oer:imental group participated in the directed simulation cf the
effects of natural selection on allele freguencies In a population
with the Ewolut simulation program. In addition the tutcr;al
program Charlie’s Beaaqle was utilized for review, reinforcement,
srd ~emediation of the concepts taught during the :mstructir :a}
urt. In all, the experimental qroup rece:ved twa full davz of
combuter~assisted instruction which amcunted tc one full dav of
aac: tiona! instructional time, as comparecd with the control aroup .
The LAl ecercises were mplemented at the end of the :netructicnal
Jnit 'n order to serwve in the aucmentation and extenzicn of
concextz az well as review and remediaton esercizez ariar to the
pozttecst exercise,

There were three Apple Il micrccomputers used 1n a zeparzte

laboratory room. The actual 1oagistics of intearating the CAI wiith
the Efd of the lesson plans and irreqgularitiez of schedule required
cviding each class 1nto two groups of ter students. Althouagh thiz
srerxges to 2.2 students per machine, absences kept the number at X
cer machine,

Orn dars 1 of CAl, group A received the second tc lazt
tr le

7 tional activity called for by the instructional unit lesson
#nz and arcup 2 repaired to a laboratory room with the

microcomputers for the first dar of CAI. On dzy 2 the groups



tne iearning experience. Th:s (s 2 queztion which must be
sddrecced immediately, 1n order tnat educators mav make 1nformed
Jectisiong as to whether or not, to what e<tent, and for what
~urposes microcomputers should be iIntegrated intc the curriculum.

Educators are therefore faced with many uncertainties
regarding the microcomputer and its most effective mode of
tmpiementation into the classroom curriculum. These questions
involve oractical aprlications problems, financial cons:derations,
cost-effectiveness, software, as well as faculty training in
comoputer 1iteracy. Not least of all, the educationx! commun:ty
must establich whether or not the microcomputer is actually
effect ve andsor efficient, as well as cost-effective, in oromoting
'ncreasec learning as oppocsed to being simply an amusing widqet.

With the tremendous implementation of microcomputers into |
511 facets of our lives has come Increasing pressure for the
educational community to utilize these powerful tools. Educators
have tound themselves i1n the somewhat awkward position of being
faced with the prospect of implementing a reveluticnary device inta
the educationa’l process, when 1n fact, they are unfamiliar with its
Jtilizatiorn,

This unfortunate circumstance has resulted in a rash of
hardware acquisitions by school districts to alleviate communi ty
pressure, only to be followed by the most unpleasant realijzation
that these devices do not operate at all in the absence of
iporopriate software. With the realization that considerations of
hardware xlone are insufficient, school boards and administrators
are faced with the difficult task of selecting and evaluating which
educational software to purchase for inclusion in the curriculum.
The difficulty arises from two main areas. First, according to
what criteri2 should this software be evaluated? Second, whc
should develop educational software?

It 1s bevond the scope of this paper to provide an in-depth
review of the pertinent recearch on the effectivenezs and
etficiency of CAl in promoting learning, or to consider jssues
relzted to development and evaluation of educational microccomputer
zoftware, modes of implementation of CAl inta the curriculum. and
current and future trends of CAl. The unabridged version of this
research (70 pp.» 13 available from: PBoise State University
Ligrary, 1710 Universzity Drive, Boise, Idaho 83725,

Frocedure

[m

A complete instructicnal unit was developed by the authcr
conz:sting of lecture, readings from several texts, vocaculary
ou.ld ng, worksheets, questioning sequence/arscussion, t11m, and
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# Ihznged act™wities, On das 2 group W recelues the lazt da. of
tragitional snsztruction and group B recesived the second dav of CAL.
dn dars 4. aQain the groups changed places.

Or the first dar of CAl the students worked with the
simu'ation program Evolut by Conduit. Th,s program ailows the user
to simulxte the effects of natural selection on differential
survival br allowing the user to control such variables as
doemsrnance or rodﬁmlnance, direction of selection, strength of
sn'aﬁ+ orn, init1al percent of alleles in population, and initial
ze of the population. The program then simulates the increase or
Jecreacse of alleles according to the values entered and random
number-generxted differential survival rates for ten generations n

abular form. At this point the user may either continue for
amother ten qQenerations, switch to the line araph mode, and/or
change the direction and strenath of selection before continuing
The orogram then Qives the user the option of starting over or
centinuing for another ten-ceneration block, in either the tabular
@r- grach mode. The program will do so fcr forty generations. The
ut:lity of such 2 program for simulating such classic examples of
natural selection such as industrial melanism becomes acparent.

The students used the materials provided by the Evolut
acxage to first simulate selection according to various parameters
on various pooulations, :n order to observe the resultant
gvolutionary trends. When this basic utility was mastered, the
students then simulated industrial melanism, codominance., or

genetic drift, according to the topic assigned their three-pers
group. On these one-page handouts were corresponding questions
designed to direct their inquiry utilizing the program. While the
resexrcher was concerned that development of sufficient operating
s« ills would preclude the accomplishment cf bhoth tasks in the
allotted 50 minutes, the students were proficient in operating the
srogram within 10 minutes and easily accomplished the simulation of
appro<imately zome |50 qgenerations while manipulating the
darzmeters and predicting or cbserving the outcome.

On the second day of CAI the students worked with the

rezearcher s tutorial.’game prcgram Charl;e s Beagle. Charlie’z
Eexcle 1= 3 comprehensive branching tutorial program which utilizes
x Jame format 'n order to mofcuate. The safe return of H.M.&.
Beagle depends uoon the user’s responses to some 20 mult iple-chaoice

questions., Responses are entered with the selection of a Jetter
choice and carriage return, while frame advancement is accompl i shed
by 2 carriage return. Given the rather effective trapping of
inappropriate responses, the program 1s rather difficult for the
user to "“crash." Therefore, this orogram i1s designed to operate in
2 stand zlone capacity. When a response to a gquestion 1s entered,
the program branches to approoriate feedback, reinforcement, or
remediation subroutines before branching to the game mode. In the
game mode, the user encounters pirates, storms, increases or
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tn supplires, cannonballs, andsor time remaining,
ta whether or not their responses were correct before
to the main program and presentation of the next
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sathering

ne noted above, there was no pretect administered to either
grous. A two-part., two-day posttest evaluation exercise was
adminicstered to toth grouos. The test consisted of an essay
gue=tion component comprised of S guestions designed to promote
mrgher levele of reasoning, of which the students chose 2 worth 10
peints each for 3C points total. These were scored by the
researcher according to a highly specific gset of criteria set forth
i a four page typewr itten answer Key developed by the author.

Tne second portion of the posttest was composed of 10
true/false auestions and 30 multiple choice questions worth 70
points tatal,

When the posttest evaluation had been completed, the 1l
poirnt Student Evaluation ot Computer-Assisted Instruction Unit
form* was distributed two per student, one eacn for Evelut and
Charlie’s Beagle.

+

ee Appendix A,
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Introduction to Table i

The control group consisted of 1S Juniors and 23 seniore,
whiie the experimental! grouc concsisted of 14 jun:ors and 23
zerniors. A Chi Square analysis at p<0.05 shows no significant
aifference between tho observed and expected junior /senior ratios
in tne contro! and experimental groups. These data are summarized
in Table 1,

Table |

Ch:-Sguare for Junior/Senior Distribution 1n the Sample

Control Group Experimental Groun
Juniore 15 14
Seniors 23 23
M 38 239

Chi Sguare calculated = 0.074
Chi Sguare significant
at p<0.09 and d+¥={ = 3.8241

Intrcauction to Table 2

Meane, standard dev:atione, ranges, and standard error of
the means were calculated for each group for cumulative Qrade point
xrerage, proportion of quarter point total n biolcgy, and posttest
enclution unit scores. These data i1ndicate that both the contro!
and exper imental groups support the assumption that thecse students
g0 not represent a normal dictr.bution of high schoa! students in
general or biolocgy students in particular, but ratner, reprecent a
distribution skewed significantl» toward the high side. These data
are zummar zed in Table 2z,

10
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Table 2

Mean, Standard Deviat:ion, Ranqe., and
ndard Error of Mean for Sample Criteria

if
-
Dl

Control group Experimental aqroup
(N=22) (N=39)

Cumulative Grade Point Averaqe

Mean 2.90 3.35

Standard Deviation 0.42 0.45

Range 1ow 2.959 1.95
hrgh 4,70 4.00

Standard Error

of mean 0.70 0.70

Proportion of Quarter Point Totsl

Mean 0.84 0.82

Standard Deviation 0.11 0.10

Range 1ow 0.56 0.50
high 0.%99 0.95

Sstandard Error

of mean .0z .0z

Evolution Unit Posttest Scores

Mean 84.50 284.%0

“tandard Deviation 7.81 ?.25 .

Range !ow &1.00Q 44,00
high ?7.00 .00

Standard Error

of mean 1.5¢9 1.50

Introduction to Table 3

A student’s t test was zmploved at a level of significance
ot 0°0.05 to test whether the control and experimental groups
d:ffered significantly in terms of any of the three parameters
evamined 1n table 2. At p<0.05 the t test showed no significant

_10_
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d:fference betiveen the control and experimental groups on the basis
ot cumulative grade point average and, similarly, a t tecr snced,

at p«0.03, no siagnificant difference between the two groucz on the
txz1< of quarter point totals in biology. This, together with the
Thi Sguare analyrzis of the proportions of juniors znd seniors In

& x

ch group, 'ndicates that these two groupes are* statistically
vrualent,

Finally, a t test showed, at p<0.05, no csignificant
¢ fference between the two groups on the basis of posttest
evxiuation scores on the population gerietics/evolution unitt. These
data actuallv test the hypothesis of this investigation. These
data =zre summarized in Table 3,

Table 2

()

tudent“s t Test Results

9 0<0.05 df =75 results are significant
with values of t . or = 1,920

t Tezt for cumulative G.P.&. t = 1.400

For this t, p = 0.162 Not significant

t Te:zt for guarter total points Siolegs t = 0,559

For this t, p = 1,479 Not significant

t Test for evolution unit pozttect scores
+Testing the hypothesi=z) t = 0,189

For this t, p = 1.34% Not significant

T T T e o e e e e e e e e e e o o o e o e e = . . - — ——— — —————r— —— e ———
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introduction to Table 4

The means, standard deviations, range and standard error of
mein were compited for responses to each of the 1! specif:c points
on the Student Evaluation of Computer-Assisted Incstruction Ynit
form+ for each program. Tiese dQata are summar:zed in Table 4,

Tabl~ 4

Each of the following eleven points were evaluated by
the students in the experimental group on a "low" to "high"
ratina, | to S respectively. WValues are tabulated for mean (x),
ctandard deviation (sd), and range {r).

(N=77) Evolut Charlie’'s Beanle
* question no. X -d r X sd r
1 4,53 0,65 3 - 95 4,46 0.70 3 - 95
z 4.03 0.88 2 - S 4.29 0.86 2 - S5
3 4,33 0.86 2 -9 4,11 1,08 | - 95
4 4.23 0.96 2 - 9 4,77 0,983 3 - %
S 4.22 0.87 2 -5 4.62 0.49 2 - 9
é 4.2¢ 0.972 2 -5 4.86 0.4%9 2 - 35
7 4.56 0.850 4 -5 4.77 0.45 2 - S
8 4.17 0.9! | - S 4.46 0.74 3 - 9
9 3.72 1.16 1 -9 4.04 0.88 2 -5
10 4.1?7 0.77 3 -5 4,39 0.4 3 - 5
*#% 11 4,71 0,63 2 - S

+ See Appendix A. Student Evaluation for CAIl Unit form.

*#* Question 11 1s a request to indicate desire to participate
in CAl 1n the future. For this criterion, the data were
combined (N=77).
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Summar -

Two groups of Junior and senicr aduanced placement biolaogy
students were presented with a fifteen—-day instructional unit.,
precareag by the researcher, on population genetice and evolution.
The control! qgroup participated in a traditional bean-counting
laborators exercise designed to 1llustrate evolutionary trends
resulting from natural selection acting upon a population. The
experimental group participated in a computerized simulation of
evolutionary trends resulting from natural selection acting upon a
nooutation 1n lieu of the traditional laboratory, as well as an
xda. tional tutorial CAl exercise.

Tre control and experimental aqroups were demonsirated, by
# student s t test at p<0.05, to be statistizally equivalent in
terms c¢f cumulative grade point average. and biology term point
totals,

The control and experimental qroups were demonstrated. by
means of Chy Square analysis at p<0.05., to be statistically
equivalent 1n terms of proportions of juniors and ceniors.

The control and experimental! groups were qQiven the same
rosttest evaluation exercises and the scores compared with a
student ¢ t test at p < 0.05. No siagnificant increase or decrzase
'n tect scores was demonstrated at this level,

Student evaluations of the CAI lessons presented were very
high and indicated considerable interest in continued invojuement
with CAI.* This is consistent with the findings reported by
Fetersen (1%84) which reported that students enjoved the CAI
experience, felt that they learned from 1t, and would like to
participate in CAl lessons i1n the future.

Conclusions

Given 10 g 2- wcally cionificant differerce 1n the
postteszt scores of {(he twc groups. the null hypothesiz that the
tnclusion of the CAl lessons would not increase the effectivenecs
ot learning, was accested. The experimental group receirved one
full extra day of instructional time, and =ti;11 there waz no
significant 1ncrease 1n posttest scores.

Size of Groups

Groups of ten students per three machines produced an
average 3.25 students/machine. and ab<>2nces Kept that number to 2

* See Table 4, question no. 11
-1
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per machine. Three students per machrne may, in fact., be optinal.
The rezearcher cbserved that thiz size of group Kept students on
tazk, promoted dialoq, promoted peer—-tutoring, while hands-on

zvperience for each stucent was still possible. Also small aroups
2l iowed the instructor to give each group individual attention that
would be less likely in larger aroups, or i1n a situation where each
of thirty students had his/her own machine. This is consistent
with the findings of Daly et, ai. ({981) which stated that groups
of s:x students per machine, or less, appeared to be optimal and
with those of Dawes (1977) which indicated that three students per
mzchine was optimal,

Motivation

The researcher observed a significant increase in
motivation towards learning when students reached the CAI portion
of tne inztructicihial unit. This 1s consistent with findings
reported by Nor tb (1978) which indicated that students’ interest in
an experiment 1s better maintained when results are quickly and
easily maintairned. Student comments regarding the Evolut
zimulation included complaints that the time requirement for
calculations., ranging from 105 seconds with a small population to &
minutes 45 seconds for large populations, was unacceptably lonag and
the researcher observed that even with such a relatively short time
span student interest wavered. However, the time requirement for
such calculations in the BASIC programming language on a machine
bxsed on an eight-bit microprocessor represents an unavoidable
timitation of such hardware and software configurations.

Noonan (1981) reported that around the fifth repetition of
a simuiation, students were observed to be entering values already
calculated and designed to produce specific results Students in
the experimental groups in this study were s;mtlarly observed to be
entering sucn values, to the delight and surprise of the researcher
wno had anticipated possible problems regarding the mechanical
cperation of the program. These observations are good indications
that students were looking at the results of past decisions and
making new choices bacsed on the observed effects.

't 1s clear that microcomputer simulation of the effects of
natural selection on populations led to an increase in
understanding of the process as compared to that which resulted
from the bean-counting laboratory exercise in the control aroup.
This was substantiated by comments to that effect on the Student
Evaluation of Computer-Assisted Instruction Unit form.* This
increased ability to see evolutionary trends undoubtedly resulted
from the microcomputer simutation of some 150 generations of
populations which were subject to the students’ manipulation of

* See Appendix A.
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zeiection and powuiation parameters. This 12 clearly superiar, 1N
terme of efficiency of elucidation of evoluticnary trende, tc the
three or four generations which students were able to eimuiate tn
cre classz pericd of bean-counting.

Thus, the intent of the simulation was indeed served.
Therefore, the util.ty of microcemputer simulation exercises In
geveloping higher-order conceptual understanding becomes clear.

Value of CAI

While this study did not demonstrate an increase in the
etfectiveness of learning of the material presented i1n the
tnstructional unit, 1t did appear to demonstrate an :ncrease In
learning efficiency in terms of time required for students to arasp
the concept involved. This 1s consistent with observations
reported by Day (19833, Orlansky (1983), and North and Dent (1%78).
Concepts were apparently grasped more quickly, resulting in time
savings for students and inectructor. Day observed this
time-savings to be of practicai value in terms of an increase in
teaching economy with retention ¢(i¥ not increase) of educat:onal
value. Furthermore, the ctudent i1s able to re-run the experiment,
tf necessary, and, being free of experimental mechanics,
concentrate on concepts presented. This is certainly significant
in the classroom setting, which often finds the instructor
strugal:ng to find time enough to cover the curriculum of the
course,

Related Ljterature

This researcher concurs with the acserticns of Forman

that CAI can produce the same results in achievement in less
and that attitudes of teachers and students towards CAI are
tive. LiKewise, this researcher concurs with the assertions of
¥:ldzen (1982> that:

“§4 e -
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{. Compariscne of LAl and traditional imcstruction
remain i1nconclucive;

2. Student attitudes towards the subiect matter were
better when using CaAl than when using traditional
instruction;

2. Teacher and student attitudes toward CAI are
positive;

4. The development of effective CAIl programs s
extremelvy difficult, complex, and time consuming.




“ecommendatioris ang Implications

A rather significant Vimitation of this i1nvestigation
tnuclves the sample jtselt. Since the sample used 1n this study
was comprised of advanced placement biology students with an
cverall cumulative grade point average of 3.42, it seems clear that
these students do not represent a normal distribution of biology
students, or of high school students in general. Likewise, the
tact that this class 1s an elective class might 1mply a
predilection towards the learning of or interest in biology. The
researcher believes that the very nature of the sample chosen for
this investigation might well have obscured observation of any
actual increase 1n learning effectiveness since it may fairly be
presumed that an 1nordinate proportion of tnese students would have
earned high cscores regardiess of the inclusion of the CAl lessons.
Indeed. a consideration of the cumulative grade points., term
Biology po.nt totals, as well as scores on the instructional unit
in gquestion reveal a very skewed distribution of scores. These
data support the assumption that this sample does not represent a
rormal distribution of high school students in general or bioloagy
studentsz 'n particular.,

For this reason, 1t 1 the recommendation and intsntion of
the researcher that this research be repeated with a more normal
distribution of high school students. Specifically, the researcher
suggests that tenth grade biologr students, a regquired course,
would more likely produce more clearly observable results, in terms

of any actual increase or decrease in learning effectiveness which
might result from the inclusion of these CAl lessons.
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ERIC

Aruitoxt provided by Eic:

Aprend: x A

cucent Evaluation of Computer—-mszzizted Instruction tnit

b g

Cirectionz: Picase rate the Computer-Assisted Instructioral CAI unt
as honestl,s as possible by circling the number which best deccribes
vour impressions of the CAI unit presented. Your comment:z and
tuggestions are invited on the reverce cf this farm.

iame of the Cal unit evaluated:

High Low

tv The CAI unit was well prepared . . . + « . . 5 4 2 2 1
2. The CAI unit was usefu! in nCreazing

the uszer‘s comgprehension of the

conceptz presented . . . . . . . . 4+ . . . . 5 4 Z 2 1
3. The CAI unit provided an opportun:ty

for comorehension of the concepts presented

which is uniquely possible with the

use of & microcomputer . . . . . . . . . . . 5 4 3 2 1
4. The a1 un.t was more motivating to

the ucer tham traditionx] methode of

nstruction o . L L . s s s e w e e e e e . .S 4 2 2 1

5. The CAl program was we!l written and
used vocabuiary which was appropriate
for the user . . . . . . . . . .. .. ... =

H
w
AV
—

&. The CAI program was easily operated

v o the user v v v L L 0w s s e e e e e e s 3 2 Z 1
7. The 1nztructional text was formatted
tor clear zcreen display « v v v 4 v v v . . & 4 2 Z 1

]

. Feedback was uzed appropriately . . . . . . . 5 4 3 2 1

*. The praogram i1z of an aporopriate timespan

to maintain attention . . . . . . . .. . . .S 4 z < 1
i?. Flease indicate your overall

‘t.e. eftfectiveness) rating of this

CAl package .« . . . . . L. . L L. . L. . ... 4 3 Z 1
{1. Please indicate your desira: to

participate in CAl in the future . . . . . . S 4 z2 2 1

Comments / Suggest:ons (continue on back):
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