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three types of graphics displays for computer-assisted instruction (CAI).
Three groups of subjects each studied one of three versions of a CAI lessgn
on the, psychophysiology of audition. The text of the lesson was identical
for all versions; the type of graphics used in the-lesson was different

for ecach group. No control group was used.
(schemat 1c representations and boxed alphanumerics), medium level (line
drawings), or high level (animations plus line drawings). After” éompletinq
the lesson, all subjects were tested for retention of four knowledge cate-
gorices addressed in the lesson: - acquisition and use of. principles, identi-
fication of structures, definitions and use of terminology, and memory of
specific facts. Results indicated that the type of graphics used during
the CAI lesson did not affect lesson completion time or final performance
on the retention tests, '

Rescarchers in computer-assisted instruction and computer graphics
are the intended audience for this report. )

Graphics were either low level
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FOREWORD

The Educational Technology and Simalation Technical Area of the
Army Research Institute for the Behavioral and Social Sciences (ARI)
performs research and development in areas of educational 'technology
with applicahility to military training. Of special interest is re- .
scarch in the area of large -scale computer-based instructional systems.
Development and implementation of such systems are seen as a solution
to such current Army training problems as a shortage of qualified in-
structor personnel, a student-population of widely varying ab111t1es,
and increased training costs.

Technological advances in computer technology now make it possi-
ble to use sophisticated graphics tedhniques in the instructional
process. Although it has been assumed that the ‘use of such techniques
will improve training effectiveness, scientific evidence does not con-
sistently support this viewpoint. This Technical Paper reports the
recsults of the first phase of an in-h#lse research and exploratory
project, investigating the effectiveness of instructional graphics
in computer-based instructional systems.

The effort was initiated in résponse to the requirements of Army
I'roject 2Q763731A76 « "Computer Administered Instruction,"” FY 1975
Work Program, and was continued under Project 2Q763731A771, "System
[mbedded Training Dovol9pment, .FY 1978 Work Program.

Dr. Bruce W. Knerr and Specialist 5 Peqgy McLintock contributed
to the development of instructional materials used in the experiment.
; ’ Personnel at the ILearning Resource Center, Dr. Everett Rompf, and
Mr. Jack Ainsworth, all of the Fngineer School, Fort Belvoir, va.,
assisted in providing the facilities and the personnel required> to
conduct the experiment.

E .M‘Zju\\.k
R SEPH ZEIDNER
: Technical Director




.

- )
. . \
THE INSTRUCTIONAL EFFECTIVENESS QF THREE EEVELS OF GRAPHICS - .
DISPLAYS FOR COMPUTER—ASSISTED INSTRUCTION ° ’

BRIEF " ' ' ' '

Requirement :

To compare the instructional effectiveness of .three different’
types of computer graphics’for computer-assisted instruction (CAI).

. 3 R " '-,' «
. L e

Procedure: . . ar

°
. -

. Three .groups of 30 enlistgd personnel studied a’CAf lesson on
the psychdph$siology of auditi¢n. Three versioks of the le'sson were -
developed; each version differed only in the type of graphics used.
Graphics were either low level (boxed alphanuymerics and schematics),

" medium level Yline drawings), or high level (line drawings plus ani-

mations). Jpon lesson completlon, retentlon of four knowledge cate-
gories addressed in the CAI lesson was tested. v

Findings: RN

Groups did not: &%ﬁfer in their, performance on -the final retention
tests or in lesson completion time. Performance was, however, related
to General Technical (GT) score. - /

>

Utilization of Findings:

The addition of more realistic and- 60phlst1cated graphics dis-
pIayq to a CAI lesson does not insure an increase in instructionaly ef-
fectiveness. | A need exists to determine principles and qu1de11nes for
uhe use of qraphlcs in computer based training.

B 2
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THE INSTRUBTIONAL EFFECTIVENESS OF THREE LEVELS OF GRAPHICS
_ DISPLAYS FOR COMPUTER-ASSISTED INSTRUCTION

Sei
ASH AN ’

INTRODUCTION SR

-

The use of Computers for education and .training has increased
~y;th1n the past fé@ years in mllltary, industrial, and academic set-
tings. Although' much of this activity reflects the-use of computers
for the management of,instrdction,"a.substantial-portion'of this ac-
tivity Has also been directed toward computer-assisted instruction
(CAI). Major obstacles to the implementation of computer-baged edu-
cation include the initial hardware/software costs and the follow-on
cost of courseware development. In the case of CAI, both cost factork
are greatly increased by the addltlon of sophlstlcated 1nstruct10na1
capabilities.
There has been little systematic research on characteristics of
CAI that are thought to optimize learning,-even though it is precisely
these instructional capabilities that contribute to much of the cost
involved in CAI. For example, because educators often assume that
there is an intrinsic instructional value ‘in the use of graphics to
supplement aural and textual presentations, graphics displays are seen
as a desirable feature in CAI curriculum development. Thus, computer
graphics capabilities, despite the additional procurement cost, are
often an important factor in the desiéh and selection of a CAI systéem.
Furthermore, including graphics displays in a CAI lesson increases les-
son development time and hence increases the cost of courseware.

- \ . 3
A rccent ARL review of the literature on the use of graphics in
non-CAI instruction (Moore & Nawrocki, 1978) concluded that there is

little empirical evidence to support a bellef in thé effectiveness of
(;ra;ﬁulc‘ : , 27
i Iifsl it is clear that the addition of graphic instruc-
tional matcr:al does not quarantee an” 1ncrease in in- ,
structional effectiveneds.... The sccond major conclu-.
" sion is while there do appear to be cpnditions in which
graphics may be an important adjunct to the instructional
process, there is currently no systematlc means for
ident ifying 'these conditions.
The literature review did suggest, however, that a systematic -research
program would best be &irected toward determining computer graphics
offectiveness as a function of the type of graphics employed as well
as of subject matter, learner task, and learner characteridtics. The
rescarch, reported here is the first ih a series of experiments de-
signed to cxplore the instructional effectiveness of computer graphics.

L4
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“The main purpofe of this experiment was to obtain data comparing
the instructional efffectiveness of several levels of computer graphics
interaction effects of levels of graphics with
1dentifiable learnpr aptitudes and tasks. King (1975) investigated
the inspructiunél effects'of,computer*graphics in teachinhg the sine-""
ratio concept and [found no differences gn d final test in the per-
formance of group$ receiving (a) CAI text ‘only, (b) CAI text plus’ani-
mqyﬁd graphics, o (c)_CAI text plus still graphics., ~ ' '

7/

T

’

/ The present fexperiment manipulated three different levels of

computer graphicg
drawings only),

high (animations plus 1ine drawings), medium fglgane
nd foy (séhcmatic representations and boxed alpha®
numerics) . Thrge versions of the CAI lesson on the psychophysiology
of audition werp.developed. © Each version differed only in the level
of drdbhius uS?d.- ' ' ' o ’

o . '
siological lesson material was selected because of itg
hrdph;: manipulation and because’ the idea that graphics:
v to teach this materigl effectively had much face validity.
Four types®of performance tests were administered torall subjects:

id) acquiAtion and use of principles, (b) identification of struc-

: aefinitions and use ot terminalogy 2 and (d) memory of spe-
Citio tafsts. F1om these tesls, information about the role of computer
{nkqn:i¢{ For acquisition of specific knuwledéh categories could be

Fychoph

})()t.l‘ll-f‘l(l] fo

Are lgggtrhisa

tures, (v

: H . -y e 1 N
(ﬂ)tn;)ﬁ-d. dnere available, aptitude measures, such as General Technical N

(1) /and Armed Forces Qualitying Test (AFQT) scores, were used to de:

terfine the extent of the relationship between aptitude and the type
/ . . ]

of graphics used, : '

+

METHOD

Subjects ) v

Suliacts were 90 enlisted personnel (7 females and 83 males) from

the cnginvering School amd the Defense Mapping. School, both located at ‘

Fort Belvoir, Ya. All subjects were ﬁiqh school graduates who were
under goiiyg advanced training at the time of the experiment..  Their
agen ranged from 17 to 32 years; the mean age was 20.01 years.

-
L} I

vesign . . _ '
. N -‘\
'.I'hir'ty suhjects were randomly assigned to cach of three groups.

At aroups were treated identically, except that tevel of graphics

dispiavg during the learning task was varied (either high, medium, or

low) between groups. N




Lesson ‘Materials ] .
\. . . . . 3 " i . . . a -4 .. . . . .

AR

‘The basic- 1n5bructlonccon51sted of a lrhear CAI-lesSon @n the
psychophy51ology of auditdon.’ The lesson comprlsed “four sectuons-
Section 1 dealt with sound wave theory, Sectidn K presented,the anat-
-omy of the hearing mechanisms of the ear; Section 3 dealt with bal-
ancey and Section 4 presented the range of hearlng ab111t1es and the
deterioration of range W1th age.f

[ ” i

e
,-

The lesson consisted of 153. framesh * Each frame can be defined
as'a basic instruction unit. Three frames:presented'introductory
material, and Sections 1-4 presented 43, 27, 16, and 64 frames, re-
spectively .After approximately every third frame, students were
required to answer either a forced-choice or constructed -answer ques-
thn based on the immediately preceding mater;al‘ dtudents were re-
qulred to answer the question correctly in order to continue. N

-~
.

Each of ghe four sections was followed by a:review containing
%, 22, 7, and 25 forced-choice-questions, respectively. Subjects
who failed to ans 85% of the questions in a review .correctly were
réquired to repea?gfﬁ% immediately preceding section until they could -
pass the reviéw. In all other cases, studen progressed through the
frames in -a linear order, but were allowed t epeat the imﬁediately
preceding frame if they so chose.

'

4

Graphics Levels . ' ' : \
w
Three versions of the kpsson on the psychophy51ology of audition
were developed. Versions were identical except for the level of com- ,
puter graphics usgfl during the lesson. The low graphics ve¥rsion used . ?
‘only schematic r€presentations (élphanumerics), the medium graphics

version used only line drawings; and the high graphlcs versTon used o

animations and line draw1nqs.,

Figure 1 shows the low graphics display, which was constructed
during a series of lesson frames on the anatomy of the ,ear. As each ".
part of the car was discussed 'in #&fQ®r, frop the out to the inner

ear, the corresponding boxed alphanumeric was added to the computer

display. Thus, the sequence of connections within the ear was dis-

played as well as the division into outer, middle, and inner eax

sections, but only at a schematic level. _ . .

. 'S 4 . . .
. More reallistic depictions of the parts of the ear and their .
interconnectipbng were useld for the equivalent medium graphics dis- y

play, as shoyn in Figure 2. . The high graphics display showed the same
line drawing’ (Figure 2) but in addition, after each part of the ear

was added to the display and discussed, provided an animated simulation
of the movement of sound waves through the ear. For example, after a
discussion nf the bones of the middle ear (hammcr, anvil, and stirrup),

t
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a musical note would move througH‘hnzear canal, the ear drum would
vibrate, then the middle ear‘bones would move in sequencé. \
S 2 . .
‘ » . - LI t .
Attitude Survey °‘:, = ° . ‘ . S SN
. i U :
. - ) :

"~ * L.

Data on attitudes toward CAI were alsd céliected on line for each
subject. The attitude survey (Knerr & Nawrockll 1978) consisted of
a 13-item Likert-scaled p%etes@mand a 37—\;em posttest. * Possible

scores -on each item

- unfavorable attitud
attitude,

favorable

\{znged from 1 to 5, a score of 1 1ndlcat1ng an

OW?rd CAI; 3, a neytral attitude; and 5, a very
The posttest.employed 13 pretest 1tems, phrased

- in the past tense, and 24 new items. “Th& internal con51sténcy relia-
" bility of .cagh test. is reported to be .8 d .93, respectively.

Tl oy Ly

‘p - | . - 2
Dependent. Meas ureb T

. I'ive depchdent measures were used: time to complete the lesson
and scores on the fours content tests: Facts, Terminology, Identifi-
cation, and Princ;pics. The Facts Test cbn°1stcd of 20 true/false
and multiple-choice items developed to test the subject's knowlcdge
about the qualitative and qua%tltatlvo modifiers described in the
lesson. The Terminology Test consisited of 13 matching items designed
to assesgs the subject's knowledge of the function of the parts of the
car and knowledje .of terms used in the lesson. The Identification -
Test consistéd of 14 multiple~choice items which tested the subjeect®s
knowledge of the location and/or structure of the parts of the ear.
The Principles Test consii?ed‘of 21 true/false and multip;n—choibc
items ‘which tested ‘knowledge of the principles and theopies discussed
.in the lesson. Prior to aS%ombljnd thege tests in final form, 'four
raters judged each test item as to the category . knowledqe it- techd
when disagreements were noted, the item Wil s eliminated. .

<
Qpparatu<"

S ’

Exeept for plrc-L and poqtdvbr1§f1nq sheetd, all instruction and
data collection t ook place via one ‘of four PIATO IV terminals located
at the Learning Resource Centcrrof the Fngineer School, Fdft Belvoir,
vVa. The hafdware of the PLATO TV . cofiputer-based 63;Eation system has
been described by Stifle (19723, Each terminal cofg€ists of an 8.5-jnch
square plasma display panel and associated typewriter keybeard. Ter-
minals were connected via dedicated telephone lines to a CDC 6500 com-
puter located at the University of I'll‘inois.l,

<
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Procedurc¢s -

. .

'Upon arrival at the Learning 'Resource Center, subjects were
briefed about the purpose of the experiment. Subjects were randomly
assigned to ane of the threce graphics levels, and then taken to the
computer terminals. The experlmenter signed subjects onto the PLATO
IV system. The subjects first studied a brief CAI lesson on the use"

-of. the keyset, then proceeded through the on-line experimental materi-

als in the following order: a biographic information sheet,-Attitude
Tbwards CAl Pretest, the CAI lesson on the'psychophysiology of audi-
tion at the selected graphics level, Facts Test, Terminology Test,
Identification Test, Principles Test, and Attitude Towards CAI Posttest.

RESULTS

Performance Measures +

The time taken to complete ‘the: four sections of the lesson and
the four review sections was tallied and combined as a single figqure
designated lesson completion time. Table 1 presents the mean lesson
completion time for each of the three graphics levels. A one-way
analysis of variance performed on the lesson completion times indi-
cated that the three graphics groups were not 51gn1f1cantly different:
F(2, 87) = .02. .

'Table 1
Mcan Lesson Completion Time for the Low, Medium, and
Y High Graphics Level
Graphics level ‘ C © 'Mean (in minutes)
Low i 108.00
Medium 106.82
High ' . 108 .86

-
The number of correct items was tallled for each subject for
cach ol the four content tests. This number was then converted to
percent. correct.  The mean percent correct for each of the three
graphics groups for each of the four tests is presented in Table 2. ’
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Tablée 2

o~
v

Mean Percent Correct for the Low, Meqium; and High
Graphics Level Groups on:the Four Content Tests

e

. . Y » . p
Graphics level - °
Content test ' ¢t  Low ‘ Medium- High
\ .

FFacts : © 84.33 -83.50 86.00
Terminology , 83.59 78. 20 . 83.84
Identification . - 81.90 82.14 84.28 -
Principles - B 70.00 67.93 72.38

’

. The onc-way analysis of variance performed on the percent co
data for each of the four content . tests resulted in no significant
ics groups for-any of the
analyses performed: Facts Test (2, 87) = .44; Terminoioqy Test

differcences among high, medium, and low graph

(2, 37) = 1.20:; Identification Test F(2, 87)
Test F(2, 87) = 1.07. ’ .

Thus, the initial data analyses indicate

d that the level af com-

.42; and Principl

rrect

es

4

+ puter graphics employed in the lesson was not a significant determinant
of success on the content tests or of time spant on the lesson.

’,

~

_.Aptitude and Performance

.

- Subject perform&%ce was further analyzed with réSpect to qanera’—

N

»
. /i'

&
/

ized aptitude. GT scores were available for about half the subjects
(n = 51). Armed Forces lification Test (AFQTS scores were also .
available for about half e shbjects\(n = 49). The subject popula-
tions in the GT and AFQT subsamples oVerlappediéonsiderébly‘and the

aptitude scores were, correlated with each other, r(45) = .87,'p -

Because corrclation between aptitude test and per formance, variables
was greater 1in the GT subsample (fange £ .r values: .49 to .66)
in the AFQT subsample (range of r values: .43 to .63), the results °*

of only one subsample;~ehe GT subsample, will be considered here.

than -

For analysis purposes, the 51 .subjects for whom GT scores Qere
available were classified as being high GT scorers (118-140), med
GT scorers (106-116), or low-GT scorers .(90-104) . Cutoff points

the division into groups were determined by first ran

available GT scores and then dividing the scores into approjlimate
medium, and low GT

scores were about -equally represented in the three graphice level

upper , middle, and lower: thjrds so that high,

l

ium
for

k-ordering all

.01,
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‘fonditions. Table 3 show® the mean GT scores for each of the nine ‘ \
groups. o . L o : . o,
Aot ) . .
. ' S I ' ’ . : '
. ' ’ \ -~ . 4 - . . ro~ .. 1'%
S s E . Table 3 . T
Mean GT Scere for Subjects in the Low, Medium, and . “ o
‘ . . ‘High Graphics Level Groups Clas¥ified as Law, . . v
. : *Medium,-or High GT Scorers :
» ' ' . » oz
< " Graphics level ' ’
GT score Low Medium High
.F - R T . .
' Low (90-104) 94.00 . 98.5 101.43
T | (4) t6) (P
: : . 4 .
Medium (106-116) 112,40 - 110.33 T 111.33
sy (N , (6)
High (118-140) " 131.60 - 126-.00 122,17
, S (5) L5 —(6)
gpte.' The numbcr of scores cdhtrlbutlng to each mean is shown in .
o parenthoses
& The pérformangé of the GT'subsample for each of the .five depen-
dent mcasures was analyzed using two factor analyses of -variance Mwith -
both fact&r< “(GCT score and qrdbhch level) as bqfw%en sub]ect factors. .
‘ Contént. To«f( Tables 4 to 7 show the mean gcores on each con- FUERA |
tent test .as a function of graphlcq 1evel and GT-score category. ..
sistent with the results for the entire sample, there were no major
offects of graphics level in-'the GT subsample on any of the four con-
. i tent tests:  P(2, 42) ~.2.77 for the Facts Test, .93 far the Termi-
. . nologyy Test, 1.10 ﬁpr the Identification Test, and .29 for the Princi-
ples Test. o ) . Lo
' For the GT subsample, performance on each cdntent test improved 7 ’

with aptitude level: F(2, 42) = 9.62 fbr the Facts Test, 5.34 for the
« Terminology Test, 12.43 for "the Identification Test, and 8.74 for the
Principles Test; p - .01 in a]l cases. Graphigs:- level and GT category

- )
did not interact: F(4, 42y = .72 for bhe Pacts Test, .22 for the
Terminology Test, .41 tor the ldohg)fl(atlon Testy and 1.10 for the
‘ Principles Test. = - .

)

¥ - S

o
()
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_Table 4 T _ ; _ Lo

s

. ° . [} -
. Mean Store on the Facts Test as a Functidn,of‘ .
Graphics Level and GT Scorxe '

’
. ) L)

- ¥ S R
.. : Graphics level '
GT score . « Low Medium High
. - .P .
~ 7 Low _ R . 76.25 . 71.67 : 84.29 .
Medium : . ’ _ 82.00 82.86 84.17
High - 87.00 90.00 95.00

Table 5

Mean Score on the Terminology Test as a Function of
Graphics Level and GT Score

A}

. - L%
- Graphics level
GT score ' Low Medium High.
1w . ‘ 65.38 65. 38 78.02 -
Medium. . : 83.07 74.72 83.33 : .
© ¥Might , . . 90.76 87.69 92.30 v

‘pable 6

Mean Score on the Identification Test as a Function
of Graphics Level and GT Score . ;

o . J,
.
< . -
. . .

-

, . . Graphics level
GT score Low . Medium | High .
Low ' i " 62.50 71.42 79.58
Medium 85.71 84.69 84.52
High 87.14 90.00 86.90 ¥
. ‘ R )
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Taaﬁe'7~
Mean Score 'on phe Prlnc1p1es Test as a Functlon of
Graphlcs Level and GT Score

ﬁ -
\.\
_ Graphics level »
GT score Low i Medium High
Low , 59.52 56.34 68.70
Medium | : : 65.71 © 69.38 - 61.90
High Ve - 80.95 74.28 78.57
I j
< T ~

Time. Table 8 .shows the mean léﬁson,COmpletlon tlme for each,
group. The analylls of variance indicated S'rellable interaction

between graphics level and GT score category, F(4, 42), = 3.35, p < .05,

Scheffe tests at the .05 ‘level indicated,that in the hlgh'&nd low
graphlcs level groups low GT scorers took longer to complete the les-
son than did medium and high GT scorers, whose time did not differ.

GT sgore category had no effect on lesson completion time fot subjects
in the medium graphios level groups, however.

"
Table 8
Mean Completion Time (in Minutes) as a Function,
of Graphics Level and GT Score ‘

~ 3,
_9' . *w

« . »

_ _ . ¢ ' Graphics level
GT saore ' Low . Medium . . High
Low - 167.45 125.01 " 140.20
Medium ' . ~+ 88.94 119.57 .- 85.23

High . ' . 85.48 " 71.38 T 78.15

Attitude Toward CAL

The scores fortuuﬂn!&bject for cach item on the pre- and po§t~
test attitude” surveys were summed to obtain_a total score for each-
subject for each test. Scores for each item for each test could range

e

-9

e
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from 1 to 5, a higher score indicating a more favorable attitude
toward CAI. The maximum scoye p08s1ble is 65. (13 items x 5) on the .
pretest and ‘185 (37 items x 5) on the posttest. ‘Table 9 shows the .\
mean score.on poth tests for the three graphics level groups., Be-’ '
Muse preﬁ and bosttest ‘scores were Correlated (Pearson Product Moment
coefficient =".71,p < .01), an analysis of covariance on the posttest
sscores with pretest scores as ‘the covariate was performed. The analy-
sis of covariance indicated no differences bereen graphics groups on
posttest attitude toward CAI, F(2, 86) = 1. 33

"

= - Table 9

Mean Pre- and Posttest Attltude Toward CAI Scores for.the
, Medium, and High Graphics Level Groups

>  Graphics lev®l ..

Test Measure : High Medium Low
Rretest X .. 46.53  45.83 . +45.37

Posttest X 143.97 - . 137.43 - -+ .. 136.43

] - . v A ; 13

Knerr (1978) reported addltlonqt Analyses-oﬁ the  attitude data.

o CONCLUSIONS®

The results of the pregenk €xperiment on the comparative. instruc-

" tiohal effectiveness:of three levels of computer graphics can be brief-

1y summarized. Level of computer graphics during learning had no ef-
fect on final performance. SUb]eCtS receiving simple graﬁhlcs, such
as boxed .alphanumerics, combined ‘with a textual CAI presentation per-
formed at the same levels as subjects receiving more realistic visual
displays and animations. Althou@h performance on the content tests
‘improved in tHe GT subsample as a function of aptitude as measured by
the GT test, there were no indications of any aptitude x treatment
interactions. For the GT subsample, however, time to complete the
lesson depended on graphics level and GT score category: Subjects 1in
the medium and high GT CategOrles took less time to complete the les-—
son. than did subjects in the low GT category for the low and high
graohicé level versions of the lesson. Aptitude had no statistical
offect on time to complete the medium -level graphics version of the
Yesgon. Practical applications of this finding are unclear, however,
particularly because, in all cases, low GT scorers took approximately
twice as long to complete the lesson as high aptitude scorers, even
for subjects in the medium level graphics group.




The failure to find differential effects for level of computer
graphics is consistent with King's (1975) f1nd1ng. Indeed, these -
two results suggest ‘that unless the role of graphics in CAI is more
clearly delineated, -minimal graphlcs, if any, may be sufflclent for
effective .Jdnstruction.

.
. °.

The experimental approach in this and King's (1975) study was to
devise a fairly complete and lengthy instructional sequence and to
test retention after instruction. In the present study and presum-
ably in the King (1975), study, an attempt was made to incorporate .
sound instructiomal practices over and above the use of computer
graphics. For example, in the lesson on the psychophysiology of
audition, if students failed to meet a. stringent criterion on one
.section of the lesson, they’were required to repeat that section be-"
fore continuing to the next section. Information was given to a stu- / o
dent gradually, so that new knowledge could be "built on previous "
knowledge. ‘This strategy was used both between and within lesson
sections. As a result, subjects achieved good scores on the final:
retention tests. On the probable assumption that the subjects as a
-whole did not have high preexperimental knowledge of the .content
areas, learning of the material resulted primarily from exposure to ..
the CAI lesson. Any potent1al effects of graphics during learning
may have been masked by the apparent ceilipg effects obtained on the
retention tests. d@_ ‘

It now appears that the experimeatal approach of designing sound
instructional CAI material that uses different levels of computer
graphics and of testing for retention after learning is not a fruit-
ful way to investigate the role of graphlcs in instruction. If graph—
ics.do enhance instructional effectiveness in any way, as most edu-
cators appear to believe, their influence must be subtle, and more
refined technifjucs would be necessary to discover their instructional
role. Perhaps the question which should be asked about, the role of
graphics in instruction is not, “Are more complex graphics better than
less complex graphics?" but rather, “"When, where, how, and with whom
are graphics to be used?", '

Possible approaches to be considered include exploring the role.
of graphics during the learning process in addition to their role in
retention (immediate and more long term) of learned material. Con-
tent areas which require integaction with the v1sua1 world should
also be explored; - performance- ~oriented dctivities such as vehicular
maintenance ¥equire visual knowledge to a greater extent than more
conceptual areas such as audition or the sine-ratio concept. orre-
spondingly, tests which rcqulre the use of visual information rather
than those which place a heavy reliance on text should be used as
dependent measur¥®s. There is also increasing evidence that individu-
als differ in their spatial abilities (Kozlowski & Bryant, 1977). it
may be that the instruct.ional gffectiveness of qraphlcs varies with
an individual's spatial aptltugw




’

CAl's greatest potential appears to be its capability to indi-
vidualize instruction using interactive technique Just as textual
material can be presented in an interactive mode, too can graphics.
The applications of interactive graphics to instruction may be a
fruitful area of investigation.

)

As a final notg, all three versions of the lesson on the psycho-

physiology of audltion are currently, available on the University of

Illinois PLATO system.'

The high graphics level version was selected

as part of the Biology PLATO Curriculum.

In the 6-month period from

1 January to'l July 1978, over 250 students a
ties in various locations across the country
the lesson. . i '

-

ot

“\ , . 3
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»

.’

14

ghcolleges and universi-
ccessfully completed

24

<

A




-

REFERENCES .
King, W. A. A Comparison of Three Combinations of Text and Graphics

for Concept Learning. Navy Personnel Research and Development
. Center Technical Report 76-16, 1975

4

Kperr, B. W., & Nawrocki, L. H. The Measurement of Military Student

' Attltudes Toward Computer-A591sted Instruction. ARI Research
Memorandum 78-18, 1978.

Knerr, B! W. Relationships Between Student Attitudes Toward Computer-
Assisted Instruction and Tra1n1ng Performance. ARI Technical
Paper 315, August 1978.

*

.

Kozlowski, L. T., & Bryant, K. J. Sense of Direction, Spatial Orien-
tation, and Cognitive Maps. Journal of Experimental Psychology:

. Human Perception and Performance, 1977, 3, 290-598.

Moore, M. V., & Nawrocki, L. H. The Educational Effectiveness of
Graphics Displays for Computer-Assisted Instructlon. ARI Tech-
nical Paper 332, September 1978.

. Stifle, J. The PLATO IV Student Terminal (CERL Report X-20). Urbana,
I1l.; Computer-based Education® Research Laboratory, March 1972.
LN .

15




