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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 lesson

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 each group. No control group was used. Graphics were either low level,

(schematic representations and boxed alphanumerics) , medium level (line

(lrawings), or high level (animations plus line drawings) . After'completing

the all subjects werv tested for retention of four knowledge cate-

gor.ies addresseil in the lesson: .acqpisition 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 rptention tests..

Researchers in computer-assisted instruction and computer graphics
are tIn. hitonded audience for this report.,
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FOREWORD

The Educational Technology and SimIlation Technical Area of the
Army Research Institute for the Behaviaral and Social Sciences (ARI)
performs research and development in areas of educational'technology
with applicability to military training. Of special interest is re-
search 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 abilities,
dnd increased training costs.

44
Technological advances in computer technoloqy now make it possi-

ble to use sophisticated graphics techniques 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
results Of the first phase of am in-hdtse research and exploratory
project,investigating the effectiveness of instructional graphics
in computer-based inntructional systems.

4

The effort was initiated in response to the requirements of Army
Project 2,063731A762, "Computer Administered Instruction," FY 1975
Work Program, and was continued under Project 2Q763731A771, "SysteM
Embedded Training Development;",FY 1978 Work Program.

Dr. Bruce M. Knorr atid Specialist 5 Peggy McLintock contributed
to the development of instructional materials Lised in the experiment.
PerSonnel at the Learning Resource Center, Dr. Everett Rompf, and
Mr. Jack Ainsworth, all of the '1':ngineer School, Fort Belvoir, Va.,
assisted in providing the facilities and the personnel required*to
conduct the experiment.

AjkAvyJi6em%

SEMI ZEIDNER
Technical Director

A
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THE INSTRUCTIONAL.EFFECTIVENESS THREE SVELS OF GRAPHICS Y'
DISPLAYS FOR COMPUTER-ASSISTED I1STRUCTION

BRIEF

sr

Requirement:

To compare the instructional efied4.iveness of.three diffeteni
types of computer graphics'for corituter-assisted instruction (CAI).

Procedure:

. .

Three.groups of 30 enlist d personnel studied a'CAi. lesson on
the psychdphlisiology of auditi n. Three versiolls of the le'slon were
developed; each_version differ d only in the type of graphics used.
(;rapliicE were ei,ther low level (boxed alphantmerics and schematics),

medium (level '(line drawings) , or.high level (line drawings plus ani-
mations). Opon lesson completion,..retention.of fOur knowledge cate-
.gories addressed in the CAI lesson was bested.

- Findings:

Groups did not iffer in their: performance on.the _final retention
tests or in lesson completion time. Performance was, however, reiated
tc; GeneraF Technical (GT) score.

Utilization Or Findings:

The addition of more realistic andophisticated graphici dis-
.

plays to a CAI iesson does not insure aA fncrease in instructiona)kef-
1

_

fPctiveness. A need exists to determine principles and guidelines for
Vhe use of graphics in computer-based training.

,

,
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THE INSTRUtTIONAL EFFECTIVENESS OF THREE LEVEII. OF GRAPgICS

DISPLAYS FOR COMPUTER-ASSISTED INSTRUCTION

INTRODUCTION

4

The use of computers for ducation and .training has increased
.within the test .fOra years in military, induStrial, and academic set-

tings. Although'much of this activity reflects the.use of computers
for the management of,instruction. "a.substantial. portion. of this ac-

tivity has also been directed toWaid comPuter-assisted imstruction
(CAI). Major obstacles to the implement4ion of computer-baped edu-
cation include the iuitia1 hardware/software costs and the follow-on
cost of courseware development'. In the case of CAI,-both,cost factor&
are greatly increased by the'addition of-sophisticated instructiOnal
capabilities.

. .

There has been little sy.stematic research on-characteristics of
CAI that are thought to optimize learning,-even though it is precisely
these instructiOnal capabilities that contribute tb 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 se0n
as a desirable feature in CAI cUrriculum development. Thus, computer
graphics capabilities, despite the additional procurement cost, are
often an important factor in the design and selection of a CAI system.
Furthermore, including graphics displays in a CAI lesson increases les"
son development time and hence increases the cost of courseware.

A recent ARI 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 belief in tht effectiveness ot

graphics:

First, it is clear that the addition of.graphic instruc-
tiOnal.material does not guarantee an'increase in in-

structional effecLivene5Ts.... The second major conclu-.
is while there do appear to be cpnditions in which

graphics may be an important adjunct to the instructional
proceSs,.there is currently no systematic means Por
identifying*these conditions.

The literature review did suggest, hOwever, that a systematic-research
program would best be directed toward determining computer graphics
effectiveness as a function of the type of graphics employed as well
as of subject matter, }earner task, and learner characteridtics. The

research reported here is the first ih a series of experiments de-
signed to explore the instructional effectiveness of computer graphics.

1



The main purpo e, of this experiment was to obtain da.ta comparing

-thu instructional ffectiveness of several levels of coTputer graphics
"ondi to explore the Interaction effects' of lerels of graphics with

identifiable learn r aptitudes and'tas,lcs. King (1975) invest.igated

the instructionAl ?ffects of,computer'graphics in teachihg the sine--
ratio concept and found no differences on a final test In the per-
formAnce of group receiving (a) CAI text 'only, (b) CAI text plus'ani-

-/
mapql graphics, o (c) CAT text plus still graphics.
/ .

The present experiment manipulated three different levels of
/ computer fjr,aphic : high (animations plus line drawings), medium Agive

drawings only) , nd fo'y (sChematic representations and boxed alphalrr
numerics).' Thr e verSions of the CAI lesson on the psychophysiology
of auaiLion weimdeveloped.' Each Niersion differed only in the ievel
of graphies us/d.

4

rsychoph siological lesson material was selected because of its
potential fo graphic manipulation 'and becaus the idea that graphics
are nwessa v to Leach this material effectively had much face. validity.
Fotir typesof performance tests were. administered to7all subjects:

(A)
-
aegui!.ition dud use of principles, (b) identification of struc-

tures, ( d t definiions an ot terminologyt m oand (d) mery o'f spe-
. .

Ffilm these i.e.:its, information about the role of computer

grap;li(s for acquisition of specific knowledge categories could be
obtailed. 4nere available, aptitude' measures, such as r1enera1 Technical
(f;T). Aiim1 Forces Qualifying Test (ANT) scores, Were used to de-
teryline the extent of the relationship between aptitude and the type

oc graphics used.

METHOD

Subjects

V

is !;11Lioct:; wore 90 onliod personnel (7 females, and 83 males) from

the nuinuering School and the Defense MaPping.School, both locate'd at

Fort k*.Ivnir, Va. All subjects were high school graduates who were
undergolt;g advanced training at the time of the ettporiment. Their

age.i ranged from 17 to 32 years; the meah age was 20.01 years.

pe.5i2p

Thirty subjects were randomly assigned to eaeh of three groups_
A1J groups were treared identically, except that. ieyel of graphics
dispiays during Ihe learning task was varied (either high, medium, or

low) between groups.

O.

2 0



Lesson Aaterials

.

' The basic.instracliondOnsiSted of a Iihearr'CAT -lesSon 'on the
psychophysiology of The-lesson comprised-four Aectaons:
Section 1 dealt with sound wave theorYk Sedti6n ? preSented the anat-
-omy of the hearing mechanisms of the.ear; SectioA 3 dealt wilh bal-
ancer and Section 4 presented the rang0 of hearing abilities and'the.

L.deterioration of range with age.r .

The lesson consisted ok 153.frames, '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 4-ame,-studerits were
required to answer either a forced-choice or co,nftructed-answer ques-
tion bAsed on the immediately preceding illaterial; gtudents were re-.

quired to answer the question correctly in order to cOntinue.

Each of Vie four sections was followed by a'zreview containing
7, 22, 7, and 25 force&-choice-qtestions, respectively. Subjects
who failed to ansiiikrid8596 of the questions in a review'correctly were
required to repeat-ne immediately preceding section until they eould
pas's the review. In all-other cases, stUdentLprogressed through the
frames in a linear Order, but were allowed toMepeat the immediately
preceding frame if they so chose.

Graphics Levels 7

. .p
,

Three versions of the lesson on the psychophysiology of audition
were developed. Versions were identical except for the level of com-
puter' graphics us 1 during the lesson. The low graphids vOrsion used.I.only schemati.c.r presentations (alphanutherics); the medium gtaphics
version used only line drawings; and'the high graphics vers/gn used
animations and line drawings..

/Th

Figure 1 shows the low graphics display, which was constructed
during a series of lesson frames on the anatomy of theiear. As each 01110
part of the ear was discussed in (*Nebr., from the outodto the inner
ear, the corresponding boxed alphanumeric was added to the computer
dispJay. Thus, the sequence of connections within the ear was dis-
played as well as the division into outer, middle, and inner ear
sections, but only at a schematic level.

k

More rea istic depictions of the parts of the ear and their
interconnecti)ns were usd'a for the equivalent medium graphics dis-

.

play, as sho n 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 of the bones of the middle ear (hammer, anvil, and stirrUp),
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. .

a musical notit- would move througlillrie ear canal, the ear drum would

vibrate, then the middle ear'bones would move in sequenCe..

S.

i 4
I

N
Attitude Survey ''. .

. .

Data" on attitudes toward CAI Were also cpllected on line for eaah
subject. The attitude survey (Knerr & NaWrockij 1978) consisted of .

a 13-item Likert-scaled PretesPrand ..: 37--j,em. postteSt. °Possible

de ouTrd CAI; -3, a neyttal attitude; and 5, a very
scores-on each item ranged. from 1 tO 5,5 a score of 1 ilidicating an

Unfavorable attitu
favorable attitude. The posttest,employed 1,3 pretest itemsothrased

: in the past tense, and 24 'hew items. inl internal consistehcY relia-
bility of.each testis reported to be .8 d .93, ?6spectivelp.

"vDependent Measures
"*"

Five depeMent measql6s were used: time to complete the lesson
and scores on the four.content tests: Facts, Terminology, Ildentifi-

-.)
cation, and Principles. The Facts Test consisted of 20 true/false
and multiple-choice items developed to test the subject's knowledge
about t1le qualitative and quAtitative modifiers described in the
lesson. The Terminology Test consitt;ted of 13 matching items designed
to assesS the subject's knowledge qf the functiOn of the parts of th'e
ear and knowledge 'of terms used in the lesson. The'Identification

: Test consistd of 14 multiple-choice items which tested the subjectv's
knowledge of the location and/or structure of he parts of the ear..
The Principli:s Test consiqed'of 21 true/false awl multiple-choiCe
items'which tested'knowled(je of the principles ana theories discussed

the lesson. Prior to asS'embrjing theAe test s. in final forM,bfour

raters judged oach test item as to the category 0 krlowledge ittested.
When disagreements were noted, the item was eliminated. .

,

Avparatus.

Except for pr-.4 and postdebriFfing sheet-A, all instruction and
4 data collection,t6ok place via one*of four PLATO IV torminals located

at the Learning 1.-tsoll,rce Center,of the Engineer School, Fc.ft. Belvoir, .

Va. The hadware of the.PLATO 1-V..coMputer-based dd
j

:ation system has

been described by Stifle (19721, Each terminal co r ists of an 8.5-,inch

square plasMa display panel and associated ilypewriter keyboard. Ter-

minals were connected via dedicated .telephone lines to a CDC 6500 com-
puter located at.the University Of Ilrinois.1 A

lor1Commercial designations are used for precision of reporting. Their

use does not constitute endorsement by the Army Research lnstituie

or the U.S. Army. .

A
\

V. a

1'.,
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I.

Procedures

'Upon arrival at the Learning'Resource Center, subjects were
beiefed about the purpose of the experiment. Subjects were randomly
assigned to one of the three graphics levels, and then taken to the
computer termidals. The experimenter signed sublects onto the PLANO
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
Teiwards CAl Pretest, the CAI lesson .on the psychophysiology of audi-
tion at the selected graphics level, E'acts Test, Terminology Test,
Identification Test, Principles Test, and Attitude Towards CAI Posttest.

RESULTS

Performance Measures A

.The time taken to complete -the foilr sections of the lesson and
the four review sections wag tallied and combined as a single figure,
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 significantly differe
F(2, 87) = .02.

Table I

Mean Lesson Completion iime for the Low, Medium, and
High Graphics Level

Graphics level 'Mean (in minutes)

Low 108.00
Medium 106.82
High 108.86

.The number of correct items was tallied for each subject for
each of the four content tests. This number was then converted to
pc%rcent correct. The mean percent correct for each of the three
graphics groups for each of the four tests is presented in Table 2

7
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Tabld 2

Mean'Percent Correct for the.Low, Medium, and Itigh

Graphics Level Groups on:the Four Content Tests

Content test

'44 .Graphics level

Low Medium- High

Facts 84.33 -83
.

50 86..00

Terminology , 83.59 78.20 83.84

Identification 81.90 82.14 84;28

Principles Gt 70.00 67.93 72.38

The one-say analysis of variance performed on the percent correct

data-for each of the four content.tests.resulted in no significant

differences among high, medium, and low graphics groups4or.any.of the

analyses performed: Pacts Test P(2, 87) = .44; Terminology Test

P(2, 87) = 1.20; Identification Test F(2, 87) = .42; and Principles

TeM.- F(2r 87) - 1.07. Al

Thus, the initial data analyses indicated that the level of com-

.
puter graphics employed in the lesson was not a significant determinant

of success ore the content bests or of time spent on the. 1es4on.

Aptitude and Performance

Subject performAce was further analyzed with respect to general-

ized aptitude. GT scores were available for about haWf the subjects/

(n 51). Armed ForceS qmElification Test OWQ0 scores were also

available for abpuC half It-7e subjects, (n = 49).. The subject popula-

tiops in the GT and AFOT subsamples oi.rerlappecr,considerably-and the

aptitude scores'wem correlated with each other, r(45) = 87, p

Because correlation between aptitude test and performance,variables

was greater in the GT subsample (r!angelpf.r values: .49 to .66) than

in the AFQTsubsample (range of r valuds: .43 to .63), the results

of only ono subsamplei---Ohe GT subsample, will be considered here:

For analySis purposes, the,51.subjeets for whom GT scores were

available were classified as being high GT scorers (118-140), medium

GT scorers (106-116), or low-GT scorers .(90-104). Cutoff points for

the division into groups wer determined by first rank-ordering all

available GT scores and then dividing the sdores into approAimate

upper, middle, and lower.thirds so that high, medium, dnd low GT

scores were about-equally represented in the three graphict; level

8



fonditionS. Table 3 shows the mean GT se6res for each of the nine

groups.

Tabie 3

Mean GT Score for Subjects in the Low, Medium, and
High Graphics Level Groups Clasfified as Low,

irMedium,-or High GT Scorers

4

Graphics level

GT score Low Medium High

LoW (90-104)

Medium (106-116)

High (118-140)

,

94:00 . 98.5 101.43

(4) (6) (3)

i
.

110.33
.

.

112,40 111.33

1(5) .(7) (5)

111.60 126.00 122.17

(5) . (5)

e.

Note. 'ehe number of scores cOntributihg to each mean is shown in

4 parentheses:

The performance of th a'subsample for each of the,five depen- .

dent measui-es was analyzed usihg 0o factor analYses of-varianogswith

both facttrs '(CI' score and grkhies leirel) as 144t.Ween subjeet'faCtors.

Contt:nt Tests. Tables 4 to 7 shoW the mean qcores on each con-
tent test.as a function of graphics level and GT-score category.

Kuvistenf; With erie results for_the entire sample, there ware no Major
effects of grvhics level in-the GT subsample on any of the four con-

t.ent tests: f,(2., 42) -.2.77 tor the Facts Test, .93 for the Termi-

nology Test, 1.10 For the Identifieation'Test, and ,29 for the Princi-

ples Test. . .

. -

Po? the GT subsample,.performanee on eaCh content test improved'

wit! aptitude level: 1(2, 42) - 9.62 f6r the Faets.Test,"5.34 for tIle
Terminology Test, 12.43 For-the IdentificaCion Test, and 8.74 for the

Principles Test; p .01 in ajl cases. Graphics-level and GT categoy

did not inter'at:t.: F(4, 42) = .72 ror bhe. Facts Test, .22 Cor the

2Perminology Test, 1.41 for the ldentjfication-Testl and 1.10 for the

Pri,nciples Test.

9
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Table 4

Mean Store on the Facts Test as a Function of
A

Graphics Level and GT Score

Graphics level

Gill score 1,ow Medium High.

.' Low . 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 Testas a Function of
lIraphics Level and GT Score

Graphics level

GT score Low Medium High.

144 65.38 65.38 78.02

Aedium. 83.07 74-.72 83.33

41igh"' 90.76 87-69 92.30

Table 6

Mean core on the-Identification Test as a Function

of Graphics Level and GT Score

Graphics level

,ur score Low Medium High

Low 62.50 71.42 79.58

Medium 85.71 84.69 84.52

High 87.14 90.00 86.90 QP

10



Talyte '7-

Mean Score'oll.the Principles Test as a Function of
Graphics Level and GT Score

GT score

Graphics level
Low Medium High

, 49w 59.52 56.34 68.70

medium, ; 65.71 69.38 61.90

high
-111p.. 80.95 74.28 78.57

Time. Table 8.shows the mean le§sQncOmpletion time for each,
group. The analyfis of variance indicated a-reliable interaction
between graphics level and GT score category, F(e, 42). = 3.35, p < .05,_
Scheffe tests at the .05 level indicated.that in he hfih"hnd low'
gr aphics 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 score category had no effect on lesson completion time fok subjects
in the medium graphios level groups, however.

Table 8

Mean Completion Time (in Minutes) as.a Function.
of Graphics Level and GT Score

.10

GT smore

'.Graphics level
Low Medium . High

Low, 167.45 125.01 140.20

Medium 88.94 119.57 16.23

High ,85.48 71.38 78.15

Abtitude Toward CAL

-
The sdores for each ubject for each item on the pre- and post-

test attitude"surveyS wer. summed to obtain.a total'score for each-
.

subject ror.each test:. Scores for each item for each test could range

1_1

. .

.L. 9, .
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* from 1 to 5, a higher score indicating a more favorable attitude ,

toward CAI. The maximum scoire possible is 65. (13 items x 5) on the

pretest and.185 (37'items x 5) ori the posttest. 'Table 9 shows the ..`

mean score,dn;both tests for the three graphics level groups.% Be-"

AUse preqE:and posttest.Scbres were correlated (Pearson Product Moment
coefficient =-.71,' p s .01), an analysis of covariance On.the posttest,

scores with pretest scores as the dovariate was performed. The analy-

sis of'covariance indicated no differences biltween graphics groups on
posttest attitude toward CAI, F(2, 86) = 1.33.

Table 9

Mean Pre- and Posttest Attitude Toward CAI Scores for,the
.Low, 1edium4.and,High Graphics Level Grbups

Test

Graphics levtl

Measure High 'medium Low

kretest
Posttest

. 46.53
143,97

45.83

137.43

45.37
.136.43

Knerr (1978) reported additionat analyses of the-attitude data.
.

CONCLUSIONS

The results of the pre4ent dxperiment on the comparative.instruc-

tiohal effectivenest'of three levels of computer gaphics can be brief-

ly'summarized. Level of computer graphics during learning had no ef-

fect on final performance. Subjects receiving simple grallics, such
#

as boxed-alphanumerics, combined mith a textual CAI presentation per-

,. formed at the'Same levels as subjects receiving more realistic visual

displays and animations. Although performance on the content tests

dmproved 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, eine to complete the

lesson depended on graphics level. and GT Score category: Subjects in

the medium and high GT categories took less time to complete the les-

son.sthan did subjeds in the low GT category 'for the low and high

graphicA level versions of the lesson. Aptitude had rib statistical

effeet on time to Complete the medium level graphics version of the
r 1es n. Practical applications of this finding are unclear, however;

p ticularly because, in all cases, low T scorerS took approximately

twice as long to complete the lesson as high aptitude scorers, even

for subjects in the mediuM level graphics group.
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The' failure to find differential effects for level of computer .

graphics is consistent with King's (1975) finding. Indeed, these

two results suggest that unless the role of graphics in CAI is more
clearly delineated,-Minimal graphics, if any, may be sufficient for

effective dnstruction.
v.

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 instrUctiosaal practices over and above the use of computer

graphics. For example, in the lesson on the psychophysiology of
audition, if students failed to aeet astringent criterion on one
-section of the lesson, they'were required to repeaC that section be-.

fore continuing to the next section. Information-was given to a stu-

dent gradually, so that new knowledge could be'built on previous
knowledge. 'This strategy was used both between and within lesson

sectiens. 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,potential effects of graphics during learning

may have been 4Lasjced by the apparent ceilipg effects obtained on the

retention tests.

It now appears th.lt the experimental 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-

-0m
ful way to investigate the role of graphic 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 techniques 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, ftWhen, 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 rdle in

retention (immediate and more long term) of learned paterial. Con-

tent areas which require inteyaction with the v.isual world should

also be explored;.performance-oriented gCtivitieS such as vehicular
maintenance'xequire visual knowledge to a greater extent than more
conceptual areas such as audition or the sine-ratio conept. iorre-
spondingly, tests which require the use of visual informationrather
than those which place a heavy reliance on text should be used as

dependent measurIN. There is also increasing evidence that individu-
als differ in their spatial abilities (Kozlowski & Bryant, 1977). It

way be that the instructionS1 &ffectiveness of graphics varies with

an individual.'s spatial aptitun.

13
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CAI's greatest potential appears to be its capability to indi-

vidualize instruction using interactive technigueqp. Just as textual
material can be presented in an interactive modec\se too can graphics.
The applications of interactive graphics to instruction may be a
frutful area of investigation.

4
As a final note, all three versions of the lesson on the psycho-

.

physiology of audition are currently,available on the University of
Illinois PLATO systern. 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 Eillcolleges and universi-
ties in various locations across the country Abccessfully completed
the lesson.

-411
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