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INTRODUCTION

In most educational circles it is customary to refer to
instructional films, slides, charts, and illustrations as “"vi-
sual aids", The implicit assumption in such reference is that
any visual demonstration is ipso facto an aid and not a hind-
rance, Another assumption (which apparently operates in the
construction of visual demonstrations) is that the oloser an

illustration resembles the real situation, the greater is its

instructional value.

Recent research in the Soviet Union has cast some doubt
1l

on the accuracy of both assumptions.” According to Soviet in- ‘
vestigators, a visual demonstration may be a real hindrance if
its irrelevant features happen to capture the viewer's atten-
tion. They suggest, furthermore, that in a realistio demons-
tration the irrelevant features may have prepotency in compe-
' +ing for the viewer's attention,
l The main implication of the Soviet research is that a
visual demonstration, to be an aid, must minimize those aspects
| which sre not immediately relevant to the acoompanying text.

The principle is that of contrast betwsen the feature under

If the Soviet inferences are correct, the making of the
instructional visual demonstrations must move in the direction
of greater simplicity, with attendant reduction in cost. It
may also be profitable, educationally as well as financially,

| discussion and its backgrowd. l
! l
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to substitute in some phases of teaching schematic outlines of

portinent features for real situatiors with their concomitant
distractions,

The =2im of the present study is the devalopment of guide
lines for planning visual demonstretions, As indicated earlier
the specific assumptions to be tested are that the effectiva-
ness of teaching will be improved by (a) elimination of irre-
levant features, and (b) prominent exposure of features perti-
nent to the narrative in progress,

The theoretical bases for these assumptions are the con-
oepts "orienting reflex" and "vigilance", the former credited
to Professor I, P, Pavlov,6 the latter to Sir Henry Hoad.5
Although the concepts have independent origins, their current
definitions are practically identiocal, The phenomenon they
describe is that of alert attention to environmental changes.
The salient features of such attention are receptor adjustment,
excitation, and preparation for subsequent action.3

In the classroom vigilance is manifested by the direction
of the student!s intereast, For a teacher it is only too easy
to assume that his voice commands a studernt's a;ttention. Such
however is not always the oase since other scunds and other
sights are often free to compete for it,

Extending this reasoning to the use of visual demonstra-

tions, it is now postulated that competition for the student's

attention is proportional to the number of separate components

included in any one chart or diagram, Though the narrative
2
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discusses - "ase components in a logical order, there is no cer-
tainty at any peint in time that the student is attending to
the detail being descrided,

The thesis of this paper is that vigilance can be directed
and maintained by sequential changes in figure-ground relation.
Figure-ground relation is a contrast between a shape and ita
background. Such contrast may be achieved by the use of bound-
ary linea, coloration, or differential illumination,

It is now proposed that a student's attention will be di-
rected to the relevant detail if such detail is in sharper con-
trast to the background than other details., As the lecture
progresses from one detail to another, the ocontrast effect may
be arranged to change in the same order. The very fact of
change should be sufficient to maintain the excitatory aspect
of vigilance,2 and the heightened figure-ground contrast should
give it direction.

TEST OF HYPOTHESIS

A. Method. The foregoing proposition was tested by con-
trolled comparisons of two instructional methods consisting of
tape~-recorded lectures. and photographic slides, In both meth-
ods the lectures were identicel, but the slides differed:

1, Control slides: These were black-snd-white repro-

ductions of conventional textbook illustrations. The various

conponents of each illustration were properly labeled., As the
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taped narrativi: described a partioular component, the teacher
directed a pointer to the corresponding detail in the picture,

2. Experimental slides: These, ‘00, were reproduc-

tions of textbook illustrations, but done in black, white, and

a shade of gray. There was no teacher with a pointer: instesad,
the detail under discussion appeared with maximal contrast of
white against black, while other detalls remained in lesser
contrast of gray against black., As the narrative progressed
from one componant to another, the maximal contrast shifted
eccordingly. This basic approach was occasionally varied by
the introduction of coloration in order to maximize contrast,

B. Materials, The materials were prepared with the help

of the faculty in Troy High School and Rensselaer Polytechnic
Institute, who had volunteered to take part in the project.
The areas of study and the topics selected to test the hypo-
thesis are summarized belows

1. High School Biology ~= two lectures:

a, cell division
b. the reproductive process

2, High School Chemistry -~ two leciurss:

a, oxidation~reduction
b. balancing of equations

3, High School Physics ~~ two lectures:

a, wave motion
b, reflection and refraction

4, High School Geometry -— one lecture:

a, simple and compound locil

< - - < .«
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5. College Statistics —- one lecture:
a, correlation methods

6. College Mechanics — one leocture:

'A

a, calibration of a universal testing machine

C. Procedure. Each lecture was about 40 minutes long, re-

ocorded on tape by a professional radio amnouncer. A script was
keyed numerically to the narrative for manual changing of the
slides, These were presented by Bell and Howell projectors:
#750 specialist projector for the control groups lap-dissolve
tandematic projector for the experimental group. The latter

allowed for a gradual shift in figure~ground contrast without

-

affecting topographic relation,

e —— )

The hypothesis was tested by specially prepared objective

examinations administered upon completion of the lecture or

-

lectures, When comparison between treatments was based on only

one lecture the examination wae administered on the following

T—

day. In courses with two lectures the examination was given on

the third day, except as noted hereafier.

D. Subjects. These were students regularly enrolled in
the respective courses, The breakdown is summarized below.
1. Biology: 4 classes, total N = 107.
2. Chenmistry: 3 classes, total N = 67,
3. Physics: 2 classes, total N = 56,

v

4. Geometry: 2 classes, total N = 38,

5. Statistics: 1 class, total N = 26,

6. Mechanics: 1 class, total N = 369,
5
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Each class was divided at random into approximately equal
control and experimental groups, and the treatments were admi-
nistered simul teneously in separate rooms, The one exception
wae the class in mechanics where the treatments were applied in
the same room at different hours, Though the several classes
in a particular area of study met at different hours, the exa-
mination for all classes in the area was administered at the
same time., The one exception was the class in mechanics where
the examination was given immediately following the presente-
tion, |

E. Results, The results are presented in Tables I through
VI, each table summarizing the data foir a single area of studyj
In the first four tables the numbers in the cclumn labeled
"period" are ordinal numbers ‘ndicating the time of class meet-

ing, bused on a seven-period school day.

Table I - Biology

Experimental Control
Period N Mean Median N Mean Median

16 5.7 56 15  50.2 52
14 39.1 37 14 4.8 35.5
15 36.4 40 12 35.4 35
11 35.7 37 10  34.4 38

ALL 56 41.9 40,5 51 39.4 39

O I

The scores above represent the number of correct items,

obtained on a multiple choice examination of 60 items.




Table II -~ Chemistxy

Experimnental Control

Quisz Period N Mean Median N Mean Median

Oxi-Redu 2 12 15.3 15 13 15.9 16
Bal. Equ 49.9 5005 5302 55
Oxi-Redu 3 11 15.0 17 12 15.7 16
Bal. Equ 49.4 54 52.3 56
Oxi-Redu 7 10 12,8 13 9 13.1 13
Bal. Equ 37,9 42,5 46.1 47.5
Oxi-Redu ALL 33 14.5 15 U 15.1 15.5
Bal. Egqu 46,1 50 51.0 50.5

The results above are based on a two-part examination:
(1) a completion quiz on factual material in oxidation-reduc-
tion, allowing for a maximal score of 253 and (2) five prob-
lems requiring bolancing of equations and allowing for a maxi-

mal score of 70,

Table III - Physics

Experimental Control
Quiz Period N Mean Median N Mean Mediean
Wave Mot 3 16 23,2 24 17 23.4 23
Ref-Refr 14 11.8 11.5 17 14.0 14
Wave Mot 6 13 26.2 25 11 29.8 30
Ref-Refr 13 15.0 15 12 17.4 16.5
Wave Mot ALL 29 24.5 24 28 25.9 24,5
Ref-Refr 27 13.3 13 29 15.4 15

The physics examination consisted of two parts administ-
ered on two consecutive deys, The first part contained mul-
tiple-choice items, primarily factual, on wave moticm, and it

allowed for a maximal score of 43, The second part, dealing

7
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with reflection and refraction, contained items of factual na- )
ture as well as problemss <this part allowed for a maximal

score of 27.

Table IV -~ Geometry

Experimental Control
Period N Mean Median N  Mean Median
3 13 13.2 14 13 12,5 13
7 6 14.5 14.5 6 13,7 14.5
AL - 19 13,6 14 19 12,9 13

The geometry scores represent the number of correctly

answered items on a completion test of 16 items.

Table V - Statistios

Experimental Control
N Mean YNedian N Mean Median
Pre~test 13 5.1 6 13 5.5 5
Post-~test 10,2 10 10.1 11
Difference 501 5 4.6 5

The scores above represent the number of correct answers
on & multiple~choice test of 15 items, In this course the
test was given before and after the experiment because of dif-

ferent educational backgrounds of the students., These, though

different in other respects, were fairly uniform in the field

of statistics, /‘

P
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Table VI - Mechanics

Experimental Control
N Mean Median o N Maan Median o

179 19.78 20 3,22 190 19,16 20 3,56

The mechanics scores represent the number of corrsctly

answerad items on & multiple choice examination of 25 items.,

F. Analysis of Results., A cursory examination of the data
reveals that the investigation fails to provide a basis for un-
equivocal acceptance or rejection of the hypothesis. A close
analysis, however, suggests the poassibility of interaction be-~
tween treatment and area of study., The analyses for individual
areas follow, |

1, Biology. The resulis favor the hypothesis, but
the differences are small, In each of the four classes the
mean scoras of experimental groups are & point or two above the
scores of control groups., By the one-ta.iled.eign test the pro-
bability of such consistency being due to chance is 1/16, It
must be adnitted, however, that the one~tailed test is hardly
warranted in view of the fact that such test fails to provide
for the contingency of obtaining data contra?ictory to the hy-
pothesis, In consideration of such contingency it is proper
to state that the probability of such comsistenocy in either

direction is 12.5%.

Because the results are not distributed normally they

were subjected to another non-parametric analysis, tie rank

9




order test for two independent aamples.4 The test consists of
determining the probability of chance deviation of the actual
sum of ranks from the expected sum, were both samples dvawn
from the same population., The two-tailed tes: shows the Pro-
bability ‘to be 24.6%.

2, Chemistry. The results in this area are mifomly_
at variance with the hypothesis., The contradictory evidence is
especially pronounced in the problem-solving test om the balan-
cing of equations., The two-tailed rank test gives p = 18.4%.
In the factual information quiz on oxidation-reduction p = 45%,
also in the direction contrary to the hypothesis,

3. Physics, The data in this area, like those in
chemistry, fail to confirm the hypothesis, The two-tailed
test of scores on reflection-refraction quiz yields p = 4%
against the hypothesis., The comparable probability for the
scores on wave-motion quiz is 40%,

It should be noted that the reflection-refraction quiz,
like the equation-balancing quiz in chemistry, is primarily a
tes’ of ability to apply factual knowledge rather than of fact-
wal knowledge itself,

4. Geometry. The results in this area favor the hy-
pothesis, but the differences are not statistically significant,
The two-tailed renk test yields p = 49%.

5. Statistics. In this area the rank test was used
on differences between pre— and post-test scores. The results
favor the hypothesis but lack significance, with p = 76%.

10
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6. Mechanios. In this area the resultis approximated

normal distributions, with the differsnce between the means
supporting the hypothesis., Analyzed by the t-test, the differ-
ence, though small, approaches significanoce, with ¢ « 1.72. The
corresponding two-tailed p = 8.5%.

G. Discussion. On the basis of the foregoing analysis it
is tentatively proposed that the differences observed in selec-
ted areas of study are indicative of real differences between
treatments. Specifically, it is proposed that the experimental
approtch is superior to the conventional approach in descript-
ive fields, such as biology and mechanics, where much of the
content is concerned with looslization and nomenclature of con-
crete details,

On the other hand, areas such as physics and chemistry,
which deal largely with applfoat:lon of principles to solution
of problems, do not lend themselves readily to the experimental
treatment. Such treatment, in fact, may be a handicap inasmuch
as it interferes with the student!s self-paced and self-direct-
ed orientation to different aspects of the whole problem.

The validity of these conclusions was examingd by repli-
cation of the comparisons with new populations.

TEST REPLICATION
A, Subjects, The subjects and classroom Spacs were pIo-
vided by five schools in New York State Capital District in
Summer 1965, The list of schools follows.

11
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1. Albany Academy: private, non-parochial high school,

2, East Greenbush High School: public school.

3. Lansingburgh High School: public school,

4. lilne School: experimental scheol cf State College of
Education, combining high school with lower grades,

5. Vincentian icademy: parochial high sochool.

Students in the Kilne School were 7th, 8th, and 9th gra-
ders taking an advanced experimental course in biologys stu-

had failed in the previous academic year or in which they had
received a low mark, A t.tal of 227 students took part in <he
project,

B. Materials, Three areas of stuly were selscted for the

: replication: (1) Biology, as maximally favoring the hypothesis;

(2) Physics, as most contradiotory to the hypothesis; and (3)
Geometry, as failing to show differentiation between treaiments.
By eliminating reiteration and summaries, the two lectures in
biology and the two lectures in physics were condenses into
single 45-minute lectures,

C. Procedure., The presentation dates were established by

|

§

‘ dents in the other four schools were reperting courses they

l the teachers, coinciding with the periods scheduled for teach—

ing the vaterial. As in the original experiment, the classes

$' were randomly divided into experimental and control groups.
Because most studenis had some aoquaintance with the subject-

l mattier, a test was administered before as well as aftor the
presentation, This was a fifteen-item multip_le-ohoim tost,

12
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with anple time to answer the items, The entire procedure

required about 75 minutes.

The. sample sizes in the various comparisons are shown in

Table VII,
Table VII - Sample Sizes
Sochool Biology Geometry Physics Total
Exp Con Exp Con Exp Con Exp Con
Milne School 1c 11 10 11
Albany Academy 4 5 7 9 3 2 14 16
Vincentian Acad, 8 9 17 16 13 13 38 38
E, Greenbush H,S, 11 12 18 14 29 26
Lansingburgh H.S, 9 8 18 10 27 18
Totals 42 45 60 49 16 15 118 109

D, Results, Table VIII presents the results in terms of

nean difference-scores between pre- and post-test performances.

Table VIIl - Mean Difference-scores

Biology Georetry Physics

School

Doxn Poon Dec Daxg Doon Dewc " Doxp Don Do—o

Milne 5.40 4.63 0.77
Albany 4.00 2,00 2,00 2,71 2,89 -0,18 3,67 2.5 1.17
Vincen 1.75 1.66 0,09 2.4 1.81 1,13 1,62 1,69 -0.07
E. Gr. 3.55 3.00 0,55 2,16 1.79 0.37

Lans. 2,11 2,00 0,11 2,61 2.70 -0.09
ALL 3.09 2,68 0.41 2,52 2.25 0,27 2,00 1.80 0.20

While thoe differences between the mean difference-scores

of the experimental and control groups failed to achieve sta-
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tistical significance at the 5% level, the mean difference-
scores of the experimental groups were'generally larger ihan
those of the control groups., To determine whether or not the
frequenoy of this ocourrence (8 of 11 samples) exceeded chancs,
probability values were computed by the binomial expansion.
The probability of obtaining 8 or more samples in which the
experimental group's mean difference-score exceeded the control
group was 11.3% for a one-~tailsd test., The value for the bio-
logy, howsver, lends substantial credibility to the lyypothesia.
The probability cf five successes in five trials is .03, This,
however, is again & one-~tailed test, and the value should be
doubled to aliow for the contingency of a difference in the
opposite direction,

E, Discussion. The confirmation of original resuits in

iology by replication data provides grounds for accepting the
bypothesis of the efficacy of the experimental treatment in
this area of study. For physics, however, the replication data
éo not confirm the original results, The discrepancy here may
be attributed to the fact that the 15~item quiz consisted pri-
marily of factual knowledge items, The importance of this dis-
crepancy is in its warning against premature rejection of the
hypothesis,

The overall results in Geometry lend support to the slight
advantage of the experimental treatment in the initial experi-
ment, This points to the possibility of a real difference be-
tween treatments that may be brought out by further research,

14
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A word of caution is appropriate at this point, Though
the results have generally favored the experimental treatment
in biclogy, 1t is not the area itself, but a specific topioc in

the area, which lends itself to the treatment, The essential
accurecy of this statement was confirmed in a filmograph test,
with a different topic in biology serving as the basis of com-

parison.

THE FIIMOGRAPH TEST
A, Method, A filmograph is described by Allen and Cooney

(AV Com. Rev., v. 12, #2) &as ".., & motion picture with no
movement in its visual content: still photographs or drawings

are used as primary visual content. These are photogrephed om

re

standard motion-picture film, usually in the same way as anima-
tion, but without the resulting effects of continuous movement;

and the visual content is usually supported by an associated

sound track."

The use of filmograph was selectied as being particularly

adapted to the new topic of investigation — the circulatory
system, The method provides considersble improvement in the

=3

several desirable features: gradual dissolution of a picture,

adequate synchrony, and perfect registry., Furthermore, despite
the fact that a filmograph represents a meries of still photos,
a strong suggestion of movement can be easily created by proper
timing of dureation and dimsolution of individual pistures. The
illusion is emsential for an adequite discussion of the topio.

15
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B. Subjects. These were Troy High School siudents enrolled
in biology in the Summex» 1965 session. All had Pailed the

s

course in the proceding acsdemic year and were repeating it.

C. Procedure. The presentation consisted of two lectures
presented on consecutive days, Each lecture was about 40 minutes
long. A 35-item multiple choice test was given immediately pre-
ceding and following the lecture. On the third day a 60-item
mul tiple~choice test was administered to all students at the same |
hour, As in the previous tests of the hypothesis, the students
were reandomly divided into experimental and control groups.

D. Results. The mean scores are presented in Table IX.

Table IX - The Filmograph Test:s Mean Scores

E_xp_;rimental Control
Day Per. N Pre- Post Diff N Pre- Post Diff
1"D 7 503 1301 708 7 709 1700 901
2D 10 7.0 14.8 1.8 10 4.6 13,1 8.5
— AI_@_ 30 8.2 16.9 8.7 31 8.5 17.2 8.7
2 12 13 14.4 27.2 12.8 13 16.0 26.7 10.7
1-D 7 5.1 13.8 8.7 7 11.1 19.5 8.4
2-D 9 8,3 15.2 6.9 10 5.7 15.1 9.4
ALL 29 10,2 20.2 10.0 3 11.4 21,1 9.7
3 1L 13 32,6 10 33.0
2-D 9 1.2 _2 20,2
ALL 29 26.9 24 25.9

E., Discussion. The cumulative data for each day do not

furnich sufficient basis for the acoceptance or rejection of
the hypothesis, Within each day, howaver, thero is an indi-
>ntion of an additional interaction, the nature of whioh is

16




not immediately obvious., It may be noted that the hypothesis
is decidedly favored in period 1-L on days 1 and 2, yet gener-
ally eontradicted in periocds followed by letter D on the same
days, The letters L and D are used tv designate two different
teachers of the course. Thus, the interaction may well be one
between treatment and the classroom atmosphere created by a
particular instructor, On the other hand, it may be noted that
students in period I have higher initial scores than students
in periods D, Accordingly, another interpretation of the inter-
action is that of one between treatment and the state of readi-
ness on the part of the subject.

Interestingly enough, the trend is reversed in the final
quiz ca the third day, A possible interpretation of this phe-
nomenon is that students with a relatively high degree of ini-
tial achievement (class L) were sufficiently motivated to seek
out other sources of instruction in preparation for the exami-
nation, regardless of treatment, Students in classes D, however,
may bhave experiencaed the phenomenon that generally goes under
the label of "reminiscence”, but is more correctly identifiable
in this case as "rehearsal"s; the piotorial illustration of the
filmograph was sufficiently colorful to precipitate many lively
discussions among students following each presentation,

To return to the original purpose of this'test, it is now
fairly apparent that not every topic within an area lends it
self equally readily to the experimental treatment, Identifi-

cation of suitable topics is a matter for empirical approach,
17




CONCLUSIONS
—

The results of the inveatigatioﬁ%i}he conclusion

that in certain areas of teaching selective high.-lighting of
detail in parellel with the text is an effective substitute
foxr, and possibly an improvement over, the conventional visual
charts and diagrams, It may be speculated that the obtained
differences between treatments might have been more pronounced
were 1t not for the following confounding factors:

1, Novelty. Despite atterpts to conduct the demons-
trations as part of the continuity in each course, students in

both groups were aware that the departure from the conventional

generated by the awareness may have had adverse effect on any
potential differences,

2, Changing illumination. Although precautions had
been taken to maintain constant level of illumination during
treatments, the classroom shades and drapes fziled to screen
out entirely the changes in the amount of outdoor sunlight,
Consequently, the irrelevant details in the experimental slides,
which should have been subdued but clearly visible, became on
several occasioné invisible, This, of course, was not a handi-

cap for the control group where the contrast was maximal for
all details at all times,

3. Note taking, Many students in both groups failed
to attend to visual stimulation by taking aotes; such lack of

18
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attention was not continuous, but occurred with sufficient fre-
quency to affect potential differences.

While the results provide no valid grounds for the rejec-
tion of the experimental treatment, there are valid considera-
tions which warrant its utilizations

1, Teacher shortage or teacher inadeguacy., The expe-
rimentel lectures, having a built-in change of focus on detail,
can be presented by anybody capable of operating a tape racord-
er and a slide projector, If the projector is geared so as to
operate on a signal from the tape, the task is simplified cone
siderably., With conventional diagrams a knowledgeable person
must be present to point out pertinent features. In regions
vhere such persons are not to be found the present alternative
is no education.

2, Prohibitive cost of animation films, Although a
series of slides cannot fully duplicate a footage of film, an
illusion of animation of relatively simple processes may be
achieved with & relatively small number of slides shown in suc-
cession, The approach has been quite successful in illustra-
ting the behavior of a compressed spring, chromosome division,
and passage of an ovum through the fallopian tubes,

3. Adequate uss of classroom time, Each of the lect~
urec prepa&red for the experiment contained material which was
normally covered in two or three conventional 50-minute peri-
ods, By the teachers! own admission much of the time in oon-
ventional teaching is spent in drawing and erasing diagrams,

19
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waiting for an apparetus to be set up or a pointer needle to

become stabilized, and enforcing discipline. None of these
factors were present in the experimental treatments,

A final comparison of the relatively successful experi—
mental slides with less successful ones leads to several infe-
rences, all tentative and subjeot to further investigation.

1. A successful visual aid contains no information
other than that contained in the seript.

2, Each bit of information is presented sequsntially
in parallel with the soript by heightened figure-ground cont-
rast,

3o The contrast ie more effective if it is achieved
by illumination rather than by color. (In chemistiry, physiocs,
and the circulatory system, where color was used abundantly,

its presence tended to distract the students' attention from

4. The contrast occurs simultaneocusly in the detail
under discussion and its label in the diagranm,

5. The details not under the discuesion remain vi-
sible at all times, but in lesser figure—ground contrest.

6. Wherever possible, the sequence of change in con-
trast foliows the principlu. of topographic proximity.

7. The effectiveness of the treatment follows the

principle of diminishing returns, probably reaching an asymp-

tote in 20 to 30 minutes,

g
3
¥
’ the content, according to several students® comments),
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SUMMARY

tudies were oonduoted on the instructional merits of
visual demmstrations in which details portinent to tho aococom-~
ranying narrative are highly illuminated, while irrelevant de-
tails remain eubdued in lesser oontrast with tho background.
Comparisons wers made with oconvontional diagrems in whioh all
details are prominently displayed,

The tesis were conduoted on Iigh School and Cullege popu~
lations in several schools in New York Capital Distrioct. "The
areas of study vhich served as vehicles for the comparisons
were: biology, chemistry, physios, geometry, statistios, zad
meclhanios, lach area wes represented by either one or two
lectures of about 40 minutes® duration.

The resul ts indicate that th» experimental slides tend to
be somewhat superior to conventional demonstrations in oourses
requiring illustration of conorete objeots, suoch as diology
and mechanics., In courses requiring extensive problem solving,
such as chemistry and physios, such superiority was not found,
there being some indication of the superiority of the oonven-
tional approach. In geometry and statistlios the differences,
if any, were nogligible,

Analysia of effeotive experimental slides leads to the
inference that an effeootive visurl demonstration containas no
extraneous details and is capable of ocommanding attention by

selective shifts in figure-ground ocontrast.
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