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Abstract:

Recent investigations have found that the larger the display diameter, the faster the subjects' reaction
times to targets presented in that display. Three alternative explanations have been proposed for these
results. The first, which, involved the Gestalt principle of internal cohesion, does not provide a viable
explanation. The second explanation involved contour interference effects. The third was based on
simultaneous contrast effects. It has been impossible to determine which of the latter two explanations
is superior, due to confounding in earlier research. In order to obtain a clean test of the contour
interference explanation, all potential simultaneous contrast effects have been eliminated from the
display used in the present study. The subjects' reaction times to targets presented within a simple
contour ring were recorded. The four angles of separation between the contour and the targets were 1°,
3¢, 6°, and 8&deg,. Contrary to what would be predicted by the contour interference explanation, no
significant difference in reaction times was found as the separation between the target stimuli and the
contour increased. Thus, contour interference effects can be rejected as an explanation for the earlier
findings. The simultaneous contrast explanation, therefore, remains the only viable alternative of those
considered.



REACTION TIME TO VISUAL TARGETS AS. A FUNCTION
OF THE 'PROXIMITY OF 4 CONTOUR
by

STEPHEN CHARLES MURPHY

A thesis submitted in partial fulfillment
of the requirements for the degree

of
MASTER OF SCIENCE
in

Psychology

Approved:
Chairman, Examining Committee

W Fal YLlLS

Head, Major Department

P, LT i

Graduate ‘Dean

MONTANA STATE UNIVERSITY
Bozemany, Montana

S July, 1975




[FEEI
Acknoﬁledgment

I would 1like to;thank Dr, William D, Bliss, who acted
as my'committee‘chairman, for hié guidance and assiétance.
Thanks are also due to Dr. Williém D, Shontz and Dr. M. Paul
Willis for their advice and assistance in designing and
conducting this investigation. I would also like to expiess
'a special tﬁénk you to my wife, Maiilyn, for her support and

encouragement.,




iv

Tablé of Coﬁtents

vitam.&.-ﬁ&toD'rbbo..&oa..oot&.a.t.&‘-a

Acknowledgmentceeceeeoo coococnoocssoness

Table of Coﬁtents,

List of Tables...

List of Figures..

Abstract..ccevees-

Introduction.....

MethOd. seirane e b

Subjects...
Apparatus..

Procedurewvr.un;-o.mouumso--o.v-m

> 8 S5 S8 8 6 8 SN C SN e eT

60060t sas e

LR BT B O B R I I B B

* s W E P OSSOSO S

N A I A S A R A L I B )

9 8 s arE P s e b e rEes s e e

L A B A e N N NN RN

® % 2 9 8 8 0009 s s e e

Results-.-....-.......p....»..........-

DisCUusSSiON. icisesesccrncssnansesosnsncosan

ReferenCes.&ttouu.0--——.-0.-o&.bb&iotvh‘.rt...

20
20
25
28
34

9




Nunber

¥

List of Tables

Summary of Analysis of Variance for ,
Positive and Negative Response Reaction
Time Dataﬂctltuoi.mb.o..o.l...o....l.'.

Summary of Analysis of Variance for
ErrOor Dabt@leeeeceevenseesosessssscccsnsas

29

31




Number

1

oy \n & WP

10

vi

List of Figures

DiSplay used by Bell et alc LI K I R BB

Stimuli used by Craik and Zangwill....

Display used by Fry and BartleYioeeeoss -

Results obtained by Fry and Bartley...

Stimulus pattern used by Flom et al. .

The decrease in visual acuity as the
distance from the fovea increaseS...s.

Example of the display used in the
present study..cecceenevesarccencoonas

Exsmple of the constant illumination
displaynul-...-..l‘oob.O‘Q..'...l.b.'..b

The mean reaction times for the
subjects at each angle of contour-
target separationieeeccescscccecrsscense

Total number of each type of error-
at each angle of contour-target
SeparationOQOQOQi'l.'QlﬂQQII..I0"....

S
O o U
(o]

10

14

24
30

33




vii
Abstraci

Recent investigations have found that the larger the
display diameter, the faster the subjects' reaction times
to targets presented in that display. Three alternative
explanations have been proposed for these results. The first,
which involved the Gestalt principle of internal cohesion,
does not provide a viable explanation. The second explanation
involved contour interference effects. The third was based
on simultaneous contrast effects. It has been impossible to
determine which of the latter two explanations is superior,
due to confounding in earlier research, In order to obtain a
clean test of the contour interference explanation, all poten-
tial simultaneous contrast effects have been eliminated from
the display used in the present study. The subjects' reaction
tines to targets presented within a simple contour ring were
recorded. The four angles of separation bétween the contour
and the targets were 1Y, 39, 69, and 8°. Contrary to what
..would be predicted by the contour interference explanation,
no significant difference in reaction times was found as the
separation between the target stimuli and the contour increased.
Thus, contour interference effects can be rejected as an
explanation for the earlier- findings. The simultaneous
contrast explanation, therefore, remains the only viable
alternative of those considered.




Introduction

Bell, Symington, and Bevan (1974) have investigated the
effect of the size of a display on tﬁe reaction time to targets
presented in the display. In'this study, a.square stimulus
array, consisting of four sﬁall, brightly illuminated disks,
‘Was presented for .1 seconds in a circﬁlér display area. Two
“display area diameters were used; one diameter was 20 inches
and the other diameter was 30.incheé°' The two display diame-
ters were used in both a near and a far.viewing condition.
This combination of display diaméter and viewing distance
resulted in four aisplay sizes, éach subtending a different
visual angle. . In the far viewing condition, the 20-inch
aisplay subtended a visual angle of 90, while the 30-inch
display suBtended an éngle of 140. In the near viewing condi-
tion, the 20-inch display subtended an angle of 28°, while
tﬁe 30-inch display subteﬁded a 380 visual angle. The display’
area, in all conditions, .-was surrounded by a black field,
Figure 1 is an example of the display used by Bell et al., The
subjécf's task was to report, as quickly as possible, whether
or not a cross (target) had bsen presented in place of one of
the disks (nontargets) in the array. The subject responded
either positively (cross presented) or negatively (cross not
presented) by depressing one of two keys. The time which

elapéed between the onset of the stimulus array and the




Figure 1. Display used by Bell, Symington, and Bevan
(1974). The black surround measured 35 x 35 inches. The
light display area had a diameter of either 20 or 30 inches.
The stimuli (crosses and disks) were lighter than the display
area.
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depression of one of the resﬁonse keys was recorded as the
subject's reactién-time. |
Bell et al. found that the reaction times to targets
prgsented in the 30-inch display conditions were significantly

shorter than the reaction times to targets in the 20-inch

display conditions, regardless of viewing distance. Since

the stimulus array subtended a visual angle of 6° in all

display.conditions, dispersion was not considered to have

“influenced the results. .

One explanation offered for the results was based on the
Gestalt principle of internal cohesion. According to Koffka
(1935), when a cdntour line is closed (such as a circle) the
area inside thg contour becomes a unifie& entity, completely
separate from the area outside the contour. The enclosed area
is said to be internally cohesive because it tends to resist
fhe formation of any other figure within its boundaries. The
enclosed-figure is most easily viewed as being homogeneous
(Weffheimer, 1955),. Bell et al. suggest that the border
between the display area and the black surround éonstituted
an enclosing contour. Thus, the internal cohesion of the
display area interfered with the detection of the targets.
Bell et ai.'implied,.but never direétly stated, that the larger

display dlameter had less internal cohesion than the smaller
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display diameter., Less internél cohesion would mean less
interference with the detection of the target and, therefore,
faster reaction times in the laréer display.

Internal cohesian, however, is a uniform property of the
figure and is lost only when the figure is no longer perceived
as being a figure (Koffka, 1935). It is not a function of the
size of the figurelor the distance from the enclosing contour,
In thg Bell et al. study, internal cohesion was a constant in
" both display diametérs and, therefore,. should have had no
effect on the reaction £imes.

Furthermore, Craik and Zangwill (1939) have empirically
tested the internal cohésion assumption. In the first experi-

" ment reported by fhese éuthors, the threshold for a test spot
was higher when the test spot appeared inside a figure than when
the test spot appeared 6utside the figure. In the second, andl

. more important, experiment, the threshold at which the test spot
was just defectable rose as black lines were added to the field
around the test spot. The rise in the threshold was the same,
‘regardless of whether the lines were arranged to fdrm a good
figure (a square) or merely to form a set of parallel lines on
either side of the test spot (see Figure 2). Craik and Zangwill
consideréd the second finding incompatible with the principle

of internal 6ohesion. While the authors offered no firm expla-
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Figure 2. Stimuli used by Craik and Zangwill (1939).
The stimuli in column A were arranged so that as more lines
were added they formed an enclosing contour. The stimuli in
column B were arranged so0 that as more lines were added they
formed sets of parallel lines to the right and left of the
test spot (dot). While the threshold of the test spot rose
as the number of lines increased, the arrangement of the lines
had no effect.
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nation for their findings, they did hention the possibility
that the change in the amount of light stimulating the retina,
which was a result of the addition of the black lines to the
field, may have influenced the threshold for the test spot.
Youniss and Calvin (1961) have confirmed the basic findings
- of Craik and Zangwill. |

A second explénation offered by Bell et al. involves
contour interference effects. Théy suggested that the strong
contour creatéd'at the point where fhe light display area met
the black surround interfered with the subject's ability to
.distihguish the targets from the nontargets. The closer the
contour to the target stimuli, the stronger should be the
interference effect. Thus, in the 30=-inch display conditions,
where the contour was separated from the targets by a greater
distance than in the 20-inch displays, there would be less
interferenée.with the differentiation between targeté and
nontargets. ’Easiér differentiation of the targets wéuld
result in faster reaction times for the:subjects. It should
be noted, however, that Bell et al. reported their results
in terms of d18play diameter, rather than angle of contour-
target separation.

The support for the contour interference explanation

cited by.Bell et al. is based on an'experiment reported by
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'Fry and Bartley (1935). Using the display shown in Figure 3, ..

they found that when the distance between the test spot A
and the~contour line B was vafied, the contrast threshold
at which A was detactable also varied, As the separation
betweén A and B incfeased, the threshold at which A was
deteqtéble deéreased: The expianationhofferéd was that the

edge of contour B inteffered with the differentiétion of a .

'Boundéry between A and the background. The further B was from

A, the less the'boundary was affected by this interference.

This'effect, however, was not found when the separation -

between A and B exceeded 40 of visual angle (see Figure 4).

In a related study, Flom, Weymouth, and Kahneman (1963)
found that a nearby cohtour line can adversely affect visual
resolution. Flom et al. used Landolt C's, surrounded by four -

tanéentially arranged black contour lines, as stimulus patterns

-(sée Figure 5): The separation between the!Landoit C and the

. black contour lines varied between 0° and 2°38' of visual

'-angléQ Each subjeqt viewed the stimulus pattern-from a

distance at-which he could, 80% of the time, correctly identify
the positidn“bf the éap in an unsurrounded C. When the
contours were withinf}} of a degree of the Landolt C, the

probabilitj of -the subject correctly identifying the position__

”of the gap was reduced by as much as 0.80. When the contours




Figure 3. Display used by Fry and Bartley (1935).
(A) is a brightness test spot. (B) is a contour ring. (C)
is the edge of the display. The distance between A and B
was varied and the threshold for A was established for each
level of separation.
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Figure 4. Results obtained by Fry and Bartley (1935).
As the separation between A and B increased, the threshold
for A decreased. The effect is most noticeable when the
| separation between A and B is less than 4° of visual angle.
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Figure 5. Stimulus pattern used by Flom, Weymouth, and
Kahneman (1963). The bars were the same width as the gap in
the Landolt C. The distance between the bars and the C varied

between 0° and 2°938'.




| were placed beyond }3 of a degree of the:Landélt C, there was
| no significant reduction in the:suﬁject's performance., The
explanation offered for fhese results was that when the |
contours ﬁére-within }3 of a degrée-of thg Landolt C some sort
of lateral inhibition took place between the receptive fields .
involved. ' This lateral inhibition reduced the sénsitivity
of the receptlve f;elds and, thereby, 1nterfered w1th the
resolutlon of the stlmulus pattern.

Bell et al. had four angles of separation between what
. they de#ined as the contour and the stimulus array. 1In the
farlvieﬁing condition, the angle of separation between the

. contour and the stimulus array was 1.50 for the 20=inch

. display ‘and uo-for the BO-inch display. ' In the near viewing

condltlon, the angle of separatlon between the contour and
the stlmulus array was 11° for ‘the. -20~inch dlsplay and 16°

for the 30-1nch dlsplay° The angle“of separatlon between the

. contour and the stlmulus array, thus, was larger in the

ZO-inch dlsplay in the near v1eW1ng condltlon than in the
fBO-lnch dlsplay in the far viewing constlon. According to
f,the contour 1nterference explanatlon, then, reaction times

to targets~1n the 20-inch dlsplay in the near viewing conditién
.should'ﬁave been faéter‘than:reagtion times to targets in the

30-inch display in the far viewing condition. However; it
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is impossible to confirm this, because Bell et al. reported
their results only in terms of display diameter,

There is another problem with the contour interference
explanation. While the effect reported‘by Fry and Bartley
{1935) would seem to account for a difference between the 1.50
and 40 angles of separation, it cannot account for any
differencés between the larger angles of separation. In fact, -
their results suggest no differences would be obtained between
any anéles of separation over 40. The resﬁlts reported by
Flom, Weymouth, and Kahneman (1963) -are even less in accord
with %hOSe obtained'by Bell et al. The findings of Flom et al.
suggest that no differences should be obtained between any of
the four angles of separation.

Close examination of the methodology uéed by Bell et al.
suggesté another factor which may account forithe results
obta;ned. The stimulus array, which subtetded a visual'angle
o£ 60,-was presented for only .1 secohds. This short exposure
duration would not permit the subject to appreciably change
ﬁis:point of fixation while the stimulus array was belng
' presented. Even assuming that the subject fixated the center
of the array in an attempt to minimize the distance between
his fixation point and the four possible positions in which

the targets could appear, his fixation point would still be
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30 from the target. Visual acuity falls off extremely rapidly,
however, as the distance from the center of the fovea into fhe
periphery increases, as shown in Figure 6 (Llewellyn-Thomas,
1968). This would considerably increase the difficulty of
the task for the subject.

Under presentation cﬁnditions quite similar to those of
Bell et al., McDonnell (1970) found that subjects make
considefablé use éf target albedo and the contrast between the

target and- the background in selecting a target to respond to.

Bell et &al. provided just such a_Brightness cue. The bright-

'neSS of the target stimuli differed from the surface of the

display by only 3 foot-lamberts, while the nontarget stimuli
differed from the display'surface'by 6 foot-lamberts.
Subjects may have made use of the brightness information

in the following way. .The levels of brightness of the

. different areas of the array could have been compared to one

another. If a1l four quadrants were judged to be the sane

brightness, the subject could report that there were no

targets présented. If, on the other hand, one guadrant was
Judged to be less bright, the subject could report the.

presence of'a target. Anything which interfered with the

' subjedt's ability to make the brightness judgment would also

lengthen the subject's reaction time.
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Figure 6. The decrease in visual acuity as the distance
from the fovea increases. Taken from Llewellyn-Thomas, E.
Movements of the eye. Scientific American, 1968, 219, 93.
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If the subjects adopted the brightness-judgment strategy,
a third explanation for the Bell et al. data is suggested.

It involves the phenomenon of simultaneous contrast. We know,

“for example, a dark gray piece of paper on a white background

looks darker than the same piece of paper on a medium gray
background. Hurvich and Jameson (1966) state that the size
of a contrast inducing areé affects the perceived brighfness
of the test area in brightness-contrast experiments. The
larger the inducing afea, the greater the contrast effect, If
one had a large black field of fixed si;é with a small gray

circle in the middle, the gray area would be perceived as

' being brighter than it really was. If the size of the circle

was increased, then the area of the black field would be
reduced. Following Hurvich and Jameson, then, the larger the
circle, the less ifs brightness would be enhanced by the black
field. |

This same type of simultaneous contrast situation existed
in t@e-Bell et al. study. The size of fhe black surround was
heid constant at 35x35 inches. When the diameter of the

displéy area was increased from 20 inches to 30 inches, the

) érea of the black surround was reduced. We may assume, there-

fore, that the apparent brightness of the display area was

enhanced'to a lesser extent in the 30-inch display copdition
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‘than in the 20-inch display condition. Thus, the display -

area in the 20-inch display condition should appear brighter

- -than the .display area in the 30-inch display condition,

régérdless of viewing diéténée.

The siﬁultaneoué contrast bhenomenon also applies to the
relationsﬁip between .display area and stimulus array elements,.
Thé aqtﬁal brightness §f the display area was less than the

actual brightness of the array elements.  The display area,

therefore, also acted as an inducing field.which affected

the apﬁarent brightnesé of the. array elements. As Hurvich .
and Jameson (1966) have shown, the apparent brightness of the

elements. of the stimulus- array, when viewed under these

'conditiohs,_would-actually decrease as the apparent brightness

of the display area (their surround) increasesﬂ As the

_ appérent'brightness of the display area increases, the-apparent

contrast between the array elements and the display area

_background-decreases. The inverse is also true. Since the

appa#ént brightness of the display area was enhanced less in

the 30-inch condition than in .the 20-inch condition, the

'appareht contrast between the array elements and the display

area background was. greater in the'BO-inch condition,

. Increased contrast'bétwéen the array elements and the display

area background facilitated the detection of any brightness- .
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contrast differences between the different parts of the
display area, Thus, faster reaction times would be expected
for the 30-inch display conditions than for the 20-inch
display conditions.

Thus far, three explanations have been offered for the
results obtained by Bell et al. The first involved the
.concept bf internal cohesion, However, internal cohesion, as
defined by Koffka (1935), was a constant in all display
conditions in the~Béll gt al. study; The findings of Craik
and ‘Zangwill’ (1939) and Youniss and ca:L%}in (1961) cast further
doubt upon the concépt of internal cohesion. Thus, the
'principle.of internal cohesion does not appear té provide a
viable explanation for the Bell et al. results.

The second explanation was based on contour interference
effects. The findings of Fry and Bartley (1935) and Flom,
Weymouth, and Kahneman (1963) do not totally support this
explanation. These investigators have not found contour
interference effeéts to be present at angles of_separation
exceeding 4°. This is in apparent conflict with the findings
of Bell et al.

.The third éxplanation, proposed in this study, is pased
upon simultaneous contrast effects. This explanation is

‘sﬁperior to the contour interference explanation in that it
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can account for the difference in reaction times between the
20 and 30-inch display conditions, which Bell et al. obtained
without regard to angle of separation. However, it is
impossiblé to discount either the contour interference explana-
tion or the simultaneous contrast explanation, because they are
confounded in the Bell et al. study.

These fwo explanations are confqunded partially because
of the‘definition'of a contour used py Bell et al. They
defined a contour as the border which separated the display
“area from the 1afge surround area. In other words, the confour
was the line éiong which‘two large contfésting fiélds met, The.
contour used by Fry and Bartley; on the other hand,.consisted
of a single, thin line in the shape of a c¢circle, Flom et al.
used four thin, unconnected lines arranged around the Landolt C.
" The potential for simultaneoué contrast effects is far greater
for the type of contour used by Bell et al, than for the type
of contour used by Fry and Bartley and Flom et al.

It is impossible to differentiate between the contour
interference explanation and the simultaneous contrast explana-
tion, By eliminating 211 potential sources of simultaneous
contrast differences from the display and confrolling for the
confounding effect of different contrést va;ues for the ﬁarget

and nontarget stimuli, it would be possible to determine
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whether contour interference effects account for the results
obtained by Bell et al, If coﬁtour interference effects were
not'found to account for the results, the simultaneous contrast
explanatioﬁ would remain the only viable explanation of those

considered.




Method

Subjects

The subjects were 40 volunteers from én introductory
psychology course. The volunteers received points thét could
be applied to their final grades in the course. The subjects
were randomly assigned to four exﬁerimental groﬁps,' In
each group there were five males and five females.

Apparatus

A Gerbrand 300 Series two-channel tachistoscope was used

to present the'displays to the subjects., The displays'were

made from gray-colored paper. The papef's level of reflectance
was measured by a Spectra Model 1815-SB brightness spot meter.
The measuremenfs were taken in the tachistoscope, under the
same lighting conditions that were used during the experimental
sessions., The brightness of the black paper that was used %o
make the contour ring was approximately 2 foot-lambérts. The
brightness of thé paper that served as the surface of the

display was approximately 13 foot—lambgrts. The brightness of -

‘the paper that was used to make the target and nontarget

stimuli was approximately 20 foot-lamberts.

_Figure 7 shows a typical display containing a stimulus

"array. The nontarget stimuli wefe circles 4 mm in diameter.

The target stimuli were équares having the same area as the

nontarget,stimuli.-‘The target and nontarget stimuli were cut
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Figure 7. Example of the display used in the present
study. Stimulus array has a target in the lower left position.
The thick black border was created by the walls of the
tachistoscope. Stimuli were actually lighter than the display
area surface.
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‘from the same paper; 'Sin§¢ the ﬁontarget'and target stimuli
were eqﬁgliin-aréaiénd made from the same material, they wérp
" equal in brightness; ' -
‘l The stimulus: array cqnsisted of foﬁf stimuli arranged in
a sﬁuafe pattern. _The arfay subtended a visual angle of |
1%20, Théré‘Were'two basic typés of array. One type of
array consisted of four}ﬁontérgef stimuii. The other type
.Aof.érray coﬁfaihed oﬁe target-étimulus_and three nontafget“
éﬁimﬁli.' The targé£;éppeér¢d‘in each of the four possible
tpoéi?ioﬁs.in_the~arféy.. fhns, there were fqur ﬁariations of
the second_fype-of array. -.Bach afray Wés mounted on the gray
'  paperjﬁhich‘éervea‘as the surféce_df the display area. Four
I':  ébpies'0f_each”of thé'fiveiarrays were made. .This provided
'"_oﬁéfgépj3§f'ea§h affaj for each of the four levels of coﬁtqur-
_taréet sebafafibp.-‘~ |
Ar&und—thé.outside‘offeach array was piaced a contour
" ring, ‘The contbur;was‘qﬁite similar to that used by Fry and.
Bartlgy'(l935). -It;COnsisted éf‘afring, }8 iﬁch wide, which
'-{.was‘cut from the black paqu. 3The‘sizefof the rings varied,
H,-so'és £o prd&ide fouf'differentiangles of separation between
‘ the'érréy and:the inside.diametef of the contour ring.- The.
 'four.apg1es of ée?a;atiéﬁ,ﬁere 1°, 39,{69, énd 8°. While

“these angles were not the same as.those used by Bell et al, .




- (1974), they cover the critica; range of separation over which
contour interference effects have been noted.

One edditional display was constructed for each angle of
separetionf -in.these four displays, a contour ring of the
appropriate size'surrounded a  simple fixation cross (see
Figure &).-

TA1T displejsAwere mounted on’a thin piece of cardboard,
in order’to feciiitate loading. them into the tachistoscope,

The - dlsplays cons1st1ng of a contour ring and a flxatlon
cross Were placed in channel 1 of the. tachlstoscope. These

.displays were used to maintain intertrial illumination and to
insure‘that~the snbject nas fixating tne center of the array
'wnen it was presented. The displafs containing,stimulus
-‘arraysuwere presented in channel 2 for .1 seconds each. Each
“subJect saw the dlsplays correspondlng to only one angle of
.separatlon. R | ’

Thus, the subgect was looklng at a fixation cross,
centered 1n31de a contour ring, prior to each:presentation of
‘ohannel 2. When channel 2 was presented, the fixation cross
.1disapneared'and was replaced by the stimulus array. Since a
- .contour rihg was present in the display in each channel, the
snbject noticedzno cnange;in the contour during the presenta-

" tion 6f channel 2; ...
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Figure 8. Example of the constant illumination display.
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The subjects' reaction times were measufed By a Hunter

Model 120C Klockpuﬁter. The counter started when channel 2

of the tachistoscoPé'was triggered. A three-position toggle -

switch with a'neut{al center position was also wired into the
circuitryNof the Kiockounter. The counter was terminated

when the subject méved the switch to either peripheral
position. . | ' | |

Procedure

| 'When the subje¢t'arrived, he or she was'cdmfortably seated

at the tachistoscope and was read the following instructions:
The experiment you are about to participate in deals
“with visual target recognition. If you look in the
tachistoscope, you will see a lighted gray surface with
a black ring on it. Inside the ring is a black cross.
From time to time there will be someé circles and squares
flashed in place of the cross. Just before each presenta-
tion I will give you a ready signal. At that time you
should look directly. at the center of the cross sé you
won't miss the: presentation. It will be your job to tell
me if there were four circles in the display, or three
circles and a square in the presentation. If there was a
square in the presentation, push the toggle switch to the
"yes" position. If there were 21l circles in the presen-~
tation, push the switch to the ™no" position. Whichever
+way you push the switch, let it stay in that position for
a second or two and then recenter the switch. When you
recenter the switch, tell me whether your response was a
HYes" or a Hnoen .

Speed and accuracy are both very 1mportant in this
experiment.  You should try to respond with the switch as
quickly as you can w1thout maklng any mistakes., Are there
any questlons?

After any questions‘were anéwered, the subject was given

12 warmaup.trials. Thé displays were presented for .2 seconds’
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during the warm-up triéls. Thg subject then received the 96
experiment?l trials. 0n~#8 of these trials there were no
target stimuli present. On the remaining 48 trials thé target
stimulus appéared in each of the four possible positions 12
_times, The subjects were not told what proportion of the
presentations would coantain a target. Ten different orders
of presentation were randomly developed. Each order was used
for oniy one randomly selected subject in each groupe.

The positions of ﬁhe‘togglé switch which corrgsponded
to Nyesh énd tno® were also ranéomly determined for each
subject. This was done to control fof any movement preferences
on the part of the subject; and for any mechanical bias in the
switch. | "

Haviﬁg{the sﬁbjéct vocally report whether his response
was Wyes® ér "no,ﬁ faéilitated the recording of the data.
Subjects were éhecked on a minimum 6f 20 trials to insure that
their verba; reports consistently matchéd the switch position
selected. 'Dufing the practice trials the~subjects were also'
_“trained to respond with the switch before making their verbal
reports-

On.any glven experlmental trial, the experimenter flrst

loaded the approprlate display 1nto channel 2 of the tachlsto-

scope. The next step included pushlng 2 momentary cqntact
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switch which started a two-second delay period, while, at the

same time, saying "Ready" to the subject, At the ‘end of the

tﬁo-second delay& the display appeared in channel 2 of the -
tachistoscope for .1 seconds. A relay connected to the lamp
driveiciréﬁit started the Klockounter at the same time.that
the lights went on in channel 2. As,soon és thé subject

responded with the switch, the experimenter recorded the

reaction time and reset the'Klockounter. The éubject's

- verbal response was then recorded on an answer .sheet which

was keyed so that any errors could also be.noted. The experi-
menter then changed the displays in the tachistoscope and the
procéss was-repeated.~ ' |

A postexpérimental interview wés'cohdugtea iﬁ an effort
to‘géin informatibn about the strategies_eméloyed by the

subject.




Reéuits

The statistical analysis of the data was carried out with
the aid of a Hewlett-Packard Model 9810A minicomputer. For
each subject the mean reaction times for the positive and
negative responses were cémpﬁted separately. The errors, which
éveraged 2,175 per squect, were excluded from theée calcula~
tions. An unreplicated nested model of znalysis of variance,
often referred to as a split plot“analysis, was used to analyze
the reaction time data. This particular analysis was employed
because it permitted the reaction times for both the pésitive
and negative responses to be'simultaneouslj tested. This
analysis also tested fpf any interaction  between the type of
responéé (positive‘ar negative) and the various levels of
Separation. |

As can be seen iﬁ Table 1, there. was no significant
difference in ‘the reaction times between the various levels
of separation. Tﬁus,'the data do not éupport the contour
interference explanation which predicted that as the separation
between the contour and the tafgets increased, the subject's |
reaction time would decrease. Furthefmore, there was no
significant difference-in the reaction timés between those
. levels of separation that were greater than 40 of visual angle
and those levels that were less than hom This might have been

expected on the basis of the Fry and Bartley (1935) results.
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Table 1

Summary of Analysis of Variance for Positive
and Negative Response Reaction Time Data

Source SS daf MS F
Subjects (r) 3,1800 36 0.0830 | —c==-
Levels of separation (B) 0.2820 3  0.0940 1.0641
Type of response (C) 0.243%2 1 0.2432 33.,0213%%#«
(positive or negative)
BxC 0.0142 5 0.0047 0.6418
rC/B 0; 2681 1 35 C0LE0RL T | et
Total 3.9845 79
*p<.05
*%p<.01
#*#p ¢, 001

A significant difference (p<¢.001), however, did exist
between the positive and negative responses. The negative
responses had a significantly slower reaction time. The
difference between the overall means of the positive and
negative responses was .10226 seconds. There was no signifi-
cant interaction between the type of response and the levels
of separation, however. The mean reaction time for each level
of separation is shown in Figure 9.

The average number of errors made by each subject was
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2.175 errors. The errors were broken down into two types.
The first type of error was a false positive, or an instance
when the subject reported a target when none had been presented.
The second type of error was a missed target, or an instance
when the subject reported no target when, in fact, one had been
presented. The error data were analyzed with the same type of
analysis of variance as was used for the reaction time data.

The resulits of this analysis are shown in Table 2.

Table 2

Summary of Analysis of Variance for Error Data

Source SS af MS F
Subjects (r) 72.0500 36 2.0014  —-eea
Level of separation (B) 13.8375 5 4.6125 2.3046
Type of error (C) 1701295 a2 1125 21759
BxC 8.5575 < 3 U2 Bh58 - L193h
rB/C 85.8500 36 2.3847  mmm--
Total 197.3875 79
*p<.05
**p¢.01
*#%#p¢,001

Table 2 shows that there was no significant difference
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'in.the'number of errors betweeq‘the different levels of
separation. There Were, however, significantly (p<.05) more
false pésitive errors than missed target srrors. Figurello
. summarizes the error data:

Figuré 10 shows an increase in the number of false
positive errors as the angle of contour-térget separation
' increases. While this increase is not statistically signifi-
cant, it is, nevertheless, interesting. In the postexperimen-
tal interview 33 out of the 40 subjects reported that they
wWere much more certain when a target had beenzpresented than
Wﬁeh a target had not. been presented. The increase in the
number of false positive errors at the larger angles of
sepafation indicates tﬂat this uncertainty also increases at

the larger angles of separation. This relationship seems to

warrant further investigation,
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Discussion

This ekperiment was conducted to: determine whether or not
contour'interférence effects could have accounted for the
results obtained by Bell, Symington, and Bevan (1974). In
order to obtain a clear test of this explanation, it was
necessary to eliminate all potential simultaneous contrast
differences -from the display. _This was accomplished by making
two major changes in the display used by Bell et al; Tﬁe
first of these changes involved a modification of the contour.
Bell et =21, defined contour as the border along which the |
display afea and the black surround met (see Figure 1). In
the present study, as in other investigations concerned.with
contour interference effects (Flom, Weymouth, & Kahneman, 1963;
Fry'&:Bartley,fl935), contour was defined as a thin line placed
afound the-target stimuli (see Figure 7). The second major
change imvolved the target and nontarget stimuli; In the Bell
et al. studf the target stimull were dimmer and smaller than
thg nontarget stimuli. in the present study the target and
nonté;gét s£imﬁli wefe.of equal brightness and area.

Using the modified displays, no significant differences
in reaction time between the different angles of contour-target
sepération were obtained.'.The contour interference explanation
offered by Bell et.al.-predicted.that, as the angle of separa-

tion between the contour and the stimulus array increased, the
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subjects! reaction times'would decrease.- Thus, the-contour .

- interference explanation was not supported by the data obtained

- .in the present 1nvest1gat10n, In light of these findings, the

contour 1nterference explanation for the flndlngs of Bell et
al. can be reJected.

. The results of this 1nvestigat10n, thus, lend support to

Athe 51multaneous contrast explanatlon. It should be noted,
* ... however, that the simultaneous contrast explanation was not
-'subjected to an empirical test. At this point, it remains a -

_viable alternative explanation>whieh merits further testing,

The results of the present study are compatible with

. the findings of Flom, Weymouth, and Kahneman (1963). These

o investigators found_that contour interference did not affeet

tisual;acuity]once the separation between the contour and the

targets exceeded }B'of‘a degree'of visual angle.’ Thus, the
' results ‘of Flom et al suggest that no contour 1nterference
, Seffects would be found at angles of contour—target separatlon

. as large as those used in the present study.

. The findings of Bell-et al., interpreted in the light

of the present 1nvestigatlon, at least suggest that 51multane-

-'ous contrast effects may 1nf1uence the detectability of targets
]under certaln dlsplay conditlons. The potentlal for this type

fof 1nf1uence exists in Jany dlsplay s1tuatlon in whlch the
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operator makes use of brightness-contrast information to
locate and/or identify targets. Any lérge, contrasting areas
in closelproximity to the display may interfere with the
operator's ability to utilize this brightness-contrast infor-
mation, ' This type of intérference could inadvertently be
incorporated into the design of a radar watchkeeping task. - If
a brightly lighted radar screen were mounted in a dark-colored
panel, simultaneous contrast effects ﬁould enhance the apparent
brightness of the screen. This could, in turn, decrease the
apparent contrast between the surface of the screen and any
stimuli appearing on the screen, If the amount.of apparent
contrast between the stimuli and the display surface of the
screen was a factor in the operator's decision regarding the
relevance 6f the stimuli, the operator's performance would be
adversely éffecfed. The more the apparent brightness of the
screen is enhanced thpough simultaneous coptrast, the more
operator performance may be impaired. Design engineers should
definitely consider these factors when aesigning displays.

There were two édditional'minor findings in the present
investigation. The finding of a significant difference in the
reaction .times for the positive and negative responses can be
partially accounted for in terms of a mechanical bias. The

toggle switch that was used by the subjects to indicate their
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responses offered more resistance when it was pushed toward
the DOWN position than when it was pushed toward the UP
position. This factor was ﬁo'have been controlled for by the
randomization of the response positions. The majority of
subjects who were assigned the UP position of the toggle switch
for the:megativé response and the DOWN position for the
positive response'reported in the postexperimental interview
~ that this arrangemeﬁt seemed-backward to them and that it
probabiy slowed their reaction times. Thus, while a mechanical
bias definitely slowed the negative responses and facilitated
the positive'responses for half of the subjects, it is also
-possiblg that, because of stimuius-response iﬁcompatibility,
both the pbsitive and negative responses were slowed for the
other half of theé subjects. An arrangement in which the subject
. moved the switch to one side or the other to indicate his
response would probably have been superior to the up-and-down
arrangement used. o

.The strétegy employed by the'subjects was a secoﬁd, and
more important, factor which may have contributed to the
’ significant difference between the reaction times for positive
and negative responses, as well as the significant difference
between the number of'each type of error. In the postexperi-

- mental intefviews, 33 out of 40 subjects reported that they
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were much more'certain_when a target stimulus had been
presented than when an.all nontarget array had been presented.
The majority of fheSe subjects 2lso reported that the corners
of the target seemed to stand out from an otherwise blurry
background. In the nontarget. array presentations the subjects
were much more uncertain of their résponses. This uncertainty
would contribute to longer reaction times for negative
responses, as well as contributiné to an increased probability
of .false positive type errors. If the subjects had been
informed of the proportiop of presentations in which a target
appeafed, the difference between false.positive and misséd
' target errors may“have been redqced. |

Numerous investigators (Kaufman & Richards, 1969; Mack=-
worth & Morandi, 1967; Richards & Kaufman, 1969; Yarbus, 1967)
have found that subjects attend to and/or fixate irregularities
in a visual pattern, The corners of the targets would provide
just such an irregﬁlarity in the displays used. This would
account for the subjects reporting that the corners seemed to
stand out to them. It would also account for the fact that
the subjects were more certain if a target had been presented

than if a target had not been presented.
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