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PREFACE

This research primarily analyzZes the effect of the trade-off
between the width of the display and its speed of movement in dynamic
visual search tasks. Secondarily, it studies the effect of small
spacing variations in the arrays of stimulus material and the error
" patterns within each of the configurations. Missed target and false
alarm error rates are used as a measure of comparison.
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CHAPTER I
INTRODUCTION
Perspective

In many industries today, the visual inspection of conveyorized
components or products is a necessary adjunct to the manufacturing
process. The ability of the inspector to search an array of moving
objects and to discriminate properly between acceptable and non-
acceptable quality is the determining factor as to the level of out-
going product quality. But more than this, the effectiveness with
which the inspector performs his task has a significant bearing on both
material and labor costs.

For years efforts have been directed toward optimizing the manual
and man-machine systems of manufacturing operations. A widely-used
tool in these efforts has been the proven principles of motion economy.
Effective application of these principles has extended to the offices of
industrial and governmental organizations, to the hospital operating
room, to virtually everywhere that human beings are involved in manual
or machine-associated tasks. More recently the concepts of human
factors engineering have been used in the design and improvement of
many man-machine systems, such as airplane cockpits and the monitoring

consoles of automated systems.

The inspection task itself has experienced much change and improve-

ment over the years. In numerous instances, the inspector who once



visually scanned or measured a product for its sub-quality condition,
has been replaced by the "inspector' who monitors displays covering
entire automated systems for indications of out-of-control condition.
The development of electronic inspection devices or servomechanisms that
automatically control processes has drastically changed the nature of
the inspection task, but it has not eliminated it.

Still today there exist many processes that depend heavily on the
visual inspection of the product. In such instances, one usually finds
the inspection task well engineered from virtually all aspects of the
job. Comfort, freedom of movement, proper lighting, a minimum of dis-
tractions, and periodic rest periods are the type of considerations that
normally have been built into the inspection task.

The one aspect of the inspection task that has been given relative-
ly little attention is the psychological factor involving visual per-
ception. It is common to find the rate of inspection to be a function
of the rate of productioﬁ throughput rather than be determined by the
optimum effectivenessr Widths of conveyors carrying units to be in-
spected are often determined by operating considerations rather than by
any inspection criteria.

One of the problems of visual search in a dynamic field is the
interaction between the width of the stimulus presentation or display
and its speed of movement. This problem can be readily visualized if
one compares two extreme conditions for the scanning of a given quantity
of stimulus material in a given time. In both conditions movement of
the material is assumed to be toward the observer. This is frequently

described as '"top to bottom" movement.



At one extreme is a narrow band of stimulus material requiring no
lateral eye movement. Movement of the visual field in this instance is
relatively rapid. At the other extreme is a wide band of stimulus
material requiring lateral, saccadic eye movement similar to that in
the normal reading process. In order that the same quantity of material
is scanned in a given time in both instances, this extreme requires
movement of the visual field to be relatively slow. Vertical eye move-
ment would be similar in both extremes and, therefore, is unimportant in
the comparison. It would either be a series of alternating saccadic and
smooth eye movements, as in the case of a Verticallf large or un-
restricted viewing field, or virtually non-existent, as when a shallow,

horizontal viewing aperture is utilized.
Purpose of the Research

The primary purpose of this research is to study the effect of the
tradé—off between the width of the display and its speed of movement
in visual search tasks in a dynamic field. More specifically, this
investigation seeks to determine whether or not there is an optimum
display width -~ display speed combinatibn at which the subject is
better able to search for and locate a target than other display width -
display speed combinations. Because of the vast scope of the problem,
investigation has been confined to visual perception tasks in which the
displays are observed through a shallow viewing aperture. Although
éuch a restriction is uncommon in real world visual inspection tasks,
justification for its use in this eXperimentation is based on two
factors. First, many inspectors limit their scan to a relatively small

depth, utilizing the unrestricted display depth solely to track a



possible defect. Secondly, the experimentation has been made less
complex by the elimination of the variable of vertical tracking.
Secondary purposes of this investigation include the following:
a) To examine the pattern of errors formed by the various
target positions within each stimulus configuration.
b) | To study the effect that the horizontal spacing of stimulus
material has on the perceptual process within a configuration.
c) To study the effect that the vertical separation between rows
of stimulus material in multi-row configurations has on the
perceptual process.
It is expected that the findings of this research, presented herein,
will be a worthwhile addition to existing knowledge of the subject of
dynamic visual perception and that they will aid in advancing the task

of visual inspection toward optimum effectiveness.
Description of the Experimentation

Four laboratory experiments were conducted in this research. In
each of these, the subject's task was to search the stimulus material
for the presence or absence of a predetermined target, and, if present,
to locate properly the target within the various possible target
positions. Movement of the visual field was from top to bottom in all
experiments, and, as has been stated, viewing always took place through
an aperture.

Throughout the experimentation, the data accumulated and analyzed
were error rates. Errors were of two types, misses (Type I error) and
false alarms (Type II error). A miss occurred when a target was present

in a stimulus presentation and the subject either reported no target or



reported a target in the wrong position. A false alarm, as defined in
this paper, is the subject's reporting a target, there being no target
present in the stimulus presentation. It seems advisable to caution
the reader that other investigators may define misses and false alarms
differently than defined above. For instance, in the work of Green
(1970), a reported target had to be farther from the actual target than
one target position to be classified as a miss. Likewise, some
investigators consider a reported target position that is farther than
several positions from an actual target position to be both a miss and
a false alarm (Adams, 1970, and Green). The nature of this research
prompted the definitions of misses and false alarms used herein.

In three of the four experiments conducted, selected capital
letters, randomly positioned, were used as context, while the letter K
was used as the target. The context-target combination used was the
same as that used by Kaplan et al. (1966) under their classification of
"high confusability level." In the remaining experiment, an entirely
different type of target and context was used as a means of comparing
results.

Experimental design centered around the primary purpose of the
research, namely the investigation of the effect ofvtrade—off between
the width of the dispiay and its speed of movement in a visual search
task., In this regard, the writer hypothesized that error rates would be
lowest on the widest display, and thus the slowest moving, that does not
require saccadic eye movement. Experiment I was designed to test this
hypothesis as well as produce findings on error patterns. The experi-
ment was primarily a comparison of three different configurations of

stimulus material using a display of eight capital alphabetic letters.



The configurations were: 1) a single, eight-letter row (1 X 8 con-
figuration); 2) two rows of four letters each (2 X & configuration);
and 3) four rows of two letters each (& X 2 configuration). For inter-
configuration comparisons, the speed of the moving field was adjusted
so as to provide the same exposure time for each configuration. In
addition, exposure time was freated as a variable to study its effect
on perceptual behavior. Secondarily, Experiment I was an intraconfigu-
ration analysis of error patterns by target position.

Experiment II was also primarily a compariéon of three different
configurations of stimulus material. The experiment tested the same
hypothesis that Experiment I tested. Each display consisted of six
dials, with dial settinés in increments of 450 (see Figure 1). The
configurations were 1 X 6, 2 X 3, and 3 X 2, the first numeral in each

pair being the number of rows, the second, the number of unhits per row.

BN CXOIOXGIOIS

Figure 1, Example of
the 1 X 6
Configura-
tion of
Dials in
Experiment
II

The target dial setting was also a variable in this experiment for

the purpose of determining its effect, both within and between



configurations, on performance. Lastl&, as in Experiment I, an
analysis was made of error patterns by target position within each
cénfiguration.

Experiments III and IV were designed to find the combination of
factors that tend to minimize error rates in visual search tasks.
Capital letters were used as stimulus material in both these experi-
ments. FExperiment III tested the hypothesis that lateral spacing (or
sub-grouping) of the stimulus material is a factor that influences
error rates in one-~ and two-row configurations. Experiment IV was a
comparison of four configurations: 1 X 16, 2 X 8, 4 X 4, and 8 X 2.
This experiment further tested the hypothesis tested by Experiments I
and II, namely that error rates would be lowest 6n the widest and
slowest display that does not require‘lateral saccades. Also, in
addition to testing the hypothesis of Experiment III regarding lateral
spacing, Experiment IV tested the hypothesis that the vertical separa-
tion between rows of multi-row configurations is an influencing factor
in error rates. As in the first two experiments, Experiment IV included
an analysis of error pattern by target position within each

configuration.
A Listing of the Hypotheses

In summary, the hypotheses tested in this research along with the
experiment numbers of each are listed below.

Hypothesis No. Experiment No's.

1 In a display width-display speed trade-
off, error rates are lowest on the widest
display, and thus the slowest moving, that
" does not require saccadic eye movement. I, II, IV



Lateral spacing of the stimulus material
is a factor that influences error rates
in one- and two-row configurations. 111, IV

Vertical separation between rows of multi-
row configurations is an influencing
factor in error rates. Iv



CHAPTER II

LITERATURE REVIEW

A great deal of significant research has been conducted in the
area of perception in a static visual field. As there are apparent
similarities, as well as differences, between static and dynamic field
perceptual behavior, a search of the pertinent literature necessarily

included the former.

Static Visual Field Perception

The Approaches to Analysis

Various approaches have been taken in the laboratory study of the
perceptual process for a static visual field. One such approach
utilizes tachistoscopic projections of stimulus material onto a screen
for short durations. The subject's task may be to recall the stimulus
material exactly as projected (Wagner, 1918) or to search fhe material
for the presence or location of a predetermined target (Underwood, 1966).

Another approach requires the subject to scan a relatively large
area containing stimulus material to search out a target (Baker et al.,
1960). The ﬁajor difference in the subject's attack of the problem
between the two study approaches is that in the first, the eye remains
fixed during stimulus exposure, while in the second, saccadic eye move-

ment is‘'a necessary part of the search procedure.
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Studies Involving Tachistoscopic Projections

Woodworth (1938) reported that Wagner as early as 1918 found that
in a series of eight alphabetic characters tachistoscopically projected
for 100 milliseconds, the letters closer to the eye fixation point at
the center of the series were recalled with the least accuracy. The
accuracy increased as the letter position moved toward the extremities
of the series. This was labeled a bow-shaped error function. Although
similar results were obtained by Harcum (1957), Averbach and Coriell
(1961) found that the greatest accuracy was in the central positions as
well as at the extremities.

There is general agreement that the end positions in a series can
be perceived more accurately because of a reduced masking effect from
adjoining stimulus material. Green eliminated this variable by omitting
the extremities as possible target positions. As did Averbach and
Coriell, Green found the greatest accuracy in the central positions.

In another study (Crovitz and Schiffman, 1965), the centrally
fixated line of stimulus material, capital letters, was split into two
halves with a two-inch gap between. Results showed that, except for the
sharply reduced error rate at the two extreme positions, no significant
difference occurred in error rates among the target positions. This
finding led the authors to submit that both primacy and recency, in a
probable left to right scanning order, may be of more importance in
recalling rapidly decaying traces than is the reduced masking effect.

In an investigation of the effect of spacing on accuracy in the
recall of centrally fixated letter strings, Crovitz and Schiffman found
no significance, the rela@ive positions of the letters, not the absolute

positions, being the important variable. The authors did find a bimodal
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error function, similar to that found by Averbach and Coriell. Harcum
(1964), using blackened and open zeros as stimulus material, also found
that accuracy for individual positions was a function of the relative,
rather than absolute, position. He concluded that accuracy is deter-
mined‘by the interaction among elements of stimulus material and
mnemonic organization, rather than by retinal sensitivity.

Mackworth (1965) applied signal detection theory to the problem of
scanning a line of stimulus material for a target. The higher the con-
fusability level between context and target the greater the noise. This
noise affects both the peripheral and the foveal perception. As the
noise level increases, the '"useful field of view," according to
Mackworth, decreases and a higher order of cognitive process must be
utilized to recognize a target.

This reduction in the useful field of view is similar to that
known in the field of optics as tunnel vision, which is caused by some
physiological defect in the optic system. This would be one explanation
for the type of error function obtained by Averbach, Green, and Crovitz
on tachistoscopically projected material. Green, in comparing two
levels of confusability, found a much more shallow error function at
the lower confusability level. From this, it appears that the con-
fusability level has a direct bearing on the "tunneling" effect commonly

found in the error function.,

Visual Search Over a Large Area

Neisser (1964), using capital letters as stimulus material, studied
the task of scanning a list to search out a target. He found that the

level of confusability between context and target was a highly
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significant factor affecting a subject's scanning speed and accuracy.
Other investigations (Gibson and Yonas, 1966; Kaplan et al., 1966),
using the same stimulus material, capital letters, verified Neisser's
findings. Kaplan further found that acoustic confusability, the level
of confusability when the stimulus matérial is presented acoustically,
had no detrimental effect in a Qisual search task.

In an earlier study, Neisser (1963) found that the time required
to scan a given amount of stimulus material was gréater when each row
contained only two letters than when each row contained six letters.

Two possible explanations for this have been submitted. First, more eye
movement is required to cover the material presented in two-letter rows
than in six-letter rows, due to there being three times as many rows.
Secondly, in the two-letter rows, the foveal visual field is utiliied
much less efficiently.

Brown and Strongﬁan (1966) found that in searcﬁing for a target
letter within a string of capital letters, search time was faster for
horizontal than for vertical strings.

Results of investigations involving complex displays (Baker et al.,
1960) showed that both search time and the quantity of errors increased
as a function of the number of irrelevant forms on the target display.
Another study pertaining to complex displays (Steedman and Baker, 1960)
indicated that neither search time nor the quéntity of errors is
affected by target size for targets subtending over 12 minutes of visual

angle; however, for targets below this, performance deteriorates.
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Summarz

These and similar investigations into the perceptual process in a
static visual field and their results have strongly influenced the
investigations covered by this dissertation. As haé been mentioned,
the primary inquiry in this research concerns the effect of pattern or
configuration of stimulus material in a dynamic field on perceptual

accuracy.
Dynamic Visual Field Perception
Overview

Much of the research that has been conducted in the area of per-
ception in a dynamic visual field has been directed‘toward either:
1) determining the deterioration in visual acuity at various angular
velocities of the test object, or 2) correlating or differentiating
between static and dynamic visual acuity (DVA).

Dynamic visual acuity (DVA) has been defined by Burg and Hulbert
(1961) as the ability of an observer to discriminate an object when

there is relative movement between the observer and the object.

Angular Velocities CausingﬁDeterioration in DVA

Ludvigh and Miller (1958), using Landolt rings as test objects and
a rotating mirror to effect their movement, found that DVA deteriorates
significantl; as the angular velocity of the test object is increased
beyond 40 to 50 degrees per second. The authors show evidence for their

hypothesis that the deterioration is caused by the movement of the image

on the retina due to imperfect pursuit movements of the eye rather than
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by extra-foveal location of the image. In another study (Lippert, 1963),
the mean angular velocities for the criterion of 100 percent legibility
were found to be 10 and 16 degrees per second viewed through two- and
twenty-inch apertures, resbectively. The stimulus material in this
investigation consisted of single-column, alphanumeric symbols and

display movement was from top to bottom.

Visual Search Over a Large Area

Decrements in the performance of visual search tasks in which the
observer must scan a relatively large area, begin:to take place at lower
speeds. Williams and Borow (1963), using a contiéually present display
consisting of an 18 X 18-inch array of alphabetic characters, found that
angular velocities of over eight degrees per second were associated with
decrements in the performance of visual search. Erickson (1964a), from
a study using a Landolt ring for a target in a group of solid rings,
found that the deterioration in performance over a range of angular
velocities was a function of the density of target area. Lippert and
Lee (1965), using alphanumeric characters, verified these findings.
Erickson hypothesized that peripheral vision plays a more important role
than foveal vision in search tasks for field velocities up to five
degrees per second; whereas for field velocities greater than seven
degrees per second, foveal vision dominates; In another study (1964b),
the same author reported a strong correlation between visual search time
in a static field and peripheral visual acuity measured at angles up to
4.8 degrees from fixation. At six degrees from fixation, no correlation

existed.
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Relationship Between Static Visual Acuity and DVA

A review of the literature points out the coétroversy as to the
relationship between static visual acuity and DVA, Ludvigh and Miller,
in their study on Landolt rings, found a slight relationship, if any at
all, between the two. Weissman and Freeburne (1965), on the other hand,
found a strong correlation between static acuity and DVA with field
speeds up to 120 degrees per second. Above this speed, no correlation
was demonstrated. They also used Landolt rings as test objects.

Several possible reasons exist for the differences in findings. First,
Ludvigh and Miller used the Snellen chart and ratings for static acuity
and also compared static and dynamic acuity monocularly. Weissman and
Freeburne used the same test and target presentation for static acuity,
or zero degrees per second, as for DVA, and their comparison was binocu-
lar. Second, the former study used relatively young naval personnel
with a minimum static visual acuity of 20/20 uncorrected. The latter
study used a more heterogeneous group of subjects, the majority of which
wore corrective lenses.

In still another study (Burg and Hulbert, 1961), a low but signifi-
cant correlation was found between static acuity and DVA, the correla-
tion diminishing as the speed of the target increased. Again, a hetero-~
geneous group of subjects and the similarity between the s£atic and DVA
tests (measured by the Bausch and Lomb Ortho-Rater) were submitted as

reasons for the conflicting results from those of Ludvigh and Miller.

Factors Other Than Angular Velocity Affecting DVA

Miller (1958) found that the deterioration in visual acuity is

similar whether the test objects are moving horizontally or vertically,
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or whether the subject is rotated horizontally past stationary test
objects. Williams and Borow, on the other hand, found that in a visual
search, horizontally moving displays result in le;s dec¢rement in per-
formance than vertically moving displays. Miller further found that DVA
can be substantially improved by high intensities of illumination. This
feature-does not hold for static acuity, the author points out, since
significant improvements cannot be effected by levels of illumination
above 5-10 foot candles.

On his experiments on dynamic visual field perception, Green
reported results similar to his experiment on perception in a static
field. The level of confusability between context and target had a
marked effect on the error rate when locating a target letter from among
a row of moving capital letters viewed through an aperture. Green also
found a similar tunneling effect in the error function across target
positions. Orientation of viewing aperture (horizontal or vertical)
and direction of movement (top to bottom or bottom to top, in the case
of the horizontal viewing aperture; left to right or right to left in
the case of the vertical viewing aperture) had little effect on
performance.

In other studies in which the stimulus material was viewed through
an aperture, Adams reporfed similar tunneling effects in the error
functions. One study utiliéed vertical ly~oriented, 3/8-inch brass
washers, appropriately notched for context and target. Another used
horizontally-oriented capital letters, similar to the study of Green.
Adams further found that the error rate increased significantly when the

viewing angle was decreased below 45 degrees with the plane of the
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display. A change in viewing angle above this, had no appreciable

effect on performance.

Qualifying Tests for Conveyor—Paced

Inspection Tasks

Static and normal dynamic visual acuity (DVA) tests were found by
Nel son (1969) to be inadequate for predicting the success of individuals
on conveyor-paced inspection tasks. He developed a two-test battery
for such purpose. First in the battery was a test of DVA to measure the
effect of spéed of target movement and target spacing on performance.
The second test was a test of recognition visual acuity to measure the
effect of the product and the inspection task on performance. Both
tests used Landolt rings as stimulus material. The former test is
similar to others previously discussed. The latter projected the
material statically at various out-of-focus levels. The theory behind
the recognition test is that errors in the eye pursuit movements in a
dynamic field perception task cause blurring of the image similar to an

out-of-focus image.

Summarz

In summarizing the literature on perception in a dynamic visual
field, one finds very little that has a direct bearing on the investi-
gation covered by this dissertation. As previously stated, this
research investigates the effect of stimulus configuration on dynamic
field perbeption. It is a continuatibn of research by Green and Adams.
As in their investigations, perception took place through a viewing

aperture. All experiments conducted in this research were at visual
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field speeds of eight degrees per second or less. Thus, speeds were
below the critical angular velocity at which decrements in performance
due to imperfect tracking become significant according to the findings
of Ludvigh and Miller, Williams and Borow, and Miller. However, the
findings of Lippert suggest that, because of the restricted height of
the viewing aperture used, the speed providing tﬁe criterion of 100%
legibility was doubtlessly surpassed from time to time throughout this

experimentation.



CHAPTER III

5 THE EFFECT OF STIMULUS CONFIGURATION

ON PERCEPTION —— EXPERIMENT I
General

General agreement has been reached in the field of visual per-
ception that the higher the angular velocity of a visual field, the
greater the decrement in search performance, at least above a certain
critical speed. Just what this critical speed is depends on the cir-
cumstances of the search task involved. For instance, a search task
in which the subject is able freely to track the stimulus material
(Ludvigh and Miller) would have a higher critical speed than a task
having a restricted ability to track the material due, for instance,
to the use of a viewing aperture (Lippert).

The experiments composing this research virtually eliminated the
ability to track the material since the height of the aperture, in most
instances, was only 1/4 inch and in the remaining instance was 3/8 inch.
For this reason, the results can, with reservation, be compared to many
perception studies in which tachistoscopic projections were used.

Experiment I wés a study of the interaction between the width of
display and the_speed of movement required to provide equivalent ex-
posure time. It furfher treats exposure time as a variable to determine
its effect on the relative advantages of the various configurations in

perceptual accuracy.

19
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Method

Stimulus Material

Each display consisted of eight capital letters. The tafget was
the letter K and the context, randomly presenteé, was made up from the
following letters: ¥, H, L, N, R, V, X, and Y. No letter was presented
more than once in any display. As previously mentioned, this target-
context relationship is considered one of high confusability (Kaplan
et al.). The letters were typed with an IBM electric typewriter on long
sheets of white paper, and the letters were an executive type, 1/8 inch
in height, single spaced. For each configuration the ratio of displays
containing a target to the total number of displays presented was 2/3,
so that for every 24 displays, the target was randomly found in each of
the eight letter positions twice. The rows of the multi-row configu-
rations were so positioned to provide a blank space of 5/16 inch between
rows. The widths of the stimuli for the 1 X 8, 2 X 4, and &4 X 2 con~
figurations were approximately 1 1/8, 9/16, and 9/32 inches,

respectively.
Equipment

The sheets of paper contaiﬁing the stimulus material were taped to
a wide continuous belt conveyor. The belt was driven by a variable
speed motor and the range of speeds vastly increased by the use of
various size gears. The height of the viewing aperture was 1/4 inch
throughout the experiment. The aperture width for the 1 X 8 displays
was two inches, and this width was so reduced for the other configu-

rations that the blank space on either side of the centrally-positioned
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display was approximately the same throughout the experiment. Vision
shields, painted a low-gloss white, were installed to precliude the
subject's being able to see peripherally any belt or display movement
and to reduce visual distractions from the assigned task. A tape was
drawn across the work station at forehead level to restrict the subject
either to a minimum of 15 inches from the aperture or to a maximum
angular velocity of eight degrees per second, whichever was the greater
distance., The level of eight degrees per second was used as a maximum
to be certain that the range of angular velocities was below that level
at which a decrement in performance normally appears (Ludvigh and Miller;

Williams and Borow). A photograph of the equipment is shown in Figure 2.

Velocities and Exposure Times

In the 1 X 8 configuration, conveyor speeds of 0.45 and 0,60 inches
per second were used. The slower speed provided an exposure time of
0.833 seconds, and the faster, an exposure time of 0.625 seconds.
Throughout this experiment these exposure times are respectively
referred to as long and short exposure times. Exposure time, in this
dissertation, is considered to be the time from the start of appearance
of the stimulus material in the aperture until its total disappearance
from view., It is this definition of exposure time that, for comparative
purposes, has been equated in all the configurationé. Exposure time of
total displays, that is, the time from total appearance until start of
disappearance varied between the configurations from 0.246 to 0.278
seconds for the long exposure time and from 0,185 to 0.208 seconds for
the short exposure time., Figure 3 shows the three configurations of

stimulus material relative to their viewing apertures just prior to

\



Figure 2.

A Photograph of the Experimental Equipment
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and just following exposure. Table I shows the linear velocities and
maximum angular velocities of theé displays by configuration under both
the long and the short exposure times. Sample computations are included

as Appendix A.

TABLE I

LINEAR AND MAXIMUM ANGULAR VELOCITIES BY CONFIGURATION

Exposure Time

Long Short
Exposure Time in seconds (from start of
appearance until final disappearance) 0.833 0.625
Linear Velocity in inches/second:
Configuration
1 X8 0.45 0.60
2 X4 0.98 1.30
L X 2 2.03 2.70
Maximum Angular Velocity in degrees/second:
Configuration
1 X8 1.7 2.3
2 X4 3.7 5.0
L X 2 7.7 8.0%

*
Restriction tape 19 inches from aperture; fifteen inches in all
other instances.

Experimental Design

This experiment had two aspects. One was a comparison of the three

configurations of stimulus material. The second was the



25

intra-configuration analysis of error pattern. The design for the first
aspect was a completely randomized experiment with a split plot. Con-
figuration was the main plot treatment, it being a Between-subject
variable. Exposure time was the split plot treatment and was within
subjects. For the second aspect of the experiment factorial designs
were used. The design for the 1 X 8 configuration was a 2 X 8 X 10
factorial. The variables in this instance were exposure time, target
position, and subject. Similar designs were used for the other

configurations.

Subjects

Thirty volunteer subjects, both male and female, between the ages
of 18 and 45 participated in this experiment. All subjects successfully
passed a test for normal near vision using Federal Aviation Adminis-
tration form #2917. Three randomized groups, one for each configuration,
were formed such that each group had approximately the same number of

females and the same number of subjects over 30 years of age.

Procedure

As each subject arrived to participate in the experiment he was
pretested, as explained above, and shown the equipment layout. The
experimenter then read to him the appropriate instructions, an example
of which is included as Appendix B,

After hearing the instructions and having any questions answered,
the subject was comfortably seated at the conveyor and given a trial
experimental run. The trial run consisted of 24 displays, presented at

both long and short exposure time, in the configuration to which the

N
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subject would be exposed during the experiment. The series of trial
displays had targets randomly positioned in each of the eight target
positions and also contained displays bearing no target, randomly
presented. After the presentation of each display, the subject orally
responded as to the observed position of target, if any, and the experi-
menter informed subject if answer was correct. If not, the same display
was presented a second time. The experimenter controlled the display
presentations. All subjects improved their performances throughout the
trial runs, and before the trial was over each subject had displayed

a reasonable ability (less than 50% misses under the short exposure
time) to perform the task.

After the subject had completed his trial run the test began. A
horizontal black line appeared in thé viewing aperture as a ready signal
one second before the appearance of each stimulus. After disappearance
of each stimulus, the experimenter stopped the conveyor allowing the
subject ample time to record his response on a tally form. When the
subject's attention was redirected to the viewing aperture, the conveyor
was restarted for presentation of the next stimulus. The frequency of
presentation of the stimuli was approximately four to eight seconds.
Sufficient space was provided on the paper between the stimuli to assure
that the conveyor had reached operating speed prior to the appearance of
the ready line.

For each configuration, 48 letter-group stimuli were presented to
each of the ten subjects under each of the two exposure times.

Depending on the configuration, the stimuli were listed in from four to
eight columns, requiring as many different viewing apertures to be used

throughout the test. These columns were randomly assigned to long or
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short exposure time presentations and these in turn were presented in
random order.

Each response was scored as being correct, a miss (Type 1 error),
or a false alarm (Type 1I error). As defined in Chapter I, a miss
occurred when a target was present in a stimulus presentation and the
subject‘either reported no target or reported a tafget in the wrong
position. One exception to this definition occurs in the 1 X 8 con-
figuration., To compafe some of the findings of this research with that
of another investigation, a more liberal definition of a miss, in which
the response was greater than one target position from actual, was also
used, As previously defined, a false alarm occurs when the subject
reports a target being present and, in féct, no target exists in the
stimulus presentation. The experimenter then compiled and analyzed the

rates of the Type I and Type II errors.

Transformation of Data

In factorial experiments, transformations of data are frequently
performed for any of several reasons. One important reason is the
skewness in the distribution of errors of the basic data. Tﬁis skewness
tends to produce too many significant results in F-tests (Snedecor and
Cochran, 1967, page 325). Percentage data, such as used in these ex-
periments, are commonly transformed prior to analysis for this reason.
The transformation deveioped for basic observations that are in the form
of percentages or proportions is the arcsin square root transformation
(Winer, 1962, page 221), written

X’ = arcsin vX. .

ijk ijk

where X, .
i

ik is a proportion. For conservatism, this transformation has
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been made before analysis on all the data obtained in this research.

An example follows:

Basic Datum = 30%
X = 0.30
XI = arcsin v0.30 = 0.58.

Results

Missed Target Errors

Interconfiguration Comparison. Figure L shows the rates of missed

targets by configuration for both long and short exposure times. It may
be noted that the 2 X 4 configuration has the lowest error rate regard-
less of exposure time.

A summary of the analysis of variance (ANOVA) on the transformed
data of this completely randomized design with a split plot and the
calculated F ratios are given in Table II. As might be expected, the
F test revealed that exposure time was a highly significant variable
(p <0.01), and the variable configuration was also significant
(p €0.05). A Newman-Keuls (N-K) test on the configuration means under
each exposure time showed no evidence of any significant difference at
the 5% level; however, with exposure times combined, the 1 X 8 and the
2 X 4 mean values were just barely insignificant at the same level.

Repeated Measures Analysis. The possibility existed that a sig-

nificant change in a subject's performance took place during the course
of the test. Such change, known as order or sequence effect, could be
due to a number of things, among which are practice and fatigue. If

sequence effects were significant, and no accounting made for them,
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TABLE 1T

ANOVA FOR MISSED TARGET ERRORS~-—ALL CONFIGURATIONS

Source d.f. S.S. M.S. F
Main Plot
Configuration (C) 2 0.427 0.214 L,16%
Subject w. C , 27 1.386 0.051
Sub Plot
Exposure Time (E) 1 0.458 0.458  33.90%**
C XE ' 2 0.080 0.040 2.95
Sub-Plot Error 27 0.365 0.01k

TOTAL .59 2.715

*Significant at 0.05 level.

**Significant at 0.01 level.
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they would tend to confound the treatment effects, in this case, con-
figuration and exposure time (Winer, page 301). To determine the sig-
nificance of sequence effects, a repeated measures analysis was
perforﬁed on the data. Each subject's test results for each exposure
time were divided into trial 1 data and trial 2 data. Trial 1 data were
the results of the first 24 stimulus presentations under each exposure
time, trial 2 the last 24. Figure 5 shows graphically the results of

this analysis. Table III summarizes the analysis of variance (ANOVA).
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Figure 5. Repeated Measures Analysis of
Missed Target Error Rates by
Configuration
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. TABLE III

ANOVA FOR MISSED TARGET ERRORS USING REPEATED MEASURES

Source d.f. S.S. M.S. F

Between :Subjects:

Configuration (C) 5 1.032  0.516 L.63*
Error 27 3.011  0.112

Within Subjects:

Exposure Time (E) 1 1,024 1,024 Lb 3o%*
Trial (T) 1 0.048 0.048 2.09
EXT 1 0.138 0.138 5.97*
E X C 2 0.168 0.084 3.64*
T X C 2 0.060 0.030 1.31
EXTXC 2 0.057 0.029 1.24
Error 1 1.872 0.023
TOTAL 119 7,411

*Significant at 0.05 level.

*¥*Significant at 0.01 level.

The F test once again showed exposure time and configuration to be
significant variables. However, the sequence effect was insignificant.
Because of the insignificance of sequence effect in this experiment and
for the two reasons listed below, a repeated measures analysié was not
made routinely throughout this research. Such an analysis was again
made for Experiment 4 and will be appropriately reported on.

1) The order of administration of all the experiments was

randomized, thus preventing any sequence effects from being
confounded ‘with only one or a select few of the treatment

effects.
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2) The primary interest of this research is in the effect of the
treatments rather than in learning or sequence effects
(Winer, page 301).
The F test also shows significant (p < 0.05) interactions between trial
and exposure time and between configuration and exposure time. These
interacfions are expressed graphically in Figures 6 and 7. The inter-
action between configuration and exposure time has practical signifi-
cance. A much steeper decrement in performance duevto the short ex-
posure time is found in the & X 2 configuration than in either of the
other two configurations. This is undoubtedly due to a parabolic
relationship betwéen conveyor speed and error rate. It should be noted,
however, that in the original ANOVA (Table II), which involved fewer
variables and less degrees of freedom, the configuration-exposure time
interaction was statistically insignificant.

The 1 X 8 Configuration. Figures 8 and 9 show the rates of missed

target errors by letter position and exposure time under the 1 X 8
configuration. The difference between the two graphs is in the defi-
nition of a missed target. In Figure 8, a missed target consisted of a
reported target, greater than one letter position from the actual target
(Liberal Definition of Miss). This definition of a missed target
differs from that used throughout this experimentation, and reported in
Chapter I. The graph in Figure 8 is presented here solely as a com-
parison of the work of Green, who used experiméntal conditions similar
to those used in this phase of the experiment.’' In Figure 9, as else-
where throughout this research, a missed target occurred when the actual
target position was not the position reported as containing the target

(Conservative Definition of Miss).
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Figure 8 shows the error pattern under short exposure time to have
the same tunnel effect that Green found. In this case, target position
Nos. 3 through 6 had a relatively low error rate, as did the extreme
positions, Nos. 1 and 8, while position Nos. 2 and 7 had very high
rates. This result is similar to the findings of Averbach and Coriell.
As has been mentioned, Green eliminated the extreme positions, Nos. 1
and 8, as target positions because of the reduced masking effect at
these positions. The error pattern under the long exposure time has the
same general shape, except that position seven did not show an increase
in error rate. This would indicate a reduced depth in the tunnel effect,
especially on the right-hand side of the stimulus row, as exposure time
is increased. This is similar to the effect of a decrease in the con-
fusability level between target and context as found by Greeg.

In Figure 9, under the more conservative definition of a missed
target, the same general error patterns were found that were found
under the liberal definition of a missed target. It is of interest to
note that under the short exposure time, the error pattern was more
random, as evidenced by the fluctuation in rates among the central
target positions. This is mainly due to the difficulty in pinpointing
the target when it was actually in position 5. The error rate for this
position actually doubled from 20% to 40%, in going from the liberal
definition of a missed target (Figure 8) to the conservative definition
(Figure 9).

Table IV sumﬁarizes the ANOVA for this factorial design of the
1 X 8 configuration under the conservative definition of a missed target
error. The statistical model used here, and in all intraconfiguration

analyses throughout this research, is the fixed model. The decision to
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TABLE IV |

ANOVA FOR MISSED TARGET ERRORS -~ 1 X 8 CONFIGURATION

Source d.f. S.S. M.S. F

Preliminary Test:

Subject (S) 9

Target Position (P) 7

Exposure Time (E) 1

X P 63 10.465 0.166 1.77*
9
7
3

5.414 0.602
3.131 0.LhL7
0.312 0.312

S
S X E 0.737 0.082 0.87
P XE 0.548 0.078 0.84
S XPXE 6 5.905 0.094
TOTAL 159 26.512
Final Test: »
Subject (S) 9 5,414 0.602 6.61**
Target Position (P) 7 3,131 0.k4k7 Lk o1%*
Exposure Time (E) 1 0.312 0.312 343
S X P 63 10.465 0.166 1,83*%*
Residual 79 7.190 0.091
TOTAL 159 26,512

*Significant at 0.05 level.

**Significant at 0.01 level.
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treat the variable subject as a fixed variable was prompted by the
assumption that each subject has his own set of abilities. Thus, in

the F test all main effects are tested against the experimental error
and any conclusion reached about one effect is uncontaminated by any
other effect (Ostle, 1963, pages 324-327). It can be seen from Table IV
that thé ANOVA is divided into a preliminary test and a final test. The
latter is the result of pooling all insignificant interactions into the
residual or experimental error. This pooling technique (Winer, pages
202-207) has been used in all factorial designs throughout this analysis.
Hereafter, only the final test of each ANOVA of the factorial designs
will be shown.

The F test showed that subject and target position were the main
effects having significant differences and the subject-target position
interaction was the sole significant first order interaction, all at the
0.01 level. Subject as a variable was found statistically significant,
not only in this test, but in all tests throughout this research. So
were many of the first-order interactions involving subject, just as the
subject-target position interaction was found to be significant in this
case. Such significance clearly shows that the lack of homogeneity in
the cognitive processes of subjects .is a problem to be reckoned with.

An N-K test on individual means, showed that a significant difference
existed only between the means of target positions 2 and 8, and this at
the 0.05 leyel when both long and short exposure times were combined.

Several points need to be made to explain, at least partially, the
seeming inconsistency between the results of the F test and the Newman-
Keuls test. First, the N-K test is a moderately conservative procedure.

Had a less conservative procedure been used, e.g., Duncan's test or
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Least Significant Difference (LSD), more significance in the individual
means would, undoubtedly, have been indicated. Secondly, the N~-K test
makes use of the studentized range statistic and thus utilizes much less
of the experimental data than does the F test. When the distribution of
the data does not approach normality, which is the situation here, the
two tests may not lead to the same conclusion (Winer, pages 77-78).

The ANOVA for the data under the liberal definition of a missed
target positiqn has not been summarized in this paper. However, it is
of interest to know that the F test on that data revealed the same
significance of main effects and interactions as that under the conser-
vative definitionof a missed target position, reported above.

The 2 X 4 Configuration. Figure 10 shows the rates of missed

target errors by letter position and exposure time for the 2 X 4 con-
figuration. It can be noted that no significant error pattern revealed
itself across the target positions of the top row. Also, exposure time
appears to have had little effect on performance in that row. However,
in the bottom row, exposure time appears highly significant and a
pattern of decreased performance as target position moves from left to
right seems to emerge.

A summary of the ANOVA for the missed positions under this con-
figuration is shown in Table V. The F test revealed exposure time as
well as subject to be significant at the 0.01 level, the former by
virtue of the bottom row, to be sure, and group (in this case bottom and
top rows) to be significant at the 0.05 level, by virtue of the short
exposure time, All first order interactions involving subject were
significant, thus showing even less homogeneity in the cognitive

processes in this test than in the others, The statistical significance
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TABLE V

ANOVA FOR MISSED TARGET ERRORS -- 2 X 4 CONFIGURATION

40

Source d.f. S.S. M.S- F
Final Test:
Subject (S) 9 4,567 0.507 10.80**
Group (G)*** 1 0.312 0.312 6.6L*
Target Position (P) 3 0.039 0.013 0.28
Exposure Time (E) 1 1.296 1.296 27.57%*
SXaG 9 0.951 0.106 2.25%
S XP 27 4,095 0.152 3,22%*
S X E 9 1,527 0.170 3.61%*
G X E 1 0.312 0.312 6.65%
S XpXE 27 3.098. 0.115 2, Lly**
Residual 72 3.384 0.047
TOTAL 159 19.581

*Significant at 0.05 level.

*¥**Significant at 0.01 level.

***Groups are:

Bottom row and top row.
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of the subject-exposure time interaction (p < 0.01) was purely coinci=-
dental inasmuch as two of the ten subjects performed better under the
short exposure time. The interaction has no practical significance.
The group-exposure time interaction has both statistical (p‘< 0.05)
and practical significance. The decrement in performance due to the
shorter‘éxposure time was limited to the bottom row (see Figure 10).
This would indicate that recency, used here as the ability to recall
the most recent stimulus more accurately than other stimuli, plays a
more important role at the shorter than at the longer exposure time.
No further practical significance exists for the statistically
significant interactions.

The 4 X 2 Configuration. Figure 11 shows the rates of missed

target errors by letter position and exposure time for the 4 X 2 con-
figuration. A distinct bow-shaped error pattern was present in both the
left- and right-hand columns. The F test showed that all four main
effects, namely subject, group (in this case left- and right-~hand
columns), target position, and exposure time, were significant at the
0.01 level. See Table VI for a summary of the ANOVA, The significant
differences in target position and exposure time are readily seen by a
glance at Figure 11. The significance of the variable group is not as
obvious. The mean error rates by group better>revealed this signifi-
cance: mean error rate of left-hand column was 33.1%, of righf—hand
column was 24.1%. Subject-target position, subject-exposure time, and
group-exposure time were the only significant interactions, the first
being at the 0.01 level. The statistical significance of the latter
interaction is due to the substantial increase in error rate of the

short over the long exposure time in the left-hand column while only a
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nominal increase in the right-hand column.

of this finding is not apparent.

TABLE VI

The practical significance

ANOVA FOR MISSED TARGET ERRORS -~ L4 X 2 CONFIGURATION

[k3

Source d.f. S.S. M.S. F
Final Test:
Subject (S) 9 4,206 0.467 L, 15%*
Group (G)*** 1 0.867 0.867 7. 70%*
Target Position (P) 3 3.475 1.158 10.29**
Exposure Time (E) 1 3.392 3.392 30, 14%*
S Xp 27 6.103 0.226 2.01%*
S XE 9 2.342 0.260 2,31%
G XE 1 0.651 0.651 5,79
Residual 108 12.156 0.113
TOTAL 159 33.191

*Significant at 0.05 level.

**Significant at 0.01 level.

***Groups are: Left column and right column.

An N-K test showed that on the right-hand side the mean error rate

of target position No. 3 was significantly greater (0.05 level) than
that of position No. 4 when both exposure times were combined.

means were significantly different.

Another N-K test revealed that

No other

position No. 3 was significantly greater than both position Nos. 1 and &
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and position No. 2 was significantly greater than position No. & when

both groups and exposure times were combined.

False Alarm Errors

Interconfiguration Comparison. Figure 12 shows the rate of false

alarm errors by configuration for both long and short exposure times.
Note that the mean rates range from 12 to 30 percent. Compared to other
research in similar areas these rates may seem excessive; therefore, ;
word of explanation is deemed appropriate. First, the level of con-
fusability between target and context was, by design, high, and the
exposure times or display speeds so established that error rates would
be plentiful. Both these factors would tend to cause re;atively high
rates of false alarms. Secondly, the context letters were mistaken for
the target in varying degrees; For instance, in the 1 X 8 configuration
the letters X and V were mistaken for the target much more often than
the other context letters; in the & X 2 configuration it was the letters
X and F that were mistaken much more often. {Results of this analysis
are presented later in this chapter.) This variability in the confusion
level between the target and'tﬁe various context letters precludes a
high level of random guessing.

A summary of the ANOVA is given in Table VII. The F test on this
completely randomized design with a split plot showed that exposure time
was the only variable exhibiting a significant difference (p < 0.05).
The calculated F ratio for configurations was < 1,0, compared to a
tabulated FO.05 of 3.35. Because of this disparity in F values, the

hypothesis that there is no difference in the mean false alarm rates

between configurations cannot be rejected.
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Source d.f. S.S. M.S. F
Main Plot
Configuration (C) 2 0.168 0.084 0.67
Subject w. C 27 3.455 0.128
Sub Plot
Exposure time (E) 1 0.179 0.179 7.01*
C XE 2 0.162 0.081 3.18
Sub-Plot Error 27 0.689 0.026
TOTAL 59 L4.652

*Significant at 0.05 level.
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Intraconfiguration Analyses. Figures 13, 14, and 15 show the rates

of false alarm errors by reported target position aﬁd exposure time for
the 1 X 8, 2 X 4, and 4 X 2 configurations, respectively. The reader
must realize that the mean percent error rate for a reported target
position is the number of false reports at a given position divided by
the total number of displays containing no target (X 100). Thus, it can
be seen that, for a given configuration, the summation of the eight
error rates by reported position equals the mean false alarm error rat;
for that configuration. For example, the sum of the error rates under
long exposure time in Figure 13 equals the error rate reported in

Figure 12 under the same exposure time for the 1 X 8 configuration.

The 1 X 8 Configuration. The graph of the 1 X 8 configuration

(Figure 13) reveals no recognizable error pattern; except for the
extreme left hand position (No. 1) having the lowest rate. The F test
on this data (ANOVA not shown) showed that the variable subject was the
only significant main effect (p < 0.01) and that the subject-reported
target position (p < 0.05) was the only significant interaction.

The 2 X 4 Configuration. The graph of the 2 X 4 configuration

(Figure 14) shows for each of the two rows a bow-shaped error pattern
that was not revealed in the comparable graph of missed target error
rates (Figure 10). A summary of the ANOVA is presented in Table VIII.
Note that none of the interactions were significant, and all became a
part of-the residual under the statistical technique of pooling.
Subject and reported target position were significant at the 0,01 level
and group (in.thié éase, bottom row and top row) was significant at

the 0.05 level,
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TABLE VIIT

ANOVA FOR FALSE ALARM ERRORS -~ 2 X 4 CONFIGURATION

Source d.f. S.S. M.S. F

Final Test:

Subject (S) 9 0.616 0.068 6.08**
Group (G)*** 1 0.066 0.066 5.86%*
Reported Target Position (P) 3 0.295 0.098 8.75%*
Exposure Time (E) 1 0.012 0.012 1.10
Residual 145 1.631 0.011
TOTAL 159 2,620

*Significant at 0.05 level.
**Significant at 0.01 level.

*¥***Groups are: Bottom row and top row.

The 4 X 2 Configuration. No pronounced error pattern emerged in

the & X 2 configuration (Figure 15). Reported target position No. 3

(in this case row three) had a high error rate under the short exposure
time, and position No. 4 (row four) had a correspondingly low error rate
at both exposure times. The F test (ANOVA not shown) indicated that
subject, reported target position, and exposure time were all signifi-
cant (p <0.,01), as was the subject-reported target position interaction
(p <0.05).

Analysis of Errors by Context Unit. Of equal importance to the

reported target positions in the false alarm error analysis-and to any
error pattern that may have emerged are the error rates that were caused

by the.various context units (in this case, letters). Figure 16 contains
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bar charts showing by configuration the rates at which the various
context letters were mistaken for the target. As can be seen, the
context letters are presented in a descending order of confusability in
all configurations combined, namely X, ¥, V, N, F, R H, and L. It is
reasonable to believe, however, that in some of the instances of false
alarms, the subject actually reported the wrong position for the context
letter that he had mistaken for the target. If, for example, he had
mistaken for the target the letter X, which actually was in position
No. 5, but he reported it in position No. 4, some other context letter
would have appeared as the mistaken letter. Thus, caution must be
exercised in utilizing the data found in these charts.

Chi-square tests were performed on the number of errors by
configuration (and in all configurations combined) to test the hypothe-
sis that all letters were eqﬁally likely to be mistaken for the target.
Results show that in the 1 Xl8 and 4 X 2 configurations and in all
configurations combined this hypothesis can readily be rejected. In
the 2 X 4 configuration, however, insufficient evidence (at the 0.05
level) exists for rejection. Table IX summarizes the results of these

tests.

TABLE IX

RESULTS OF CHI-SQUARE TESTS ON CONTEXT LETTERS MISTAKEN FOR TARGET

Configuration
1 X8 2 X L b X 2 All
Total No. Errors 78 50 67 195
Chi-Squared 34 13 23 3h

Probability of Greater No. < 0.005 0.05-0.10 < 0.005 < 0,005
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Discussion

The Primary Purpose

' The primary purpose of this experiment was to determine the effect
of display configuration on visual performance. Analysis showed that
configuration was a significant variable in the rate of missed target
errors and that the 2 X & configuration resulted in the lowest level of
Type I errors of the three configurations studied.

Several possible explanations for these results exist and are
herein developed. Each of the subjects confronted with the 1 X 8
displays was asked following his test to verbally state the viewing
technique that he had used. The majority of subjects (six) claimed
they either scanned the display, usually from left to right, or had two
fixation points within the display. wa subjects stated that they
focused centrally (only one fixation point). The remaining two subjects
scanned the display on the long exposure time presentations, but having
insufficient time to scan on the short exposure time presentations, they
focused centrally. No significant differences in performance between
the groups were épparent. All subjects confronted with the 2 X L and
4L X 2 configurations focused centrally.

The technique of scanning the 1 X 8 display produced a higher
error rate than was produced with the 2 X 4 configuration probably
because of the inability tq perceive detail during saccadic eye movement
(Adler, 1950), which utilizes a significant amount of the available
exposure time. Because the technique of focusing centrally on the
1 X 8 display was also less effective than in the 2 X 4 configuration,

it can be concluded that the peripheral viewing of the extremities of
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the 1 X 8 string was more detrimental to performance than the faster
display speeds of the 2 X 4 configuration. One must bear in mind,
however, that with central fixation on the 1 X 8 display, all letters
in the string could be perceived foveally, the string subtending a
visual angle of less than four degrees.

Why then would performance on the 2 X 4 configuration be better
than on the 4 X 2 confiéuration? One answer to £his question lies in
the fact that in the 4 X 2 configuration the point of diminishing
returns had been exceeded; that is, the visual field had reached speeds
at which decrements in performance more than offset any advantage of
the narrower display width. Another is that in the 4 X 2 configuration,
the display is so narrow that much of the foveal visual field is not
utilized in the seafch task. The foveal visual field is utilized much
less efficiently than in the 2 X 4 configuration and at the expense of
higher display speeds.

Hence, the optimum tradé-off between width of stimulus material and
speed of the visual field appears to be that combination of width and
speed that barely provides the subject with effective perception without
the need for saccadic eye movement. A wider but slower display either
would require the less effective saccadic eye movement or would cause
decrements in performance due to the increased distance of the display
extremities from fixation. A narrower but faster display would actually
waste some perceptual ability at.the expense of a higher speed of the
visual field.

These findings support, but do not prove, the first hypothesis,

which states that in a display width-display speed trade-off, error



55

rates are lowest on the widest display, and thus the slowest moving,
that does not require saccadic eye movement.

Besides having the lowest level of Type I errors, the 2 X 4 con-
figuration also had the lowest average level of Type II errors
(Figure 12). Additional support for the above hypothesis is not strong,
however, due to the lack of statistical significance of the variable
configuration in the analysis of false alarm error rates.

As one would expect, a decrease in the display exposure time is
associated with an increase in both the missed target and the false
alarm error rates. Although statistical significance is lacking,
analysis shows that the increase in error rates (both Types I and IT1)
associated with a decrease in exposure time is greater under the & X 2
configuration than under the other two configurations analyzed.

Evidence of this is shown in Figures 4 and 12.

The Secondary Purpose .

The secondary purpose of this experiment was to analyze error
patterns by target position within each configuration. Results of the
1 X 8 configuration under the short exposure time revealed the typical W
shape error pattern of missed target errors (Averbach and Coriell,
Crovitz and Schiffman). The error rates of poéition Nos. 2 and 7 were
high, position Nos. 3‘through 6 moderately low, and position Nos. 1 and
8 very low. Under the long exposure time, the error rate of position
No. 7 dropped to the approximate level of the middle group of positions
(Figure 9). It seems reasonable to conclude, -therefore, that the
shorter the exposure time the deeper the tunnel effect, and as exposure

time is increased, the tunnel effect drops off more rapidly on the



56

right-hand side. Analysis of the false alarm error pattern in the
1 X 8 configuration (Figure 13) indicated no particular correlation
between error rate and target position except that the left-most
position (No. 1) was extremely low.

No tunnel effect emerged in the Type I error rates in either row of
the 2 X 4 configuration (Figure 10). The bottom row exhibited a rising
error pattern reading from left to right; the pattern of the top fow was
random. The shorter exposure time adversely affected performance of the
bottom row only. Analysis of Type II error pattern (Figure 14) showed
that a masking effect was dominant in each row as the extreme positions
(Nos. 1 and 4) had much lower rates than the internal positions (Nos. 2
and 3).

In the 4 X 2 configuration, the Type I error pattern showed that
the rates were significantly lower in fhe bottom and top rows (Figure 11).
This would indicate that the masking effect of adjacent context material
is strong in the direction of vﬁsual field movement at the relatively
high rates of speed that were found in this part of the experiment. The
Type II error pattern was quite random except that the top row had very

low rates under both exposure times (Figure 15).

Summarz

In summary, this experiment supports the contention that in a task
of searching a given amount of stimulus material through an aperture,
perception is more accurate at the slowest display speed, and thué at
the greatest display width, that requires no saccadic eye movement.

The experiment also shows that some of the error patterns within the

various configurations are random and do not have distinct designs. The
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missed target error pattern of the 1 X 8 configuration shows a combi~
nation of the tunnel effect and the masking effect as had been found
by other experimenters. The tunnel effect diminishes as exposure time
increases. In the 4 X 2 configuration, the missed target error pattern
also shows a masking effect; however, instead of being within a
horizontal string, the masking effect in this case is within each

vertical column.



CHAPTER IV

THE EFFECT OF STIMULUS CONFIGURATION

ON PERCEPTION -~ EXPERIMENT II
General

Several questions arose on the subject of the trade-off between
display width and display speed that could not be answered by analysis
of the results of Experiment I. Seeking answers to these questions led
to the development of the present experiment. Would the same general
results of Experiment I be obtained if:

a) the display were composed of other than eight stimulus units?

b) the widths of the displays were greater than those of

Experiment I?
c) the physical relationship of the target and context were
vastly different than that found in Experiment I?

As was Experiment I, this experiment was a study of the interaction
betwéen the width of display and the speed of movement required to
provide equal exposure time. Each display consisted of only six
stimulus units and the display width for the one—row‘configuration was
2.0 inches, as compared to 1 1/8 inches for the comparable display in
Experiment I. Moreover, the target was treated as a variable in this
experiment to test the hypothesis that each had its own confusability

level in each of the various configurations.

58
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Method

Stimulus Material

Each display consisted of six dials, with dial settings in incre-
ments of 450, randomly presented. Dial diameter was 0.22 inches with a
horizontal distance of 1/8 inch between dials. Three different targets
were used; namely,(I),(E), andCSl and these shall be referred to as the
six-ot'clock, three-o'clock, and ten-thirty targets, respectively. No
dial setting was presented more than once in any display. For each
configuration the ratio of displays containing a target to the total
number of displays presented was 3/4, so that for every 24 displays,
the target was randomly found in each of the six dial positions three
times. As in Experiment I, a blank space of 5/16 inch was provided
between rows of the multi-row configurations. The widths of the stimuli
for the 1 X 6, 2 X 3, and 3 X 2 configurations were approximately 2, 1,

and 5/8 inches, respectively.
Equipment

The same equipment was used for this expgriment that was used for
Experiment I with but one slight modification. The yidths of the
viewing aperture were wider in this experiment due to the added widths
of the display. The aperture width for the 1 X 6 configuration was
2 1/2 inches, and £he width was so reduced for the other configurations
that the blank space on either side of the centrally positioned display
was approximately the same throughout the experiment. Actually, there

was approximately 3/16 inch less blank space on each side of the display
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in this experiment than that of Experiment I. The height of the

viewing aperture remained at 1/4 inch.

Velocities and Exposure Time

A conveyor speed of 0.60 inches per second was used for the 1 X 6
configuration. This provided an exposure time, defined as the time from
start of appearance of stimulus material until its total disappearance,
of 0.782 seconds. Figure 17 shows the three configurations of stimulus
material relative to their apertures just prior to and just following
exposure. Table X shows the linear velocities and maximum angular
velocities of the displays by configuration. As in Experiment I, the
angular velocities shown are maximum velocities due to the restriction
that prevented the subject from getting closer than 15 inches from the

display.

TABLE X

LINEAR AND MAXIMUM ANGULAR VELOCITIES BY CONFIGURATION

Exposure Time in Seconds 0.782

Linear Velocity in inches/second:

Configuration
1 X 6 0.60
2 X 3 1,28
3 X 2 1.96

Maximum Angular Velocity in
degrees/second:

Configuration
1 X6 2.3
2 X 3 4,9
3 X 2 7.5
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Experimental Design

As in the previous experiment, the first aspect of Experiment II,
a comparison of visual performance by configuration, was a completely
randomized experiment with a split plot. Thé main plot treatment was
configuration, a between-subject variable. The split plot treatment was
the within-subject variable target. The second aspect of the experiment
was again the intraconfiguration analysis of error pattern. The design
for the 1 X 8 configuration was a 3‘X 6 X 10 factorial, in which the
variables were target, target position, and subject. For the other

configurations, similar factorial designs were used.

Subjects

The same 30 volunteer subjects that participated in Experiment I
also participated in this experiment. Both experiments were run inter-
mittently on a randomized basis. Explanations of the pretest given and

subject grouping arrangement have already been given.
Procedure

The trial run for this experiment consisted of 16 displays,
presented once for each of the three targets in the appropriate con-
figuration. Again, each subject showed a reasonable abili£y to perform
the task before the test began. As in Experiment I, a ready signai
appeared in the aperture prior to appearance of each stimulus, and
following its disappearance the experimenter stopped the conveyor to
allow the subject time to record his response. For each configuration,

48 dial-group stimuli, were presented to each of the ten subjects for
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each of the three targets. The sequence of target presentations was
randomized. More detail of the procedure can be found under the
appropriate sub-~heading of Experiment I. The data compiled and analyzed
were missed target (Type I) error rates and false alarm (Type II) error

rates.

Results

Missed Target Errors

Interconfiguration Comparison. Figure 18 shows the Type I error
rates by configuration for each of the three targets used. A summary of
the analysis of variance (ANOVA) on the transformed data (arcsin square
root transformation used, as explained earlier) is given in Table XI.
The F test revealed that target was a highly significant variable
(p <0.01) and configuration—target‘was a significant interaction
(p €0.05). Note that althbugh the 2 X 3 configuration has an error
rate as low as or lower than the other configurations with any of the
targets used, the variable configuration was not statistically
significant.

The 1 X 6 Configuration. The Type I error rates by target and

target position for the 1 X 6 configuration are shown in Figure 19,
The same tunnel effect is found in the error pattern that Green and
Adams found with their stimulus strings. The patterﬁ is also similar
to that of Experiment I except that in the extreme target positions
(in this case, Nos. 1 and 6) the error rates were generally high
rather than low. Only with the three-o'clock target at position No. 6

was there a decline in error rate. Apparently the reduction in masking
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TABLE XI

ANOVA FOR MISSED TARGET ERRORS -~ ALL CONFIGURATIONS

64

Source d.f. S.S. M.S. F
Main Plot
Configuration (C) 2 0.096 0.048 0.69
Subject w. C . 27 1.875 0.069
Sub Plot
Target (T) 2 0.110 0.055 5.,19%*
CXT A 0.123 0.031 2.90*
Sub-Plot Error 5k 0.574 0.011
TOTAL 89 2.778

*Significant at 0.05 level.

**Significant at 0.01 level.
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of the target by the context at the extreme target positions, which was
evident in a string of letters, was not a factor with this display.
Table XII summarizes the ANOVA for the factorial design of the
1 X 6 configuration. The F test showed that subject and target position
were the significant main effects and that subject-target position was
the only significant interaction, all at the 0.01 level. A Newman-Keuls
(N-K) test on the individual means showed that target position No. 1
was significantly greater at the 0.05 level than position Nos. 2, 3,

and 4 when the three targets were combined.

TABLE XII

ANOVA FOR MISSED TARGET ERRORS -- 1 X 6 CONFIGURATION

Source d.f. S.S. M.S. F

Final Test:

Subject (S) 9 4,864 0.540 6.37*
Target Position (P) 5 3.642 0.728 8.58%
Target (T) 2 0.403 0.201 2.37
SXP L5 7773 0.173 2,0L*
Residual 118 10.018 0.085
TOTAL 179 26,699

*Significant at 0.01 level..

The 2 X 3 Configuration., Type I error rates for the 2 X 3 con-

figuration by target and target position can be found in Figure 20.

The general pattern was a tunnel effect or V-shape for each row,
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although the top row for the ten-thirty target did not follow this
general pattern. Figure 21 shows the error pattern after combining the
three targets. A summary of the ANOVA on the data of this configuration
is shown in Table XIII. As revealed by the F test, the variables group
(in this case, bottom and top rows) and target position were significant
(p < 0.01) as was the variable subject (p € 0.05). The significance

of the variable target position, accérding to an N-K test, was limited
to the bottom row where position No. 2 was significantly lower than both
position Nos. 1 and 3 (p € 0.05). Group-target and target position-
target were the only significant interactions, both at the 0.01 level.
These interactions are depicted graphically in Figures 22 and 23.

The 3 X 2 Configuration. Figures 24 and 25 show the Type I error

rates by target position for the 3 X 2 configuration, the first by
target and the second with all targets combined. The general pattern
was bow—shaped or an inverted V, with the first and last rows having low
error rates and the middle row relatively high. This pattern compared
favorably to the & X 2 configuration pattern of Experiment I. Table XIV
summarizes the ANOVA of this data. The F test showed that the variables
subject, target position, and target were all significant at the 0.01
level. It is interesting to nofe that in this analysis no significant
difference existed betweéen the left- and right-hand columns (as
evidenced by the variable group), whereas in Experiment I the right-hand
column had significantly less errors (p < 0.01) than the left-hand
column. The significant first order interactions in this study were
subject-group (p < 0.01) and group-target (p < 0.05). This latter

interaction is shown graphically in Figure 26.
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TABLE XIII

ANOVA FOR MISSED TARGET ERRORS -- 2 X 3 CONFIGURATION
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Source d.f. S.S. M.S, F
Final Test:
Subject (S) 9 1,734 0.193 2.15%*
Group (G)*** 1 2.398 2.398 26,72%*
Target Position (P) 2 1, Llly 0.722 8.05**
Target (T) 2 0.041 0.020 0.23
G X T 2 1.128 0.564 6.28**
P XT L 1.865 0.466 5.20%*
Residual 159 14,274 0.090
TOTAL 179 22.88L4

*Significant at 0.05 level.

**Significant at 0.01 level.

***Groups are:

Bottom row and top row.
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TABLE XIV

ANOVA FOR MISSED TARGET ERRORS -~ 3 X 2 CONFIGURATION

Source d.f. Se.S. M.S. F
Final Test:
Subject (S) 9 8,454 0.939 11,82%*
Group (G)*** 1 0.127 0.127 1.61
Target Position (P) 2 1.583 0.791 9.96%*
Target 2 0.929 0.465 5.85%*
S X G 9 2,034 0.226 2.85%%
G XT 2 0.599 0.300 3.78%*
Residual 154 12,218 0.079
TOTAL 179 25.945

*Significant at 0.05 level.
**Significant at 0.01 level.

***Groups are: Left column and right column.
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False Alarm Errors

Interconfiguration Comparison. Figure 27 shows the false alarm

error rates by configuration for each of the three targets. A summary
of the ANQVA is found in Table XV. The variable target was found to be
significant at the 0.01 level, due to the fact that the error rate with
the six o'cloék target averaged only 8.3% whereas with each of the
other two targets the rates averaged over 15%. As with the results of
the Type.I errors, the variable configuration on Type II errors was not
significant; however, with the shapes of the curves shown and with the
relatively small sample size used, confirmation of the null hypothesis
is rather weak (Snedecor and Cochran, page 28).

Intraconfiguration Analyses. Figures 28, 29, and 30 depict the

Type II error rates by reported target position with all targets
combined for the 1 X 6, 2 X 3, and 3 X 2 configurations, respectively.
ANOVA summaries of these error rates have not been included in this
baper.

The 1 X 6 Configuration. In the 1 X 6 configuration, reported

target position was found to be significant at the 0.01 level and an
N-K test showed the means of position Nos. 1 and 2 to be significantly
higher than those of position Nos. 3, 4, and 5. The remaining main
effects target (p < 0.05) and subject (p < 0.01) were also significant,
but none of the interactions were.

The 2 X 3 Configuration. In the 2 X 3 configuration, neither group

nor reported target position were significant; however, subject and
target were significant at the 0.05 level. Significant interactions
were subject-reported target position and group-target, both at the 0.05

level.
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Source d.f. S.S. M.S. F
Main Plot .
Configuration (C) 2 0.401 0.200 1,74
Subject w. C 27 3.110 0.115
Sub Plot
Target (T) 2 0.421 0.210 6.28*
CXT L 0.164 0.041 1,22
Sub-Plot Error 5k 1.808 0.033
TOTAL 89 5.903

*Significant at 0.01 level.
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The 3 X 2 Configuration. In the 3 X 2 configuration, both subject
(p <0.05) and reported target position (p < 0.01) were significant |
variables. An N-K test on the individual means revealed that the last
row (in this case,.row No. 3) had a significantly lower rate than
either row Nos. 1 or 2; None of the interactions were significant. As
can be seen from Figure 30, the curves are actually bow-shaped, the same
general pattern that existed with the Type I error rates (seeFigure 25).

Analysis of Errors by Context Unit. Again, as in Experiment I, it

is of interest to analyze Type II errors by the context unit (in this



case, dial position) that was mistaken for the various targets.

Certainly the confusability level of the context and target dial

79

positions under the various configurations had an important role in the

levels of false alarm error rates obtained.

Table XVI shows the

frequency that each of the context dial positions was mistaken for each

of the targets by configuration.

FREQUENCIES OF FALSE ALARM ERRORS BY
MISTAKEN CONTEXT DIAL POSITION

TABLE XVI

Target <I>.

Configuration:

Target <E>

Configuration:

Target CS)

Configuration:

W N e

X X X
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=X X X
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Context Dial Position

000 00O U0

0 0 5 - 2 1 1 1
0 1 3 - 0 1 1 0
1 1 3 - 3 1 0 5
1 2 11 - 5 3 2 6
2 - 8 0 1 12 L 0
2 - 1 0 0 3 0 1
2 - 3 1 1 10 3 1
6 - 12 1 2 25 7 2
3 o 3 0 b b - 6
2 0 5 0 0 3 - 2
1 3 12 0 3 b4 - 1
6 3 20 0 7 11 - 9
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Chi-square tests were performed on the error frequencies for each
of the targets with all configurations combined. Results show that the
hypothesis that each context dial position had an equal likelihood of
being mistaken for the target can be rejected. With the 6 o'clock and
10:30 targets, the 4:30 dial position was the one mistaken most fre-
quently., With the 3 o'clock target, the 9:00 dial posiﬁion was the
position mistaken most frequently. As with Experiment I, this vari-
ability in the confusion level between the target and the various
context dial positions tends to eliminate the possibility of a high
level of random guessing. Table XVII summarizes the results of the

chi-~square tests.

TABLE XVII ‘
RESULTS OF CHI-SQUARE TESTS ON CONTEXT
DIAL POSITIONS MISTAKEN FOR TARGET

Target
Total No. Errors 30 55 56
Chi-Squared 17 55 31

Probability of Greater No., < 0,01 < 0.005 < 0,005




81

Discussion

The Primary Purpose

The results of this experiment support, but not strongly, the first
hypothesis favorably tested in Experiment I;wnamely, that the optimum
trade~off between width of stimulus material and the speed of the visual
field is that combination of width and speed that just provides the
subject with effective perception without the need for saccadic eye
movement. Eight of the ten subjects confronted with the 1 X 6 con-
figurations stated that they scanned across the display; the remaining
two claimed to have focused centrally. This gives some indication of
the need for saccadic eye movement in the perception of displays such as
utilized here. On the 2 X 3 and 3 X 2 configurations, all subjects
focused centrally. Thus, it is the 2 X 3 configuration that first
provided the subject with effective perception without the need of
saccadic eye movement. True, the variable configuration was not statis-
tically significant in this experiment when configurations were compared
as to either Type I or Type II error rates. However, the general shapes
of both these sets of curves indicate a strong tendency for the 2 X 3
configuration to have lower error rates than either of the other two
configurations analyzed.

Three targets were used in this experiment, one with a vertical
dial reading (6 o'clock), one with a horizontal dial reading (3 o'clock),
and one with a diagonal diai reading (10:30), to study their relative
levels of confusability by configuration. The experimenter had hypothe-
sized that the 6 o'clock target would have the lerst error rates under

both the 1 X 6 and 3 X 2 configurations. The thinking under the 1 X 6
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configuration was that for the 6 o'clock target the subject had the
ability to 1limit his perceptual concentration to the lower half of the
dial. This hypothesis can be rejected for Type I errors but cannot be
rejected for Type II errors. The thinking under the 3 X 2 configuration
was that at this relatively high speed, the target for which the pointer
was in the direction of display movement (6 o'clock target) would be the
most readily identified, despite probable high confusion with the
opposite dial position (12 o'clock). This hypothesis cannot be rejected

for either Type I or Type II errors.

The Secondary Purpose

The secondary purpose of the experiment was the analysis of error
patterns by target position within each configuration. Results of the
1 X 6 configuration revealed the typical tunnel effect for both Type 1
and Type II errors. The masking effect that was so evident in
Experiment I by the drop in error rates at the two extreme letter
positions was not in evidence with the row of dials. Whereas closely
spaced letters tend to run into one another when quickly scanned, each
dial face is framed by the circular outline of the dial. This "frame-
effect" of the dial face and the greater space between the stimulus
units doubtlessly account for the lack of a masking effect.

The Type I error pattern of the 2 X 3 configuration did not compare
favorably with those of the 2 X L configuration of Experiment I. No
correlation existed in Experiment I between error rate and target
position, whereas in this experiment a V-shape error pattern emerged in
both top and bottom rows. Only the bottom row had statistical

significance, however.
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A favorable comparison existed between error patterns of the 3 X 2
configuration of this experiment and the Type I error pattern of the
L X 2 configuration of Experiment I. In both cases the bottom and top
rows had error rates significantly lower than any other row. Thus,
results of this phase of the experiment support the contention pre-
viously made that a strong masking effect of adjacent stimulus material
exists in the direction of the visual field movement at the relatively

high rates of speed.

Summarx

The stimulus material of this experiment differed from that of
Experiment I in the following ways:

a) Dial settings were used for target and context rather than

alphabetic letters.

b) Each display consisted of six rather than eight stimulus units.

c) The display widths were wider; for example, the width of the

one-row configuration was two inches compared.to,l 1/8 inches
in Experiment I.

Despite these differences in the stimulus material between the two
experiments, the results are quite similar. Experiment II supports, but
not strongly, the same contention that is supported by Experiment I,
namely that in a visual search task through aﬁ aperture, perception is
more accurate at the slowest display speed, and thus at the greatest
display width, that requires no saccadic eye movement.

In the one-row configuration, the similarity in the results of the
two experiments is in the tunnel effecﬁ, or U-shape, that was founq in

the analysis of Type II error rates of Experiment II as well as in that
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of Type I error rates of both experiments. A major difference in the
results is the absence of any masking effect in the case of the dial
settings (Experiment IT) versus the distinct masking effect in the case
of the letters (Experiment I).

Although little similarity exists in the results of the two-row
configurations of the two experiments, the results of the two-column
configurations show a marked similarity. The results of both experi-
ments show a strong masking effect of adjacent stimulus material in the

direction of visual field movement.



CHAPTER V

THE ADDITIONAL EFFECT OF STIMULUS SPACING

ON PERCEPTION
General

A masking effect of adjacent stimulus material was evidenced in the
one-row configuration of Experiment I by the extremely low missed target
error rates at the extreme target positions, Nos. 1 and 8. The effect
of masking was less significant in the two-row configuration. Results
of both Experiments I and II showed that at the relatively high visual
field speeds of the two-column configurations, masking was apparent in
the direction of visual field movement. This was evidenced by the low
missed target error rates in the first and last rows.

These findings led to the following question:

Would changes in the spacing patterns alter the masking effects

or otherwise significantly influence the error rates?

The experimenter hypothesized that lateral spacing (or subgrouping)
of the stimulus material is a factor that influences error rates in one-
and two-row configurations (Hypothesis No. 2). Both Experiments III and
IV were designed to test this hypothesis. It was further hypothesized
that vertical separation betweeﬁ rows éf multi-row configurations is an
influencing factor in error rates (Hypothesis No. 3). Experiment IV
tests this hypothesis as well as exploring further the effect of

stimulus configuration on error rates.
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Experiment III Method

Stimulus Material

The same 8-letter groups of stimulus material, randomly developed,
were used in this experiment that were used in Experiment I, with the
following exceptions:

a) Lateral spacing of the stimulus was treated as a variable.

b) Single spaced letters were more compact.

c) Only the 1 X 8 and the é X 4 configurations were used.

Four spacing patterns were used for the 1 X 8 configuration,
described as single, 2 groups of 4, & groups of 2, and double. In the
2 groups of 4 and 4 groups of 2 spacing patterns, each group of letters
was single spaced with a double space between groups. For the 2 X 4
configuration, only the last three spacing patterns were used, since the
single pattern was not applicable. Table XVIII illustrates these
spacing patterns.

The same randomized letter groupings were used for each of the
spacing patterns; however, the order of presentation of the groupings
was randomized.

The widths of the stimuli in the 1 X 8 configuration varied from
7/8 inch for the single spaced letters to 1 5/8 inches for the double
spaced letters. The ta;get (letter K), the ratio of displays containing
a target to the total number presented, and the restriction of no letter
duplications in any one display were all the same as in Experiment I.
Likewise, the blank space of 5/16 inch between rows of each display in

the 2 X 4 configuration was the same as in that experiment.
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TABLE XVIII

'SPACING PATTERNS USED IN EXPERIMENT III

Configuration
spacing Pattern -1 x 8 2 x4
Single NXYKLVRF *aW
2 groups of 4 NXYK LVRF LVRP
NXYK
4 groups of 2 NX YK LV RF LV RF
NX YK
Double _ NXYKLVRTPT LVRPF
NXYKX

Equipment

The same equipment was used for this experiment that was used for
Experiment I. The height of the viewing aperture remained at 1/4 inch;
however, the aperture widths were modified in direct relation to the

widths of the stimuli.

Velocities and Exposure Time

In this experiment, the exposure time (0.625 seconds), the linear
velocities (0.60 and 1.30 inches per second for the 1 X 8 and 2 X &

configurations, respectively), and the maximum angular velocities
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(2.3 and 5.0 degrees per second for the 1 X 8 and 2 X 4 configurations,
respectively) are the same as those of Experiment I under "short

exposure time."

Experimental Design

This experiment was a comparison of configurations and of spacing
patterns within each of the two configurations. Inasmuch as the
experiment was not fully balanced, as evidenced by four spacing patterns
in the 1 X 8 configuration and only three in the 2 X 4, analysis of each
type of error included a pair of factorial designs in addition to a
completely randomized experiment with a split plot. The factorial
designs included a & X 10 for the 1 X 8 configuratién and a 3 X 10 for
the 2 X Lk, The variables in both these factorials were spacing pattern
and subject. Configuration was the main plot treatment of the com-

pletely randomized design and spacing pattern the split plot treatment.
Subjects

Twenty volunteer subjects participated in this experiment, ten in
each of the two parts according to configuration. Pretesting was the

same as for Experiment I.
Procedure

A trial run, éimilar to that of the previous experiments, was
administered to each subject prior to his starting the test. For each
configuration, 48 letter-group stimuli were presented to each of the
ten subjects under each of the spacing patterns. The sequence of

spacing-pattern presentations was randomized.
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Experiment III Results

This experiment was confined to an interconfiguration analysis and
a comparison of spacing patterns within each of the configufations.
Unlike the previous two experiments, this experiment did not include

an analysis of error pattern by target position within each

configuration.

Missed Target Errors

Fibure 31 shows the Type I error rates by spacing pattern for both
configurations tested. Spacing pattern as a variable showed significant
variation (p <0.05) only in the F test of the 3 X 10 factorial design,
which covered the 2 X 4 configuration. ANOVA summaries and further
discussion of the statistical analyses of Experiment III are presented
in Appendix C,

Similarities between portions of this experiment and Experiment I
are worthy of special mention. Only two differences existed between the
short exposure time test on the 1 X 8 configuration of Experiment I and
the test on the single spaced stimuli of this experiment. The stimulus
width of the former was 1 1/8 inches while that of the latter was only
7/8 inch, and different random letter strings were used in the two
experiments. These differences also apply in the 2 X 4 configurations
to the short exposure time test of Experiment I and the test on the 2‘
groups of 4 spacing pattern of this experiment. A comparison of the
missed target error rates of the comparable tests of the two experiments

is shown in Table XIX.
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TYPE I ERROR RATES OF COMPARABLE TESTS OF
EXPERIMENTS I AND III
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Ezgeriment

I, Short Exposure Time

III

Configpration

1 X 8
3L, 7%

31.3%*

2 X 4L

. 22.2%

25.3%**

*Single spacing pattern.

**2 groups of & spacing pattern.
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False Alarm Errors

The Type II error rates by spacing pattern and configuration are
shown in Figure 32. Spacing pattern waé a significant variable as
evidenced by F tests of (1) the cémpletely randomized experiment with
a split plot (p < 0.01), and (2) the.3 X 10 factorial design coveriné

only the 2 X & configuration (p < 0.05).
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Experiment III Discussion

The purpose of this experiment was to test the hypothesis that
lateral spacing of the stimulus material is a factor that influences
error rates in one- and two-row configurations. Results support this
hypothesis but not strongly.

Spreading the stimulus from single to double spacing has no sig-
nificant effect in reducing the confusability level or the masking
effect éf adjacent stimulus material. However, grouping of the stimulus
units into a spacing pattern of 4 groups of 2 has some statistically
significant advantage over the other spacing patterns considered. In
the 2 X 4 configuration, that pattern has significantly lower rates of
both Type I and Type II errors. In the 1 X 8 configuration, only the
Type II error rate of the 4 groups of 2 spacing pattern shows a statis-~
tically significant advantage. Although not statistically significant,
both grouping patterns, the 2 groups of 4 and the 4 groups of 2, appear
to be advantageous over the single and double spacing patterns of the
1 X 8 configuration with respect to migsed target errors.

This experiment also gives nominal support to the first hypothesis
tested in Experiments I and II. This hypothesis states that the optimum
trade-off between width of stimulus material and the speed of the visual
field is that combination of width and speed that just provides the
subject with effective perception without the need for saccadic eye
movement. The perceptual advantage of the two-row configuration over
the one-row configuration was not statistically significant, however.

In summary, the results of this experiment show that lateral

spacing is more of an influencing factor on error rates in two-row
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configurations than in one-row configurations. The spacing pattern of
4 groups of 2 results in lower error rates than any of the other spacing
patterns considered. As did the first two experiments, this experiment
shows that the two-row configuration results in lower error rates than

the single-row configuration.
Experiment IV Method

This experiment compared four different configurations of stimuli,
each containing 16 stimulus units and each at the field speed that
provided equal exposure time for all configurations of stimuli. In
addition, the experiment explored further the effect of lateral spacing
as well as the effect of the verticél separation between rows of the

multi-row configurations.

Stimulus Material

Each display consisted of 16 capital letters. As before, the
target was the letter K, which was found no more than once in any dis-
play. The context letters, randomly presented, were the same eight
letters used in Experiments I and III. None of the context letters was
found more than twice in any display, and the restriction existed that
no letter was ever adjacent to itself. The same 1/8-inch-high letters
in an executive type that were used in Experiment I were also used in
this experiment, The ratio of displays containing a target to the total
number of displays presented in‘each configuration was 2/3, so that for
every 24 displays, the target was randomly found in each of the 16

letter positions once.
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The 1 X 16 and the 2 X 8 configuration stimuli had letters grouped
in fours, with the letters in each group single spaced. The lateral
spacing between groups varied between a single and a double space. The
blank space, or Vertical‘separation, between rows of the multi-row
configurations was of two sizes: 1/4 inch and 7/16 inch. The widths
of the stimuli in the 1 X 16 configuration were 2 1/8 and 2 1/2 inches;
in the 2 X 8 configuration, 1 and 1 1/8 inches; in the 4 X 4 configu-

ration, 7/16 inch; and in the 8 X 2 configuration, 7/32 inch.
Equipment

The same equipment was used in this experiment that was used in the
other three experiments. The modifications for this experiment were
limited to the sizes of apertures used. The aperture widths for the
1 X 16 single~spaced and double-spaced displays were 3 and 3 3/8 inches,
respectively. The width for each of the other displays was such that
the blank space on either side of the display was approximately the
same throughout the experiment. The height of the viewing aperture in
this experiment was 3/8 inch, an increase of 1/8 inch over that used in
the threé earlier experiments. As in the other experiments, a tape was
drawn across the work station at forehead level to restrict the subject
either to a minimum of 15 inches from the aperture or to a maximum
angul ar velocity of eight degrees per second, whichever was the greater

distance.

Velocities and Exposure Times

For the 1 X 16 configuration, the linear velocity of the visual

field was 0.435 inches per second. This provided an exposure time,



defined as the time from start of appearance of the
the aperture until its final disappearance, of 1.15
shows the linear velocities and the maximum angular
displays by configuration. Sample computations are

Appendix C.

TABLE XX
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stimulus material in

seconds. Table XX

velocities of the

included in

LINEAR AND MAXIMUM ANGULAR VELOCITIES BY CONFIGURATION

Exposure Time in Seconds

1.15

Vertical Row Separation

1/4 Inch 7/16 Inch N.A.*

Linear Velocity in inches/second:

Configuration
1 X 16
2 X 8 0.76
L x4 1.41
8 x 2 2.72
Maximum Angular Velocity in degrees/second:
Configuration
1 X 16
2 X 8 2.9
L X L4 5.4
8 X 2 8.0**

0.435

1.7

(0o IEN JRWV)
L[]
O w !

*Not Applicable.

**Restriction tape 19 1/2 inches from aperture.

***Restriction tape 27 1/2 inches from aperture.
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Experimental Design

As did Experiments I and II, this experiment had two aspects. The
first was a comparison of the four configurations of stimulus material
and the effects of spacing, both lateral and vertical, on performance
by each of the configurations. The second was the intraconfiguration
analysis of error patterns. Similarly to Experiment III, this experi-
ment was not fully balanced. It analyzed lateral spacing between
letter groups, which analysis applied only to the 1 X 16 and the 2 X 8
configurations. It also analyzed the vertical separation between rows,
which analysis excluded the single-row configuration. Because of this
lack of balance, a more complicated experimental design was found
necessary.

Two completely randomized designs with split plots were used to
compare the 1 X 16 and the 2 X 8 cénfigurations and also the léteral
spacing variables, single and double, The first utilized the small
vertical separation between the rows of the 2 X 8 configuration, the
second utilized the large vertical separation. In each of these, con-
figuration was the main plot treatment, it being a between-subject
variable. Lateral.spacing was the split plot treatment and was within
subjects.

Another two completely randomized designs with split plots were
used to compare the 2 X 8, the 4 X 4, and the 8 X 2 configurations and
the vertical separation variables, small and large. The first utilized
the single lateral spacing of the 2 X 8 configuration, the second
utilized the double lateral spacing. In each of these, configuration

(a between-subject variable) was the main plot treatment and vertical

separation (a within-subject variable) was the split plot treatment.
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For the intraconfiguration analysis of error patterns, various
factorial designs were used. For instance, in the 1 X 16 configuration
one analysis was a 2 X 10 X 16 factorial, the variables being lateral
spacing, subject, and target position. A second analysis in the same
configuration was a 2 X 4 X 4L X 10, in which the variables were lateral

spacing, group, letter position, and subject.
Subjects

Forty volunteer subjects, male and female, between the ages of 18
and 46 took part in this experiment. Twenty of these subjects also
participated in Experiment III, which was run intermittently with parts:
of this experiment on a randomized basis. An attempt was made to group
the subjects, one for each of the four configurations, so that the
number of females and the number of subjects over 30 years of age were
well dispersed between groups. An explanation of the pretest given the

subjects can be found under Method of Experiment I.
Procedure

The trial run consisted of a total of 48 displays presented with
the various spacing patterns and in the appropriate configuration. Each
subject displayed a reasonable ability to perform the task (less than
50% misses) before the test began. As in the previous experiments, a
ready signal prepared the subject for the appearance of the stimulus,
and the experimenter stopped the conveyor after the disappearance of
‘each stimulus to allow the subject time to record his response.

For each configuration, 48 letter-group stimuli were presented to

each of the ten subjects in each of the appropriate variations in
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lateral spacing and/or vertical row separation. The sequence of pfe-
gsentation of these variations was randomized. As in the previous
experiments, the data compiled and analyzed were Type I and Type Il

error rates.
Experiment IV Results

Missed Target Errors

Interconfiguration Comparison. Figure 33 shows the rates of missed

target errors by configuration; and by lateral spacing, in the case of
the 1 X 16 and the 2 X 8 configurations, and by vertical row separation,
in the case of the multi-row configurations. Configuration as a vari-
able produced statistically significant variation (F test at the 0.01
level), the 2 X 8 and & X 4 configurations having significantly lower
error rates than both the 1 X 16 and the 8 X 2 configurations (N-K test
at the 0.05 level). Neither lateral spacing nor vertical row separation
were statistically significant variables. The statistical details of
this experiment are covered in Appendix E.

Repeated Measures Analysis. Similar to the analysis in Experiment

I, repeated measures analyses were performed on the data of this experi-
ment to determine the significance of any sequence effect. The ration-
ale of performing these analyses yet limiting them to only two of four

experiments has been presented in the results of Experiment I. The test
results of each subject were divided into trials 1 and 2. The data for
trial 1 were the results of the first 24 stimulus presentations in each
of the lateral spacing or vertical row separation variations; those for

trial 2, the results of the last 24, Figure 34 shows graphically the
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results of these analyses. For clarity of presentation, the variations
in lateral spacing and row separation have been combined in this graph.

~Results of the F test on the completely randomized experiments with
split plots show that the variable trial (with one degree of freedom)
did not have statiStically significant variations., Thus, a sequence
effect apparently presents no problem throughout this experiment in
confounding the treatment effects.

The 1 X 16 Configuration. Figure 35 shows the rates of missed

target errors by letter position in the 1 X 16 configuration. Because
of the lack of significance in the variable lateral spacing, the single
and double spacings have been combined in the graph. Target position as
a variable showed significant variation by the F test (at the 0.05 level)
but no significant differences by the N-K test. As mentioned in
Experiment I, the lack of normality of data was the main reason for the
inconsistency of results between these tests.

Also of interest in the analysis of missed target errors of the
one-row configuration, were the patterns of error rates by h-letter
group and by letter position within groups. Figures 36 and 37 portray
these error patterns graphically. In the error pattern by h-letter
group, each group starting from the left has been designated by a
letter "a" through "d". 1In like fashion, in the patferniby letter
position within groups, the letter positions have been numbered con-
secutively from the left.

Despite some lack of significance, it is worthy of note that the
error pattern within most of‘the 4—1etter groups was somewhat bow
shaped, especially that of groups b and c¢ (Figure 35). By the same

‘token, the inter-group error levels formed a similar shallow bow
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(p €£0.05, F test). These patterns indicate the prominence of a masking
effect in this configuration, evidenced not only by the relatively low
error rates at target position Nos. 1 and 16, but by drop in rates at
the within-group letter position Nos. 1 and 4.

The 2 X 8 Configuration. Figure 38 shows the rates of missed

target errors by letter position for the 2 X 8 configuration. Again,
the lateral spacing variables and the row separation variables have been
combined because of their lack of significance. Two distinctive
features of this error pattern were apparent. One was the prominence of
a masking effect in each of the rows, as evidenced by the drastic drop
in error rates at target position Nos. 1 and 8. The second was the
remarkable similarity between rows. Also of interest was the fact that
the lateral spacing, either single or double, between the 4-letter
groups within each row, had little effect in reducing the problem of
masking.

As with the analysis of data in the single-row configuration, the
analysis in the 2 X 8 configuration included error patterns by k-letter
group and by letter position within groups. Figures 39 and 40 are the
graphs of these error patterns. Although the 4-letter group as a
variable showed no statistical significance, the within-group letter
position Nos. 1 and & were significantly lower than the two interior
positions.

The & X 4 Configuration. In the 4 X 4 configuration, a bow-shaped

error pattern was present in each of the A4-letter rows. This is shown
graphically in Figure 41. Group (in this case, row) and target position
were statistically significant variables (F test, 0.01 level). Once

again, row separation was found to be an insignificant variable.

-
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Error rates by group, or row, are shown in Figure 42. The bottom
and top rows.had significantly lower rates than the middle rows,
revealing a definite masking effect in the direction of conveyor move-
ment. Figure 43 shows the error rates by letter position within each
row., The prevalence of the effect of masking within each row is

apparent.

The 8 X 2 Configuration. Figure 44 shows the error pattern by

target position for the 8 X 2 configuration. The pattern of each column
was bow shaped, the pattern typical of the 2-column configurations
throughout this experimentation. Target position was a highly signifi-
cant variable and, for the first time, row separation showed statistical
significance (F test, 0.05 level). The mean error rate of the small row
separation was 52.9% and that of the large row separation was 61.6%.
Whereas in Experiment I the right-hand column had a significantly lower
error rate than the left-hand column, no significant difference between

columns materialized in this experiment.

False Alarm Errors

Interconfiguration Comparison. Figure 45 shows the false alarm

error rates by configuration and by lateral spacing, in the case of the
one~ and two-row configurations, and by row separation, in the case of
the multi-row configurations. The terminals of the solid lines at the
2 X 8 configuration are valuesvwith row separations combined. Likewise,
the terminals of the dashed lines at the same configuration are values
with lateral spacings combined.

Row separation was the only significant variable; both configura-

tion and lateral spacing as variables were statistically insignificant.
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The 1 X 16 Configuration. The false alarm error rates in the

1 X 16 configuration are shown graphically in Figure 46. The single
and double lateral spacing variables were combined because of their lack
of significance. A semblance of a bow-shaped errér pattern existed
within each of the fbur—letter groups, more prominent in the first and
last groups than in the middle two.

The Type II error rates by the reported 4-letter group and by the
reported letter position within each group are shown in Figures 47 and
48, respectively. Unlike the pattern‘of Type I errors by group,

Figure 47 reveals an increasing error rate across the 4-letter groups.
However, the pattern by reported position within each group (Figure 48)
was the familiar bow shape, similar to that on Type I errors. Both
group and letter position within group were statistically significant
variables.

The 2 X 8 Configuration. Figure 49 shows the rates of false alarm

errors for the 2 X 8 configuration by reported target position. The
error rates formed a series of distinct bow-shaped patterns by L-letter
group. Neither lateral spacing nor row separation were significant
variables. Reported target position was highly significant. The
variable group, in this case bottom and top rows’, showed inconsistent
variability throughout the factorial designs of this portion of the
experiment. Table XXI summarizes the false alarm\error rates showing
the inconsistency in this variable. Note that with the large row
separation, the variable group showed a great deal of variation when the
lateral spacing was combined. Likewise, with the double lateral spacing,
the same variable showed a high level of variation when row separation

. was combined.
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TABLE XXI

SUMMARY OF FALSE ALARM ERROR RATES IN 2 X 8 CONFIGURATION

Row Separation

Small Large

Group (Row) Group (Row)
Lateral Spacing Bottom Top Bottom Top
Single 18.9 11,9 6.3 21,9
Double 8.3 17.5 6.3 18.2
Average 13.6 1L .7 6.3 20.1

Lateral Spacing

Single Double
Group (Row) Group (Row)
Row Separation Bottom Top Bottom Top
Small 18.9 11.9 8.3 17.5
Large ' 6.3 21,9 6.3 18.2
Average 12.6 16.9 7.3 17.9

The Type II error patterns by the reported i-letter group and by
the reported letter position within groups are shown in Figures 50 and
51, respectively. Both of those variables were statistically signifi-
cant. It can be noted from Figure 50 that the variability of the
lateral spacing and row separation as variables in any one group was

rather large. However, in combining groups the variability cancelled
out, resulting in a lack of statistical significance of these two

variables.
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The & X L Configuration. As with the Type I errors in the same

configuration, the false alarm errors in the 4 X 4 configuration formed
a bow~shaped pattern in each of the four rows. Figgre 52 shows the
pattern graphically. Both reported target position and row separation
were statistically significant variables (F test, at the 0.01 level).
The mean false alarm error rate of the small row separation was only
7.5% compared to 22.4% for that of the large row separation. The
experimenter has no explanation for this substantial difference.

The Type II error rates by reported group (in this case, by row)
are shown in Figure 53. As can be seen, a substantial surge in the
false alarm error rate occurred in the top two rows with the large row
separation. No such surge occurred with the small row separation of in
Type I errors with either row separation. The error rate patterns by
reported letter pos;tion within each group are shown in Figure 5k.

This shows the surge in error rate with the large row separation to have
been limited to the two interior positions, Nos. 2 and 3.

The 8 X 2 Configuration. Figure 55 shows the Type II error pattern

by target position for the 8 X 2 configuration. The pattern was roughly
bow shaped for each of the two columns. Both reported target position
and row separation were variables having statistical significance. The
mean Type II error rate of the small row separation in this configu-
ration was 10.0% and that of the large row separation 18.1%. As with
the Type I error pattern, no significant difference existed between the

left- and right-hand columns.
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Experiment IV Discussion

The Primary Purpose

The primary purpoée of this experiment was to compare the effects
of four configurations of 16-letter stimuli on visual performance.
Analysis showed that the & X L configuration, the widest configuration
normally perceived without lateral saccades, resulted in the lowest
error level of the configurations compared. Although the advantage in
Type I error rates of that configuration over the 2 X 8 configuration
was not statistically significant, its advantage over the other two
configurations were,

The 4 X 4 configuration also showed some advantage over the one-
and two-row configurations with respect to Type II errors, especially
with the small row separation, but this advantage was found to be
statistically insignificant. The lack of advantage of the & X 4 con-
figuration over the 8 X 2 configuration regarding Type II errors does
not detract from the 4 X 4 configuration. The Type I error rates in the
8 X 2 configuration were extremely high, indicating that perception was
poor at the high angular velocities used. Type II error rates under
such conditions would be expected to be relatively low unless guessing
prevailed.

Thus, the results of this experiment further support the first
hypothesis favorably tested in Experiments I and II, namely, that the
optimum trade-off between width of stimulus material and the speed of
the visual field is that combination of width and speed that just
provides fhe subject with effeptive perception without the need for

saccadic eye movement.,
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The Secondary Purposes

One of the secondary purposes of this experiment was to test the
second and third hypotheses of this research. These hypotheses read
as follows:

Hypothesis 2. Lateral spaciﬁg of the stimulus material

is a factor that influences error rates in one- and two-

row configurations.

Hypothesis 3. Vertical separation between rows of multi-

row configurations is an influencing factor on error rates.

Results show that to the extent to which this experiment tested
these hypotheses, they both must be rejected. Neither the lateral
spacing in the one- and two-row configurations nor the vertical
separation between rows of multi-row configurations. were significant
variables with respect to Type I error rates.

The conclusions can be reached, then, that whereas some lateral
spacing patterns, such as the 4 groups of 2 in an eight-unit stimulus
(Experiment III), have significant perceptual advantage over other
patterns, a small Variafion in the amount of spacing between groups of
stimuli (Experiment IV) has no significant effect.

It also can be concluded that relatively small variations in the
separation between rows, such as used in this experiment, have no sig-
nificant effect on perceptual accuracy. It is readily apparent, however,
that the vertical separation could be of such magnitude that the
necessary angular velocities would significantly and adversely affect

error rates.

Another secondary purpose of this experiment, as that of

Experiments ‘I and II, was the analysis of error patterns by target
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position within each configuration. Results of analysis of the Type I
error rates in the 1 X 16 configuration revealed the typical masking
effect, which causes increased error rates at éll target positions
except the extreme positions. The bow-shaped error pattern within each
L4-letter group showed that grouping the stimulus material partially
reduces the masking effect.

Results of the 2 X 8 and the 4 X 4 configurations also showed the
masking effect within each row of stimulus material to be very prominent;
however, in the 2 X 8 configuration, the L-letter grouping did not
reduce the masking effect as it did in the 1 X 16 configuration.

Analysis of Type I error rates in the 8 X 2 configuration confirmed
the findings of Experiments I and II, némely that a strong masking
effect of adjacent stimulus material exists in the direction of visual
field movement at relatively high speeds. Evidence of this effect was
also found in the 4 X 4 configuration (see Figure 42) but to a lesser
degree.

Type II error rates in the 2 X 8 and & X 4 configurations show an
effect equivalent to that of masking; that is, the extreme positions
within each L-letter group are reported erroneously less frequently
than the interior positions. Typg IT error patterns in the other two

configurations,. the 1 X 16 and the 8 X 2, are basically random.



CHAPTER VI
SUMMARY AND CONCLUSION
Summary

In any visual search task in a dynamic field there exists an inter-
action between viewer's perceptual ability and the display width-display
speed combination. The primary purpose of this research is to investi-
gate this interaction by evaluating task performance under various
configurations of stimulus material.

The task throughout this experimentation was for each subject to
determine the existence and location of a predetermined target within
an array of background stimulus material. Performance was evaluated on
the basis of missed target and false alarm error rates .committed.

Secondary purposes of this investigation include the analysis of
error patterns within each stimulus configuration and the effect of
relatively small spacing variations in the arrays of stimulus material
on perceptual accuracy.

In three of the four experiments comprising this research, the
displays consisted of capital letters. In each of these experiments
the context-target combination was of a high confusability level
(Kaplan et al,, 1966). The remaining experiment (Experiment II) used
displays consisting of six dials. Experiment I compared three con-

figurations: 1 X 8, 2 X &, and & X 2, where the first digit of each
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pair gives the number of rows in the display and the second digit, the
number of units per row. For interconfiguration analyses throughout
this research the speed of the moving field was adjusted so as to
provide the same display exposure time for each configuration.

Experiment II compared the following three configurations: 1 X 6,

2 X3, and 3 X 2. Although each display had fewer units than in the
first experiment, the display widths were approximately 78% greater
(two inches versus 1 1/8 inches, in the one-row configuration).

Experiment III, using 8-letter displays in the one- and two-row
configurations, compared various lateral spacing patterns. In
Experiment IV, 16-letter displays were used, the configurations compared
being 1 X 16, 2 X 8, 4 X 4, and 8 X 2, The lateral spacing between
four-letter grdups in the one~ and two-row configurations was treated as
a variable as was the vertical separation between rows of the multi-row
configurations.

In order that the major findings of the various experiments can
readily be compared, summaries of error patterns are presented as
Figures 56 and 57. The former summarizes error patterns by configura-
tion and shows the statistical significance of that variable as
determined by the F test. With the exception of the patterns of
Experiment III, which compares only two configurations, the patterns
generally form a V shape. This reveals that the one-row and two-column
configurations, presented respectively at relatively slow and fast
visual field speeds, have highef error rates than the configﬁrations
presented at the moderate visual field spegds. The missed target error
patterns of Experiments I and IV are the only patterns of those investi-

gated in which configuration is a statistically significant variable.
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Figure 57 summarizes the error patterns within each configuration.
Experiment III is not included in the chart inasmuch as that experiment
did not include an intraconfiguration analysis. The statistical sig-
nificance of target position as a variable is also shown. The glaring
differences in error pattern between experiments are found in the one-
row configuration under missed target errors, and include (1) the lack
of a masking effect with the dials in Experiment II, and (2) the lack
of a tunnel effect, or U—shépe pattern, with the 16-letter string of
Experiment IV.

The outstanding similarity in the error patterns from experiment
to experiment is in the masking effect in the direction of visual field
movement, as evidenced by the inverted U, in the two-column configu-
ration., Several other similaritieé in the patterns of Experiment IV
are noteworthy: (1) the similarity between the missed target and the
false alarm error patterns in each of the configurations, and (2) the
similarity in the bow shape of the grouped error patterns, namely, the

groups of 4 letters each, and the letter position within group.
Conclusion

Analysis of the experimental data of this research suggests the

following:

1) In a visual task involving the search of a given amount of
stimulus material in a given time, accuracy is greatest on
the widest and slowest moving display that does not require
saccadic eye movement. This statement withstands the test

of variations in the size of the display area, in the size
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and number of stimulus units, and in the spacing character-
istics of the display. However, insufficient experimentation
was performed to fully prove this first hypothesis.

In searching displays in which the stimulus units are
relatively compact, such.as rows of closely spaced letters,
the effect of lateral masking is dominént. This allows the
extreme target positions to be perceived more accurately than
interior target positions. This effect does not prevail,
however, with larger, less compact stimulus units, such as
0.22-inch-diameter dials.

Segregating an otherwise compact row of stimulus units into
groups, such as four groups of two units each, tends to
improve perceptual accuracy. On the other hand, small
variations in the amount of lateral spacing between units or
groups of units have nd appreciable effect.

The effect of masking from adjacent stimulus material is
strong in the direction of visual field movement at the
higher rates of speed. This masking effect is a function

of the field speed, the greater the sbeed the more prominent
the effect.

Small variations in the amount of spacing between rows of
stimulus material have no appreciable effect on perceptual
accuracy.

The missed target error pattern of one~row configurations
having six or eight stimulus units uniformly spaced
(Experiments I and II) has a distinct U-shape or tunnel effect.

This conclusion agrees with the findings of Averbach-Coriell
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and Crovitz-Shiffman, who conducted studies with tachisto-
scopic projections and also of Green, whose studies were
with both tachistoscopic and dynamic field perception.

No such tunnel effect occurs, however, in the patterns of
missed térget errors of configurations in which the stimulus
units are grouped (Experiment IV). Rathe}, the effect of
masking dominates.

Results of these experiments suggest the following areas for future

investigation of visual search behavior:

1) The study of perceptual accuracy under large variations of
stimulus widths and aperture heights.

2) Analysis of the trade-off between the amount of stimulus
material to be scanned in a given time and the target-context
confusion level.

3) The effects of changes in frequency of target appearance.

It is for future research in areas such as suggested here to

develop more fully the optimum conditions under which visual iﬁspection
tasks should be undertaken. Hopefully, the findings of this research

will be a worthwhile contribution to this endeavor.
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APPENDIX A

SAMPLE VELOCITY COMPUTATIONS FOR EXPERIMENT I

Linear Distance Travelled During Exposure Time

General Formula:

Distance = Aperture Ht. + (Letter Ht. X No. Rows) +
(Row Septn. X No. Septns.)

Example for 4 X 2 Configuration:

Distance = 1/4" + (1/8" X &) + (5/16" X 3) =.1 11/16"

Linear Velocity in Inches Per Second

General Formula:

Distance Travelled During Exposure Time
Exposure Time in Sec.

Velocity =
Example for 4 X 2 Configuration, Long Exposure Time:

1 11/16"
Velocity = _LLL/ier = 2.03"/sec.
Z

0.833 sec.

Maximum Angular Velocity in Degrees Per Second

General Formula:

° .
Linear Velocity X 57.3 /rad.
Min. Distance in Inches

Max. Ang. Vel. =

Example for 4 X 2 Configuration, Long Exposure Time:

o]
X
Max. Ang. Vel. = 2.03”/seci5" 57.3 /rad. _ 7.ﬁa:sec.
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APPENDIX B

INSTRUCTIONS FOR FIRST CONFIGURATION

OF EXPERIMENT I

This experiment deals with visual perception in a moving field.
Your task is to identify and locate a given target within a horizontal
string of similar characters.

The string of characters in this experiment is composed of eight
alphabetic letters and the target is always the letter K. The string of
letters will always pass in front of the viewing slot from top to
bottom. A horizontal 1line will appear in the viewing slot as a ''get
ready" signal approximately one second prior to the presentation of
each string., A string of letters will contain no more than one target
and may contain no target at all.

If you perceive the target in a presented string, you are to check
on the tally sheet its perceived position in the string of eight
positions, from position one through position eight. If you do not
perceive the target, draw a line through the trial number. Ample time
will be provided between string presentations for you to record your
answer,

Keep in mind, not every string contains the target. In the strings

that do contain a target, the target position is located on a random

1l
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basis. Remember, the target is always the letter K. Please try to be
as accurate as you can.

Are there any questions?



APPENDIX C

STATISTICAL ANALYSIS OF EXPERIMENT ITI

Missed Target Errors

The completely randomized experiment with a split plot included
the three spacing patterns that were used in both configurations; namely,
the 2 groups of 4, and 4 groups of 2, and double spacing. Single
spacing was eliminated from this anélysis because it did not apply to
both configurations. None of the variables in this design were found
from the F test to be significant at the 0.05 level, not the main plot
variable configuration, nor either of the sub-plot variables spacing
pattern or the configuration-spacing pattern interaction. Because of
this lack of significance the summary of the ANOVA has not been included
in this paper.

The F test on the 4 X 10 factorial design covering the 1 X 8 con-
figuration showed the variable spacing pattern to be statistically
insignificant. A similar test on the 3 X 10 factorial covering the
2 X L4 configuration showed spacing pattern to be significant at the
0.05 level. The variable subject was significant (p < 0.C1) in both
these tests, A summary of the ANOVA of the 3 X 10 facforial design is
given, as illuétration, in Table XXII; that of the 4 X 10 factorial

has not been included.
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TABLE XXII

ANOVA FOR MISSED TARGET ERRORS BY SPACING
PATTERN -- 2 X 4 CONFIGURATION

Source . d.f. S.S. M.S. F
Subject (S) 9 0.749 0.083 16, 72%*
Spacing Pattern (L) 2 0.040 0.020 3.98*
Error 18 0.090 0.005
TOTAL 29 0.879

*Significant at 0.05 level.

**Significant at 0.01 level.

False Alarm Errors

Table XXIIT shows a summary of the ANOVA of the completely ran-
domized experiment with a split plot. As has been mentioned earlier,
this analysis included only those three spacing patterns that were used
in both configurations; thus the single spacing pattern of the 1 X 8
configuration was excluded. The F test showed that spacing pattern was
the only significant variable (p < 0.01), the 4 groups of 2 spacing
pattern having a lower.error rate than either the 2 groups of 4 or the
~double spaciﬂg patterns.,

The F teét on the 4 X 10 factorial design covering the 1 X 8 con-
figuration indicated that the variable spacing pattern was statistically
insignificant. However, the 3 X 10 factorial covering the 2 X &
configuration showed the variable spacing pattern to be barely signifi-

cant at the 0.05 level. The variable subject was significant in both
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these tests at the 0.01 level. The ANOVA of the 3 X 10 factorial for

the 2 X 4 configuration is shown in Table XXIV; that of the & X 10

factorial has not been included.

TABLE XXIII

ANOVA FOR FALSE ALARM ERRORS ~- BOTH CONFIGURATIONS

Source d.f. S.S. M.S. F
Main Plot
Configuration (C) 1 0.192 0.192 0.64
Subject w. C 18 5.443 0.302
Sub Plot
Spacing Pattern (L) 2 0.187 0.094 6.49*
C XL 2 0.007 0.004 0.24
Sub-Plot Error 36 0.519 0.014
TCTAL , 59 6.3L48

*Significant at 0.01 level.

TABLE XXIV

ANOVA FOR FALSE ALARM ERRORS BY SPACING PATTERN ~-- 2 X 4 CONFIGURATION

Source d.f. S.S. M.S. F
Subject (S) 9 1,710 0.190 10, 15**
Spacing Pattern (L) 2 0.133 0.067 3.56%
Error ’ 18 0.337 0.019
TOTAL 29 2.180

*Significant at 0.05 level.

**Significant at 0.01 level.



APPENDIX D

SAMPLE VELOCITY COMPUTATIONS FOR EXPERIMENT IV

Linear Distance Travelled During Exposure Time

General Formula:

Distance = Aperture Ht. + (Letter Ht. X No. Rows) +
(Row Septn. X No. Septns.)

Example for 4 X 4 Configuration, 7/16" Row Septn:

Distance = 3/8" + (1/8" X 4) + (7/16" X 3) = 2 3/16" -

Linear Velocity in Inches Per Second

General Formula:

Velocity = Distance Travelled During Exposure Time
v Exposure Time in Sec.

Example for 4 X 4 Configuration, 7/16" Row Septn:

: 161
Velocity = EEE%ZESE- = 1.90"/sec.

Maximum Angular Velocity in Degrees Per Second

General Formula:

o
Linear Velocity X 57.3 /rad.
Max. Ang. Vel. = Min. Distance in Inches

Example for 4 X 4 Configuration, 7/16" Row Septn:

1.,90"/sec. X 57.3i/rad. -7 BO:SeC

Max. Ang. Vel. = T5n
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Minimum Distance to Limit Angular Velocity

General Formula:

o}
Linear Velocity X 57.3 /rad.
Max. Angular Velocity

Min. Distance =

Example for 8 X 2 Configuration, 7/16" Row Septn:

s}
Min. Distance = 2:82//sece X 57.3 /rad. . o,
8 /sec.




APPENDIX E

STATISTICAL ANALYSIS OF EXPERIMENT IV

Missed Target Errors

Interconfiguration Comparison. The first completely randomized

experiment with a;split plot was an analysis of lateral spacing and

the one~ and two-row configurations. Only the data from the small row
separation were used for the 2 X 8 configuration. A second analysis of
the same design was used to make the same comparison using the data from
the large row separation of the 2 X 8 configuration. The F test as
applied to both these designs shéwed the main plot variable configura-
tion to be significant, in the former at the 0.05 level, and in the
latter at the 0.01 level. Neither the variable lateral spacing nor the
configuration-lateral spacing interaction were significant in either
design.

Another pair of completely réndomized experiments with split plots
were utilized to analyze vertical row separation and the multi-row
configuratiops.l In the first, only the data from the single lateral
spacing were used for the 2 X 8 configuration. In the second, data
from the double spacing for the 2 X 8 configuration were utilized. As
before, the main plot variable configuration was the only significant
variable, and this at the 0.01 level in both designs.

Because of the similarify in the ANOVA's of these four completely

randomized experiments, only one is presented as example. The ANOVA
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of the third experiment mentioned (analysis of multi-row configurations,

single spacing used for the 2 X 8) is summarized in Table XXV.

TABLE XXV

ANOVA FOR MISSED TARGET ERRORS -- MULTI-ROW CONFIGURATIONS-
SINGLE SPACING IN 2 X 8 CONFIGURATION

Source d.f. S.S. M.S. F

Main Plot

Configuration (C) 2 1,411 0.706 12.96*
Subject w. C 27 1.470 0.054
Sub Plot
Row Separation (V) 1 0.003 0.003 0.31
C XV 2 0.058 0.029 2.98
Sub-Plot Error 27 0.263 0.010
TOTAL 59 3.205

*Significant at 0.01 level.

A Newman-Keuls (N-K) test was run on the.individual means of each
of the latter two completely randomized experiments.. Results of these
showed that with vertical row separations combined, the mean percent
error rate of the 8 X 2 configuration was significantly greatef than
that of either the 2 X 8 or the 4 X 4 configurations. Since mention
has already been made that the error rates of the 1 X 16 and 2 X 8
configurations were significantly different, it can be concluded that

the 2 X 8 and the 4 X 4 configurations had significantly lower error
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rates than those of the other two configurations. However, the N-K
test revealed that the mean error rate of the 4 X L configuration was
not significantly lower than that of the 2 X 8 configuration.

Repeated Measures Analysis. An ANOVA was developed for each of

!

four different repeated measures analyses corresponding to the four
completely randomized experiments with split plots described earlier.
As expected from the results of the earlier analyses, the variable
configuration was found significant in each of the repeated measures
analyses but neither lateral spacing nor row separation was found
significant in any of the analyses. Likewise, the sequence effect, as
evidenced by the variable trial in the ANOVA, was found insignificant
throughout the repeated measures analyses. A summary of the ANOVA of

one of these analyses is shown, as example, in Table XXVI,

TABLE XXVI

ANOVA FOR MISSED TARGET ERRORS USING REPEATED MEASURES -~ MULTI-ROW
CONFIGURATIONS-SINGLE SPACING IN 2 X 8 CONFIGURATION

Source d.f. S.S. M.S. F

Between Subjects:
Configuration (C) 2 2.977 1.488 12,28*
Error 27 3.273 0.121

Within Subjects:

Row Separation (V) 1 0.008 0.008 0.39

Trial (T) 1 0.001 0.001 0.03

VXT 1 0.010 0.010 0.48

vV XC 2 0.107 0.054 2.62

T X C 2 0.025 0.013 0.62

VXTXC 2 0.027 0.013 0.65
Error 81 1.656 0.020

TOTAL 119 8.084

*Significant at 0.01 level.
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The 1 X 16 Configuration. Two factorials were designed to analyze

error rates in this configuration. 1In the first, a 2 X 10 X 16
factorial, target position as a variable had 15 degrees of freedom.

In the second, a 2 X 4 X 4 X 10 factorial, the target positions were
placed in four groups of four letter positions each. A summary of the
ANOVA of the first factorial is shown in Table XXVII, The F test
revealed that the variable subject was significanf at the 0.01 level
and the variable target position at the 0.05 level (see Figure 35).

The subject-target position interaction was also found to be significant
(p €0.01). As mentioned earlier, the statistical significance of
subject as a variable and of the first-order interactions involving
subject points up the lack of homegeneity in the cognitive processes

of people. This is evidenced throughout this experimentation. An N-K
test revealed no significant differences in the mean error rates of the
individual target positions. As mentioned in Experiment I, the lack of
normality of data was the main reason for the inconsistency of results
between the F test and the N-K test.

Table XXVIII shows the summary of the ANOVA of the 2 X & X 4 X 10
factorial design. Neither lateral spacing nor group was found to be
significant. The significant main effect variables were sub ject
(p € 0.01) and letter position (p <€ 0.05) (see Figures 36 and 37).
Subject-group and subject-letter position were significant first-order
interactions, both at the 0.01 level, while group-letter position-
lateral spacing was the sole significant second-order interaction
(p €0.05). Although the F test showed letter position to be a sig-
nificant variable, an N-K test revealed no significant differences

between any of the means of the four-letter positions.



TABLE XXVII

ANOVA FOR MISSED TARGET ERRORS BY TARGET
POSITION -~ 1 X 16 CONFIGURATION
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Source d.f. S.S. M.S. F
Final Test:

Subject (S) 9 10,054 1,117 5.10%*
Target Position (P) 15 6.455 0.430 1.97*
Lat. Spacing (L) 1 0.002 0.002 0.01
S X P 135 49,265 0.365 1,67%*

Residual 159 34,818 0.219

TOTAL 319  100.594

*Significant at 0.05 level.
**Significant at 0.01 level.
TABLE XXVIII
ANOVA FOR MISSED TARGET ERRORS BY GROUP AND LETTER
POSITION WITHIN GROUP —- 1 X 16 CONFIGURATION
Source d.f. S.S. M.S. F
Final Test:

Subject (S) 9 10.054 1,117 5.19%*
Group (G)*** 3 1,362 0.454 2.11
Letter Position (P) 3 1,748 0.583 2.71%
Lat. Spacing (L) 1 0.002 0.002 0.01
S X G 27 18.686 0.692 J.22%*
S X P 27 12,602 0.467 2.17%%
G XP XL 9 b 471 0.497 2.31*

Residual 240 51.668 0.215

TOTAL 319  100.594

*Significant at 9.05 level,

**Significant at 0.01 level.

***Qroups are: L-letter groups deéignated a, b, c, and d.



156

The 2 X 8 Configuration. Four factorial desibns were found

necessary in the analysis of this data. The reason for this was the
fact that a single factorial covering the entire analysis would have
had data points far in excess of the capacity of the IBMF113O-computer,
the computer used in the statistical analysis throughout this investi-
gation. Each of the four designs wés a2 X2 X8 X 10 factorial. The
first was limited to data involving the small row separationj the
second, limited to data involving the large row separation. In these
analyses the variables were group (bottom and top rows), lateral
spacing, target position, and subject. The third and fourth analyses
were limited to single and double lateral spacing, respectively. In
these analyses, row separation replaced lateral spacing as a variable.
In all four of these analyses, the variables subject and target
position were found from the F test to be significarit at the 0.01 level.
The variables group, lateral spacing, and row separation were found
insignificant in each of the appropriate analyses (see Figure 38). Only
in an occasional significant interaction was there any difference in the
F test results of the various analyses. A summary of the ANOVA of the
first of the four analyses is shown in Table XXIX, Several N-K tests
showed significance at the 0.05 level as follows:
a) In the bottom row, target position No. 8 was significantly
lower than position No. 3.
b) In the top row, target position No. 8 was significantly
lower than all other target positions.
c) Combining bottom and top rows; target position No. 8 was
significantly lower than all other target positions and target

position No. 1 was significantly lower than position No. 3.
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TABLE XXIX

ANOVA FOR MISSED TARGET ERRORS BY TARGET POSITION .--
2 X 8 CONFIGURATION-SMALL ROW SEPARATION

Source . d.f. S.S. M.S. F
Final Test:
Subject (S) 9 8.941 0.993 4, 38*
Group (G)** _ 1 0.156 0.156 0.69
Target Position (P) ’ 7 9.985 1.426 6.29*
Lat. Spacing (L)’ 1 0.094 0,094 0.42
S X P 63 31.290 0.497 2.19%*
G XPXL 7 k.575 0.654 2.98%
Residual 231 52,342 0.227
TOTAL 319  107.383

*Significant at 0.01 level.

**Groups are: Bottom row and top row.

Again, four factorial designs were found necessary in the analysis
of error patterns by L-letter group and letter position within groups.
Letter position as a variable was éignificant at the 0.01 level in. the
first and third factorials and at the 0.05 level in the other two (see
Figures 39 and 40). The variable group (in this case; bottom left,
bottom right, top left, and top right) was insignificant in each of the
analyses. The other variables, subject (significant at the 0.01 level),
lateral spacing (insignificant), and row separation (insignificant)
showed the same résults as in the previous analysis. Because of this
similarity of results, another ANOVA summary has not been included. An

N-K test showed that the within-group target position No. 4 was
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significantly lower than the other three target positions and position
No. 1 was significantly lower than both position Nos. 2 and 3.

The 4 X 4k Configuration. A summary of the ANOVA of the data of

this configuration is shown in Table XXX, The F test revealed that
subject, group (in this case, row), and target position were variables
statistically significant at the 0.01 level (see Figure 41). Also
significant, as noted in the table, were several first- and second-
order interactions, all interactions involving the variable subject.
Once again, the main effect variable row separation was found to be

insignificant.

TABLE XXX

ANOVA FOR MISSED TARGET ERRORS -~ 4 X L CONFIGURATION

Source d.f. S.S. M.S. F
Final Test:
Subject (S) 9 28.359 3.151 25.38%*
Group (G)*** 3 5.092 1.697 13.65%*
Target Position (P)’ 3 10.501 3.500 = 28, 14**
Row Separation (V) . 1 0.123 0.123 0.99
S XG 27 11,162 0.413 3.32%*
S XP 27 14,538 0.538 L 33**
SXGXP 81 13.799 0.170 1.37*
SXPXV ' 27 = 6.087 0.225 1.81%
Residual 141 17,515 0.124
TOTAL 319  107.175

*Significant at 0.05 level.
**Significant at 0.01 level.

***Groups are: Bottom, 2nd, 3rd, and top rows.
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An N-K test on the mean error rates by group, or row, indicated
that both the top and bottom rows had significantly lower Type 1 error
rates than that of either of the middle two rows (p < 0.05) (see
Figure 42). Letter position No. 4 had a significantly lower error rate
than any of the other positions, according to an N-K test on the means
of the letter positions within group, and position No. 2 had a sig-

. nificantly higher rate than any of the other positions (see Figure 43).

The 8 X 2 Configuration. The ANOVA summary is shown in Table XXXI.

As can be seen, the F test showed the variables subjéct and target
position to be significant at the 0.01 level, and for the first time,
the variable row separation showed significance (p < 0.05) (see

Figure 44). An N-K test showed that with both row separations and both
columns combined, the top row had a significantly lower error rate than
all rows other than the bottom row, and the bottom row had a signifi-

cantly lower rate than the third row from the bottom only.

TABLE XXXI

ANOVA FOR MISSED TARGET ERRORS -~ 8 X 2 CONFIGURATION

Source d.f. S.S. M.S. . F
Final Test:
Subject (S) 9 7.980 0.887 3.18**
Group (G)*** 1 0.008 0.008 0.03
Target Position (P) 7 23,720 3.389 12,14 **
Row Separation (V) 1 1.510 1.510 5.k1*
~Residual . 301 85.943 0.285
TOTAL 319 119,160

*Significant at 0.05 level.
**Sjignificant at 0.01 level.

***Groups are: Left and right columns.
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False Alarm Errors

Interconfiguration Comparison. As with the analysis of Type I

error rates by configuration, four completely randomized experiments
with split plots were used in the analysis of Type II error rates. The
first two, which compared the 1 X 16 and the 2 X 8 configurations,
revealed no significant variables as determined by the F test. Both the
latter two, which compared error rates in the multi-row configurations,
'showed the variable row separation to be the only significant variable
(p €0.05). The ANOVA of the last of these four analyses is presented

as example in Table XXXII.

TABLE XXXII

ANOVA FOR FALSE ALARM ERRORS -- MULTI-ROW CONFIGURATIONS-
DOUBLE SPACING IN 2 X 8 CONFIGURATION

Source d.f. S.S. M.S. F
Main Plot
Configuration (C) 2 0.388 0.194 1.54
“Subject w. C 27 3.411 0.126
Sub Plot
Row Separation (V) 1 0.189 0.189 L, 68*
C XV 2 0.221 0.111 2.7k
Sub~Plot Error 27 1.091 0.040
TOTAL 59 5.301

*Significant at the 0.05 level.
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The 1 X 16 Configuration. In the 2 X 10 X 16 factorial design, the

main effects subject and reported target position were the only sig-
nificant variables, and these at the 0.01 level. A summary of the
ANOVA is not shown. An N-K test showed that reported target position
Nos. 1 and 9 were the only positions having significantly lower Type II
error rates than any other individual positions (see Figure 46). The
error rate of position No. 1 was significantly lower than the ten
highest'positions, and that of position No. 9 was significantly lower
than the two highest positions, Nos. 14 and 15.;

A summary of the ANOVA of error rates by reported 4-letter group
and by reported letter position within each group is shown in
Table XXXITI, Results of the F test showed that the main effect
variables subject and reported letter position were significant at the
0.01 level and the variable group at the 0.05 level (see Figures 47
and 48). None of the interactions were significant. An N-K test on the
data of Figure 47 revealed that with the lateral spacings combined,
group "a'" had a significantly lower error rate than any of the other
L-letter groups and that group '"d" had a significantly higher rate than
any of the other groups. The same test on the data of Figure 48 showed
that with the lateral spacings combined, letter positién No. 1 was
significantly lower than any of the other three positions. By the same
test, letter position No. & was significantly iower than position No. 3.

The 2 X 8 Configuration. As with the analysis of Type I errors,

four 2 X 2 X 8 X 10 factorial designs were found necessary in this
analysis because of the complexity of the data and the limitation of the
computer used. The main effect variables subject and reported target

position were consistently significant at the 0.01 level in each of the
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factorials, while neither lateral spacing nor row separation was found
to be a significant variable in any of the appropriate factorials.
However, group, which consists of bottom and top rows, as a variable was
not consistently significant throughout the factorials. In two of the
factorial designs, including the small row separation analysis and the
single lateral spacing analysis, the variable group was found to be
insignificant; in the other two designs, involving the large row
separation and the double lateral spacing analyses, that variable was
significant at the 0.01 level (see Figure 49 and Table XXI). In those
designs in which that variable was significant, the top row had a higher
error rate than the bottom fow. Other differences in the factorials

were limited to differences in significance in some of the interactions.

TABLE XXXIII

ANOVA FOR FALSE ALARM ERRORS BY GROUP AND LETTER POSITION
WITHIN GROUP -- 1 X 16 CONFIGURATION

Source d.f. S.S. M.S. F
Final Test:
Subject (S) 9 0.281 0.031 2.73%*
Group (G)*** 3 0.126 0.042 3.68%*
Reported Ltr., Posn. (P) 3 0.150 0.050 L 37**
Lat. Spacing (L) 1 0.002 0.002 0.17
Residual 303 3.456 0.011
TOTAL 319 L, ol14

*Significant at 0.05 level.
**Significant at 0.01 level.

***Groups are: .4-letter groups designated a, b, c, and d.
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The statistical analysis of error patterns by 4-letter group and by
reported letter position within groups required four 2 X & X 4 X 10
factorials. Exactly the same significance was found in each of the main
effects of these factorials that was found in each of the 2 X 2 X 8 X 10
factorials, described above. A summary of the ANOVA of one of these
factorial designs is presented, as example, in Table XXXIV (see Figures

50 and 51).

TABLE XXXIV

ANOVA FOR FALSE ALARM ERRORS BY GROUP AND LETTER POSITION
WITHIN GROUP == 2 X 8§ CONFIGURATION-DOUBLE LATERAL SPACING

Source d.f. SeS. M.S. F
Final Test:
Subject (S) 9 0.57k 0.06L 6.96%
Group (G)** 3 0.161 0.054 5.85%
Reported Tgt. Posn. (P) 3 0.321 0.107 11.68%*
Row Separation (V) 1 0.001 0.001 0.08
S XPp 27 0.556 0.021 2.25%
Residual 276 2.528 0.009
TOTAL ' 319 L, 141

*Significant at 0.01 level.

. **Groups are: Bottom left, bottom right, top left, and top right.

The & X L Configuration. A summary of the ANOVA of the Type II

error data in this configuration is shown in Table XXXV. The F test

showed the following main effects to be significant at the 0.01 level:
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subject, reported target position, and row separation. The significant
interactions were subject-reported target position and subject-row

separation, both at the 0.05 level (see Figures 52, 53, and 54).

TABLE XXXV

ANOVA FOR FALSE ALARM ERRORS -~ 4 X 4 CONFIGURATION

Source d.f. S.S. M.S. F
Final Test:
Subject (S) 9 0.326 0.036 5.36%*
Group (G)*** 3 0.022 0.007 1.08
Reported Tgt. Posn. (P) 3 0.159 0.053 7.85%*
Row Separation (V) 1 0.052 0.052 7.65%*
S X P 27 0.315 0.012 1.73%
S Xv 9 0.146 0.016 2. k1%
Residual 267 1.799 0.007
TOTAL 319 2.818

*Significant at 0.05 level.
**Significant at 0.01 level.

***Groups are: Bottom, 2nd, 3rd, and top rows.

The 8 X 2 Configuration., A summary of the ANOVA covering this

configuration is shown in Table XXXVI, An F test revealed that the
main effects'subject and reported target position were both significant
at the 0.01 level, while the variable row separation was significant at
the '0.05 level (see Figure 55). Subject-reported target position was

the only significant first-order interaction (p < 0.01) and



subject-reported target position-row separation the only significant

second-~order interaction (p < 0.05).

TABLE. XXXVI

ANOVA FOR FALSE ALARM ERRORS -~ 8 X 2 CONFIGURATION
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Source d.f. S.S. M.S. F
Final Test:
Subject (S) .9 0.246 0.027 L,g1**
Group (G)*** : 1 0.012 0.012 2.07
Reported Tgt., Posn. (P) 7 0.179 0.026 L 59%*
Row Separation (V) 1 0.026 0.026 L,59*
S XPp 63 0.578 0.009 1.65%*
SXPXYV 63 0.534 0.008 1.52%
Residual 175 0.97L 0.006
TOTAL 319 2.549

*Significant at 0.05 level.
**¥Significant at 0.01 level.

***Groups are: Left and right columns.
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