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CHAPTER I

INTRODUCTION

Present-day visual displays are increasingly characterized by a
high degree of complexity, multidimensioned stimuli, updating which
usually occurs at short periodic intervals, relatively high o^ect
density, suprathreshold signal intensities, signals of long duration
and relatively high frequency, and computer-generated symbolic items.
These display variables have considerably altered the observing task
which originally challenged Mackworth (1950) to investigate monitoring performance.
Although many operations of airborne weapon control systems can
be performed automatically, for certain target acquisition modes,
utilized in multiple-target environments, an air crew member is required to initiate missile launches.
launched is critical.

The time at which a missile is

The success of the aircraft's mission and the

survivability of the air crew and aircraft is at stake.

The weapon

systems operator's task is to attend to a display characterized by
computer-generated, multiply-dimensioned symbols.

In some multiple

symbols for critical changes in several dimensions.

The perceptual

load may be considered quite heavy, since it is critical that the
operator initiate multiple missile launches at appropriate times.
Air traffic controllers are required to monitor a complex visual
display characterized by multiply-dimensioned items.

Critical

decisions must be made within a highly restricted time frame.
In these and similar situations certain ^display variables may
affect either the speed of target detection, or decision accuracy and
timeliness.
To date, studies which concern themselves with the monitoring of
complex displays have emphasized the temporal aspects of alertness
(Webber & Adams, 1964) and response complexity (Adams & Boulter, 1960;
Adams, Stenson, & Humes, 1961; Monty, 1962; Luce, 1964) rather than
detection efficiency associated with selected display and task variables.

This has resulted in a paucity of statements concerning those

display complexity variables with might significantly affect target
detection performance.

One such set of variables is the amount of

relevant target information in the display background or context, and
the display density of such relevant information.
The literature relevant to this question is confined to studies
concerning visual search for targets defined by multiple dimensions
and investigations which treat the relevancy/irrelevancy of the display background items as related to the target item.

The examination

of both these areas has been restricted to studies utilizing displays
exhibiting relatively high object density.
The role of the relevancy/irrelevancy of the display background
items as related to the target was examined by Boynton and Bush (1956).
They conducted their investigation in order to determine the probability that a target could be discovered and correctly recognized when
presented as part of a background array containing many irrelevant

forms.

The background array consisted of curvilinear forms (i.e., no

straight sides or sharp corners) among which a "critical target" was
present 50 per cent of the time.

The critical target consisted of one

or another of five examples each of six geometrical forms, all with
straight sides and sharp corners.

Therefore, the targets were all

rectilinear, but with different shapes.
provided the subjects:

Seven response switches were

one for the presence of each target shape and

one to indicate the absence of a target.

On 35 per cent of the test

trials subjects received a monetary reward for correct responses. The
reward trials were randomly selected.

The variables of interest were:

number of figures in the array (16, 32 or 64); distance between subject and array (20, 37, 47, 57, or 98 feet); and array exposure time
(3, 6, 12 or 24 seconds).

The array diameter varied from a maximum of

80 cm to somewhat less than 60 cm dependent upon subject-array distance,
Significant differences in terms of correctly reporting the
presence of the target were noted for the different target forms. In
addition, target recognition varied as a function of the distance between the subjects and the figure array, and as a function of exposure
time with best recognition obtaining for the 12 and 24 second exposure
times.

No differences existed for these two exposure times. Finally,

recognition varied in an ordered manner with the number of figures in
the array.

Best recognition was obtained for the 16 figure array con-

dition.
Of those studies which presented a signal in the presence of an
homogeneous background of irrelevant nonsignals this study is somewhat

atypical.

Sixteen different types of non signals were used.

The non

signals were all curvilinear, but with few limitations as to shape.
Therefore, while the background was irrelevant, it was not truly homogeneous.

Further, the elaborate mechanization of this study permitted

signal presentation against an essentially infinite number of non
signal arrays.

Finally, while only one target class (i.e., rectilinear

forms) was employed, six different target shapes were utilized with
five different examples of each shape.

Results of this study should

be more generalizable than comparable studies which have employed a
single target characteristic.
The relevance of this study to the question of the effect of type
of relevant background information on target detection performance is
somewhat limited since the background was carefully selected to be
entirely irrelevant, even though it has been pointed out that the
background was not truly homogeneous.

Also only large-scale displays

(80 cm to somewhat less than 60 cm diameter) and extreme viewing distances (20 to 68 feet) were examined.

What is of considerable interest

is the finding that, when the array consisted of 16 figures, increasing
exposure time from 12 sec. to 24 sec. resulted in no increase in performance beyond 90 per cent correct recognition.
In summary the Boynton and Bush (1956) study does point to the
importance of a background consisting entirely of irrelevant items in
target detection performance.

However, it should be recalled that

their findings may be attributable to the lack of background item
homogeneity rather than to the irrelevancy of the background items

when compared to the target.

Their use of large-scale displays, ex-

treme viewing distances, and limited stimulus'exposure times precludes
the ready application of their findings to situations which employ
small-scale displays and compatible viewing distances.
Eriksen (1952; 1953) investigated how two "perceptual" (display)
variables affect the speed with which targets can be detected, and
located, among a large field (a 7 x 7 matrix of 4-in. squares) of objects.

"Field heterogeneity," defined as the number of ways by which

the objects in the field differ from one another, and "target definition," or the number of characteristics by which the target is identified, were systematically varied.
maximum of four dimensions:

Display objects could vary on a

form, hue, size and brightness. Seven

values were selected for each dimension.
paced.

The trials were subject-

Six target objects, 36 non target objects, and seven blank

squares were present for each trial.

The trial terminated when the

subject selected a total of six object locations.
Eriksen (1953) discusses his findings:
. . . it was found (in the 1952 study) that a
target group which was identifiable by only one
characteristic could be located at least as rapidly from a relatively homogeneous field as
could a multiply defined target from a heterogeneous field. For example, when the field varied
only in hue and the target objects were defined as
a specific hue, location was at least as rapid as
when the field varied in hue, size, and brightness
and the target was defined on all three of these
dimensions.
However, it should be noted that, when the target was multiply-defined,
and present in an heterogeneous field, the target objects could be

located on the basis of differences on any one of their definteg dimensions.

Admittedly, subjects were not informed of the targets' defining

characteristics.

"Instead they were shown a sample of the target and

told to locate the six objects in the field that were identical with
the sample" (Eriksen, 1953).

The author states that the fail«rc of

the multiply-defined targets to show a consistent advantage o»cr singlydimensioned targets may be attributable to the greater complexity of
judgment required of the subjects by the instructions employe*. An
alternative explanation is that in both cases target objects could be
identified by means of a single relevant dimension.

Both the homo-

geneous and heterogeneous fields would contain the same amount of
relevant information—as far as the subject was concerned, but the
heterogeneous field would contain additional irrelevant information.
The results of Eriken's 1952 study, according to this explanation,
would indicate that the presence of irrelevant information does not
adversely affect target detection performance.
Pursuing the idea that instructions, creating greater judgment
complexity for the subject, might account for the previous findings,
Eriksen (1953) essentially repeated his earlier study, but utilized
different instructions.

When targets were defined by multiple dimen-

sions, subjects were thoroughly informed concerning each characteristic
of the targets.

For this experiment target definition varied with

field heterogeneity.

Target definition and field heterogeneity

utilized from one to four defining dimensions.
"Hue" and "Form" experimental groups were employed.

Different

instructions were used to create a set for either the hue or form dimension.

Field heterogeneities and their associated target definitions

were found to be a significant source of variance. The author concludes :
. • . the results indicate that even when Ss are
explicitly aware that the target objects can be
identified on each of the defining dimensions,
multiply defined targets in heterogeneous fields
have no consistent advantage in location time
over singly defined targets in more homogeneous
fields.
Emphasis should be placed on "no consistent advantage," since, considering the Form Group,
. . . targets defined on both form and size, or
form, size, and brightness, when located in fields
that are heterogeneous on these dimensions, yield
significantly slower location than that obtained
for form (only) definition and heterogeneity.
Also, considering the Hue Group,
when the field is heterogeneous in form and
hue and the target is defined on both of these dimensions (target location is qiiicker than when target objects are defined only on the hue dimension
and are located in a relatively homogeneous field,
varying only in hue). In this case there is some
indication that heterogeneity and definition on
both hue and form is superior to heterogeneity and
definition on the hue dimension alone.
•

• .

Clearly hue and form set do not account for the findings in this experiment.

Unfortunately, as in Eriksen's earlier study, the multiply-

defined targets could be located on the basis of attending to differences on any one of their defining dimensions.

The effect of target

definition and field heterogeneity on target detection performance is
somewhat uncertain, since the above experiment confounded target
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definition and field heterogeneity, and it is not possible to determine
the separate effect of these two variables.
Eriksen's (1953) study included a second experiment which was conducted ". . . i n order to permit a comparison between multiply-defined
targets and a singly-defined target under conditions of comparable
field heterogeneity."
Since the previous experiment obtained location latencies for
multiply-defined targets, this study only attempted to ascertain location latencies for singly-defined targets in fields of similar heterogeneity.

Seven of the eight heterogeneous fields employed in the first

experiment were used.
dimension.

Target definition was only in terms of the form

Target objects were distinguished from field objects only

in terms of the form dimension.

Therefore, dependent upon the field

objects being employed, the display contained varying amounts of irrelevant information, i.e., increasing amount of irrelevant information was associated with two dimensional fields (e.g. hue and form),
three dimensional fields (e.g. hue, form, and size), and the four dimensional field (i.e. hue, form, size, and brightness) in that order.
The procedure was the same as before with the exception that the
subject was told the dimensional composition of the field and was asked
to select as targets those objects which were circles.

In Eriksen's

terminology the target objects were "singly-defined," while in the
earlier experiment they were "multiply-defined."

Location time was

found to be longer than that obtained for Experiment I for the same
field heterogeneities.

Comparing singly and multiply-defined targets,

it was found that multiply-defined targets yield faster location time.
The meaning of the combined results of the two experiments is
somewhat unclear.

The slower location time associated with singly-

defined targets can be attributed to the relative increase in the irrelevant target information present in the heterogeneous field versus
the multiply-defined targets where most of the heterogeneous field
contained relevant information.
studies is not clearcut.

Still the comparison of the two

While in the singly-defined experiments sub-

jects had to attend to only one target dimension, in the multiplydefined experiment they could attend to one or more of the defining
characteristics of the target.

We can only conclude that irrelevant

information may be a determiner of target detection performance. The
author notes that both experiments show that different kinds of target
heterogeneity (for the same type of field heterogeneity) yield different location times.

It appears as if either the dimensions se-

lected, or the values of the dimensions, or both, are not equally perceptually discriminable.

In short, we cannot state that field hetero-

geneity, characterized by three dimensions, consistently gives better,
or worse, performance than field heterogeneity characterized by two
dimensions.

We must state the specific dimensions and values which

compose the particular heterogeneous field.

In order to adequately

address the question of the role of field heterogeneity and target
definition as determiners of target location time it seems necessary
to choose dimensions of comparable discriminability, and dimensional
values which are equally discriminable for each dimension.
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"Blank" display areas should not be employed if the role of irrelevant field objects is to be investigated.

The blank areas may

serve as search fixation points. Also do they provide the same type
of irrelevant target identification information as the irrelevant field
objects?
Eriksen neglected to indicate subject viewing distance, and visual
angles subtended by the display and display objects.

Since the subject

was close enough to touch the display panel with a stylus, we can surmise that he was viewing a large-scale display (i.e. a 28-in. square)
with quite large non target objects (i.e. 7/8-in. to 1-in. diameter or
width).

It is interesting to note that each subject received only a

single trial under each field heterogeneity condition.

The procedure

employed in both experiments utilized discrete trials. However, the
actual monitoring of large-scale displays normally involves watching
a display which is always "on," and which is continually, instead of
intermittently, presenting information.
Several recent studies (Howell, Johnson, & Goldstein, 1966; Johnson, Howell, & Goldstein, 1966) employing complex displays have determined that low signal frequency and high stimulus density produce
decrements in response latencies.

However, for these studies all dis-

play elements and signals were relevant.

A later study by Johnson and

Howell (1967) included both relevant and irrelevant information.

Six

experiments are described which were conducted in order to appraise
the effects of selected variables on sustained attention.

The purpose

of two of these experiments (III and IV) was to test the effect on
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monitoring performance of presenting both relevant and irrelevant information on the same display.

The underlying rationale was:

As more and more information is presented on a display to be monitored, the likelihood increases that
only part of the total information is relevant at a
given time to a given monitor. What is relevant to
one observer may be irrelevant to another who is
monitoring the same display; or what is relevant to
an observer at one point in time may become irrelevant to that observer at a later point in time
(Johnson and Howell, 1967).
If a performance decrement occurs for conditions of low signal
frequency, a relevant question is whether this decrement is attributable to the total number of responses (i.e. to relevant signals)
or to the amount of stimulus change (i.e. relevant and irrelevant
signals).

Also, is the critical feature of stimulus density the total

nximber of stimuli present, or the total number of relevant stimuli
being displayed?
A 5-in. square 8 x 8 matrix was continually present on the face
of a 19-in. cathode ray tube display throughout the test session.
Thirty trigrams were drawn from a stimulus pool and randomly assigned
to the 64 cells of the starting matrix.

Signals occurred one at a

time, either as additions of trigrams to the matrix display, or as deletions of trigrams from the matrix.

Subjects were instructed to re-

spond only to relevant signals which are defined below.

The subject

noted a change in the display by making both a detection response, and
a location response.
Experiment III attempted to compare the effects of relevant/
irrelevant (R/I) signal frequency and R/I density (proportion of
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relevant/irrelevant trigrams).

Half of the trigrams in the stimulus

pool contained an "A" in the center-letter.-position and half contained
an "E." The first and third letter of each trigram was randomly selected from 21 remaining alphabetical letters.

Two levels of R/I fre-

quency (1/2 and 2/1) were combined factorially with three levels of
R/I density (1/2, 1/1, and 2/1).

The "A" trigrams were relevant for

half of the subjects within each group and the "B" trigrams were relevant for the other half.

Subjects were instructed to respond only to

relevant trigrams. The probability of correct detections was higher
for additions than for deletions, but did not vary as a function of
R/I density or R/I frequency.

However, the probability of a false

alarm did depend on R/I frequency and signal type, but not R./I density.
Experiment IV examined R/I frequency over a wider range of values
than those employed in Experiment III, and also examined the degree of
heterogeneity among irrelevant stimuli. Three levels of R/I frequency
(1/9, 1/1, and 9/1), and two levels of heterogeneity among irrelevant
stimuli (either high or low heterogeneity) were utilized. The apparatus and task remained the same except that the subjects were not
required to make location responses.

Relevant trigrams were all

"AG5," while the irrelevant stimuli were "AJ5, LG5, AGS, and AW5." For
the low heterogeneity conditions only one of the above irrelevant
stimuli for the high heterogeneity conditions. The starting matrix
consisted of 20 relevant and 20 irrelevant stimuli. A signal (addition or deletion) occurred every 10 seconds.
Referring to computed probability measures, it was found that the
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probability of false alarms increased in an ordered manner for l/9»
1/1, and 9/1 R/I frequencies.

The ordering held for both deletions

and additions, but the effect was magnified for deletions. Neither
the probability of a correct detection nor the probability of a false
alarm was affected by the heterogeneity of irrelevant stimuli.
The relevant trigrams (AGS) and the irrelevant trigrams (AJ5, LG5,
AGS, and AW5) are both characterized by "initial letter pair" and
"single terminal number."

Therefore, we could conclude that the ir-

relevant trigrams contained both relevant information (i.e. single
terminal nimiber) and irrelevant information (i.e. initial letter pair)
about the AG5 trigrams.

However, the irrelevant trigrams must be con-

sidered in terms of their use in the low and high heterogeneity conditions.

For those low heterogeneity conditions which employed LG5,

or AJ5, or AW5, we find that these trigrams exhibit one relevant
characteristic (i.e. initial letter pair), and one irrelevant characteristic (i.e. single terminal number), while for those low heterogeneity conditions which used only AG8, we find the trigram's initial
letter pair is an irrelevant characteristic and the terminal number
is a relevant characteristic.

For all low heterogeneity conditions

the subject had to attend to only one characteristic in order to detect
the relevant AG5 trigrams.

Since all four of the irrelevant trigrams

(LG5, AJ5, AW5, and AG8) were used in the high heterogeneity conditions, both trigram characteristics had to be considered in order to
locate the relevant AG5 trigrams.
In conclusion, the four irrelevant trigrams contained both
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irrelevant and relevant information (in the case of the low heterogeneity conditions), or all relevant informktion (for the hl^h heterogeneity conditions).

Therefore, levels of heterogeneity among the

"irrelevant" stimuli was confounded with the degree of relevancy of
the information they contained about the target items.
Teichner (1972) compared 14 experiments concerned with visual
search for symbolically-coded targets. These studies were not concerned with visual search involving temporal uncertainty.

Research

concerned with this problem addresses the effect of prolonged vigilance.
Rather, the concern of the studies reviewed by Teichner was visual
search involving only positional uncertainty.

The question of impor-

tance is how long it takes to find a target and not whether the target
will be found.

All the studies selected for comparison were similar

in that in all cases targets differed, or were selected from other
similar stimuli, on the basis of a single attribute.

That attribute

was the only difference between the target and the non targets. Therefore, in all cases a single relevant information dimension was used.
In essence the subject could accomplish correct target detection by
locating a stimulus which differed from the others displayed in any
manner.

The one exception was a study by Lehtio (1970).

Lehtio's study differed from all of the others in that all stimuli,
including the target, were characterized by three dimensions. The
targets differed from non targets on all three dimensions.

It may be

suggested that Lehtio's subjects, since they had to search for a specified dimension difference in an array of differences, had to inspect
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each stimulus, since each stimulus represented a separate source of information; whereas in the other studies the 'subject was searching for
anx. source of dishomogeneity in the array pattern.

Matrix (18 x A)

lists containing 72 numbers comprised the stimulus display. Targets
were defined by a combination of values of multiple dimensions. The
relative frequencies of values of each dimension were manipuUted.
List items, excluding the target, consitituted the "context" or background.

The background varied according to the frequency of values

of the three dimensions.
values were:

The three dimensions and their associated

color (red or blue), size (small or large) and form

(the number 3 versus 1, 2, 4, 5, 6, 7, 8, 9, and 0).

The stimulus

lists were rear-projected as separate slides. Coding each row of the
array in conjunction with the use of two response keys helped to control for guessing.

Each discrete trial was initiated by the experi-

menter, and terminated by the subject pressing either response key.
The subject was not allowed to select his own search strategy.

He was

instructed to scan each list from top to bottom until he located the
target item.
For Experiment I the target was "small, red, and digit '3'."
Highly-practiced subjects were used since 540 lists were presented
during the training session.

For the training session the frequencies

of both values of each dimension were ,50 for the background items.
During the test session six series of 18 lists each were presented to
each subject.

The six series employed selected combinations of the

following frequencies for both values of each dimension; .80/.20,
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,50/.50, and .20/.80. It was found that frequency manipulation does
affect decision time.

Also the particular cctobination of frequencies

affects decision time.
The target was defined by one value of one dimension in Experiment
II.

The background did not include other examples of the value of that

dimension.

As previously, the background consisted of all three di-

mensions and one relevant dimension.
define one of the three target types.

Each dimension served in turn to
Search time was found to be

comparatively far less when the target was defined only by color. Obviously the time involved for a feature analysis is dependent upon the
particular defining characteristic of the target.
In Experiment III subjects were trained to detect a "small, red,
'3'" target using only stimulus lists with a high frequency of red
items (i.e. .80). The purpose was to see if the search process could
be manipulated by differential training.

During the first test session

the six series of test items present in Experiment I were used. The
targets and procedures for Experiment II constituted the second test
session.

The results did not clearly demonstrate the role of differ-

ential training.
Several generalizations may be attempted from Lehtio's series of
experiments:

decision time in visual search for a target defined by

multiple dimensions varies as a function of the relative frequency of
the relevant values of the background's dimensions; and the effects of
the frequency manipulation varies with the dimension manipulated.

When

subjects are required to search for a singly-dimensioned target, search
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time varies with the dimension selected; and training can change the
magnitude-order of the frequency manipulation effect when the s*ject
is looking for a target defined by multiple dimensions.
Neisser and his co-workers (Neisser, 1963, 1964; Neisser, Ird-ck,
& Lazar, 1963) have used a visual search task which employed tarfets
defined by multiple attributes, and lists, each of which contaimed 50
"items" or lines as the field.

Item types ranged from single wards

to single alphaneumeric characters.

It was noted in the above stxidies

that the similarity of the target to the field has a significant influence on search rate, with search rate decreasing (and search time
increasing) as a function of increasing similarity between target and
field.
Neisser's findings concerning target similarity were based on
highly practiced, speeded tasks; briefly presented stimuli; controlled
search strategies; and instructions which emphasized speed and placed
little emphasis on detection accuracy.

Also subjects were not aware

of the defining characteristics of the selected target item before the
test began.
While, as previously stated, the primary concern of the present
research is to examine a set of display complexity variables which
might significantly affect target detection performance (i.e. the
amount of relevant target information in the display background and
the display density of such relevant information), still the role of
the temporal aspects of alertness, associated with the prolonged monitoring of a complex display, should not be neglected.

so
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While a monotonic, and fairly rapid, decline in detection performance has been repeatedly established .for simple displays requiring
prolonged vigilance (Frankman & Adams, 1962), early studies examining
complex monitoring behavior have failed to establish either consistent
(Adams, 1963; Self & Rhodes, 1964) or significant (Montague, Webber
& Adams, 1963; Elliott, 1960) decrements.

Kibler (1965) has proposed

that the data collected in classical vigilance studies may not be
applicable to contemporary monitoring problems because of changes in
signal characteristics, and in the operator's response requirements.
Inconclusive and diverse findings have characterized studies which
have addressed the nature of the vigilance decrement over time, while
employing an array of stimulus sources as the "display," and a task
which required the noting of any change in the set of multiple displays.

Adams and Boulter (1960), and Adams, Stenson, and Humes (1961)

ascertained that response complexity determined the occurrence of the
vigilance decrement.

Evaluative decisions concerning a change in the

displays produced no response decrement, while control subjects, who
were required to simply report the occurrence of a change, showed a
significant performance decrement.

Adams and Boulter (1962) and Luce

(1964) manipulated complexity by introducing a requirement to remember
and report previous signals when making a current signal detection,
and noted a significant performance decrement.

However, the contra-

dictory evidence cited above was obtained by manipulating response complexity—not selected display variables.

In addition, in all cases the

subject was required to simply note any change or difference in the
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array of displays.

The target differed from similar stimuli on the

basis of a single attribute—this attribute'being the only distinction
between the target and non targets.
As previously mentioned, Lehtio's (1970) study was unique in that
his display elements differed with regard to the combination of
multiple attributes and required the subject to find the target in
terms of its unique characteristic.

Unfortunately, Lehtio's study did

not present subject performance as a function of time.

Statement of the Problem
Concerning display complexity variables which might significantly
affect target detection performance, the role of the amount of relevant target information present in a display background, characterized
only by relevant and "neutral" target information, has not been
addressed.

Neither has the effect of the display density of relevant

background items been considered.

Usually it has been stated that the

display background contained either all irrelevant information or both
relevant and irrelevant information.

In fact, generally the background

was actually described by the presence of only relevant information.
All background items contained information concerning one or more of
the dimensions which defined the target.

Johnson and Howell (1967)

made the observation that only part of the display may contain information relevant to the observer.

In those real-world monitoring situ-

ations described earlier, which involved complex visual displays denoted by multiply-dimensioned items, the more general case is that some
display items depict stimulus dimensions of interest (i.e. dimensions
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shared by the target item), while other display items represtat stimulus dimensions which provide no information* concerning the relevant
characteristics of the target item (i.e. dimensions not shared by the
target item).

We will call the first type of dimensions "relevant,"

and the latter type "neutral."
Previous described studies employed displays which were not always
"on,"

Discrete trials, whether experimenter or subject-paced, were

utilized to present the stimulus materials.

It can be questioned

whether the results of these studies can generalize to real-world
situations where the display being monitored is always "on," and where
information is being presented continually rather than intermittently.
Lehtio's (1970) study is most closely directed to the Interests
represented by the present investigation.
items which were symbolically-coded.
world situations previously described.

He used multiply-dimensioned

Such items characterize the realUnlike the Johnson and Howell

(1967) study all signals were of interest to the observer. All stimuli, including the target, were characterized by multiple dimensions.
The target differed from non targets on all the dimensions. The high
signal frequency employed more closely represented those signal frequencies which typify many real-world, complex visual displays. In
the Johnson and Howell (1967) study the observer's attention was directed to the item being added or deleted.
if the item of concern was a target item.

He was required to decide
In Lehtio's (1970) study

subjects were required to search for a specified dimension difference
in an array of differences.

It is hypothesized that each stimulus had

21
to be inspected, since each stimulus represented a separate source of
information.

The subject was not simply searching for the presence of

av£[_ source of dishomogeneity in the array pattern.

Subjects in the

Johnson and Howell (1967) study were directing their attention to the
change in the array, and then deciding if the changed item represented
a signal.

In Eriksen's (1952, 1953) studies multiply-defined targets

could be located on the basis of attending to differences on any one
of their defining dimensions.
The purpose of this study is to examine target detection performance when a complex visual display contains only relevant and
neutral information concerning the defining characteristics of the
target.

The display would contain a number of symbols defined by a

single information dimension which did not characterize those dimensions which defined the target.
sidered neutral.

Such background items would be con-

The remainder of the display items would contain only

relevant information concerning the target, since these background
items would share one or more dimensions with the target.

In this

situation the subject could not locate a target by simply looking for
any difference in the display background.

First differences would

exist between the neutral and relevant items. As the relevant background items exhibited more dimensions in common with the target, it
is hypothesized that target detection performance would be markedly
affected, since the subject would not only have to distinguish between
neutral and relevant background items, but, in particular, attend to
the relevant background items.
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The Target would be defined by three characteristics.
of the relevant background items would be vatied.

The density

In addition, the

nature of the relevant background items would be varied.

For each

density condition the following situations would obtain:

all the rele-

vant items would exhibit one target characteristic; one-half of the
relevant items would contain one target characteristic and the remaining relevant items would exhibit two target characteristics; and onehalf of the relevant items would manifest two target characteristics,
while the rest of the relevant items would contain a different pairing
of target characteristics.
A 17-symbol display, which would appear to be continually "on,"
would require the subject to search for the presence of a target. The
task would be experimenter-paced, and employ a high signal rate. Before the test session would begin the subject would be thoroughly
briefed concerning the relevant characteristics which defined the target.

The defining characteristics of the relevant and neutral back-

ground items would also be explained.
Detection performance across repeated test sessions would be examined statistically in order to look at subject performance as a
function of time.
Experimental Hypotheses
The present research is designed to test the following £ priori
hypotheses:
1.

Relevant target characteristic number and combination
groups. One (all relevant items contain only one relevant
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target characteristic), One + Two (one-half of the relevant items contain one relevant,target characteristic,
and the remaining relevant items exhibit two relevant
target characteristics), and Two + Two (one-half of the
relevant items manifest two target characteristics,
while the rest of the relevant items contain a different
pairing of relevant target characteristics) should devote proportionately more time to target detection and
generate more errors.
2.

Relevant target characteristic symbol density groups.
Low (4 relevant items). Equal (8), and High (12) should
exhibit proportionately longer target detection performances, and higher error rates.

I

S
3.

No differences in target detection performance will be
manifest across test sessions.

c
r
c

r

CHAPTER II

METHOD

Subjects
The subjects were 54 male undergraduate students enrolled in an
introductory psychology course at Texas Tech University.
were randomly assigned to three experimental groups.

Subjects

For each ex-

perimental group subjects were randomly assigned one of six possible
sequences of administration of three repeated treatment levels.

Apparatus
The equipment setup used for this study is shown in Figure 1.
This figure depicts the functional relationships which existed among
the various equipment components, and does not provide an accurate
representation of the spatial arrangement of the equipment items.

Slide Presentation System
An Ampex reel-to-reel tape recorder presented subject instructions
on one tract.

Later the same tract contained three prerecorded tones

(1200, 1500 and 1850 Hz ± 5%) which controlled slide onset.

BRS/

Foringer logic modules and audio oscillators were used to encode the
tones on the tape tract.
seconds was employed.

A slide presentation rate of one per eight

Tones were decoded by a four-channel Spindler

and Sauppe Quadra Que Audio Programmer.
24

The first tone was used to
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control the slide on-time for the slides employed for one level of the
repeated treatment.

The remaining two tones controlled the presenta-

tion of slides for the other two repeated treatment levels. Slides
for each repeated treatment level were contained in two Kodak carousel
140 slide trays.

Each decoded timing pulse (tone) was outputed to a

Spindler and Sauppe Tri-Cut Control Unit.
The Tri-Cut Control Unit served two functions.

It made available

instand-dissolve slide changes for all three sets of paired Kodak
Ektagraphic AS-2 carousel projectors, and eliminated the dark-screen
interval which normally separates successive slide images. Even though
discrete slide presentation was used, the effect produced was that of
continuous film projection.

In this fashion a continually "on" cathode

ray tube display was effectively simulated.
employed matched slide on-time.

The fast dissolve speed

"Cut" effects appeared on the simu-

lated scope display the instant they were triggered by the onset of a
timing signal provided via the Quadra Que.

Delay for cycling the tray

of the upcoming slide was eliminated since the Tri-Cut cycled the tray
of the outgoing projector at the end of each "cut," moving the next
slide into position.

To achieve effective "cutting" (alternation be-

tween paired-projectors) part of the series of stimulus slides was
loaded alternately into one pair of slide trays.

The timing pulse

activated one of the paired-projectors, and, after the slide on-time
was completed, the cut to the other member of the pair of projectors
was initiated.
pulse.

The second projector was activated by the next timing

The lamp of the inactive projector was maintained at a "low

27
glow" instead of being switched off when not in use. This femture assured fast cutting and helped maintain a constant level of illnmlnatlon
on the projection screen.
Slides were presented by the first set of paired-projectors until
the complete series of 1200 Hz timing pulses was exhausted. Ihen
timing pulses associated with the 1500 Hz tone automatically switched
the slide presentation to the second set of paired-projectors. This
procedure was repeated until all slides for all levels of the repeated
treatment were shown.
Two Fortune Audio-Visual Projector Support Stands allowed three
projectors to be positioned one above the other.

In this fashion two

separate tiers of three projectors were created:

one for the "left-

handed," and one for the "right-handed" projectors.

It was essential

that both members of a pair of projectors projected an image onto the
same exact screen area.

If the two images were not precisely lined

up there would be a "jump" as the images dissolved from projector to
projector.

Still, when two projectors feed one screen, both cannot be

exactly on a true centerline.

The angle between either projector's

center line and the screen determines the amount of keystoning (i.e. the
image will be slightly larger on one side than on the other) which obtains.

If keystoning had been allowed, then dissolving back and forth

would have presented two dissimilar trapezoidal slides rather than two
overlaying rectangular slides. The angle which defines keystoning is
controlled by the distance between the two projector lenses and the
projection distance.

Keystoning can be reduced, or for all practical
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purposes eliminated, if the projector lenses are brought closer together and/or if projection distance is increased.

Utilizing 5-inch,

right-angle Buhl lenses with long focal length and built-in mirrors
(in effect a right angle prism) brought the set of projectors as close
together as possible.
Each slide projector lenses was covered with one Be^l and Howell
Wratten X-1 + ND 50 Percent Filter, and two Kodak CC40G Wratten
Gelatin Filters. This combination of filters served to both decrease
the luminance of the projected image, and to create a green hue similar
to that which characterizes many cathode ray tube displays.

Subject Console
The subject was seated in front of a display panel in a completely
darkened room.

A simulated nine-inch diameter cathode ray tube dis-

play was located at a 26-inch viewing distance. The display was centered at the subject's normal line of sight. An angle of 15* existed
between the subject's horizontal line of sight and his normal line of
sight.

Slides were rear-projected by means of the 500-watt projectors

onto a Dalite Da-Plex 1/8-inch thick non-glare motion picture screen
which had been masked to create the circular display area.

Slides had

been created so as to assure maximum contrast between symbol (white)
and background (black).

Display brightness was the resultant of slide

symbol/background contrast, projection wattage, projection distance,
and the projection filters employed.

Display brightness was measured

by a Photo Research Spectra Brightness Spot Meter.

Symbol brightness

averaged across all possible symbol locations was .30 footlamberts.
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The use of projection filters created a dull light-green hue. k telegraph key was located within finger tip-reach of the subject's right
hand.

A speaker was placed to the right of the subject on the surface

of the table.

Instructions were presented by means of a prerecorded

tape message.

Data Collection System
As mentioned earlier, the first track of the tape recorder contained timing pulses for controlling slide onset. A continuous 2250
Hz ± 5% tone was present on the second track.

Track one was outputed

to both the Quadra Que and a second tape recorder. The circuit connecting track two of the first tape recorder to the remaining track
of the second tape recorder was broken by the normally-open telegraph
«

key.

Closure of the key by the subject allowed completion of the

[
t

circuit for track two. This logic enabled the second tape recorder
to note both slide onset and a response by the subject.

Later com-

parison of the two tracks yielded correct detection and false alarm
latency measures.

Stimulus Materials
Thirty five millimeter slides with white symbols on a black background were used as stimuli. All symbols were .203 inches in diameter.
This symbol size subtended an angle of approximately 24 minutes of arc
at a 26-inch viewing distance.

Symbol width and viewing distance are

in accordance with human engineering design criteria for military
systems, equipment and facilities (Department of Defense, 1968).

;
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As shown in Table 1, four, two-valued dimensions were used to define symbol characteristics.

The target was arbitrarily defined as

containing the following three "relevant" attributes:

thick, closed-

circle, outline-width; thick, circle, center line, width; and vertical,
circle, center line orientation.

Three other attributes were relevant

only in the sense that they provided information which allowed a

sym-

bol classification of "target" or "non target." They were classified
as irrelevant since they did not provide information concerning the
relevant characteristics of the target.

The remaining two attributes

were considered neutral since they represented none of the dimensions
which defined the target, and therefore depicted no information concerning relevant target characteristics.

The classification scheme

described above was employed to generate the five symbol types used
in this study.

The classification scheme and sjmibol types are presented

in Table 2. As shown in Table 1, line width was used to help define
the attributes of several information dimensions.

"Thick" symbol fea-

tures were .026-inches line width, and "Thin" symbol features were
.008-inches line width (Leroy Lettering Pen size '2' and '0000' respectively) .
The particular line widths described above were selected in order
to maximize the discriminability of symbol attributes. An informal
pilot study was conducted which used the sjrmbol types illustrated in
Table 2.

The line widths for thick and thin were varied separately for

each symbol until three subjects could each accurately and quickly
identify the attributes of the symbol when the symbol was viewed from
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a distance of 26-inches.

Differences in line width between syabols

were resolved by finally using the largest of the thick line widths,
and the smallest of the thin line widths selected across syiAol types.
Using these line widths, all subjects were able to accurately identify
the attributes for the five symbol types used in this study.
Target slide symbol composition used for the low, equal, and high
relevant target characteristic symbol density conditions are presented
in Tables 3, 4, and 5 respectively.

Non target slides for all density

conditions contained an additional "B" symbol which showed no relevant
target characteristics.
The target symbol was randomly assigned to the 17 display locations during each test session.

Display locations are illustrated in

Figure 2,
As mentioned previously, the slide presentation rate was one every
eight seconds.

The target and non target slides were arranged so that

a target slide appeared on an average of once every five slide exposures.

Target rate was 90 targets/hour.

Target intervals ranged

from 24 seconds to 56 seconds with a mean intertarget interval of 40
seconds.

The distribution of target intervals for all test sessions

are presented in Figure 3.
presentations.

Each test session consisted of 85 slide

Targets were presented on trials 7, 13, 18, 21, 28, 34,

39, 42, 47, 53, 60, 64, 70, 74, 78, 81 and 85.
The slides for the practice and test session associated with a
level of the repeated treatment were loaded alternately into a pair
of slide trays. All sequence events comprising a given practice and
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TABLE 3
TARGET SLIDE SYMBOL COMPOSITION FOR LOW
RELEVANT TARGET CHARACTERISTIC
SYMBOL DENSITY
Relevant Target Characteristic
Number and Combination
Symbol
Type

Symbol

0
B

Signal Information
Content

Three Relevant
Target
Characteristics
(Target)
No Relevant
Target
Characteristics

O
D

o

E

CD

One

One & Two

Two & Two

1*

12

12

12

One Relevant
Target
Characteristic
Two Relevant
Target
Characteristics
Two Relevant
Target
Characteristics

* The number of a given symbol type contained in the target slide.
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TABLE 4
TARGET SLIDE SYMBOL COMPOSITION FOR EQUAL
RELEVANT TARGET CHARACTERISTIC
SYMBOL DENSITY
Relevant Target Characteristic
Number and Combination

Symbol
Type

Signal Information
Content

Three Relevant
Target
Characteristics
(Target)
B

C

o

One

1*

No Relevant
Target
Characteristics

8

One Relevant
Target
Characteristic

8

D

®

Two Relevant
Target
Characteristics

E

(D

Two Relevant
Target
Characteristics

One & T\:o Two & Two

8

8

* The number of a given symbol type contained in the target slide.
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TABLE 5
TARGET SLIDE SYMBOL COMPOSITION FOR HIGH
RELEVANT TARGET CHARACTERISTIC
SYMBOL DENSITY

Relevant Target Characteristic
Number and Combination
Symbol
Type

S'/mbol

O
B

Three Relevant
Target
Characteristics
(Target)

One

One & Two

Two & Two

1*

No Relevant
Target
Characteristics

O
D

Signal Information
Content

0
0

One Relevant
Target
Charac teristic

12

Two Relevant
Target
Characteristics
Two Relevant
Target
Characteristics

* The number of a given symbol type contained in the target slide.
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Fig, 3, Distribution and frequency of target intervals for each
test session.

test session were controlled by repetition of one of the three timing
pulses (tones),

The selected tone was repeated until the entire se-

quence of events was completed.

The sequence of events used for all

practice and test sessions is shown in Table 6.

This arrangement was

repeated for the remaining two tones allowing the three levels of the
repeated treatment to be presented to each subject.

Counterbalancing

of the order of presentation of the levels of the repeated treatment
was accomplished by changing the assignment of a given slide tray pair
to a different tone (i.e. a different Tri-Cut output).

The ordering

of target and non target slides was the same for all practice and test
sessions.

Task
The subject was required to monitor a simulated cathode ray tube
display.

His task was to search the display and determine if it con-

tained a target.

When a target was located, the subject was instructed

to press a telegraph key.
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TABLE 6
SLIDE SEQUENCE FOR EACH PRACTICE
AND TEST SESSION

Sequence
Order

Sequence
Event

Event
Duration
in
Minutes

Number/Type of Slides

1

Practice
Warning I

4 "READY FOR PRACTICE"

0:32

2

Practice
Warning II

2 "PRACTICE BEGINS"

0:16

3

Practice
Session

4

Rest
Period

4 Blanks*

5

Test
Warning I

4 "READY FOR TEST"

0:32

6

Test
Warning II

2 "TEST BEGINS"

0:16

7

Test
Session

2:40

4 Targets
16 Nontargets

0:32
1

17 Targets
68 Nontargets

11:20

-

Sequence Duration
in Minutes:

*"Blanks" v/ere totally black slides

16:08
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Experimental Design
A split-plot analysis of variance (S?t p.q) was used (tlrk, 1968).
The between subjects variable was relevant target characteristic syabol
density (low i.e. 4 symbols, equal i.e. 8 symbols, and high i.e. 12
symbols).

The within subjects variable was relevant target character-

istic number and combination (one, one and two, and two and two). Subjects were randomly assigned to the between subjects variable. Subjects were also randomly assigned one of six possible sequesces of administration of the three levels of the within subjects variable in
order to achieve complete counterbalancing of the repeated treatment.

Dependent Variables
The dependent variables in this experiment were correct detection
latency, false alarm latency, number of misses, number of false alarms,
and number of total errors.

Number of total-errors was a composite

measure obtained from the number of misses plus the number of false
alarms.

Procedure
The subject was seated in front of the display panel and his
watch was removed.

A sheet of paper containing the symbol classifi-

cation scheme (similar to Table 2) was placed in front of the subject.
The relevant characteristics, which defined the target, were explained.
The defining characteristics of the remaining symbols were also explained.

If necessary, the explanation was repeated until the subject

understood how the target and non targets differed.
taped instructions were given.

Then the following
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Your task will be to monitor a simulated cathode
ray tube display. The display will contain a
number of different symbols. You have just seen
the kinds of symbols which will appear on the
display. The display will change or update itself every few seconds. Occasionally, the display will contain one target symbol. When you
see a target, press the key in front of you once.
You will be given a number of separate tests.
Each test will be preceded by a practice session.
The display will tell you when to get ready for
the practice and test sessions. It will also
tell you when it will begin.
Each practice and test session will use the same
target. However, different non target symbols
will be used for the different practice and test
sessions.
Your job will always be the same. Press the key
in front of you once when you find a target on
the display.
Remember to press the key as rapidly and as accurately as you can.
Do you have any questions?
When the three practice and test sessions had been completed, the subject was given three course-contingent bonus points for his participation.

^

CHAPTER III

RESULTS

Both tracks of the output reel-to-reel tape were decoded by
utilizing the playback mode of the Quadra Que.

Tones, having been

decoded by the Quadra Que, then became word inputs to the bus terminal of the Digital Equipment Corporation PDP-8E general-purpose digital computer.

The onset of a track one tone (slide onset) started a

timing sequence which was terminated by the onset of a track two tone
(subject response).

In this.fashion response latencies were estab-

lished for each subject response.

In addition, a determination of

which targets the subject failed to respond to was made by noting the
absence of a track two tone and generating a zero latency.

The re-

sulting latencies were stored on a Digital Equipment Corporation tape
as a permanent data record.

A separate program compared the data tape

to a prerecorded sequence key which indicated the order of both target
and non target slides.

In this manner correct detection latencies,

false alarm latencies, number of false alarms, number of misses, and
the composite measure number of total errors (i.e. number of misses
plus number of false alarms) were obtained.
False alarm latency was rejected as a meaningful response measure
for analysis since several cell populations contained zero latencies.
Therefore, incomplete data was available for analysis.
42
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Although a counterbalanced design should minimize any effects due
to the presentation order of the levels of the repeated treatment, this
consideration was tested by a completely randomized analysis of variance.

It was previously described that six sequences of administration

of the three levels of the repeated treatment were used across three
levels of the nonrepeated treatment.

Therefore, three subjects in each

level of the nonrepeated treatment received one of the six possible
orders.

Nine subjects over the three nonrepeated treatment groups re-

ceived each order.

The sample of 54 subjects permitted three repli-

cations of the counterbalancing scheme.

The data were combined for

analysis in a CR-6 design (Kirk, 1968) for the following measures:
correct detection latency, number of misses, and number of false alarms.
Nonsignificant between groups £ ratios of p;(5,48) = 0.533, 2.027 and
0.810 respectively were obtained, suggesting that performance was not
affected by the order of presentation of the repeated treatment independent of the particular response measure subjected to analysis.
Examination of the cell populations for the number of misses and
number of false alarm measures indicated a marked lack of homogeneity
in form.

Logical transforms were applied to both measures.

For both

measures none of the transforms increased the suitability of the scores
for analysis of variance procedures.

Failure to meet the assumption

of homogeneously distributed cell populations led to rejection of these
two measures, and their composite measure—number of total errors, for
analysis of variance procedures.

No attempt was made to employ non-

parametric statistics, and the three above-mentioned measures were
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rejected as suitable dependent variables.
Examination of the correct detection latency scores indicted that
cell populations for all treatment combinations closely approximated a
normal distribution.

Hartley's test for homogeneity of varia^e (Kirk,

1968) was applied to the data in order to test the assumption of homogeneity of population-error variance.

The assumption was met since the

obtained Fmax values of 1.614, 1.456 and 2.337 for the nonrepMted
measure, the repeated measure and the interaction effect did not exceed Riiax,05/3,17 and Fmax.05/9,17 associated with either mala effect
and the interaction effect.
Tests suggested by Box to determine equality of the variancecovariance matrices and symmetry of the pooled variance-covatlance
matrix were performed to ascertain the appropriateness of applying
conventional univariate analysis procedures to data which reflect subject participation under more than one treatment level. The obtained
2
2
value of Xi = 8.636 was less than X QC lo ^ 21.026.

Therefore, the

hypothesis of equality of the nonrepeated measure's variance-covariance
matrices was found to be tenable.

Since the test for equality of the

variance-covariance matrices was insignificant, a test for symmetry of
the pooled variance-covariance matrix was performed. The obtained X2 ~
2
11.673 exceeded the critical X nc / = 9.488 value. Owing to the lack
.05,4
of symmetry associated with the pooled variance-covariance matrix, a
conservative F^ test was employed to test the effect of the repeated
measure.
utilized.

A procedure described by Geisser and Greenhouse (1968) was
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Descriptive statistics for the correct detection latency data are
shown in Table 7.

Data for correct detection latencies were subjected

to a split-plot analysis of variance (SPF 3.3) according to the procedures outlined in Kirk (1968).

The results of this analysis are

presented in Table 8, A significant main effect was found for both
relevant target characteristic symbol density, 1(2,51) = 4.852, ^ <
,01.

These findings are shown in Figures 4 and 5 respectively.
A priori tests of the relevant target characteristic symbol density

effect were conducted employing _t ratios (Kirk, 1968).
these tests are presented in Table 9.

The results of

There was not a significant dif-

ference between the correct detection latency performance of the low
symbol density group and the equal symbol density group.

Longer la-

tencies were noted for the high symbol density group when contrasted
with either the equal symbol density group or the low symbol density
group.
The same procedure was applied to the means of the relevant signal
characteristic number and combination groups. All orthogonal pairwise
comparisons were significant.

Decreased correct detection latency per-

formance occurred as a function of increased relevant target characteristic number and combination.

These results are presented in Table 10.

Partitioning of the correct detection latency data into its linear
and quadratic trend components is shown in Table 11. The significant
linear trend component accounts for 92,4 per cent of the relevant target
characteristic symbol density effect's variance, while the insignificant quadratic trend component accounts for 7.6 per cent of this effect's
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TABLE 7
DESCRIPTIVE STATISTICS FOR CORRECT DETECTION
LATENCY IN COMPLEX MONITORING TASK
Condition

Mean

Standard
Deviation

Variance

Low

3.161

1.081

1.169

Equal

3.363

1.253

1.570

High

3.919

1.374

1.888

One

2.466

1.039

1.030

One + Tv7o

3.825

0.953

0.908

Two + Two

4.153

1.150

1.323

A - Relevant Target Characteristic
Symbol Density

B - Relevant Target Characteristic
Number and Combination

variance.

Significant linear and quadratic trend components account

for 89.3 and 10.7 percent of the relevant target characteristic number
and combination effect's variance respectively.
A response surface for the data set, generated from the simple
main effects for the relevant target characteristic symbol density with
relevant target characteristic number and combination interaction, is
presented in Figure 6.

It provides and indication of the fit of the

interaction surface to the data, and visually confirms the finding that
the test of the interaction effect was not significant.

These results
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TABLE 8
t

ANALYSIS OF VARIANCE SOURCE TABLE FOR
CORRECT DETECTION LATENCY RESPONSES
Source

SS

df

MS

Between Subjects
A - Relevant Target
Characteristic Symbol
Density

16.658

Subjects W.Groups

87.549

8.329

51

4.852**

1.716

Within Subjects
B - Relevant Target
Characteristic Number
And Combination
A X B
B X Subjects U.Groups

Total

86.390

2*

43.195

1.006

4.024
67.414

102

0.660

262.037

161

1.627

65.356***

1.522

*The Conservative F Test for the B effect employs df = 1,51.
**p < .01.
***p < .001.
indicate decreased performance levels under conditions of both increased relevant target characteristic symbol density and relevant
target characteristic number and combination.
Post hoc it was determined that the power (Cohen, 1969) associated with the relevant target characteristic symbol density and relevant target characteristic number and combination effects was .30 and
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TABLE 9
ONE-TAILED t_ TESTS OF CORRECT DETECTION LATENCY FOR RELEVANT
TARGET CHARACTERISTIC SYMBOL DENSITY EFFECT

Comparison

Hypotheses

I'l

^•

^.

H,

LOW = EQUAL

H,

LOW < EQUAL

H,

EQUAL = HIGH

H.

EQUAL < HIGH

H,

LOW = HIGH

H,

LOW < HIGH

t Ratio
.802

2.206*

3.008*

^.05/2,51 " ^•^^•

TABLE 10
ONE-TAILED _t TESTS OF CORRECT DETECTION LATENCY FOR RELEVANT TARGET
CHARACTERISTIC NUMBER AND COMBINATION EFFECT
Hypotheses

t Ratio

H.

ONE = ONE + TWO

8.831*

H,

ONE < ONE + TWO

H,

ONE + TWO = TWO + TWO

H,

ONE + TWO < TWO + TWO

H,

ONE = TWO + TWO

H,

ONE < TWO + TWO

Comparison

^.

^.

^.

*^.05/2,102

= 1.66.

2.130*

10.955*
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TABLE 11
1

TREND ANALYSIS SOURCE TABLE FOR CORRECT
DETECTION LATENCY RESPONSES
Source

SS

df

104.207

53

16.658

2

8.329

4.52*-

15.400

1

15.400

18.290

1.258

1

1.258

2.621

87.549

51

1.716

157.828

108

86.390

2

43.195

65.356***

77.117

1

77.117

91.588***

9.273

1

9.273 19.319***

4.024

4

1.006

1.522

Diff In Lin Trend

3.105

2

1.553

1.844

Diff In Quad Trend

0.919

2

0.460

0.958

B X Subjects W.Groups

67.414

102

0.660

B X Subj W.Gps(Lin)

42.950

51

0.842

B X Subj W.Gps(Quad)

24.464

51

0.480

262.037

161

Between Subjects

Linear Trend
Quadratic Trend
Subjects W.Groups

Within Subjects
B
Linear Trend
Quadratic Trend
AB

Total

**p < .01.
***p < .001

MS
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.99 (a = .05, u = 2, n = 18 and f = . 23 and .70 respectively). The
strength of association (Kirk, 1968) for th^se effects was w - .05 and
,36 respectively.
In order to examine performance as a function of time while manipulating the previously described set of display complexity variables, a
repeated measures design was employed.

This design permitted investi-

gation of learning/fatigue/vigilance effects across time, and minimized
the effect of subject heterogeneity.

The intent of this analysis was

to evaluate the relative effectiveness of each level of the nonrepeated
treatment during the 11-minute and 20-second period associated with
each of the three test sessions.

The nonrepeated treatment scores re-

mained the same as for the previous split-plot analysis, while the
repeated treatment scores reflected performance for successive test
sessions.

The data for each test session contained scores obtained

under each level of the relevant target characteristic number and combination treatment.
Examination of the cell populations for number of misses indicated
a lack of homogeneity in form even after logical transforms had been
applied.

Cell populations for the correct detection latency scores

manifested essentially normal distributions.

The nonrepeated treatment,

the repeated treatment and the interaction effect yielded Fmax values
of 1.614, 1.185 and 2.893 respectively.

These values did not exceed

Rnax.05/3,17 and Fmax.05/9,17 associated with both main effects and the
interaction effect respectively.

Cell populations for number of false

alarms were highly positively skewed but homogeneous in form.

The
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scores were subjected to a log^^ transform.

Fmax values of 1.321,

1.392 and 2.151 for the nonrepeated treatment, the repeated treatment,
and the interaction effect respectively did not exceed critical Fmax
values.
Tests for equality of the variance-covariance matrices and
symmetry of the pooled variance-covariance matrix were performed for
both the correct detection latency and number of false alarms log.Q
transform scores.

For the correct detection latency measure the

hypothesis of equality of the nonrepeated treatment's variance2
covariance matrices was accepted since x-i = 8.431 did not exceed
2
X Qc A = 9.411. Since symmetry of the pooled variance-covariance
matrix was not demonstrated, a conservative F^ test was utilized to
test the effect of the within subjects variate (i.e. test session).
For the transformed number of false alarms scores equality of the
nonrepeated treatments' variance-covariance matrices was manifested
2
2
since x-i = 15.194 was less than the critical x QC -IJ v^l"^*

^^®

again symmetry of the pooled variance-covariance matrix was not shown
2
(X« = 10.449), and a conservative Y^ test was adopted in order to test
the effect of the within subjects variate.
Tables 12 and 13 contain descriptive statistics for the correct
detection latency and number of false alarms scores respectively.

Each

set of data was subjected to a split-plot analysis of variance (SPF 3.3)
as described by Kirk (1968).

The results of these analyses for correct

detection latency and number of false alarms log^^Q transform scores are
presented in Tables 14 and 15 respectively.

Table 14 indicates no
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TABLE 12
t

DESCRIPTIVE STATISTICS FOR CORRECT DETECTION LATENCY RESPONSES
IN COMPLEX MONITORING TASK - TEST SESSION ANALYSIS
Condition

Mean

Standard
Deviation

Variance

A - Relevant Target Characteristic
Symbol Density
Low

3.161

1.081

1.169

Equal

3.363

1.253

1.570

High

3.919

1.374

1.888

First

3.517

1.227

1.506

Second

3.454

1.285

1.651

Third

3.473

1.335

1.782

B - Test Session

significant within subjects variate effect was found for the correct
detection latency scores. Table 15 shows that a significant test session effect, F(l,51) = 5.095, £ < .01, was found for the number of
false alarms log^Q transform scores. This finding is also presented
in Figure 7.
A priori tests of the test session effect for the number of false
alarms log-^ transform scores were made using jt ratios (Kirk, 1968).
The results of these tests are shown in Table 16.

Fewer false alarms

were made during the last test session as compared to either the first
or second test sessions.

However, there was not a significant
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TABLE 13
DESCRIPTIVE STATISTICS FOR NUMBER OF FALSE ALARM RESPONSES
IN COMPLEX MONITORING TASK - TEST SESSION ANALYSIS

Condition

Mean

Standard

Variance

A - Relevant Target Characteristic
Symbol Density
Low

6.314

8.861

78.517

Equal

5.074

7.674

58.890

High

6.888

8.247

68.013

First

7.685

8.286

68.658

Second

7.018

9.355

87.516

Third

3.574

6.409

41.075

B - Test Sesssion

difference in number of false alarms when performance during the first
and second test sessions was contrasted.
Post hoc power and strength of association were computed for the
number of false alarms log,« transform scores. According to Cohen's
(1969) procedure, it was determined that power associated with the
within subjects variate was .50 (a = .05, u = 2, n = 18 and f = .30).
Strength of association (Kirk, 1968) for this effect was w = .05.
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TABLE 14
ANALYSIS OF VARIANCE SOURCE TABLE FOR CORRECT DETECTlOS
LATENCY RESPONSES - TEST SESSION ANALYSIS
Source

SS

df

MS

Between Subjects
A - Relevant Target
Characteristic Symbol
Density

16.658

Subjects W.Groups

87.549

8.329

51

4.852**

1.716

Within Subjects
B - Test Session

0.114

A X B

5.117

B X Subjects W.Groups

Total

2*

0.057

0.038

1.279

0.855

152.598

102

1.496

262.037

161

1.627

*The Conservative _F Test for the B effect employs df = 1,51.
**P < .01.
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TABLE 15
ANALYSIS OF VARIANCE SOURCE TABLE FOR NUMBER OF FALSE
^^^-^^^ LOG^n RESPONSES - TEST SESSION ANALYSIS
Source

SS

df

MS

Betv/een Subjects
A - Relevant Target
Characteristic Symbol
Density

0.553

Subjects W.Groups

8.716

0.276

51

1.621

0.170

Within Subjects
B - Test Session

2.754

A X B

1.100

B X Subjects W.Groups

Total

2*

1.377

5.095**

0.275

1.018

27.568

102

0.270

40.694

161

0.252

*The Conservative _F Test for the B effect employs df = 1,51.
**p < .01.
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TABLE 16
TWO-TAILED t^ TESTS OF NUMBER OF FAI,SE ALARMS LOG,
10
FOR TEST SESSION EFFECT
Comparison

*1

Hypotheses

\ -

«1 =
*2

*3

FIRST = SECOND

.769

FIRST = SECOND
SECOND = THIRD

2.173*

\ -

«r

SECOND = THIRD

»o=

FIRST = THIRD

H : FIRST = THIRD
1
*'.05/2.102 = ^•"-

t Ratio

2.962*

CHAPTER IV

DISCUSSION

The significant correct detection latency effects associated with
relevant target characteristic symbol density as well as relcwnt target characteristic number and combination Indicate that this limited
set of display complexity variables influences target detection performance.

Correct detection latency increases as a function of in-

creasing levels of both variables. The above-mentioned effects were
i

i

ii

•} 4 '4 M

quite substantial (p < .01 and .001 respectively). Figure 4 and Table
9 Indicate that the subjects performed somewhat similarly under the
low and equal relevant target characteristic symbol density conditions,
but exhibited a marked performance change under the high relevant tar-

Hfff

get characteristic symbol density condition.

One implication for dis-

play designers is that, when system operation requires short operator
latencies, careful consideration should be given to the allowable
density for relevant target characteristic symbols.
While the number of false alarms and number of misses measures
were not considered suitable for anlaysis of variance procedures, it
seems worthwhile to Inquire if the above error measures reflect performance similar to that obtained for correct detection latency.
Visual Inspection of curves, fitted to the relevant target characteristic number and combination group means for both error measures,
61
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describes performance almost identical to that obtained for the correct
detection latency measure, i.e., a dramatic and rapid performance
change associated with increasing levels of the relevant target characteristic number and combination variable. Neither the number of
false alarms nor the number of misses group means for the rele^nt target characteristic symbol density variable depicted any perfor^nce
differences.
These findings suggest that both detection latency and errors in
detection accuracy reflect the effect of manipulating relevant target
characteristic number and combination.

On the other hand, only detec-

tion latency shows the effect of manipulating relevant target characteristic symbol density.

Detection latency increases as a function

of increasing relevant target characteristic symbol density but errors
in target detection do not.

Apparently, increasing the relevant tar-

get characteristic sjmibol density does not qualitatively change the
detection task.

The task does not become more difficult or demanding

in the sense of requiring a different type of judgment.

As relevant

target characteristic symbol density increases there are simply more
symbols or items of concern to the observer.
detection time.

The result is increased

This interpretation is consistent with Neisser's

(1967) hierarchical model of information processing which will be discussed later.
Since all comparisons of the relevant target characteristic number
and combination groups were significant (as shown in Table 10), correct
detection latency performance was a decreasing function of increasing
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levels of the variable.

However, it should be noted that correct de-

tection latency performance associated with the one condition was far
superior to that associated with either the one + two or two + two
conditions.

This finding could be attributed to relevant background

item homogeneity.
For the one condition all relevant background items were homogeneous, while for both the one + two and two + two conditions, the
relevant background items were heterogeneous.

An additional relevant

target characteristic number and combination group could have been
presented.

It would have been characterized by all relevant items

exhibiting the same two relevant target characteristics.

This addi-

tional group would have allowed comparison of background homogeneity
groups which varied only in the number of relevant target characteristics represented in each item.

Methodological and experimental

constraints precluded inclusion of this group.

Still we may indirectly

address the question of relevant background item homogeneity/
heterogeneity.
Both the one + two and the two + two relevant target characteristic number and combination conditions were similar in terms of relevant background item heterogeneity.

In both cases the relevant back-

ground items represented an equal split of two different types of
relevant target characteristics.

Still, as shown in Figure 5 and

Table 10, comparison of the one + two and two + two groups showed a
significant performance difference.

This finding suggests that rele-

vant background item homogeneity/heterogeneity does not entirely
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account for the highly s i g n i f i c a n t relevant target characteristic n«nber and combination e f f e c t .
While designers of complex visual displays should keep in mind
the role of relevant background item heterogeneity, i t i s far more Important that they attend to the composition of the relevant target
c h a r a c t e r i s t i c item background.

Heterogeneous backgrounds character-

ized by one + two relevant target characteristics did result in performance different from that associated with heterogeneous backgrounds
consisting of two + two relevant target characteristic items.

If the

task involves a complex visual display denoted by a heterogeneous
relevant target characteristic item background, and, if mission success
d i c t a t e s short detection l a t e n c i e s , then the relevant target characteri s t i c item background should be structured to minimize the inclusion
of items which exhibit a r e l a t i v e l y high number of relevant target
characteristics.
It i s important to inquire i f target detection performance i s
simply a function of the t o t a l number of relevant target characteri s t i c s which characterize the relevant background items.

Figure 8

i l l u s t r a t e s the hypothetical simple main e f f e c t s of relevant target
c h a r a c t e r i s t i c number and combination and relevant target characteri s t i c symbol density, as a function of the t o t a l number of relevant
target c h a r a c t e r i s t i c s manifest by each treatment combination.

This

figure shows increasing slopes associated with increasing l e v e l s of
the relevant target c h a r a c t e r i s t i c number and combination variable.
Figure 9 shows the obtained simple main e f f e c t s for these variables.
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as a function of correct detection latency.

Curves, fitted to the

relevant target characteristic symbol density means for each relevant
target characteristic number and combination level, are also presented
in Figure 9.
Contrasting Figures 8 and 9 suggests that target detection performance is not simply a function of the total number of relevant
target characteristics present in the relevant background items. Performance is partially accounted for by relevant background item
homogeneity/heterogeneity.

Figure 9 indicates that the homogeneous

relevant background item condition (i.e. the "one" condition) produces
performance far superior to that obtained for either of the heterogeneous relevant background items conditions (i.e. the one + two, and
two + two conditions).

Further examination of Figure 9 shows that

none of the fitted curves are characterized by slopes as steep as those
posed in the Figure 8 presentation of total number of relevant target
characteristics. Apparently, increasing the density of the total number of relevant target characteristics present in the display does not
result in a dramatic increase in perceptual load—at least not an increase as marked as that predicted solely on the basis of total number
of relevant target characteristics available.
Perceptual load may be partially attributed to speed stress.
While the task employed in this study was experimenter-paced, the
stimulus presentation rate of one slide/eight seconds did not produce
a speed stress.

In fact, subjects assigned to the most demanding

density condition reported that they had sufficient time to examine
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the total display several times. A more rapid presentation rate might
produce a more dramatic picture of performance change for increasing
levels of relevant target characteristic symbol density. Replicating
the present study, while including manipulation of stimulus presentation rate, would address the contribution of speed stress to perceptual
load.
If the fitted curves of Figure 9 are manipulated so that the curve
associated with the "one" level of the relevant target characteristic
nimiber and combination variable is drawn closer to the remaining curves,
we see that the steepness of the slopes does increase as a fimction of
increasing levels of relevant target characteristic number and combination.

This feature is common to both Figures 8 and 9.

It should be

recalled that the trend analysis for correct detection latency, as presented in Table 11, indicated a highly significant (p < .001) linear
component for the relevant target characteristic symbol density effect.
This component accounted for 92.4 per cent of the effect's variance.
The findings of this study indicate that both the homogeneity/
heterogeneity of the relevant target characteristic item background and
the total number of available relevant target characteristics present
in the background affect target detection performance.
As previously stated, the primary concern of the present study was
to investigate the effect of a selected set of display complexity variables on target detection performance.

Still the temporal aspects of

alertness, associated with the prolonged monitoring of a complex display, were examined.

As shown in Table 15 and 16, and Figure 7, the
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number of false alarms decreaepH

/1T-QT«O«-^^

n

aecreaseo dramatically over repeated test sessions .
The function described by Figure 7 is not typical of findings reported in studies of simple monitoring tasks (Frankman & Adams, 1962).
The usual finding is that the frequency of false alarms decreases
dramatically early in a test situation requiring prolonged monitoring.
Later the decrease in false alarms is far less marked.

On the other

hand. Figure 7 shows a dramatic and continuing decrease in false alarms
throughout the entire monitoring period.

Clearly, when the target de-

tection task involves monitoring a highly complex visual display for a
prolonged period of time, the observer continues to show an Increased
ability to discriminate target from non target items.
Number of misses data, obtained for repeated test sessions, was not
regarded as appropriate for analysis of variance procedures. However,
scrutinizing the group means showed no change in number of misses as a
function of repeated test sessions.
Therefore, while the false alarm rate decreased as a function of
repeated test sessions, the hit rate did not change.

Also, as illus-

trated in Tables 12 and 14, correct detection latency did not change
as a function of test session.
These findings suggest that subjects become more accurate over time
in their ability to discriminate the presence of target versus non target items.

No doubt some familiarity with relevant target character-

istic number and combination occurred as a function of practice on the
task.

However, these effects were not manifest in either increased
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correct detection latency performance or increased hit rate.

In ac-

cordance with signal detection theory, if subjects adopted a more
stringent criterion across time, we would expect both a decrease in
number of false alarms and an increase in hit rate. The above findings
do not support this explanation.

The procedure employed in this study

used a small number of practice trials preceding each test session. A
high false alarm rate characterized the initial practice session performance of many subjects.
The improvement in false alarm scores, as a function of test sessions, may be simply a practice effect.

On the other hand, this finding

may indicate that the method employed for extracting information may
change as a function of time on task.

Egeth (1966) presented a schema

for classifying feature-analysis models for two-choice discrimination
tasks involving multidimensional stimuli.

"Serial" models provide for

successive dimension by dimension decision making.

"Parallel" models

assume multiple decisions may be accomplished simultaneously.

Neisser

(1967) has examined the role of serial and parallel feature analysis in
visual search.

He posits an hierarchical feature-testing model in-

volving different levels of analysis.

According to his model, decisions

can be accomplished in parallel at each level of his hierarchy, while
they are carried out serially at selected levels.

In terms of Neisser s

hierarchical model, items which are similar to the target in terms of
its defining characteristics require more extensive examination before
they can be rejected as non targets.

Items similar to the target will

pass several low-level classification tests, and will only be rejected
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when subjected to a higher level t e s t .
processing time i s demanded.

As a r e s u l t , more information

Neisser and his co-workers (Neisser, 1963,

1964; Neisser, Novick & Lazar, 1963) employed a target defined by mult i p l e a t t r i b u t e s and found that the similarity of the target to the
f i e l d had a significant influence on search rate with search rate decreasing as a function of increasing similarity between target and
field.
N e i s s e r ' s hierarchical model does not posit a s t r i c t serial versus
p a r a l l e l information processing dichotomy.

His model suggests that

subjects may shift from simple s e r i a l or parallel processing of informat i o n to a more complex mode of feature-testing.

The false alarm data

suggests that with increased practice subjects may alter their level of
analysis and extract information according to some previously unspecified s t r a t e g y .

The role of practice in effecting such a change in

f e a t u r e - t e s t i n g i s undetermined.
Referring to displays containing multiple t a r g e t s , Egeth (1967)
speculates, ". . . i t i s interesting to inquire whether i t is possible
for subjects to attend selectively to the targets and thus perceive
f i e l d items at a r e l a t i v e l y rudimentary level, if at a l l . "

Egeth's ob-

servation would suggest t h a t , with repeated practice, subjects may learn
to attend only to those display items which depict a l l the relevant t a r get c h a r a c t e r i s t i c s , i . e . , only the target item.

This interpretation of

the data i s as speculative as Egeth's original observation.
The f a i l u r e to find any significant change in correct detection
latency performance supports and extends previous findings by Adams and
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Boulter (1960), Montague, Webber and Adams (1965), and E l l i o t (1960).
The above i n v e s t i g a t o r s ' evidence was based-on the manipulation of r e sponse complexity.

The present finding of no s i g n i f i c a n t performance

decrement as a function of time i s associated with the manipulation of
d i s p l a y complexity v a r i a b l e s .
Of a n c i l l a r y i n t e r e s t was the r o l e of display symbol location as
a determiner of t a r g e t d e t e c t i o n performance.
a r e p r e s e n t e d i n Figure 2.

Display symbol locations

I t w i l l be recalled that the target symbol

was randomly assigned to a l l display locations during each test session.
While i n s t r u c t i o n s s t r e s s e d both speed and accuracy, search strategy was
not d i c t a t e d .

Referring again to Figure 2, display symbol locations 9,

10, 13, 14, 15, 17, 16, 11 and 12 were considered "inner" locations,
while d i s p l a y symbol l o c a t i o n s 1, 2, 5, 6, 7, 8, 3, and 4 were designated
"outer" locations.

Therefore, the display consisted of nine inner and

e i g h t o u t e r symbol l o c a t i o n s .

The question of i n t e r e s t was whether

t a r g e t d i s p l a y l o c a t i o n contributed s i g n i f i c a n t l y to t a r g e t detection
performance.
Data for c o r r e c t d e t e c t i o n l a t e n c i e s and number of misses were each
subjected to a s p l i t - p l o t a n a l y s i s of variance (SPF 3.3,2) according t o
procedures o u t l i n e d by Kirk (1968).

Number of false alarms was not a

meaningful measure for a n a l y s i s since the response measurement system
did not allow i d e n t i f i c a t i o n of the display symbol l o c a t i o n which the
s u b j e c t judged t o contain a t a r g e t item.

The nonrepeated treatment

s c o r e s remained the same as for a l l previous s p l i t - p l o t a n a l y s e s .

The

w i t h i n s u b j e c t s v a r i a b l e s were r e l e v a n t t a r g e t c h a r a c t e r i s t i c number and
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combination and display sjonbol location for the target item.
Both analyses manifest a significant (p < .05) three-factor interaction.

All three variables of interest relevant target character-

istic symbol density, relevant target characteristic number and combination, and display location for the target item, interacted to determine
both correct detection and number of misses performances.

Even though

the pattern of the interaction was complex, in general the results indicate that better performance obtaines for targets occurring at the
inner display symbol locations.
This finding suggests that if display designers have the option of
permitting the observer to change the display location of either his
vehicle or station, then targets should be positioned centrally on the
display, while the observer's frame of reference should be positioned
at an outer portion of the display.

CHAPTER V

SUMMARY AND CONCLUSIONS

Summary
Present-day visual displays are increasingly characterized by a
high degree of complexity; multidimensioned stimuli; updating which
usually occurs at short periodic intervals; relatively high object
density; suprathreshold signal intensities; signals of long duration
and relatively high frequency; and computer-generated symbolic items.
These display variables have considerably altered the observing task
which originally challenged Mackworth (1950) to investigate monitoring
performance.
To date, studies which concern themselves with the monitoring of
complex displays have emphasized the temporal aspects of alertness
and response complexity rather than detection efficiency associated
with selected display and task variables.

This has resulted in a

paucity of statements concerning those display complexity variables
which might significantly affect target detection performance.
The primary purpose of the present research was to examine a set
of display complexity variables which might significantly affect target
detection performance:

the number and combination of relevant target

characteristics present in the background of relevant items, and the
density of those symbols depicting relevant target characteristics.
74
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A secondary purpose was to investigate the role of the temporal aspects
of alertness associated with the prolonged monitoring of a complex
visual display.
Fifty-four male undergraduate students enrolled in an introductory
psychology course monitored a simulated cathode ray tube display.
Their task was to search a continually "on" display and determine if it
contained a target item.
characteristics.
graph key.

The target item exhibited three relevant

Target detection was indicated by pressing a tele-

Measures obtained were correct detection latency, false

alarm latency, number of misses, number of misses, and a composite
score:

number of total errors. A split-plot, repeated measures design

was used.

The between subjects variable was relevant target character-

istic symbol density:

Low (4 relevant items). Equal (8), and High (12),

The within subjects variable was relevant target characteristic number
and combination:

One (all relevant items contained only one relevant

target characteristic), One + Two (one-half of the relevant items contained one relevant target characteristic, and the remaining relevant
items exhibited two relevant target characteristics), and Two + Two
(one-half of the relevant items manifest two target characteristics,
while the rest of the relevant items contained a different pairing of
relevant target characteristics).
The results indicated significant relevant target characteristic
symbol density and relevant target characteristic number and combination effects for correct detection latency.

Correct detection latency

increases as a function of increasing levels of both variables.
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In order to examine performance as a function of time a split-plot,
repeated measures design was used. The within subjects vari*le was
test sessions:

First, Second, and Third.

The between subjects variable

remained the same as that employed in the prior analysis. Na significant sessions effect was found for correct detection latency scores.
However, a significant sessions effect was found for the nuiJber of false
alarms log-^ scores. Performance improved as a function of test session.

Conclusions
The results found in the present study indicate that the display
complexity variables relevant target characteristic symbol density and
relevant target characteristic number and combination significantly
affect target detection performance.

The relevant target character-

istic number and combination effect was attributed partly to the
homogeneity/heterogeneity of the relevant item background. This effect
was also considered the result of the particular composition of relevant target characteristics present in the relevant item background.
However, target detection performance is not solely a function of the
total number of relevant target characteristics present in the relevant
item background.

Relevant background item homogeneity/heterogeneity

also plays an important role.

It was hypothesized that speed stress,

as a determiner of perceptual load, may also partially account for target detection performance.
Subjects become increasingly accurate in their ability to discriminate targets from non targets with prolonged practice on the task.

^'I
p

77
Detection latencies are not significantly affected by prolong^
torlng.

The latter finding supports and extends previous rese«rcb
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