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The paper discusses the study of voluntary visual
attention (VVA), a relatively new area of active ex-
perimentation. VVA concerns "natural" viewing
behavior or visual browsing when the subject is
under no constraints regarding the distribution of
attention. This is contrasted with traditional studies
of directed visual attention, such as the typical
study of visual judgment in tachistoscopic research.
Discussed are (1) the logic of investigating VVA, (2)
a comprehensive set of constructs that are thought
to be of theoretical importance, (3) methods for
calibrating these variables in terms of treatment
parameters, (4) the logic of scaling both indepen-
dent and dependent variables, (5) a summary of
salient findings, (6) some recent findings not pre-
viously reported, and (7) an overview of the psycho-
metric issues in the study of VVA.

Traditionally, most investigations of vision
have concerned directed attention, in which the

subject is instructed to look at a target object
and make a judgmental response of some kind.
Studies of visual reaction time to various types of
words, of effects of stimulus intensity on binoc-
ular rivalry, and of perceived visual motion are
some examples. In these and other traditional
studies of directed attention, the subject is usu-
ally told where to look, what to look for, and how

to respond. Allied with this important tradition
of studies of directed attention, a new sub-area
of research has developed-that of voluntary
visual attention (VVA).
One type of VVA experiment concerns the

amount of time spent looking at different ob-
jects within a visual field B’Then there are no in-
structions regarding how attention should be
distributed. In other approaches, subjects view
displays one at a time, and are allowed to con-
trol freely the time looking at each. In essence,
VVA concerns &dquo;visual browsing&dquo;, or the &dquo;natu-
ral&dquo; distribution of attention when the sub-

ject is not under instructions to look at parti-
cular objects, to make judgments about them, or
to distribute his or her attention in any other

prescribed way.
Studies of VVA are part of an emerging in-

terest in exploratory behavior that has developed
over the last 20 years and has been evidenced by
a moderate amount of research. Nunnally and
Lemond (1973) summarized the place of VVA in
an overall model concerning the components of
exploratory behavior and presented a theoretical
scheme for VVA.

A very simple example from one part of a
major investigation (Wilson, 1973) will serve to
illustrate a typical study of VVA. The study con-
cerned the effect of the homogeneity versus
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heterogeneity of objects. In the most homo-

geneous displays, ten copies of the same face ap-
peared. In the heterogeneous display, ten dif-
ferent faces appeared. Essentially the subject
was allowed to look at each slide as long as he
elected, then push a button to move to the next
slide. The dependent variable was amount of
time in seconds spent viewing each picture. As
was expected, heterogeneous displays were

viewed longer than homogeneous displays. More
complex equipment, procedures, and visual dis-
plays are employed in the studies of VVA, but in
all cases the subject controls the distribution
and duration of attention.
Numerous psychometric issues have been en-

countered in our studies of VVA. Many of our
independent variables concern characteristics of
the visual stimuli, such as the effect of novelty on
VVA. In earlier studies, simple comparisons
were made of drawings of a novel object with
drawings of a banal counterpart, e.g., a dis-
torted shape of a cow as compared to an or-
dinary cow. In order to more fully understand
the effects of novelty and other stimulus char-
acteristics on VVA, scales were developed to
measure degrees of the stimulus characteristic in
question. For example, we developed scales to
measure novelty at five different levels and
scales to measure physical complexity at many
different levels. The development of such scales
involved numerous psychometric issues and ex-
periments on scaling. This paper will (1) intro-
duce readers who are unfamiliar with the topic
to the study of VVA, (2) summarize some theo-
retical points of view which represent the most
recent version of the authors’ thinking in that re-
gard, (3) describe a variety of psychometric
issues that arise in a research program of this
kind, and (4) summarize some major psycho-
metric evidence regarding research in this area.

Major Theoretical Constructs

By now there are numerous theoretical posi-
tions regarding the major determinants of vol-
untary visual attention, among which are

Berlyne (1960, 1966), Dember and Earl (1957),

Fiske and Maddi (1961), Fowler (1965), and
Nunnally and Lemond (1973). The senior author
and his colleagues began their investigations
about ten years ago based on a loosely conceived
cognitive point of view, which emphasized the
encoding of the visual stimulus as being pri-
marily important in determining amount of
VVA. By the term &dquo;encoding&dquo; are meant all of
the subprocesses involved in making sense out of
a stimulus-cietecting, identifying, recognizing,
naming, and associating the visual stimulus with
other stimuli &dquo;in the mind&dquo; of the viewer.

Broadly speaking, this is referred to as a mean-
ing-processing point of view, which concerns the
activity of subjects in attributing meaning to the
stimulus regardless of its characteristics.

This essentially cognitive point of view has
been opposed to a motivational point of view in a
variety of experiments. The motivational point
of view emphasizes specific emotional states

such as arousal or tedium. Both the cognitive
and motivational points of view have much to
contribute. But a rapproachment is required if
VVA is to be explored productively. The follow-
ing represents an abbreviated version of our

present point of view concerning the major cog-
nitive and motivational constructs relating to
VVA.

Cognitive Variables

. Information conflict. Information conflict

refers to competing cues for encoding, as we de-
fined encoding above. An example is a drawing
of a cow with the trunk of an elephant. To a
lesser extent, information conflict occurs at any
place in daily life where a visual stimulus, such
as a horse standing in the lobby of a hotel,
simply does not &dquo;fit&dquo; into the scheme of what we

already know or are accustomed to seeing. It is
our hypothesis that information conflict is a

powerful determinant of VVA and usually will
dominate any other variable that is present. Dis-
cussions of this point of view are given in Nun-
nally (1972) and Nunnally and Lemond (1973).
Number of representational elements. A

second cognitive variable concerns the number
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of thing-like objects that can be recognized in a
visual display. In studies of random polygons, it
became apparent that people were seeing all
kinds of things in what had been intended to be
random jumbles of lines that varied only in
terms of sheer physical complexity. In various
psychophysical scalings of these geometrical
forms, we obtained association hierarchies,
naming responses, and ratings of the number of
things that could be seen. Highly reliable differ-
ences were found among the stimuli in number
of things seen, and this variable correlated

highly with the complexity of the stimuli as de-
fined in information-theoretic terms. In ran-

domly constructed geometrical forms and in
some other materials used to study complexity
(e.g., dot patterns), it is best to speak of the
thing-like elements as quasi-representational,
because they are much like the elements that
can be seen in ink blot tests-that is, portions of
the figures remind people of things (e.g., a bird)
rather than being directly representative of
them. Frequently these quasi-representational
elements in visual displays have some informa-
tion conflict, which according to our hypotheses
would further enhance amount of VVA.

Complexity of physical attributes. In much
of our theorizing, the major emphasis was

placed on the meaningful components of the
visual stimulus as evidenced in the two variables
mentioned above, and the purely physical
characteristics of the stimuli were de-empha-
sized. This is in contrast to some other authors
who rely heavily on the purely information-
theoretic properties of the stimuli rather than on
meaning-processing. However, it became ap-
parent that there are some purely physical di-
mensions of stimuli that are determinants of
VVA. An example is in our extensive collection
of geometrical forms, where it was found that
some variance in VVA could be explained by
sheer complexity that could not be explained by
our other cognitive variables. By sheer complex-
ity we mean physical complexity one can meas-
ure in terms of length, angles, and number of
parts, and can thus be expressed in information-
theoretic terms.

Other physical attributes. We recognize the
possibility that there are other purely physical
attributes of stimuli that may be important in
determining VVA. Such variables are symmetry,
distribution of detail in the stimulus configura-
tion, contrast within the stimulus, and others.
For example, VVA may be elicited by sharp bor- -.
ders in terms of changes from black to white or
from one color to another.

Associations-cognitive. Part of our overall

concept of meaning-processing is that amount of
VVA depends upon the associates the individual
.has to the stimulus. Visual displays can be inves-
tigated by the typical method of free association,
and association hierarchies can be obtained. It is

hypothesized that information conflict is present
in any display where there are two or more
strongly competing associates, an hypothesis
which proved subsequently to be the case. How-
ever, there are probably many other cognitive as-
pects of association that are important. For one
example, the number of definite associates
should act like a number of representational ele-
ments to hold VVA. Also, the nature of these as-
sociates should be important; for example, the
associates themselves might vary in difficulty of
encoding. This category is specifically labeled
&dquo;cognitive&dquo; because later we want to mention
the effects of affectual associations on VVA.

Signal churucteristics-coguitivr. The term

signal is being used in its traditional sense to re-
fer to the information that an object supplies
about other objects or events. The primary ex-
amples are words, e.g., as on stop signs, bill-
boards, store fronts, and other places. Nonver-
bal signals are such as stone or wood markers
used by primitive hunters to signal directions,
distances, presence of game or dangers that lay
ahead. Berlyne (1971) presents an extensive dis-
cussion of the place of such signals in explora-
tory behavior generally, which includes VVA.
Here we distinguish between the cognitive com-
ponents of such signals and the motivational
components (discussed below). We hypothesize
that any object with signal characteristics draws
and holds VVA. For example, it seems that

people are compulsively drawn to read almost
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any visual material that comes before their eyes,
notice arrows indicating one-way streets, or gaze
at the movements of people that signal some
type of activity (e.g., many people crowding into
the door of a store). We regard these cognitive
aspects, of signals as another part of the overall
meaning-processing point of view about VVA.

Motivational Variables

The major motivational variables that are
considered in our overall conceptual scheme are
as follows.
Arousal. The construct of arousal (or activa-

tion) is usually indexed in terms of physiological
variables such as electrical activity of the brain,
heart rate, cortico-steriod levels in the blood,
GSR, and pupillary response. Berlyne (1971) has
based a theory of exploratory behavior around
the concept of arousal. Essentially the major
proposition relating to VVA is that there are op-
timum levels of arousal produced by visual con-
figurations which enhance amount of attention.
This optimum level depends upon the maturity
of the organism, various types of individual dif-
ferences, organic states at the moment, and nu-
merous characteristics of the stimulus itself.
Similar positions have been advocated by Fiske
and Maddi (1961), Dember and Earl (1957), and
others. All of these points of view are discussed
well by Berlyne (1971, 1974) in relation to aes-
thetics. 

_

Specific emotions. It is hypothesized that
the emotions evoked by visual stimuli are impor-
tant determinants of amount and kinds of VVA.
For example, in addition to the other variables

. that influence VVA, it probably makes a differ-
ence whether the visual configuration induces
anger, joy, disgust, sadness, surprise, and other
emotions. Effects of such specific emotions on
VVA have not been investigated to date, but will
be in the future.

Tedium. Various authors have emphasized
the influence of tedium or boredom in relation
to VVA (e.g., Cantor and Cantor, 1966, and
Fowler, 1965). It would be more proper to say
that tedium potentially explains why a stimulus

is not afforded much VVA. In its simplest form,
tedium is expressed as a direct function of expo-
sure time to a particular stimulus. So the theory
goes, tedium becomes conditioned to the
stimulus and obeys laws of classical conditioning
as regards repeated exposures, intertrial inter-
vals, and extinction over a period of non-rein-
statements of tedium. Although earlier studies
attempted to explain away any effects of tedium
on VVA (e.g., Faw and Nunnally, 1970, 1971), in
subsequent investigations (e.g., Lemond, 1973) it
gradually became apparent that the concept of
tedium might be important, particularly in

studies of prior familiarization of stimuli.
Signal characteristics - motivational. As

mentioned, some of the variables that have cog-
nitive implications can also have definite moti-.
vational implications. By motivational aspects of
signals we mean information that will help the
individual safeguard himself from unpleasant
events and/or lead him to desired outcomes. The

sign on the highway that says &dquo;Gas and Restaur-
ant Two Miles Ahead&dquo; provides information of
potential motivational importance. Nonverbal
signals, such as cars backed up on the road
ahead or physical signs of ill-health, can also
have motivational implications. We certainly hy-
pothesize that these motivational implications of
signals are important as determinants of VVA.
Associations-motivational. In addition to

their cognitive implications, the motivational

implications of visual displays potentially are
important in VVA. For example, in a painting
not only is there information to process, num-
bers of objects to view, arousal, and the various
other determinants of attention, but also what is

depicted in the display frequently has motiva-
tionally significant associations. There may be
reminders of events in childhood, a face resemb-

ling an important person in one’s life, or an ob-
ject that brings old memories that induce strong
emotions of one type or another. It is probably
the case that many of these motivation-related
associations are at low levels of consciousness,
such as cues that induce feelings relating to sex,
disgust, or personal agrandizement. This is a
difficult category in which to perform operation-
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alized research. But such motivationally-rele-
vant associations potentially are important in
certain aspects of VVA, particularly in aesthetic
preferences.

Measurement of Dependent Variables
in Studies of WA

VVA refers to any behavior which results in a

stimulus being fixated on, brought into view,
maintained in view, or voluntarily brought back
into view after it is gone. Although the methods
of investigation differ in terms of formal opera-
tions, all methods present the subject with one
or more visual configurations and, by one
method or another, allow him to view the stimuli
for varying amounts of time. The major differ-
ence among methods is that in some cases the

individual is shown a number of different visual

configurations at the same time on a screen,
whereas in others he is shown visual configura-
tions serially one at a time. Visual congigura-
tions include randomly constructed geometrical
forms, patterns of dots, drawings of novel

animal-like things, drawings of furniture or

other objects, and pictures of real-life objects
and social scenes. The major methods employed
in studies of VVA are as follows:

Gross head movements. Methods for the

study of gross movements of the head involve
simultaneously exposing subjects to several

stimuli, and forcing the subject to make a head
movement in order to focus on a stimulus. For

example, Faw and Nunnally (1968b) presented
stimuli on two viewing screens separated by
about three feet, and each child was seated in a
chair facing the screens. This forced the child to
make a gross head movement in order to bring
either of the two stimuli into view. Looking be-
havior was monitored through a one-way look-
ing screen from a separate room. The amount of
time spent viewing each stimulus in each pair
provided an index of VVA. The primary advan-
tage of this response measure is that it can be

employed in semi-naturalistic settings which
make viewing &dquo;natural.&dquo;

Visual fixations. A popular method of meas-

uring visual fixations has been employed by
Berlyne (1958) and Nunnally and his associates
(e.g., Faw and Nunnally, 1967). The details vary,
but essentially a small number of stimuli are
presented at a short distance (e.g., 60 cm.) from
the subject’s face. A chin rest or other device is
used to prevent gross head movements. The
stimuli are separated by enough distance to re-’-
quire the subject to make gross eye movements
in order to view any particular stimulus. Visual
fixations are either judged by a hidden rater
(e.g., Berlyne, 1958), photographed (e.g., Faw
and Nunnally, 1967), or video-taped (e.g.,
Lemond, 1973).
The primary advantage of studying visual

fixations is that the procedure is rather simple
and requires little understanding or physical ef-
fort from the subject. Lemond (1973) reported
an inter-judge agreement of 97% on the scoring
of video-taped records of the visual fixations of
adults. Another advantage is that it is very easy
to disguise the purpose of the investigation in
such a manner that the subject is unaware that
the amount of time spent looking at different
stimuli is important. In post-experimental test-
ing, it has been found that subjects are unaware
of which parts of the visual display they viewed
longer (e.g., Durham, Nunnally, and Lemond,
1971).
Instrumental viewing responses. A third ap-

proach to the measurement of VVA concerns in-
strumental responses made by the subject to
bring a stimulus into view or to keep a stimulus
in view. This includes such responses as button

pushing, bar pressing, and lever pulling. Many
different types of apparatus have been employed
for this purpose. For example, Berlyne (1957)
used a tachistoscope to present visual stimuli to
subjects. When the subject pressed a key, a
stimulus became visible for .14 second. Subjects
were allowed to view each stimulus as many
times as they wished. Various types of &dquo;looking
boxes&dquo; have also been employed, in which
the subject pushes buttons to light up different
screens on a box. Each screen illuminates a dif-
ferent visual configuration (e.g., Nunnally,
Duchnowski, and Knott, 1967). The data of in-
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terest using these instrumental viewing proce-
dures are the number of times or amount of time
the subject looks at each stimulus.
By far the most popular procedure for study-

ing instrumental viewing responses has been
that of &dquo;free looking time&dquo; (e.g., Leckart and
Bakan, 1965). With this procedure, subjects are
allowed to view a series of stimuli one at a time

through the use of a remote-control slide pro-
jector. A stimulus remains in view until the sub-
ject pushes a button which advances the pro-
jector to the next stimulus. An example is in
studying viewing time as a function of different
levels of complexity of geometric forms. Sixty
slides, each containing a geometric form at a
particular level of complexity are randomly or-
dered in a tray of slide projector. Subjects are
shown how to operate the remote-control switch
and are left to view the stimuli, freely distribut-
ing their viewing time. The data of interest are
amount of time spent viewing each stimulus.
The primary advantages of studying free look-

ing time over other types of responses is that it is
very simple, economical, and allows one to

gather large amounts of data in rather short
periods of time. A potential disadvantage of in-
vestigating free looking time is that the task may
appear rather trivial to adults. Also, children
may get lost in the sheer fun of manipulating the
projector, to the detriment of any findings re-
garding visual investigation. Neither of these has
appeared to be a major disadvantage in our in-
vestigations so far.

Absolute and Comparative Measures

An important distinction is between absolute
and comparative viewing time. The use of a free
looking time procedure is a cardinal example of
the former. Although there are subtle con-

straints on time spent viewing the stimuli, the
subject is under the impression that he can
spend as much time as he likes viewing each
stimulus. Thus, the stimuli are not obviously in
competition with one another as regards amount
of looking time. Several other methods involving
instrumental viewing responses are measures of

absolute looking time. In contrast, gross head
movements, visual fixations, and some intru-
mental viewing responses obviously involve com-
parative looking time. This is the case in any
situation where the individual is shown two or
more stimuli at the same time and the response
measure concerns the percentage of the time
spent looking at one stimulus rather than others.
One might expect that there would be important
differences in VVA in these two conditions, but
no important differences have been found to
date (see Nunnally and Lemond, 1973).

Instructions. The instructions given the

subject have been shown to play an important
role in determining visual investigation (see
Nunnally and Lemond, 1973). For example, data
frequently are different if instructions empha-
size pleasantness of the stimuli rather than re-
membering or otherwise encoding the stimuli. In
spite of the proven importance of instructional
sets, the specific instructions frequently are de-
scribed in scanty detail in research articles,
which makes it difficult to interpret the results
of many studies of VVA.

Selection, Construction, and
Scaling of Visual Stimuli

The theoretical scheme given earlier requires
the employment of a very wide variety of visual
stimuli. This is for two reasons. First, the nature
of the problem frequently dictates the type of
visual stimuli that are employed in the investiga-
tion. For example, if one is investigating cogni-
tive and emotional associations, copies of a wide
variety of paintings would be useful. Second,
many of the independent variables concern the
characteristics of the stimuli. To investigate the
effects of physical complexity, for example, one
must construct stimuli that vary systematically
in that regard.

Types of Stimuli Employed

Stochastically formed displays. In some

cases the visual stimuli are constructed on the
basis of probability models. This is the case for
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randomly constructed polygons, dot patterns,
and checkerboard patterns. Such displays are
constructed by a set of statistical rules rather
than by an intentional effort to depict represen-
tational objects. A simple example is that of

manipulating the &dquo;grain&dquo; of checkerboard pat-
terns. All of the patterns occupy the same
amount of space, e.g., 10 inches X 10 inches.
The grain of the figure can be manipulated by
the number of blocks into which the square is

divided, varying from only four blocks up to a
very large number. Specified percentages of
blocks can be filled in either randomly or with
some probabilistic contingency restraints. An
example is a coin being flipped to decide
whether each block is left vacant or blackened.
There are many types of stochastic models that
can be employed to construct stimuli with re-
spect to some of the purely physical properties
mentioned in our theoretical scheme.

Drawings. For many purposes, it has been

necessary to hire artists to construct figures spe-
cifically related to particular stimulus variables.
An example is in our studies of information con-
flict. We specified for the artist the cardinal fea-
tures that an object should have at each level of
information conflict (novelty), and he drew ver-
sions of the stimuli until they met our satisfac-
tion. In the study of pleasantness it was neces-
sary to have a series of outline drawings on a 5-
step continuum composed of female faces vary-
ing from very ugly faces to very pretty faces. (Of
course all such sets of stimuli necessarily were
subjected subsequently to psycho-physical scal-
ing studies prior to their employment in studies
of VVA.)

There are advantages and disadvantages of
employing outline drawings. One disadvantage
is that they are time-consuming and relatively
expensive. On some occasions it has been neces-
sary for the artist to draw several versions of the
same picture before it appeared suitable. The
second disadvantage is that there are many
kinds of stimuli that would be prohibitively com-
plex and would require the use of colors.
The major advantage of working with outline

drawings is that one can manipulate the parti-

cular stimulus variable in question and attempt
to hold constant possible confounding stimulus
variables. For example, there is so little detail in
some of the outline drawings that amount of de-
tail is not likely to be important in VVA. Since
they are all in black and white, obviously colors
and distributions of colors would not have an ion- -
fluence. By having the pictures drawn, one can
emphasize the particular feature being investi-
gated, e.g., the novel component. Also, with
drawings one can depict impossible things, as in
pictures we employ in studies of information
conflict.

Posed scenes. On a number of occasions we
have photographed posed scenes, such as a

parent spanking a child or a young man and
woman embracing. These were used to investi-
gate various affectual states. The advantage of
posed scenes over drawings is that, obviously,
they are much more lifelike and thus might have
stronger effects than outline drawings. However,
posed scenes have their problems also, parti-
cularly in controlling for unwanted and fre-

quently unsuspected confounding stimulus
characteristics.

Sample pictures from daily life. Studies of

VVA have used many pictures of scenes from
daily life, ones that either were photographed
specifically to meet some purpose or cropped
from magazines and other printed matter. We
presently are investigating 38 categories of real-
life scenes (with five pictures in each category).
The categories were formed in terms of our hy-
potheses about some of the determinants of
VVA mentioned earlier. In many cases we

photographed these in our environment, while in
other cases they were taken from magazines.
Works of art. Particularly for investigations

into variables relating to aesthetics, it is useful to
employ photographic reproductions of works of
art. One can do this either by making slides for a
very broad &dquo;sample&dquo; of paintings or by collect-
ing slides with respect to specified categories of
paintings which are intended to represent one or
more of the theoretical constructs mentioned

previously.
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Psychometric Requirements

Only persons who have one foot in psycho-
metric theory and one foot in experimental psy-
chology can appreciate the demands that these
two sub-disciplines place upon one another.

What sounds perfectly logical from one perspec-
tive proves to be patently impractical from the
standpoint of the other, and vice versa. Some of
the salient principles whereby these two subdis-
ciplines have been wedded in our research are as
follows:

Multiple levels. Theories concerning VVA
speak of various aspects of looking behavior as
being a function of certian treatment conditions
or characteristics of stimulus variables. The pio-
neering work in this area (e.g., Berlyne, 1960),
primarily involved showing pictures that repre-
sented only two levels of the variable in question.
For example, a comparison would be made of
the amount of time spent looking at the picture
of an ordinary house and a novel drawing of a
house. In other instances, only several levels of a
stimulus variable were investigated, such as sev-
eral levels of complexity.
Another problem relating to number of levels

concerns the range of stimuli employed in the in-
vestigations. When we started investigating the
physical complexity of random polygons, it was
not uncommon to see reports in journal articles
in which the highest level represented was 40
random sides. Now we are working with random
polygons that have up to 200 sides. A major ef-
fort of our project has- been to develop sets of
stimuli that varied widely and at numerous

points on the continuum of the particular
stimulus characteristic being investigated. This
permits us to make firmer, more general state-
ments about the nature of functional relation-

ships.
Scaling data. For the development of

stimulus scales, we relied on two types of data.
First, in some instances we could rely on the
physical properties of the stimuli. One example
is with our random polygons, in which complex-
ity could be measured in terms of the number of
random sides used to generate the figure.

Another example was in the number of different
encodable stimuli in a display, which was in-
dexed quite simply in terms of the proportions of
elements of different kinds that were shown.
Such physical properties served directly to de-
velop interval or ratio scales.

With most of the stimuli that we have em-

ployed, it is logically impossible to use as scaling
data any measurable physical properties. This is
illustrated with our drawings of incongruous
juxtapositions of animal parts with other ele-
ments such as an outline drawing of a cow with
symmetrical polka dots. Actually,. in informa-
tion-theoretic terms, the splotches on an or-

dinary cow would represent a higher level of
complexity than would the polka dots, but, of
course, the polka-dotted cow is responded to as
being much more novel. In the outline drawings
that we employ to depict various motivational
states, e.g., a child receiving a spanking, there is
nothing that can be measured physically by
ruler, photo-electric cell, or any other physical
process that would index the variable in ques-
tion. The only way to index novelty, motivational
states, associations, and most of the important
stimulus variables is in terms of subjects’ reac-
tions. Consequently, a large part of our research
effort has been dedicated to gathering responses
to our stimuli which then could be employed for
psychophysical scaling. These scales were subse-
quently used in studies of VVA. For this purpose
we obtained subject reactions of many kinds.
We relied heavily on rating scales, e.g., for the
measurement of pleasantness. Free associations
were obtained to scale stimuli in terms of some
of the variables relating to meaning-processing.
In our studies of incongruous drawings, children
were asked to rank-order the pictures within
each set from the most usual to the most un-

usual. In these and other ways, it not only was
practicable to employ subjects’ reactions as data
for scaling stimuli, but logically there was no
other type of data that could possibly have
served that purpose.
Need for replicate stimulus sets. In the in-

vestigation of any variable in our conceptual
scheme, it was necessary to employ more than
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one set of materials in each study. In a study of
effects of sets of incongruous drawings on

amount of looking time, we typically would em-
ploy four or more different sets, each of which
involved four or more levels of novelty. Similarly,
in investigating effects of different levels of com-
plexity as evidenced in randomly constructed
geometrical forms, we typically employed four or
more sets of stimuli that varied on as many as six
levels.

The reason for employing replicate sets of this
kind is to give the overall results a form of con-
tent generality, much as is traditionally involved
in the construction of psychological tests. We
could not trust the results that we obtained from
one set alone, simply because there may have
been something peculiar about the picture used
to represent a particular level or even about a
whole set of pictures. Looking through the liter-
ature on VVA over the last ten or so years, one
can find authors making much out of a partic-
ular dip in a curve or a final downturn; but fre-
quently these curves are based on one set of
stimuli only. One should employ multiple sets of
stimuli for any variable, and these should be
scaled psychophysically before studies of VVA
are undertaken.
Need four minimal overlap. Our investiga-

tions require levels of stimuli that barely overlap
in terms of scale properties. A cardinal example
is in respect to information conflict. We can not

employ such scales unless nearly all subjects
agree on the way on which stimuli should be
rank-ordered with respect to novelty. Similarly,
in our scales that are constructed in terms of

physical principles, it is necessary to employ
stimuli at each level (e.g., of complexity) that do
not overlap with other levels.. Without these
clean-cut differences between stimuli at adja-
cent levels on each scale, we could not expect to
obtain clear results in VVA.
Floor and ce!7~:g e~ecf. In developing stim-

uli, we frequently encounter natural floors in

which either one is working with a logical zero
point or one can not obtain a lower level on the
stimulus continuum in scales based on subjects’
ratings. One can not obtain a polygon with fewer

than three sides or a collection of objects less
heterogeneous than one in which all the objects
are alike. Similarly, in our scales that are ob-
tained primarily from the pretesting of subjects’
reactions to pictures rather than in terms of phy-
sical properties, we frequently found floor ef-
fects or logical zero points. For example, we can
not draw a picture of a cow that will be rated
clearly as more usual than the picture of the cow
that we presently employ in that set. Similarly,
in many efforts we have been unable to construct
a more bizarre concatanation of cow, elephant,
and airplane parts than the most incongruous
stimulus in that series. Logically, then, we have
covered the range from the bottom to the top,
which leaves little argument about what would
happen if stimuli were more extreme in either
direction. Some of our sets constructed in terms
of physical properties have been made so com-
plex or so extreme in terms of some other physi-
cal property, that it is doubtful that any practic-
able increases in scale values would result in dif-
ferent findings regarding VVA. -

Scaling techniques. We have found it

necessary to rely on only some very simple ap-
proaches to scaling. For example, we have en-
countered no case in which multidimensional

scaling would have been useful. Such scaling
methods are used when stimuli are expected to
differ from one another prominently on more
than one dimension and/or the cardinal dimen-
sions can not be specified in advance. Neither
has been the case in our investigations. Rather.
we have worked from a hypothesis-testing
model, in which our effort is to measure each
theoretical variable separately, e.g., information
conflict or complexity. We make efforts to purify
our stimulus materials of any other psychologi-
cal dimensions that might intrude themselves.
Also, the employment of replicate sets as. men-
tioned above helps to average out any confound-
ing stimulus variables that might by chance be
represented in one of the sets but not in others.
As mentioned above, some of our unidimen-

sional scales were developed directly from their
physical properties, such as levels of complexity
in geometrical forms and relative homogeneity
of elements of visual displays. The numerical
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characteristics of the displays themselves pro-
vide sensible scales, although in some circum-
stances we found that the overall nexus of lawful
relations among independent variables and with
dependent variables was simplified by syste-
matic .modifications of the intervals, e.g., we
found it mathematically convenient to work with
logarithmic values concerning complexity in
random polygons.
For our scales based on data obtained from

human impressions, it was not necessary to

apply any complex scaling techniques. All of the
scaling methods that have grown out of Thur-
stone’s law of comparative judgment did not
apply, because the research required nearly non-
overlapping distributions of individual differ-
ences. Consequently, where stimuli were based
on ranking we simply used the average ranks
over subjects as though they constituted an in-
terval scale. With scales based on ratings, e.g.,
9-step scales concerning judged pleasantness of
pictures, we simply took the average ratings to
form interval scales.

Measurement of Complexity
A Psychometric Case History

One of the constructs in our theoretical

scheme for explaining VVA is physical complex-
ity, which we have investigated extensively (see
Wilson, 1973; Wilson and Nunnally, 1973). Al-
though many types of geometrical configura-
tions have been employed to investigate effects
of complexity on VVA (e.g., random dot pat-
terns), randomly generated polygons have been
used most frequently. Such polygons usually are
described in terms of number of randomly con-
structed sides. A technique for generating such
polygons was developed by Attneave and Ar-
noult (1956), which we employed in some of our
earlier investigations. However, this method

proves quite awkward when generating polygons
that have more than about 40 sides. When we re-

ported findings in the literature relating degree
of complexity in random polygons and various
aspects of VVA, our critics frequently rejoined
that the reported relationship would have

changed in appearance if higher levels of com-

plexity had been employed, i.e. the typical in-
creasing monotonic relationship from three-
sided up to about forty-sided figures. To meet
this challenge we developed a semi-compu-
terized procedure for developing immensely
complex random polygons. The method is de-
scribed in detail in Wilson and Nunnally (1973).
The major steps in the procedure are as follows.
First, a computer is programmed to print con-
secutive numbers at random locations in a speci-
fied areas, e.g., one foot square. Second, by
hand, one connects all of the outside points, thus
producing a figure that includes all random

points within it. Next, one randomly selects pairs
of adjacent points on this outside figure and
creates a triangle by randomly attaching these
two points to one of the points within the figure.
This process is continued through various cycles
until the desired number of random sides are
constructed (the actual details are more complex
than this but straight-forward in practice).
An example of a 200-sided polygon is shown

in Figure 1. The only practical limit to the num-
ber of sides that one can produce in a polygon by
this method is the fact that in extremely complex
forms some of the sides developed by this
method are so small as to not be visually discern-
able. This method allows us and others to em-

Figure 1
A 200-Sided Randomly Generated Polygon

(from Wilson and Nunnally, 1973)
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ploy scales of physical complexity in random
polygons to any level that is needed to fully ex-
plore effects on VVA or other psychological
processes.

- 

mustrative Fmdings

Space permits only the summarizing of some
of the most pervasive and conclusive findings
from our investigations of VVA. More extensive
summaries and numerous references to parti-
cular experiments are given in Lemond (1973),
Nunnally (1976), Nunnally and Lemond (1973),
and Wilson (1973).
Information conflict. There is a monotoni-

cally increasing relationship between degree of
information conflict (an important type of

novelty) and amount of VVA. A typical set of
pictures used in such investigations is shown in
Figure 2. A typical set of results is shown in

Figure 3.

Figure 3
Relationship Between Levels of Novelty and Average

Viewing Time (from Faw and Nunnally, 1968a)

Representational elements. There is a

monotonically increasing relationship between
the number of different representational ele-
ments (thing-like objects) in visual displays and
amount of VVA (evidence summarized by Wil-
son, 1973).

Physical complexity. There is a monotoni-

cally increasing relationship between physical
complexity (e.g., as manifested in number of

random sides of a polygon or number of ran-
dom dots in a pattern) and amount of WA. The
measurement of physical complexity in geo-
metrical forms was discussed previously; a

typical set of experimental results is shown in
Figure 4. The levels of complexity shown there
are 3, 10, 20, 40, and 80 random sides expressed
in terms of loglo. We have unpublished data
showing that the monotonically increasing trend
continues up to 200 random sides.

Figure 4
Relationship Between Levels of Complexity
of Random Polygons and Average Viewing Time

(from Nunnally and Lemond, 1973)

Pleasantness. There is no general relation-
ship between subjects’ ratings of pleasantness of
stimuli and amount of VVA. Findings with one
type of stimuli do not hold with other types of
stimuli, e.g., rated pleasantness of female faces
versus outline drawings of scenes showing vari-
ous types of social interactions. There has been a

tendency throughout our studies (by no means
entirely consistent) for pleasant pictures to

dominate neutral pictures, but VVA with re-

spect to various levels of negative affect evi-
denced in ratings is unpredictable. There is
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some evidence from our studies (e.g., Faw and
Nunnally, 1971) that people compulsively stare
at some types of unpleasant pictures, parti-
cularly those concerning any type of human
harm.

Familiarization. With various experimental
approaches, numerous studies have been per-
formed on the effects of prior familiarization of
stimuli on subsequent VVA. It is quite conclu-
sive that familiarization reduces subsequent
VVA, both when stimuli are subsequently
viewed separately or when a familiarized stim-
ulus is paired in the same display with an un-
familiarized stimulus. However, there are many
puzzling features regarding these investigations
which do not fit any simple generalization be-
yond the observed major effect, e.g., our studies
show no effects of such prior familiarization on
subsequent ratings of pleasantness, and the ef-
fects of amount of familiarization in our studies
level off after only a few seconds rather than in-
crease monotonically.
Other findings. Many findings by us and

others on numerous experimental treatments
are referenced in the summary articles men-
tioned above. These include effects of various

physical characteristics of stimuli, of amounts
and kinds of sensory isolation, of instructional
sets, and of interposing various types of vigilance
tasks between trials of VVA. Some of the find-

ings from these investigations have been clear-
cut, but they have not been replicated or studied
as broadly as those in the five categories dis-
cussed above.

An illustrative Set of Relationships

Table 1 shows the results of a principal-com-
ponents factor analysis of a set of intercorrela-
tions of numerous variables in our theoretical
scheme and VVA. The first variable is viewing
time obtained from a group of 36 college stu-
dents, which as usual we have found convenient
to express in terms of log 10 of seconds. VVA
consisted of instrumental viewing responses em-
ploying a Carousel slide projector in the manner
discussed previously. A disguised set of instruc-

Table 1

Principal Components Factor Loadings for VVA
(Variable 1), Physical Complexity (Variable 2), and

Measures of Eight Variables that are

--- 

Theoretically Linked to VVA

tions was used in which subjects were told that
the visual stimuli were being made available
simply as an incidental part of a study of audi-
tory thresholds. The second variable is that of
number of random sides of polygons, which we
expressed as 1092 to fit information-theoretic
concepts. There were six levels of complexity, in-
volving random sides of 3,10, 20, 80, and 200 re-
spectively. The third variable concerns ratings
by subjects of the number of things that they
could see (representational elements) in each
geometrical form, which was rated on a scale
from 1 to 10. With the fourth variable, subjects
rated whether they mainly were responding to
one part of the geometrical form or to the whole
form in supplying a name for each stimulus
(whole was scored 1 and part was scored 0). The
remaining six variables were rated on a 9-point
continuum with 9 representing highly novel,
complex, interesting, confidence in giving a

name, and the improbability of encountering
something resembling the geometrical form in
real life. Variable number 10 involved pleasant-
ness of the geometrical form. Data for variables
3 through 10 were obtained from the responses
of 94 undergraduate students at Vanderbilt.
The full set of intercorrelations and numerous

other statistics relating to this investigation are
yet to be published. However, for current pur-
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poses, the important results are summarized in
Table 1. Unities were placed in the diagonal of
the correlation matrix before factoring, and no
rotations were necessary for the factors. The first
factor explained nearly all of the total variance.
Factor 2 is almost entirely a specific factor relat-
ing to rated pleasantness. Two principles are
very obvious here. First, rated pleasantness has a
very low relationship with VVA or any of the
other variables in the study. (In studying other
types of materials we have even found some sig-
nificant negative correlations between rated

pleasantness and VVA). Second, all of the other
variables correlate highly with VVA; and the
general factor explains most of the total vari- *-
ance. Some important findings are: (1) as we hy-
pothesized, &dquo;number of things seen&dquo; correlates
highly both with physical complexity and VVA;
(2) confidence in giving a name has an inverse
relationship with VVA; and (3) the more com-
plex the figure, the more the naming response
tends to be related to a subpart of the total
figure rather than the figure as a whole.
Two points remain to be made. The very high

correlations of our variables with looking time
and with one another is both bad and good. It is
always encouraging to find extremely high rela-
tionships with one’s major dependent variable,
VVA in this case, but the extremely high corre-
lations among the independent variables also
poses a problem for us. One way of looking at it
is that in such randomly generated geometrical
forms, constructs that we intend to study sep-
arately are &dquo;inherently confounded,&dquo; which has
forced us to construct special sets of materials
relating to complexity, novelty, and other vari-
ables in which the separate effects of these con-
structs could be investigated (e.g., as in the study
reported by Lemond, 1973). Second, this set of
results pertains to randomly constructed poly-
gons (and we hypothesize to other classes of
stimuli that have been used to date to investigate
complexity), but very different results might be
found with other classes of stimuli, such as those
that we use to investigate information conflict,
number of representational elements, and all of
the motivational variables.

Psychometric Challenges

The first author has long maintained that the
slow progress in the development of psychology
as a science has been closely related to the slow-
ness of developing adequate measurement

methods for the salient constructs in theories.

Psychology is overpopulated with fascinating
theories that never quite touch ground because
the major terms are not rooted in concrete meas-
urement operations, and this has been the case
in the study of VVA. Most of the studies have
been simple demonstrations (e.g., people will
look longer at a novel stimulus than a non-novel
stimulus), and for such crude beginnings one
does not need multi-point scales, replicate sets
of materials, and the other refinements required
for a careful investigation of functional rela-

tionships among and between independent and
dependent variables.
One can look back at the major constructs

mentioned in the theoretical scheme presented
earlier in this paper to see the many measure-
ment issues that will be involved in fully investi-
gating the major determinants of VVA. For
example, how does one measure specific emo-
tions, degree of information conflict, arousal,
and the other constructs in the scheme? Ac-

tually, it is not difficult at all to think of plau-
sible approaches to measuring these salient vari-
ables. The psychometric techniques mostly are
already available, and they grow out of the gen-
eral psychometric theory coming from classical
psychophysics, mental test theory, multivariate
analysis, and modem statistics.
Some of the variables that can be measured in

terms of direct physical properties simply have
not been sufficiently exploited. The variable of
arousal is a good example. The author and his
colleagues (Nunnally, Knott, Duchnowski, and
Parker, 1967) found that pupillary response is
an excellent measure of overall arousal, and this
can be measured simultaneously with the meas-
urement of amounts and kinds of VVA. This

makes the problem of equipment usage and re-
lated technical details more complex, but it is

entirely feasible. Both the cognitive and motiva-
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tional components of association can be investi-
gated, the former somewhat easier than the
latter, by methods of free association and other
techniques. Such is the case with the other con-
structs mentioned in the theoretical scheme: it
takes no great stretch of the imagination to
think of plausible inroads for their measurement
of subsequent use in experiments on attention.
Much of our lives are spent in visually

scanning the human and material environment,
and the relative amounts of time spent in look-
ing at different things &dquo;out there&dquo; are far from
random. Our investigations and those of others
have shown that there are some solid principles
relating measurable constructs to amounts and
kinds of voluntary visual attention, which gives
hope of resolving an even more precise and com-
plete network of lawful relations in the future.
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