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ABSTRACT

THE EFFECT OF HIGHLIGHTING ON THE
IDENTIFICATION PROCESS DURING VISUAL SEARCH

by Stephen Tse

The effect of highlighting formats has been shown to be situation specific and
dependent upon many factors and contextual variables. This study investigated how three
highlighting formats (color, blinking, and brightness) affected the identification process
when presented as either the targets or distractors. Also investigated was whether prior
exposure of information presented in a format had an affect on identifying subsequent
information presented in a different format. Twelve students participated in a speeded
two-choice response task that involved detecting a primed number presented in a certain
format. Results showed that subjects were quick to identify targets when their format was
bright or colored, and that performance was not adversely affected by the preceding
format. As distractors, bright and blink formats adversely affected the identification of
the target. Therefore, highlighting has tradeoffs and before applying highlighting in

visual displays, the context should undergo a critical evaluation.
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The Effect of Highlighting on the Identification Process During Visual Search

Since the amount of information displayed on a Visual Display Terminal (VDT) or
another type of medium may be unlimited, an inevitable consequence is clutter. When
searching a VDT (e.g., searching for an intruder aircraft on a cockpit display), critical
information must be detectable and not obscured by clutter. Therefore, designers are
faced with an inevitable tradeoff between information and clutter, since the more
cluttered the display, generally the longer it will take to detect the target (Wickens &
Yeh, 1997). Clutter is defined as “to fill or cover with scattered or disordered things that
impede movement or reduce effectiveness™ (Mish, 1988, p. 431). Not only does clutter
adversely affect visual search, but it also affects information readout (Wickens & Yeh,
1997). That is, it may be difficult to identify an acquired target because of cluttered
information that competes for attention. Therefore, clutter may lead to a “failure of
focused attention caused by the competition for processing resources between close
objects in space” (Wickens, 1992, p. 95). In aviation applications, display clutter and its
impact on detection and salience during visual search continues to be a critical issue
when time is crucial (Johnson et al., 1997).

Highlighting

One of the most researched techniques to resolve the clutter problem is the use of
various highlighting (HL) formats for making pertinent information more conspicuous.
Highlighting is simply the manipulation of certain elements in a display to segregate
items in one group from those in another group. By accomplishing this segregation,

human visual attention can filter wanted from unwanted information (Wickens & Yeh,



1997). In applied settings, where computerized visual displays are becoming more
prevalent, the use of HL has become increasingly relevant and important because its main
objective is to reduce the time to locate information by directing the user to the most
pertinent information. In other words, HL may have a bottom-up or exogenous control
over the locus of attention and has the ability to produce “pop-out” effects (Martens &
Wickens, 1995; Yantis, 1993) which makes the highlighted item distinct from other items
on a display. Because of this pop-out effect, the use of highlighting can direct the
observer’s scanning behavior toward these distinct items. Without highlighting, the scan
behavior may progress with a top-down or goal directed locus of control.

Research indicates that HL may improve information processing efficiency (Philipsen,
1994), attract and direct attention (Fisher, Coury, & Tengs, 1985; Fisher & Tan, 1989;
Spoto & Babu, 1989), increase target conspicuity (Thackray & Touchstone, 1991), and
facilitate the search process (Donner, McKay, O’Brien, & Rudisill, 1991; Fisher, Coury,
Tengs, & Duffy, 1989; MacDonald & Cole, 1988; Tan & Fisher, 1987). Therefore, the
goal of HL is to display pertinent information with clarity and salience and to capture
attention independently of clutter and density effects (Cahill & Carter, 1976). Since the
user is often required to search through a vast amount of information on various display
media to find a specific unit of information, the use of HL has the potential to facilitate
the search process (Tan & Fisher, 1987).

Highlighting Costs
Unfortunately, depending on the context and circumstance, HL also has the potential

to result in a performance decrement (Philipsen, 1994). In some cases, the use of HL



produces a search performance cost (Fisher & Tan, 1989). This occurs when an irrelevant
item (i.e., distractor) is highlighted and is more salient than the target. Therefore, a
performance cost may occur since viewing a highlighted distractor will prolong the time
necessary to detect the target. Fortunately, a highlighted distractor should only occur in
rare circumstances, if at all.

Another cost of the HL phenomenon occurs when the target (rather than a distractor)
is highlighted, but the type of HL format used is more of a detriment than a benefit. This
may have the potential to result in performance that is worse than would be without any
HL at all. Merely because an element is different and distinct from other elements of a
display does not necessarily lead to a faster search rate. One example is the use of
blinking. Blinking can be detected rapidly regardless of screen location because it attracts
attention, but blinking stimuli may be difficult to read which may delay the overall search
process (Thackray & Touchstone, 1991; Van Orden, Divita, & Shim, 1993).

In addition, highlighting too many items may be worse than having no highlighting at
all (Cahill & Carter, 1976). The pop-out effect of HL might be reduced if there are too
many items in a display that are highlighted. Furthermore, HL is often situation specific,
so what may be beneficial in one context may be a detriment in another. Therefore, many
factors will determine whether HL will serve as a benefit or a cost.

Highlighting Formats

A variety of HL formats have been investigated (Brown, 1991; Philipsen, 1994), but

only a select few have been found to facilitate the search process. Of the many HL

formats that have been investigated, the three that appear to most consistently facilitate



the search process are color, blinking, and brightness. Although these salient
discriminating features generally allow more rapid processing of important information,
in any given context, these three formats can produce costs as well as benefits.

Color. Color (chromaticity) has gained the most consistent support as an effective HL
format (Brown, 1991; Fisher & Tan, 1989; Kopala, 1979; Philipsen, 1994). Color has
been found to support discrimination (Martens & Wickens, 1995), reduce search time
(Thackray & Touchstone, 1991), enhance parallel processing (Van Orden et al., 1993),
and it can be effective in a wide variety of contexts (Periman & Swan, 1994).
Additionally, color can be used for a global figure-ground segregation and grouping. In
certain circumstances, color can provide a three-dimensional effect by chromostereopsis;
that is, viewed against a black background, reds appear to pop-out toward the viewer
while blues tend to recede (Preece et al., 1994, p. 93).

Christ (1975) conducted an extensive review of literature on the use of color coding
on visual displays. The most clear cut finding was that when the color was known in
advance and was unique for a specific target, color aided both search and identification.
Christ also concluded that when identifying a feature within a target, color increased
feature legibility compared to size, brightness, shape, and other parameters. However,
color was less effective in aiding detectability compared to location and alphanumeric
class.

An important caveat is that since color is a salient attribute, it may inhibit information
integration of non-highlighted items (Wickens & Andre, 1990). The use of color may

interfere with the speed of locating, and the accuracy of identifying, achromatic target



attributes (Christ, 1975), which could severely limit its use in contexts where color is not
the only feature of concem. In addition, searching for a set of targets is less cumbersome
if all are of the same color (Christ, 1975). Andre and Wickens (1988) found that when
participants had to integrate three relevant display parameters during an aircraft stall, it
was more disruptive to integrate the information when different colors were used
compared to a uniformly colored display. Finally, although color-coding may have
semantic meaning and population stereotypes (e.g., “red”” means danger), it does not have
an ordinal hierarchy, as does brightness intensity (Wickens & Yeh, 1997).

Blinking. Intermittent blinking (or flashing) has also gained its share of support as an
effective HL format (Thackray & Touchstone, 1991). The use of blinking can code either
inclusion or exclusion (Smith & Goodwin, 1971), direct attention to an otherwise
unnoticed target (Thackray & Touchstone, 1991), and in some cases, guide and cue
attention toward static non-blinking targets (Van Orden et al., 1993). Some studies have
indicated that blinking can improve search performance as much as 50% (Thackray &
Touchstone, 1991; Van Orden et al., 1993). In addition, Thackray and Touchstone found
that compared to either a color condition or a baseline control condition (i.e., non-
flashing, non-colored), blinking (4 hz 125-ms on, 125-ms off duty cycle) was detected
more rapidly regardless of screen location, changes in primary taskload, or monitoring
fatigue.

Despite the potential to capture attention, there is a consensus among researchers that
blinking should be used sparingly and possibly used only for warning purposes (Thackray

& Touchstone, 1991; Van Orden et al., 1993). Although use of blinking can direct



attention to unexpected targets, it can cause undue distraction and can also distract the
observer if it remains on the display for a long period. Another problem with blinking
occurs during identification. Specifically, blinking does not appear to adversely affect
detection or localization, but during the “off”” phase of a blinking cycle, the observer
sometimes cannot identify or encode the information (Brown, 1991; Fisher & Tan, 1989).
Therefore, identifying the optimal temporal parameters of blinking is important in
contexts such as in a cockpit where encoding altitude and heading information of other
aircraft in a timely manner is crucial for navigation and collision avoidance.

Brightness. Unlike blinking, brightness (luminance) can effectively highlight symbols
without causing much distraction (Van Orden et al., 1993). Brighter targets can be
discriminated from the background stimuli almost immediately through the preattentive
process (Thackray & Touchstone, 1991). Increasing the luminance to increase the
salience of a target can be advantageous, because at low luminance, targets are difficult to
detect (Lit, Young, & Shaffer, 1971). The effectiveness of brightness depends on the
baseline luminance of the elements on the display; generally, as the amount of luminance
increases, the target becomes more salient up to some asymptote. In addition, luminance
also depends on the contrast capabilities, illumination, and glare of the monitor
(Philipsen, 1994).

There are some drawbacks when using luminance to enhance salience. First of all, the
difference threshold (i.e., the smallest amount of difference in stimulus intensity in order
to produce a noticeable change in sensation) needed to discriminate different levels of

brightness is quite high; only a few levels of brightness intensity can be detected and



distinguished from others without increasing search time. Furthermore, these levels have
little if any consistent population stereotypes other than importance. Often, the brighter a
target is, the more important it is considered (Wickens & Yeh, 1997).

The use of color, blinking, and brightness HL. formats to facilitate the overall search
process have gained the most support in empirical research. Note that there are additional
“features” that are extracted early in visual processing such as size, tilt, curvature, and
line ends (Treisman, 1986). However, because of display requirements, some of these
features cannot be implemented in certain contexts (e.g., cockpit display). For example,
although motion appears to be a highly salient stimulus, it would be inappropriate in
symbolic displays that have positional requirements (Van Orden et al., 1993). Whichever
format is implemented (whether motion, blinking, curvature, etc.), it must still be used in
the correct context for HL to produce optimal performance.

Highlighting Effects on Identification

In a typical visual search task, once an item (highlighted or non-highlighted) attracts
attention, the observer will eventually need to identify the specific item. Whether
preceded by detection or other processes, the process of identification must eventually
occur in order to extract the information from the specific item. In many cases, a higher
level of cognitive processing must occur during the identification process such as word
recognition and categorization (Brown, 1991). For the purposes of the present paper, the
major focus is to determine how the legibility and readability of highlighted items affect
the identification process during target acquisition. If the information linked with the item

is not completely legible, then it will delay the response time to identify the stimulus and



take action. The legibility of information during the identification process is critical,
especially in the context of highlighting.
Effective Salience

The concept of salience is dependent on the relationship between the properties of the
target stimuli and the non-target background stimuli. Items that are salient on a display
may have the ability to capture attention automatically in a bottom up process (Yantis,
1993). The process of capturing attention can occur with or without the presence of a
certain stimulus property. Since tasks are goal dependent, what may be salient in one
context may not be as salient in another. For example, an empty seat in a theater may be
salient if the present goal was to find a place to sit. Conversely, if the goal was to search
for a particular person in a theater, the empty seat may no longer be salient since the task
has changed. In addition, a blank area on a radar screen may be salient since it is unused
space; this may capture an air traffic controller’s attention, since aircraft can be allocated
and redirected to the unused airspace. Similarly, having multiple aircraft within a certain
region of a radar screen can also capture attention, since the goal is to maintain a minimal
separation distance among several aircraft. Therefore, the ability to capture attention can
occur with or without the presence of a stimulus property. For the purpose of the present
experiment, salience is defined on how the presence (not the absence) of a stimulus
property is able to affect performance.

One of the major goals of HL implementation is to make important items appear more
salient. Otherwise, if the highlighted stimulus is not salient, it may not aid its

detectability. The HL formats that preattentively pop-out and attract attention are those



that are considered the most beneficial since they aid in the detection process. However,
because of its salient attributes, the usage of HL may actually hinder and delay the
identification process.

Highlighted Targets. Although a highlighted item may be different from the
surrounding stimuli and therefore capture attention, it does not necessarily lead to an
overall faster search rate. In other words, the added salience of an item may actually
hinder the process. Two examples of HL formats that benefit the detection process but
may delay the identification process are blinking and boxing (i.e., surrounding an object
with a frame of thin lines). When the targets are blinking or boxed, they are very
detectable, but during the identification process, problems of legibility may occur (Fisher
& Tan, 1989). As mentioned earlier, blinking consists of an on-off phase, which is a
highly effective way of attracting attention (Thackray & Touchstone, 1991). However,
there are different rates of blinking which may have differential effects during the
identification process. Employing a slow blink rate (1000-ms on, 1000-ms off duty cycle)
may delay the identification since during the 1000-ms off phase of the blinking cycle, the
observer cannot read the information since it would briefly disappear (Brown, 1991;
Fisher & Tan, 1989). A tentative solution would be to employ a fast blink rate (100-ms
on, 100-ms off duty cycle), but a rapidly blinking stiumlus is very distracting especially
when the task is to read the information (Van Orden et al., 1993).

In addition, the use of boxing with its enclosed frame may serve as a distraction to the
actual information (Fisher & Tan, 1989). Although it may be detected quickly, the boxing

HL format causes a masking effect, and may interfere when the observer reads the actual
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information. Therefore, no matter how attractive or salient a highlighted target is, the
search process may be delayed if difficulties in identification occur.

Highlighted Distractors. As mentioned earlier, there may be cases when a highlighted
item serves as a distractor, and not a target. Not only does viewing a HL distractor
lengthen the search process, but its salient presence on a display may hinder the
identification of non-HL targets. Fisher and Tan (1989) found that some HL items (e.g.,
boxing and reverse video) might draw attention away from a target item. Another
example is the use of blinking, which has been shown to distract the observer if it
remains on the display for a long period (Thackray & Touchstone, 1991).

If an irrelevant stimulus (i.e., distractor) is salient, it may be difficult to filter out and
may delay the reading of another object (Treisman, Kahneman, & Burkell, 1983).
Treisman et al. noted that when two separate objects are present, it might be difficult to
completely focus on one item because there is a competition for processing resources
from the adjacent item. This is derived from resource models of attention that propose
that there is a limited capacity of resources for mental activity with which people can
allocate their attention (Proctor & Van Zandt, 1994, chap. 9). Performance will suffer
when the demands of one task exceed attentional capacity. According to Treisman
(1983), when attending to a target positioned in close proximity to a distractor, the
distractor will interfere and attract processing resources away from the target.
Furthermore, if the distractor is salient, the interference will be more pronounced.
Therefore, HL has the ability to be distracting when it is applied to the non-target, which

may have detrimental effects on identifying non-HL targets.
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Effect of Prior Exposure on Identification

Treisman (1986) was interested in determining how an object’s unity could be
maintained when it transformed or changed location. Treisman devised a task that
involved two primed letters briefly flashed in the center of two separate boxes (for a
complete description, see Treisman, 1986). These empty boxes then shifted to a new
location, and a letter appeared in only one of the boxes. Treisman found that when the
final letter matched the primed letter and appeared in the same box, response time was
30-ms faster than when a different letter appeared, or when the primed letter appeared in
the opposite box. These findings indicate that it takes more time to create or update an
“object file” than it does simply to perceive the same object a second time. According to
this finding and the “Feature Integration Theory” (Treisman, 1992; Treisman, 1993),
when observers switch from one item to another, they are quicker to retain the same
feature maps (switching from a red stimulus to another red stimulus) compared to
switching between maps (red to green). Therefore, the question remains whether viewing
a highlighted item may actually delay the process of identifying another item because the
*“feature maps” of highlighted items vs. non-highlighted (or other highlighted) items are
fairly different. For example, there may be a delay when switching from a dynamic
blinking stimulus to a static white stimulus since the feature maps of the stimuli are quite
different. On the other hand, switching from a white to another white stimulus may be
quicker because the feature maps (of the preceding white stimulus) are still in visual
immediate memory and therefore, a recruitment of any new feature maps may not be

necessary.
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In a typical visual search task, a few items are often viewed before finding the actual
target. Whether prior exposure of an item can have an effect on viewing a subsequent
item has yet to be tested in the HL literature. Since highlighted items are intended to be
salient and different from surrounding stimuli, there may be an added delay when
switching from a salient item to a standard non-highlighted item, or vice versa. One
example that has shown to delay the identification process is the “reverse video” HL
format. Reverse video (foreground-background reversal in monochromatic displays) may
be a hindrance since there is a polarity reversal, which may delay the recruitment of
feature maps. For example, after searching through a display with white items on a black
background, a reverse video effect on an item will display a black item against a white
background. This will affect the consistency of the presentation and has been shown to
increase response time to identify the item (Philipsen, 1994). The increase in response
time may be attributed to the time necessary to recruit the new feature maps not only for
the foreground information, but also the background information.

The Present Experiment

The main purpose of the present experiment was to determine whether certain HL
formats affect participants’ identification of a target in conditions where 1) the target was
presented in a certain format, and 2) the distractor was presented in a certain format. In
addition, the present experiment attempted to investigate whether the prior exposure of an
item has an effect on viewing a subsequent item. Participants engaged in a speeded two-
choice response task that involved a target priming stage and a target search stage. The

target priming stage displayed a three-digit number in the center of the display. During
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the search stage, two numbers were presented in a certain format (e.g., bright and color).
Participants were required to detect whether the primed number was present or absent on
the display. In order to isolate the processing time associated with the identification
process, participants were instructed to focus and confine their attention to a certain area
in the display, before shifting attention elsewhere if necessary. The present study
attempted to answer the following specific questions:

I. Which HL formats (i.e., color, blinking, or brightness compared to a standard
condition) best facilitate identification? The goal was to determine how legible a target
was and how quickly a participant could read a target when it was presented in a certain
HL format. The identification process was tested in a condition where the target was
located in the center. In a trial, a number was primed in the center of the screen.
Following a 500-ms delay, two numbers appeared (one in the center, and one offset to the
side). In the process of detecting the target, participants were instructed to view the center
number before viewing the side number, if necessary. When the target was located in the
center, the main task for the participant was to identify the center number and indicate
with a keystroke that the target matched the primed number. Therefore, when the target
was presented in the center, the lowest response time would indicate which format
resulted in the quickest identification.

[t would appear that color would increase feature legibility compared to a bright or
blinking stimulus. When identifying a feature within a target, Christ (1975) found that
color increased feature legibility compared to brightness and other parameters.

Conversely, the HL format that should adversely affect identification would be the
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blinking stimulus. Blinking, with its dynamic qualities, is very distracting and may affect
the identification or encoding of information (Brown, 1991; Fisher & Tan, 1989).
Therefore, the first hypothesis of the present experiment was that color would aid in the
identification process and that blinking stimuli would adversely affect the identification
process.

2. Which HL format (i.e., color, blinking, or brightness compared to a standard
condition) hinders the identification process? In other words, how does an adjacent
highlighted distractor affect and interfere with the target identification? The condition in
which the target was located in the center was used to determine how highlighting
affected the identification of the target. However, the analysis will be on how the adjacent
offset distractor of a certain HL format will affect the identification of the center target.
Since participants were instructed to initially focus on the center number, there was no
need to view the offset number since the target was already found. Therefore, any effect
of the HL format of the offset number on a center target may indicate which HL formats
are distracting and salient enough that they were difficult to filter out.

Thackray and Touchstone (1991) found that blinking could be detected regardless of
screen location, changes in primary taskload, or monitoring fatigue. Although use of
blinking can capture attention, it can also distract the observer if it remains on the display
for a long period (Thackray & Touchstone, 1991; Van Orden et al., 1993). Therefore, a
second hypothesis of the present experiment was that a blinking offset distractor would
adversely affect identification of a center target (regardless of the HL. format of the

target), compared to the bright and color formats.
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3. What, if any, effect does prior exposure of an item have on viewing a subsequent
item? Specifically, is there a cost in switching from a “dim to dim” item, compared to
switching from a “dim to colored” item. Since HL items are intended to be different from
surrounding stimuli, there may be a cost when switching attention between “same” and
“different” items. Feature Integration Theory would suggest that retaining the same
feature maps when switching from feature to feature would be advantageous. Since the
primed number was always displayed in standard white (dim) format, the participants
should always start the search stage with this feature map. Therefore, when the target was
located in the center, participants should respond the quickest when the center number
was formatted in standard white as compared to the color, blink, and bright formats. The
third hypothesis was that it would be quicker to process the same format than a different
format, supporting the notion of feature maps in the Feature Integration Theory.

In summary, the main goal of the present experiment was to understand how three HL
formats, color, blinking, and brightness (compared to a control condition), affected
identification when the target was presented in a HL format, compared to when a
distractor was presented in a HL format. Also investigated was whether prior exposure to
an item would have an effect on viewing a subsequent item. In addition, since
participants were given specific instructions to confine their search to the center before
the offset number, a goal directed search (i.e., top-down) should have been adopted
during the task. However, the salient qualities of HL. may produce bottom-up effects.
Therefore, it will be interesting to determine how bottom-up processes affect the top-

down locus of control.



16
Method

Participants

Twelve university students participated in the present experiment. All received class
credit for participation.
Apparatus and Materials

A Pentium with a MicroScan 4G AO1 color monitor with a 35.3 cm diagonal screen
(640 x 480) was used for the present experiment. Viewing distance was approximately 75
cm.
Design

The present experiment was a 3 (target position: center, offset to the left or right, or
absent) x 4 (center format: color, blinking, brightness, or a standard white control) x 4
(offset format: color, blinking, brightness, or a standard white control) within subjects
design. A schematic representation of a typical trial is shown in Figure 1. The factor of
target position indicated where the target was located. The target could be presented in
one of three positions (i.e., the center, offset left, or offset right), or the target could be
absent (i.e., no target appeared). The target was present on 50% of the trials, and it was
absent on 50% of the trials. Of the target present trials, half of the targets were located in
the center, and half were offset to either side. The targets offset to the side had an equal
number of trials appearing in both the left and right side. The second factor of center
format had four levels, and it indicated which format appeared in the center position. The

four formats consisted of three HL formats (color, blinking, and brightness) along with a
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standard white control condition. In addition, each of the four formats could also appear
in the offset format position, which was the third factor.
Procedure

The critical parts of each trial included a target priming stage in which a number was
displayed, and a search stage, where participants were expected to detect the primed
target. The sequence for one experimental trial can be seen in Figure 1. A blank screen
appeared before the start of each trial (500-ms). Following the 500-ms delay, a number
(3207, *“350”, or “380") was primed as the target, appearing in the center of the display
for 1000-ms (i.e., target specification screen). The primed number was the target that
participants were asked to detect. Following this primed number, a blank screen appeared
for 500-ms. The following search screen displayed two three-digit numbers (one in the
center and the other offset to either the left or right side). These two numbers subtended 2
deg of visual angle when viewed from a distance of 75 cm. The combined distance from
the center of both numbers was 3.5 deg of visual angle. Either of these numbers could be
formatted in red, intermittent flashing, enhanced brightness, or a standard white (dim)
format. Note that the format provided no cue to target location. In other words, there was
no advantage by focusing on a particular format (i.e., color) since each format was
completely balanced and was designated as either the target or distractor an equal number
of times. Participants were instructed to locate the number that was primed as the target
and press “Yes” if it was present; if the participant did not detect the primed target
number, a “No” button was to be pressed. Response time was measured from the onset of

the search screen, until a button was pressed. Participants were instructed to search the
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center number first, then search the offset position if necessary. This instruction was
mainly to isolate and identify the processing time associated with identification when the
target was (1) in the center and (2) in the offset position. If participants followed this
instruction, the results would reveal how the bottom-up effects of HL formats can affect
the top-down locus of control. Feedback was provided for 500-ms immediately after the
participant made a response by either a pleasant “click” (i.e., correct) or unpleasant
“boing” (i.e., incorrect).
Dependent Variable

The dependent variables were the response time (RT) and accuracy to detect the
presence or absence of the primed number. Response time was measured from the onset
of the two three-digit numbers in the search screen (Figure 1) until the participant pressed
one of two keys on a keyboard indicating whether the target was present or absent from
the display. Half of the participants were instructed to use their right finger to indicate
target present, and their left finger for target absent, and the other half did the reverse.
Participants were instructed to respond as quickly as possible without sacrificing
accuracy. A 90% accuracy criterion for correct identification was set for data acceptable
analysis, and all participants met this criterion. Each participant received 16 blocks of 48
trials for a total of 768 trials, which took approximately 40-min to complete. Participants
received three one-min breaks during the 40-min session. Each block of 48 trials
constituted the 3 x 4 x 4 factorial combinations. Blocks were balanced for factors and

presented randomly with a half-sec duration between each trial.



20

Stimulus Characteristics

The three primed target numbers consisted of three digits (320, 350, or 380) and
varied randomly across trials. Either of the two numbers not used as the primed target
could serve as a distractor for a given trial. For example, Figure 1 shows a target present
trnial. Here, the primed number is 350, while the distractor number is 380. On a target
absent trial where the primed number is 350, the distractor number will be 320 and 380.
The three numbers were designated as either targets or distractors an equal number of
times.

The initial presentation of the primed target (i.e., target specification screen in Figure
1) was always displayed in standard white (i.e., control condition) on a black background.
On the search screen (Figure 1), the numbers were presented in any of the three HL
formats in addition to the standard white format. The font used for all numbers in this
experiment was Arial (24 point). The standard white format was dim white (RGB value:
180, 180, 180). The “bright” white format employed the maximum brightness level on a
desktop computer (RGB value: 255, 255, 255). Red (RGB value: 255, 0, 0) was used for
the color condition. Finally, a blinking format of Shz, 100-ms on, 100-ms off duty cycle
was implemented. The blinking format had the same intensity as the standard white
format (RGB value: 180, 180, 180.)

Results

The target-present and target-absent trials were analyzed separately. For the target-

absent trials, a 4 (center format: color, blinking, brightness, and standard white) x 4

(offset format: color, blinking, brightness, and standard white) repeated measures
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analysis of variance (ANOV A) indicated no statistically significant main effects or
interactions (Overall Mean RT = 754 ms). The response time and accuracy data for the
target-present and target-absent conditions can be seen in Table 1.

For the target-present trials, a 2 (target position: center and offset) x 4 (center format:
color, blinking, brightness, and standard white) x 4 (offset format: color, blinking,
brightness, and standard white) repeated measures ANOV A was conducted for all correct
responses (96.4% correct responses). One extreme outlier (RT = 23.5 s) was discarded
from the data set; all other response times were below 6 s. Analysis of the target present
trials indicated main effects for target position, F(1, 11) = 173.40, p <.001 (Figure 2),
and center format, F(3, 33) =3.37, p = .03 (Figure 3). For the center format main
effect, a subsequent Newman-Keuls post hoc analysis showed significant differences
between color and each of the other three format conditions, F(4, 33) = 3.83, p <.05;
color yielded the quickest RT. In addition to the main effects, a two-way interaction of
target position by center format approached statistical significance, F(3,33)=2.47,p=
.079 (Figure 4). Further analyses separating the two target positions showed a marginally
statistically significant effect for the center format when the target was located in the
center, F(3, 33) = 2.86, p = .052 (Figure 4a, marginal means derived from Table 1). There
was a statistically significant effect of center format when the target was located in the
offset position, F(3, 33) = 2.90, p = .05 (Figure 4b, marginal means derived from Table
1). A subsequent Newman-Keuls post hoc analysis showed a significant difference
between the color and bright format, E(4, 33) = 3.83, p < .05, with color yielding the

quickest RT. Finally, there was a two-way interaction of target position by offset
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Figure 2. Mean response time for the Target Position Main Effect (p. <.001).
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Figure 3. Mean response time for the Center Format Main Effect (p. = .03).
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format, F(3, 33) =4.09, p = .014 (Figure 5). Further analyses separating the two target
positions showed a marginally statistically significant effect of offset format when the
target was located in the center, E(3, 33) =2.87, p = .051 (Figure 5a, marginal means
derived from Table 1). There was no statistically significant effect of offset format when
the target was located in the offset position, F(3, 33) = 1.27, p = .30 (Figure 5b, marginal
means derived from Table 1).

The statistically significant main effect of target position (Figure 2) showed that the
targets in the center position (RT = 625 ms) were located more rapidly than the targets on
the offset position (RT = 741 ms). This finding was expected since participants were
instructed to search the center position first.

The statistically significant main effect for center format (Figure 3) indicated that
participants responded the quickest during the color condition (RT = 664 ms) compared
to the bright (RT = 687 ms), standard white (RT = 689 ms), and blinking conditions
(RT = 692 ms). Since there was an interaction of target position by center format, a
separate analysis is necessary to understand how the different formats affect the
identification process.

For initial understanding of the effects of HL on identification, it is informative to
analyze the target position by center format interaction. Figure 4a shows the response
times for the center format condition (collapsing across the 4 offset formats) when the
target was located in the center position. This condition mostly reflects with which
formats the target was easily identified since this was the participant’s first fixation of

any relevant information. Remember that participants were instructed to search the center
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position first, and therefore there was no need for the stimulus to attract attention since
attention was aiready allocated there. Since the target was located in the center, there was
no need for participants to switch from the center and identify the side since the target
was already found. Therefore the main task during this condition was to identify the
center number and make a response. Participants responded more quickly when the target
in the center was bright (RT = 612 ms) or colored (RT = 617 ms), compared to the
standard white (RT = 631 ms) and blinking formats (RT = 638 ms).

Figure 4b shows the response times for the center format condition (collapsing across
the four offset formats) when the target was located in the offset position. This condition
may involve several processes. In this condition, the participant would initially identify
the center number, and then switch away from it since it was not the target. The target
was located offset to the side, and therefore, while participants were in the process of
identifying the offset number, the center number was now a distractor. Participants
responded the quickest when the format in the center was color followed by the blinking,
standard white, and bright (RT = 711, 746, 747, 761 ms respectively) formats. A
Newman-Keuls post hoc analysis showed a significant difference only between the color
and bright format.

To analyze the affect of the center format conditions on the identification of the offset
target conditions, it is necessary to eliminate the response times that are attributed mainly
to identification. Subtracting the valid response times for the center target from the offset
target conditions provides a first indication of which formats were distracting and

difficult to filter out. The resulting means for the standard white, bright, color, and blink
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formats were 116, 149, 94, and 108 ms, respectively. Therefore, it appears that the bright
format of a center distractor was very distracting and difficult to filter out. On the other
hand, when the center distractor was red, the quickest response times were recorded
which indicates that it was not very distracting or salient when attention was focused on
the offset target. Note that this is just an inference, and other factors such as the amount
of movement time to switch to the offset position may also play a role. Otherwise, the
center format conditions (Figures 4a and 4b) initially support the assumption that color
was efficient in terms of identification and was not salient when it served as a distractor.
What may be interesting is the tradeoff of the bright HL. format. When analyzing the
center format conditions, the bright format in the center yielded the quickest response
time when the target was in the center, but it yielded the longest response time when the
target was on the offset position. This may indicate that although bright items were quick
to identify, they were very distracting and difficult to filter out.

A significant interaction was found for the target position by offset format. Figure
5a shows the response times for the offset format condition (collapsing across the four
center formats) when the target was located in the center position. This condition mostly
applied to how adjacent salient distractors affect identification, and specifically indicates
which formats were distractive enough that they were difficult to filter out. Note that if
the target was in the center position, there was no need to fixate at the offset position
since the target was already in the location to which attention was directed. In other
words, there was no need to switch to the offset position. However, this apparently does

not mean that the distractor on the offset position failed to play a role. Possibly, the



30

format on the offset position could have been distracting and difficult to filter out.
Although marginally significant, the bright (RT = 638 ms) and blinking HL. formats (RT
= 638 ms) on the offset position resulted in longer response times. This suggests that
these two formats were salient enough to distract processing of the center target
compared to the color (RT = 605 ms) and the standard white formats (RT =617 ms). In
other words, the bright and blinking formats were difficult to filter out, which delayed
participants from quickly identifying the desired (center) target.

There was no significant effect for the offset format when the target was located in the
offset position. Figure Sb shows the response times for the offset format condition
(collapsing across the 4 center formats) when the target was located in the offset position.
Since the target was located offset to the side, the side number was the second number
viewed. Therefore, after identification of the center number (i.e., distractor), participants
would need to switch to the side and identify the offset number (i.e., target).

Discussion

The main purpose of the present experiment was to determine whether certain HL
formats affect participants’ identification of a target in conditions where 1) the target was
presented in a certain format, and 2) the distractor was presented in a certain format. Also
investigated was whether the prior exposure to an item had an effect on viewing a
subsequent item. Analyses of the data indicated that there were tradeoffs for some

formats as a function of their salience.
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Effective Salience

One of the major goals of HL implementation is to facilitate the detection process by
making important items appear more salient. Although a salient item may facilitate the
detection process in a visual search task, the present experiment found that some salient
HL formats adversely affected the identification process.

Highlighted Targets. The first goal of the present experiment was to determine how

legible a target was and how quickly a participant could read a target when it was
presented in a certain HL format. Colored targets were hypothesized to increase feature
legibility. Color targets as well as bright targets were found to be more readable and
legible compared to the blinking and standard white formats. This was based on the
finding that the color format in the center yielded a lower response time when the target
was also in the center (Figure 4a). Therefore, part of the first hypothesis was supported in
that color aided the identification process. The finding that color was efficient in terms of
identification is consistent with previous studies (Luder & Barber, 1984; Tan & Fisher,
1987). In addition, Luder and Barber tound that color provided a significant advantage
for identification when the search task was less demanding, as it was in the present
experiment.

Bright targets were also quick for participants to identify. Brown (1991) tested several
HL formats under the identification stage and found that greater levels of brightness-
contrast reduced search times. The bright HL format in the present study, employing an
increase of 30% luminance intensity over the standard white format, and a RGB value of

255, 255, 255, was the maximum brightness intensity for a desktop computer.
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Furthermore, the bright HL. format was displayed on a black background, and viewed in a
dimly lit room. This combination of factors most likely facilitated the identification
process, since luminance is dependent on the contrast capabilities of the monitor,
illumination, and glare (Philipsen, 1994).

Blinking, with its dynamic qualities, was hypothesized to adversely affect
identification. Indeed, blinking was found to hinder the identification of information
since it yielded the longest response time when the target on the center was blinking
(Figure 4a). This finding is not surprising since there was a 100-ms on, 100-ms off duty
cycle, which possibly affected the identification stage. A 100-ms on, 100-ms off duty
cycle is considered a fast blink rate, and this rapid temporal modulation is very
distracting especially when the task is to read the information. If the goal was to increase
the legibility of information, a slower blink rate would be recommended (i.e., 1000-ms
on, 1000-ms off duty cycle), but identification can only occur during the “on” phase of
the blinking cycle. Unfortunately, employing a slower blink rate may possibly delay the
detection process.

The deterioration of identification associated with the blinking HL format supports
part of the first hypothesis of the present experiment. In addition, the negative effects of
blinking on identification were also reported in previous studies (Fisher & Tan, 1989,
Smith & Goodwin, 1972). Blinking is optimal when a target needs to be localized and
detected, but not for identification because of its on-off phase (Fisher & Tan, 1989).

Highlighted Distractors. The second goal of the present experiment was to test how

the identification process is hindered when a distractor is presented in one of the HL
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formats. This condition might have indicated which formats attracted attention and were
salient enough that they were difficult to filter out. In terms of salience, the color format
did not appear to be too distracting. When the target was located on the center, the color
format in the offset position (Figure 5a) did not adversely affect the identification of the
center target compared to the bright and blinking formats. This indicates that color was
fairly easy to filter out and did not attract as much attention. Therefore, it appears that it
is possible to preattentively filter out color. Brown (1991) found that color was beneficial
for drawing attention to a specific location in a display. However, in that study, color was
used with an enclosed frame (i.e., boxing), and this redundant coding possibly facilitated
the search process. Kopala (1979) noted that the performance advantage with color might
be greater with more complex and task demanding displays. Kopala used color coding for
a flight performance task in a highly dense situation display. The present study was very
simple involving only two items, and therefore, the salience of color was not fully
maximized.

As stated earlier, blinking as a HL format was very beneficial for attracting-distracting
attention. Thus, the second hypothesis was that a blinking offset distractor would
adversely affect identification of a center target. The blinking distractor in the offset
position was found to delay participants from identifying the center target (Figure 5a).
The offset blinking distractor may have attracted processing resources away from
identifying the center target. In other words, there may have been a filtering cost that
elevated the response time. Blinking was very attractive and may have provided visual

separability on the display. Therefore, the second hypothesis was supported in that the
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distractor blinking format adversely affected the identification of a target. This finding
supports previous studies which indicated that blinking is a highly effective way of
attracting or distracting attention (Smith & Goodwin, 1971; Thackray & Touchstone,
1991; and others).

Markowitz (1971) noted that blinking could provide the most discriminable stimulus
when there is temporal and spatial uncertainty, combined with a high taskload. The
present experiment provided temporal and spatial certainty combined with a low taskload
and blinking was still discriminable. Therefore, blinking is very attractive and can be
found quickly in most types of display media. Thackray and Touchstone also found that
blinking targets can be found quickly anywhere in the display including the periphery.
However, they noted that blinking is such a strong and compelling cue that its attractive
features must be weighed against its possible potential for distraction. Blinking items are
very difficult to filter out, and they can distract observers, making searches for non-
blinking items more difficult.

To preserve the legibility of important information, there have been suggestions to
present important information in a steady, legible form while attaching a blinking
stimulus in near proximity to attract attention (Smith & Goodwin, 1971). One way of
accomplishing this is to employ a blinking arrow in close proximity to a static non-
blinking target. This would appear to preserve the legibility of the important information,
while still having the perceptual salience of the proximal blinking feature. However,
based on the resuits of this study, blinking is distracting and difficult to filter out.

Although a blinking arrow may guide attention toward a non-blinking target, once
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attention is shifted to the correct location, the blinking stimulus may be difficult to filter
out and could continue to occupy some attention resources. Future research is needed to
resolve whether a blinking stimulus in close proximity to a target will be a benefit or a
detriment.

Brightness had very similar effects to blinking in terms of attracting attention. The
bright HL format was also salient and had the ability to attract or distract attention when
it was not the object of focus. This was supported when the distractor bright HL format in
the offset position delayed identification of the target in the center (Figure 5a). Therefore,
problems will arise when features other than targets are salient, since these distractors
may inhibit the focus of attention on surrounding material.

Effect of Prior Exposure on Identification

The third interest of the present experiment was to understand if the exposure of a
previous item has an effect on viewing a subsequent item. Specifically, how does viewing
the primed number in standard white affect viewing the center target (during the search
screen) in a different format? This is a concept adopted from the Feature Integration
Theory (Triesman, 1986; Triesman, 1992; Triesman, 1993) that suggests that it takes
longer to create or update an object file of a new item than it does simply to perceive the
same object a second time. The theory postulates that in order to perceive individual
objects in the external world, visual attention will need to locate and integrate one or
several feature maps in order to represent the object attended to. A quick synopsis of

feature maps is provided.
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Treisman’s notion of feature maps (Treisman, 1993, Treisman & Souther, 1985) are
the lowest level that appears in a recognition framework, and originate as the visual
system codes a certain number of simple and useful properties in a *“‘stack’ of maps.
These maps have evolved as a result of detectors responding in parallel to the different
features across the visual scene. Perceptual features such as color, orientation, and shape
are separately registered in these different maps. For example, if a visual stimulus
consisted of a purple square, at minimum, one would need to integrate a color (i.e.,
purple) and shape (i.e., square) feature map in order to represent the purple square. As
there are different maps between features (e.g., color, orientation, and shape), there may
also be separate maps within dimensions (i.e., different shades of a certain color). To
visualize a purple square, hypothetically one may need to integrate as many as six

9 66

different maps just to perceive a “purple’” “square”: two color maps (i.e., blue and red),
two maps for vertical lines, and two maps for horizontal lines (i.e., to form a square).
Therefore, the feature maps coded in our visual system may have an infinite number of
levels. Since highlighted items usually consist of additional features, the theory would
suggest that more maps would need to be recruited to represent the new highlighted item.
The question remains whether these additional features will require more time to recruit
(and therefore lengthen response time). Since each highlight format has distinctive
features that make them unique, some highlight formats may be quicker to recruit than
others.

According to the Feature Integration Theory, when switching between items of

different attributes (e.g., color and blink items), there would be an added delay when
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viewing the subsequent item since it consists of a set of different feature maps. This was
supported in one of Treisman'’s studies (Treisman, 1986) mentioned earlier in which
viewing a new item took 30-ms longer compared to viewing the same item twice.

On the contrary, the present experiment found some different results that may be
difficult to interpret when compared with the Feature Integration Theory and Treisman’s
(1986) findings. The present experiment found that it was quicker to process a different
HL format than the same format, thus opposing the third hypothesis. In a typical trial
sequence in the present experiment, a number in standard white format was primed in the
center of the screen. Following a half-second delay, two numbers appeared (one on the
center and one offset to the side). When targets were located in the center (which
comprised 25% of all trials), this indicated that the number matched the primed number.
The only difference was that the number could be presented in one of four formats (i.e.,
color, blink, bright, or standard white). According to Treisman’s findings, the standard
white format should have produced the quickest response time, since the primed number
was also displayed in standard white; therefore, it was not necessary to recruit any feature
maps and create a new object file. However, this was not the case. The quickest formats
to process were the bright and color formats.

Obviously, there are differences in the present experiment and the task employed by
Treisman (Triesman, 1986). The current task involved numerics coded with different HL
formats, whereas Treisman’s task only used letters. In addition, for those 25% of the
center target trials, the primed number appeared in the same location masked by a half-

second delay, whereas the letter in Treisman’s task shifted to a new location. A
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reasonable suggestion would be that participants in the present experiment viewed the
target as a new item, instead of the same item masked by a temporary delay. Therefore,
there was a need to re-update the object file. If this is not the case, and participants
interpreted both numbers as the same object, it is interesting why the standard white
format did poorly compared to the color and bright HL. format. The feature maps for the
standard white format should have still been in visual immediate memory, and this would
have facilitated processing when the primed number was perceived the second time in
standard white. Perhaps one shortcoming of the present experiment was that the primed
number was always displayed in standard white, and never primed in any of the other
three HL formats. Therefore, participants may have “tuned out” the standard white format
and solely focused on the three-digit number. Otherwise, the findings from this
experiment may suggest that some highlighted formats are quick to process, regardless of
whether that item was previously viewed. Furthermore, Triesman and Souther (1985)
indicated several features that were extracted early in visual processing; two of these
included color and contrast (i.e., brightness), which lends support to the findings of this
study. Therefore, although the present experiment was not a direct test of the Feature
Integration Theory, the data indicates that certain highlighted formats (with its additional
salient features) can be quick to identify when compared to the control condition.

Voluntary vs. Involuntary Search

The findings of how certain highlight formats affect the identification process may
have some important implications in search behavior. The control of spatial attention

during visual search can be either voluntary or involuntary (Remington, Johnston, &
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Yantis, 1992). Voluntary search occurs as the observer employs a goal directed search.
Attention is shifted to certain items on the visual display in a voluntary manner based on
the observer’s deliberate intent. This is often referred to top-down or endogenous control
over the locus of attention (Yantis, 1993). Therefore, visual search is assumed to be under
conscious, strategic control of the observer.

[n contrast, involuntary search occurs when search behavior is “guided’ without the
observer’s deliberate intent. Involuntary search is stimulus driven and attention may be
redirected if salient items capture the observer’s attention. This is often referred to as
bottom-up or exogenous control over the locus of attention. This behavior is quite
reflexive and automatic, and properties of the stimulus can capture attention
independently of the observer’s intentions (Yantis, 1993).

Effective information selection during visual search will depend upon a balance
between both voluntary and involuntary search. There are several debates over which
locus of control (i.e., voluntary vs. involuntary) occurs during attentional capture. Some
have argued that the locus of attention is completely involuntary (Theeuwes, 1994), while
others argue that attentional capture applies only to certain unique stimulus properties
(Yantis, 1993). Futhermore, others argue that attentional capture is completely contingent
on top-down factors (Folk, Remington, & Johnston, 1992; Folk, Remington, & Wright,
1994). It is not the intent of the current thesis to resolve the research findings of the
processes of attentional control and determine which locus of control is more dominant.
The purpose is to briefly shed some light on how the findings of this study relate to

voluntary and involuntary search.
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In the present experiment, participants were instructed to confine their scanning
behavior to certain areas of the display before others. For example, participants were
instructed to always search the center position before searching the side if necessary.
Therefore, participants were expected to adopt a top-down voluntary control behavior. As
participants engaged in a top-down locus of control, some formats (i.e., bright and blink)
produced bottom-up effects that interacted and interfered with top-down goal directed
behavior. Take for example the condition where the offset format was analyzed when the
target was located on the center (Figure 5a). In this condition, the target was already in
the center, and there was no need to switch to the side. However, the salient attributes of
the offset blinking and bright formats produced bottom-up effects that increased the
response times when viewing the center target. Color, on the other hand, was not very
distracting at all and did not appear to adversely affect top-down behavior compared to
the blink and bright formats. Therefore, it appears that adopting a top-down locus of
control can be affected by bottom-up factors when salient items like blink and bright
formats are in close proximity.

Conclusion

It is difficult to integrate the findings of this experiment to all previous studies on
highlighting and come up with a definitive conclusion of the costs and benefits of each
highlighting format and highlighting usage in general. This is attributed to the number of
diverse factors investigated in previous studies such as density, validity, taskload, display
medium, redundant coding, and eccentricity, among others. The present experiment

attempted to understand how the salient attributes of certain highlighted formats affect
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the identification process. When the targets were presented in different highlighting
formats, bright and color targets were the quickest to identify. When distractors were
presented in a certain highlighted format, bright and blink distractors adversely affected
the identification of the target. In other words, bright and blink formats were very
distracting and difficult to filter out. Finally, it appears that some formats are quick to
identify (i.e., bright and color), and are not influenced by the exposure of the preceding
item. Therefore, highlighting effects was situation specific in that some highlighted
formats were beneficial in one process of a search task but were also a detriment in
another process. A tentative conclusion is that there will be tradeoffs when highlighting is
implemented and careful consideration should be taken to understand the specific context

before applying highlighting in visual displays.
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