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EFFECTS OF ALLOCATED ATTENTION ON VISUAL
SEARCH TASKS: A WEB-BASED EXPERIMENT ON
ANIMATION INTERFERENCE

Ping Zhang & Gilbert Maker

Syracuse University

This paper reports a study on the role of a subject’s intention on animation interference.
Experiment results show that first, experiment instruction can sometimes eliminate animation
interference. Second, the moment animation is on the screen does not differentiate the
animation interference if the subjects are not instructed to ignore animation. Third, stay on
animation has less impact than animation that is repeated on and off during the task. This
research has practical implications for user interface designs, especially web designs, and
theoretical implications for the predictive power of classic visual attention theories in
computing environments.

1.0 Introduction

Animation is a dynamic visual statement, form, and structure evolving through
movement over time (Baecker & Small 90, p251). With the rapid advancement
of software tools such as JAVA, VRML, and specialized graphic and animation
packages, animation has become both easy to produce and widely used,
especially on the web. People often feel annoyed by “side-bar” animation when
they search for useful information on the web. It becomes difficult to concentrate
on the pertinent information when animation is present or suddenly appears.
Thus animation lengthens the time needed to obtain information correctly. A very
simple explanation for this phenomenon is that animation may cause visual
interference. Studies in human visual perception and attention show that in
general, either moving or stationary objects in our peripheral vision can capture
our attention (Warder & Brown 1944, Driver & Baylis 1989). The meaning of
the distractor is processed to a certain extent involuntarily (Allport 1989).
Because our attention has a limited capacity, the available resource for focused
attention on the pertinent information is reduced, thus information processing
performance, including speed and accuracy, deteriorates (Miller 1991, Treisman
1991).

In our previous study (Zhang & Massad 97), we formally evaluated the impact
of animation on an individual’s information searching performance on web
pages. We used visual search tasks in which subjects were instructed to count, as
quickly and as accurately as possible, how many times a target string (an
arbitrary combination of letters) appeared in a table. Animation could appear in
several locations outside the table, and it appeared and disappeared repeatedly
with pre-defined duration throughout the task. The web pages had limited
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duration on the screen but also allowed subjects to process faster if they wanted.
Performance was rated on the basis of speed and accuracy. We found that
animation on a web page significantly decreased information-seeking
performance. We further discovered that bright color animations had a more
negative impact than dull color animations; tasks with low perceptual load
(Lavie & Tsal 1994, Lavie 1995) were more severely affected than tasks with
high perceptual load. These results may imply that in order to let readers focus
on the primary information on a web page, animation as a “side-bar,” which
does not carry the primary information of a web page, should be eliminated.

There are, however, situations in which people are not bothered by animation.
Personal experience and word-of-mouth indicate that under certain
circumstances, attention seems so fully allocated to the information seeking tasks
that it does not matter if some animation is present. Several visual attention
theories assert, however, that it is impossible for animation not to be processed.
For example, many researchers (e.g. Allport 1989, Miller 1991, Yantis &
Johnson 1990, Duncan 1984) have argued that even though the processing of
unattended stimuli can be attenuated with certain manipulations, it cannot be
totally ruled out. The meaning of the unattended stimulus must be processed to
some extent.

On the other hand, studies on stimulus onset asynchrony, or SOA, (e.g. Yantis &
Jonides 1990, Mayor & Gonzales-Marques 1994) report that abrupt visual
onsets do not necessarily capture attention in violation of an observer’s intention.
Interference is dependent on whether a subject’s attention is pre-allocated to the
focused task before a distractor appears. This means that a subject’s attempts to
focus attention can prevent a process from proceeding. Studies on instruction
effect (e.g. Pomerantz et al. 1994, Lambert et al. 1987) also show that different
instruction may result in different experimental outcomes and may reduce
subjects’ tendency to attend to distractors.

In this study, we examine the impact of animation as a secondary stimulus. We
aim to investigate whether subjects’ intention is a determinate of animation
interference. Intention is an attempt by a subject to allocate his or her attentional
resources to attended stimulus (Yantis & Jonides 1990). Two ways to control
intention in an experiment are experimental instruction (Lambert et al. 1987) and
onset of animation (also known as SOA). We use the best knowledge from visual
attention theories to predict the outcome of the experiment; we then compare the
hypotheses to the experiment results. The practical goal of this research is to
provide web page designers with data as evidence, rather than speculation to
guide and support design decisions. Theoretically, we gain insight into whether
the theories of selective visual attention have predictive power in an information
seeking task environment such as the web. As many more people need to search
for information on the web, and encounter animation more frequently, research
that investigates the real effect of animation becomes increasingly important. We
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believe that the results we achieve in a web-based environment can be applied to
general user interfaces.

In the next section, we outline our research hypotheses in light of a review of
related theories of human perception and visual attention. Section 3 describes the
experiment and preliminary analysis results. We then discuss findings,
limitations, and practical and theoretical implications of the current study in
Section 4.

2.0 Research Hypotheses

When one is searching for information on a computer screen and animation
appears as a secondary stimulus, visual interference is a selective visual attention
problem (Eysenck & Keane 1995, Proctor & van Zandt 1994). Selective
attention, also known as focused attention, concerns our ability to focus on
certain sources of information and ignore others (Proctor & van Zandt 94,
p187). Most research has been based on the notion that there is a single, limited-
capacity, attentional system. From this unitary view, the limitations of this
system allegedly produce bottlenecks in selective information processing
(Eysenck & Keane 96, p120).

Lambert, Spencer & Mohindra (1987) provided explicit instructions to subjects
to avoid attending to the distractors. They found that even with these
instructions, subjects evidently could not completely avoid a tendency to attend
to an abrupt peripheral cue. However, instructions did significantly reduce the
tendency to attend to such cues, compared with a no-instruction condition. Some
of the subjects in our previous study indicated that the time limits, competition
pressure, and incentives made them intentionally ignore animation during the
tasks, because they knew that paying attention to animation would not reward
them. These subjects reported less perceived disruption by animation.

Thus there seem to be three ways to control one’s intention: experimental
instruction (e.g. Lambert et al. 1987), subject self-controlled intention (as
indicated by some subjects in our previous study), and pre-allocation of attention
(as in SOA). The foci for this study are experimental instruction, and pre-
allocation of attention as controlled by animation onset at different stages of a
task. Self-controlled intention is difficult, although not impossible, to manipulate
and measure. We have designed some questions for each trial to collect this type
of intention data but at the present time do not intend to explore further.

2.1 Tasks

The study utilizes focused attention tasks (Eysenck & Keane 1995). In order to
make the information-seeking tasks closer to reality and eliminate the effect of
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subjects’ pre-knowledge on the outcome, we use words to form a nonsense
paragraph. A target word can appear several times in the paragraph; for each
task, the subject is to find all the targets. Every word in the paragraph (targets
and non-targets) is clickable. The subject is to click on the target whenever s/he
finds it.

2.2 Experimental instruction effect

Applying the results by Lambert et al., we chose to use two groups for the
experiment. Group I had no explicit instruction on ignoring animation during the
tasks, while the instruction for Group II did include this detail. We had the
following expectation on the effect of experimental instruction.
• H1. All types of animation onsets should less affect the group with explicit

instruction on ignoring animation than the group without the explicit
instruction.

 
 2.3 Pre-allocation of attention
 
 In an SOA study, Yantis & Jonides (1990, Experiment 2) found that focusing
attention in response to a valid and temporally useful cue (-200ms) virtually
eliminated any effect of abrupt onset in the discrimination task. When the
attentional cue was not available in advance of the onset of the test (0ms and
200ms), attentional resources could not be focused in anticipation of the critical
item. Under these circumstances, abrupt onset had a substantial influence on
reaction time.
 
 There are two cautions for applying existing SOA results directly to our study.
First, the exposure duration in existing studies for all cues was in ms (e.g. -200
ms, -100ms, and 200 ms). In our study, subjects were exposed to stimuli that
last much longer than that. Whether we can expect similar results remains to be
tested. Second, existing studies in SOA, or visual attention in general, do not
focus on the rest of the exposure after a distracter is introduced. They did not
consider the change of attention patterns over exposure time.
 
 Nevertheless, we consider pre-allocating a subject’s attention to information
seeking tasks by introducing animation in the middle and toward the end of the
tasks. Animation onset at the beginning of the task is also considered in order to
make comparisons. We expected to have d1 > d2 > d3, where d1 was the drop in
performance that had animation onset at the same time as the task (stage 1), d2
the performance drop for onset in the middle of the task (stage 2), and d3 for
onset toward the end of the task (stage 3). Thus we had H2.
• H2. Animation that appears at the same time as the task affects performance

more than animation that appears in the middle of the task, which in turn
affects performance more than animation that appears toward the end of the
task.
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 2.4 Animation duration
 
 A related issue to applying SOA in a web-based computing environment is the
duration of animation throughout a task. Animation can stay on once it is on.
The same animation can also appear and disappear repeatedly (on-off-on) during
the task. Since the on-off-on animation can be regarded as many abrupt onsets,
the performance may be affected by every onset. Thus, we expected that:
• H3. Animation that stays on once it is on affects task performance less than

animation that appears and disappears repeatedly.

3.0 Experiment

Within each of the two experimental instruction treatments is a within subject
design. Each subject did a total of nine tasks: one baseline task without
animation, two for each of the three stages at which animation appeared (stage1
is the beginning of the task, stage 2 the middle, and stage 3 the last quarter of the
task), and two for on-off-on animation tasks.

3.1 Subjects and incentives

The subjects were 31 graduate students who needed to participate in the study to
partially fulfill the requirements of a Human Computer Interaction course. They
were randomly divided into two groups. Two types of prizes were designed to
encourage best performance; one first-prize ($30) for the best performer in the
group and two second-prizes ($10 each) for the next two best performers. One
subject missed an entire task. One subject misunderstood the nature of the task
and used “Find” command in the browser. One subject did not finish the study.
These three subjects’ data were dropped from the analysis. As a result, each
group had 14 subjects finished the study as anticipated.

3.2 Web page design

A template of a paragraph determined the number of total display items, number
of targets, and the exact location of each target. A computer server captured
performance data by recording each click by the subject. In order to make it
possible to compare the performance change over time among different
conditions, and to minimize potential learning effect of target locations, a
template was varied slightly by target locations for different conditions. For
example, given the locations of targets in the baseline, other conditioned tasks
can be one position off with left-right order, or one position off with right-left
order. Table 1 depicts this variation. Each condition corresponds to one of a total
of three templates. Order or learning effect was reduced, if not eliminated, by
randomly ordering all the 9 tasks.
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Animation in this study had the following characteristics: bright color, fixed size
of 1.5 square inch on screen, moderate speed, positioned on the left of the screen
with fixed distance from the paragraph, and neutral images that had little to do
with the content of the tasks.

Table 1. Target item distribution in same paragraph under different conditions.

Baseline
Left-right,

one position off
Right-left,

one position off

_ _ _ _ _ x _ _ _ x _ _ _
_ _ x _ _ _ __ _ x _ _ _ _
_ _ _ _ x _ _ _ _ _ x _ __
_ _ _ _ x _ _ _ _ _ _ _ _
x _ _ _ __ _ _ _ _ x _ _ _
_ _ x _ _ _ _ _ _ _ _

_ _ _ _ o _ _ _ _ _ o _ _ _
o _ _ _ _ __ _ _ o _ _ _ _
_ _ o _ _ _ _ _ _ _ o __ _
_ _ o _ _ _ _ _ _ _ _ _ _ _
o _ _ __ _ _ _ o _ _ _ _ _
_ _ o _ _ _ _ _ _ _

_ _ _ _ _ _ f _ f _ _ _ _ _
_ _ f _ _ __ f _ _ _ _ _ _ _
_ _ _ f _ _ _ f _ _ __ _ _ _
_ _ f _ _ _ _ _ _ _ f _ _ _
_ __ _ _ _ _ _ f _ _ _ f _ _
_ _ _ _ _ _ _

There were three web pages associated with each of the nine tasks: pre-page,
task-page, and post-page. A pre-page displayed the target a subject was to look
for in the task-page. A task-page, with or without animation depending on the
condition, had a paragraph for the subject to search for targets. A post-page had
several brief questions on self-controlled intention and perceived interruption by
animation, and an indication of completion of the task. In cases of baseline tasks,
a post-page simply indicated the completion of the task. All three types of pages
had limited duration on the screen but also allowed the subject to finish before
the time was up. Figures 1-3 give examples of these three web pages.
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Figure 1. Example of a Pre-page.

3.3 Procedure

Subjects were told that all three types of pages were timed and would disappear
from the screen. They could choose to finish each page sooner. They would be
awarded with a performance score that combines speed and accuracy on the
task-pages only. Subjects practiced with two tasks before the competition
started. After finishing all nine tasks, a subject filled out a questionnaire. When
everyone completed the questionnaire, the best performance scores were
calculated and awards were given. The computers used were Dell running
Windows 95 with 17-inch monitors. The web browser was Netscape Navigator
Gold 3.01.

3.4 Data collection and analysis

A computer server captured the time and error data, and the answers to the
questions on the post-page of each task. A questionnaire after the experiment
collected biographic data, interference perception, and attitude toward animation.
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Figure 2. Example of a task-page.

Time and error usually measure performance. In our preliminary analysis, we
did paired t-test on time spent on tasks and errors made in the tasks, respectively,
under five treatments within each group. That is, within each group, we
compared the total time spent on baseline and stage 1, baseline and stage 2, and
so on. We also compared the errors between baseline and stage 1, baseline and
stage2, and so on. Tables 2-5 summarize these paired t-test results. In table 2,
for example, the time was significantly different between the baseline condition
and stage 1 condition. Subjects spent more time on stage 1 (animation was on at
the beginning of the task).

By examining Tables 2-5, we can see that performance was dominated by time.
That is, animation affected task time more than it did errors.

For Group I, where instruction on ignoring animation was not given, animation
effects existed for every single condition. Performance (time) deteriorated
whenever and however animation existed. Specifically, whether animation was
on at the beginning of the task, during the middle of the task, or toward the end
of the task, or whether animation repeatedly appeared and disappeared from the
screen, the time spent on the task was significantly longer than the time spent on
a task that had no animation.
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Figure 3. Example of a post-page.

Table 2. Group I Paired T-test on Time: Without instruction on ignoring animation

Stage1 Stage2 Stage3 On-Off-On

Baseline -2.07 * -2.48 * -2.35 * -2.58 *
Stage1 .64 .50 .41
Stage2 -.23 -.20
Stage3 -.02
DF=13 * p<0.05

For Group II that was instructed explicitly that animation should not be attended,
Table 3 shows that except in the on-off-on situation, the time spent on a task was
not significantly different than the time spent on the task without the animation.
Since the only difference between these two groups is the instruction, we can
conclude that instruction does have an effect on visual interference. This
partially supports our first hypothesis.

Table 3. Group II Paired T-test on Time: With instruction on ignoring animation

Stage1 Stage2 Stage3 On-Off-On

Baseline -.83 -1.63 -.14 -3.55 **
Stage1 -.54 .72 -1.05
Stage2 1.12 -.67
Stage 3 -2.15 *
DF=13 * p<0.05 ** p<0.005
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Table 4. Group I Paired T-test on Error: Without instruction on ignoring animation
Stage1 Stage2 Stage3 On-Off-On

Baseline 0 -.41 -.48 0
Stage1 -.57 -.59 .00
Stage2 .09 .42
Stage3 .55
DF=13 * p<0.05

Table 5. Group II Paired T-test on Error: With instruction on ignoring animation
Stage1 Stage2 Stage3 On-Off-On

Baseline .91 -1.42 1.20 .38
Stage1 -1.72 .15 -.68
Stage2 2.21 * 1.25
Stage3 -1.2
DF=13 * p<0.05

For the on-off-on condition, where animation switched on and off from the
beginning of the task, the time spent on the task was significantly higher than the
baseline condition. This happened whether there was instruction or not (Tables 2
and 3). This result actually is consistent with what Lambert et al. (1987) found.
That is, compared with a no-instruction condition, instructions did significantly
reduce the tendency to attend to distractors, although subjects evidently could not
completely avoid a tendency to attend to an abrupt peripheral cue. In other
words, the on-off-on distractors had such a strong effect that subjects’ intention
on ignoring them could fail.

For Group I, the differences between when animation was on was not significant,
as indicated by Table 2 (for example, the t-test value for the difference between
stage 1 and stage 2 was .64). Unless further analysis is conducted, the current
analysis results cannot support hypothesis 2.

For Group I, the on-off-on animation seems to have had no bigger impact on
performance than the animation in the other three conditions. For Group II,
however, on-off-on animation did result in longer time for subjects to finish tasks
than animation in other conditions, although, only one significant difference
existed between different conditions. That is, on-off-on animation resulted in
significantly more time than animation that was on toward the end of the task
(stage 3). From what we discovered so far, hypothesis 3 is partially supported.
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4.0 Conclusion

At present, we have only obtained preliminary analysis results. Further analysis,
along with the post-questionnaires that subjects filled out after the study, is
necessary and will be conducted. For example, it will be interesting to see
whether there is a performance change pattern during the task while animation is
introduced at different stages. One of the post-hoc analyses is to calculate the
time needed for interrupted performance to return to pre-interruption level. This
could be the baseline performance level. If the distraction to performance is true
but short lasting, then in a real computing setting such as the web environment, it
may not be worth the worry of interference by animation at all.

Based on the results of the experiment, the study provides interface designers
with data, rather than speculations, on animation’s effect on information seeking
performance. This may further guide the use of web pages for on-line advertising
purposes. For example, it seems that when to begin animation-based ads during
a user’s information seeking does not make much difference in the introduction
of “visual interference.” Thus it may not attract a reader's attention. The on-off-
on kind of ads will definitely affect readers’ information seeking performance
since certain perception capacity is used by the on-off-on ads. Readers
involuntarily process information of the ads no matter what their intentions are.
Web page owners, who display ads in order to make money, but do not want to
affect potential readers’ performance and attitude, may consider showing ads
that are not on-off-on kind. This way, readers who really want to focus on web
information (that is, with the intention of not attending to the ads) can
concentrate on their tasks.

The current study is on focused attention only. It does not include divided
attention and does not mean that the on-line ads will not receive attention at all.
According to Yantis and Jonides (1990, Experiment 4), the abrupt onset stimuli
are captured in a queue and will be serviced after attention is freed from its
current task. If their result is applicable, readers who can control their intentions
can read the ads when they finish processing the primary information on the web.
This may have a different implication for those who want readers to pay
attention to ads first. In this case, ads should be of on-off-on kind. Of course,
one can make ads the primary information or primary stimulus of a web page
and should be careful about visual interference caused by other stimulus on the
web.

Our research results may also provide some insight into the predictive power of
visual attention theories in computing settings with realistic tasks. To date, very
few studies apply classic visual attention and perception theories to user
interface designs (Harrison et al. 1995, Mori & Hayashi 1995). With the rapid
development and applications of web technologies, user interface designs need
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more guidance from theoretical research on human factors in order to be more
effective, efficient, and human oriented.
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