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Abstract. The current study investigated the effects of animation location and 
timing on visual search speed and accuracy and their effects on memory about 
the animated strings. Visual search accuracy was measured using the sensitivity 
measurement d’ in signal detection theory (SDT) model. Results showed that 
black-and-white animations had no significant effect on visual search and color 
animations slowed down the search significantly but had no significant effect 
on search accuracy. The size of the effect that an animation had on the search 
speed did not depend on its location or timing. Nor did the ability to recognize 
the animated string or the preference judgment about the animated string 
depend on its location and timing. Animated strings were rated more preferable 
than new strings even in the absence of explicit memory about the animated 
strings.  
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1   Introduction 

Online advertising is growing at a fast pace. The Internet advertising revenues for 
2005 totaled over 12.5 billion and increased over 30% from 2004 and accounted for 
5% of total U.S. advertising revenues in 2005 [5]. The growth continued in 2006 and 
the Internet advertising revenues reached a new record of 7.9 billion for the first 6 
months of 2006, a 37% increase over the first half of 2005 [6]. Online advertising can 
take many forms: static banners, pop-up cookies, and animations. Animations are 
more effective in online advertising because they improve click-through rate by 25% 
[7, 8] and might also enhance user’s memory about the advertisement [1]. 

1.1   Effects of Animation Location and Timing  

Most studies on online advertisement have focused on the effectiveness of the online 
advertisement without looking at the effects of online advertisement on user’s task 
performance at the website. Zhang [10, 11, 12] conducted several studies on the 
effects of animation on information seeking performance measured by a visual search 
task where participants searched for a target string among distracter strings. Zhang 
found that animations had negative effects on visual search performance and the size 
of the negative effect depended on animation location and onset timing. Animations at 
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the left side deteriorated performance more than those at the right side. Animations 
that appeared in the middle or close to the end of visual search deteriorated 
performance more than those at the beginning. Zhang explained these findings with 
visual attention theories. Due to the limited nature of visual attention, the more 
attention an animation received from a user, the less amount of attention was 
available for the visual search task and the more damaging it was to the search task. 
Since the left side of printed media or computer screen tends to contain more 
important information in English speaking countries, users tend to pay more attention 
to animation on the left side and performed worse in the search task when animations 
appear on the left side. Since most animations on the Internet appear when the web 
page is loaded, users do not expect to see animations in the middle of a search. The 
surprise caused by the animations in the middle of a search might be more distracting 
to the visual search task. 

Zhang’s studies examined the effects of animation location and onset timing on 
visual search task without measuring the effectiveness of the advertisements. It is 
unclear whether the more distracting animations were remembered better. The current 
study will answer this question. 

A user’s memory about the animations can be measured explicitly with recall and 
recognition tests and implicitly with preference judgment. Past studies found that 
attention had significant effects on explicit memory but very little or no effects on 
implicit memory [4]. Previous research [9] found that frequent exposure increased the 
appeal of various initially unfamiliar stimuli even when subjects were not aware of 
the difference in exposure frequency. User preference judgment can change even 
without the user paying attention to the advertisement. The amount of attention an 
advertisement receives should have no effect on preference judgment. If animation 
location and timing affect search performance by changing the amount of the 
attention devoted to the animation, they might affect recall and recognition of the 
animations but have no effect on preference judgment about the animated strings. 

1.2   Visual Search Modeled with Signal Detection Theory (SDT) 

Psychophysicists often use signal detection theory to model visual search 
performance because the model takes into consideration the external noise in the 
visual field and the internal noise in the perceptual system and neural system [2]. 
Signal detection theory allows psychologists to measure a participant’s sensitivity in a 
visual search task without the contamination of his or her decision bias. An example 
can easily illustrate the distinction between an individual’s relatively stable sensitivity 
and the constantly changing decision bias adapted by the person. Imagine you are the 
operator of the security check machine at an airport and has to decide whether to stop 
each bag for manual inspection. Dangerous items are the signals and similar looking 
harmless items are noises. Your ability to distinguish between these items is relatively 
stable but your criteria in stopping a bag can change instantly. When warned for a 
terror threat, you will be extremely cautious and will stop any bag containing items 
that look remotely like a dangerous item. By doing so, you not only will stop more 
bags containing dangerous items but also will stop more harmless bags. Stopping a  
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dangerous bag is called a hit and stopping a harmless bag is called a false alarm. Two 
measurements can be computed from a set of hit rate and false alarm rate to measure 
the operator’s sensitivity and decision criteria separately. The d’ measures the 
sensitivity and the β measures the decision criteria.  

d’ = z (hit rate) – z (false alarm rate) (1) 

The z-score is computed from a Gaussian distribution. In a visual search task that 
required participants to click targets among distractors, participants can click every 
item to achieve a hit rate of 100%. By doing so, they will also have a false alarm rate 
of 100%. The sensitivity (d’) in this case will be zero. 

Zhang calculated search accuracy according to the following formula [12]:  

CA = NumberOfClickedTargets * NumberOfClickedTargets / 
(NumberOfTargets + NumberOfWrongClicks) 

(2) 

Although the formula aims to correct false alarm, it is not a standardized 
measurement. The d’ is a standardized measurement. The current study measures 
search accuracy with d’. 

1.3   Speed and Accuracy Tradeoff in Visual Search 

In a visual search task, participants can trade speed with accuracy by choosing to 
respond fast with lower accuracy or to make an accurate response with long response 
time. A complete measure of performance should look at both speed and accuracy. 
Zhang measured performance with the following formula [12], where CA referred to 
Click Accuracy:  

P = 10000 * CA / TimeOnTaskpage (3) 

Although this measure is adjusted for the speed-accuracy trade-off in the task, it 
cannot tell us whether animation affects search time and accuracy differently. Past 
studies indicate that attention demanding tasks can slow down the information 
processing in visual search without reducing the asymptotic accuracy level [3]. The 
current study examines search speed and accuracy separately to test whether 
animation has different effects on different aspects of the search task.  

1.4   Hypothesis 

It is predicted that animations will slow down the search process but will not affect 
the search accuracy. It is predicted that the size of the damaging effect will depend on 
animation location and timing and the more damaging animations will be remembered 
better. Animation location and timing will have no effects on the preference judgment 
of the animated strings. Since color can increase the salience of an object, it is 
predicted that animations in color will be more distracting than animations in black 
and white and will be remembered better than animations in black and white. 

Two experiments were conducted to test these hypotheses. Non-sense strings were 
used to control the familiarity effects on search and memory performance.  
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2   Experiment 1 

2.1   Methods 

Design.  A 2 (location) x 4 (timing) factorial within-subject design was used. 
Animation appeared either on the left or the right side of the search screen. All 
animations lasted 10 seconds with four possible onset timing: when the search screen 
appeared, when participants clicked on any string in the second half of the screen, 
when participants clicked on any string in the last quarter of the screen, or on-off-on 
where animation started when the search screen appeared and stopped after 5 seconds 
and reappeared when the participants reached the last quarter of the screen and lasted 
for 5 seconds. A control condition with no animation was added to test whether 
animation had any effects on performance. Each participant performed search tasks 
under all nine conditions. 

Participants. Forty-two students enrolled in psychology courses at a university in the 
United States participated in the experiment for course credits. 

Materials. Each search screen consisted of 8 rows with 15 strings each in each row. 
Strings were generated by a computer program with a random mechanism. A 2-letter 
string was generated by picking the first and the second letter independently. A 3-
letter string was generated by picking the first and the last letter from the consonants 
and the middle letter from the vowels. A 4-letter string was generated by adding a 
consonant to a 3-letter string. A target was always a 4-letter string. The same target 
appeared three times in each row with a total of 24 appearances. The positions of the 
target were chosen randomly with the constraint that no two targets would occupy 
adjacent locations in a row.  Eighteen search screens with different targets were 
created independently.  

Animation was created by increasing the font size of a 4-letter string from 24 to 72 
points in eight steps (24, 28, 32, 36, 42, 48, 56, 64, 72) and cycling between two 
strings. The animation would increase the font size of the first string from 24 to 72 
and then switch to the second string and increase the font size in a same manner and 
then switch back to the first string to start over. Eighteen animations were created. 
Animations appeared at the side of the screen near the top. Two sets of animation 
strings were created. During the experiment, half of the participants saw Set A as 
animation and half of the participants saw Set B as animation. 

Both the search strings and the animated strings were black letters on a light gray 
background. The rows on the search screen were well-spaced to occupy the whole 
screen. The search was conducted in a desktop application instead of web browser. 

Procedure. The experiment consisted of 18 trials with two trials for each 
experimental condition. Participants performed two practice trials at the beginning of 
the experiment. All participants searched the same screens. The order of the 
conditions, the search screen used for each condition, and the animation used for each 
condition was randomized for each participant.  

Participants were shown the target string before each search and were instructed to 
click a button to start the search. Upon the click, a screen appeared with the target 
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string at the top center of the screen. Participants were instructed to click on target 
strings only and click all instances of the target string and to finish the search quickly. 
They were told that clicks on non-target strings and targets missed were counted as 
errors. 

The time from the appearance of the screen to the click on the “Finish” button was 
recorded as search time. After clicking on the “Finish” button, the participant was 
given feedbacks on the number of total clicks, the number of correct clicks, and the 
number of incorrect clicks. 

After finishing all conditions, participants were asked to write down any animated 
strings they remembered. They were then given a piece of paper containing 72 strings 
from Set A and Set B (32 strings animated during the experiment and 40 unseen 
strings) and were asked to circle those strings they saw in the animation during the 
experiment. At last, participants were asked to rate how much they liked each of the 
72 strings on a 5-point scale (1 = dislike the most, 5 = like the most). The same set of 
strings was used in recognition and rating but the strings appeared in different orders.  

2.2   Result 

Data from nine participants showed extremely low accuracy with a hit rate of 33% or 
lower in one or more conditions. Their data were dropped from the data analysis. Data 
from 33 participants were used in the following analyses. 

Effects of Animation on Visual Search. Paired-sample t-tests were conducted to 
compare the grand mean of all animation conditions with the control condition. 
Results showed no significant difference in p-measure, t(32) = 0.937, p =0.356, search 
time, t(32) = -1.625, p = 0.114, or sensitivity (d’), t(32) = 0.357, p = 0.724. No further 
analysis on the effects of animation location and timing was done. 

Memory About Animated Strings. Participants performed very poorly on recall and 
recognition of the animated string with accuracy close to zero. No further analysis on 
the recall or recognition data was done. 

The rating of the animated strings was compared with the rating of the new strings 
in a paired-sample t-test. The result indicated that animated strings were rated 
significantly higher than new strings, t (32) = 2.884, p = 0.007. The mean rating of the 
animated strings was 2.943 while the mean rating of the unseen strings was 2.832.  

Results from a 2 x 4 repeated measured ANOVA on preference judgment showed 
no significant main effects of animation location, F (1, 32) = 0.548, p = 0.465, no 
significant main effect of animation timing, F(3,96) = 1.243, p = 0.298, and no 
significant interaction between animation location and timing, F (3, 96) = 2.364, p = 
0.076. 

2.3   Discussion 

This experiment showed no detrimental effects on visual search performance from 
animations. This lack of animation effects might be because the animation did not 
attract substantial attention. The lack of attention to the animated strings also account 
for the extremely poor memory about the animated strings in recall and recognition.  
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Although the explicit memory about the animated strings was very poor, the implicit 
memory test (preference judgment) showed that mere exposure did increase the 
likeability of the animated strings. This result is consistent with previous findings that 
frequent exposure increased the appeal of unfamiliar stimuli [9].  

The failure in replicating the detrimental effects of animation on visual search 
performance in Experiment 1 might be due to the fact that the search task was too 
difficult and the animation was too dull. Zhang found that the effects of animation 
decreased with the increase in task difficulty levels and that dull animation had less 
detrimental effects on visual search tasks than brightly colored animations [11]. In 
Experiment 2, color animation was used to make the experimental condition similar to 
the advertisement animation used on the Internet and to increase the likelihood that 
animation will have effects on the primary visual search task.  

3   Experiment 2 

3.1   Methods 

Design. A 2 x 4 within-subject design with a control condition was used as in 
Experiment 1.  

Participants. Forty-six undergraduate students enrolled in psychology courses at a 
university in the United States participated for course credits. 

Materials. The materials in Experiment 1 were used in Experiment 2 with a few 
modifications. First, the targets were 3-letter strings instead of 4-letter strings. Shorter 
target strings were used in Experiment 2 to generate the optimal animation effect [11]. 
Second, the color instead of the size of an animated string was changed to produce 
animation. The size (72 points) of the string stayed the same but its color changed 
from blue, to green, to magenta, and then to orange. Third, the animation cycled 
among three strings instead of two. Fourth, there was no additional space between 
rows on the search screen. 

Procedure. The procedure in Experiment 1 was used with one exception. A 
recognition test of the animated strings was given immediately after each search. 
After clicking on the “Finish” button, participants were shown a new screen with 6 
strings and were asked to select strings animated during the search if there were 
animations. No feedback on the search or the recognition was given. A new trial 
started once the participant finished the recognition test. A blank screen with “New 
Search” button was used after a search with no animation.  

At the end of the experiment, participants were given 108 strings from Set A and 
Set B (48 strings animated during the experiment and 60 unseen strings) and were 
asked to rate how much they liked each string on a 5-point scale (1 = dislike the most, 
5 = like the most). The same set of strings was used in recognition and rating with 
different orders. 



 The Effect of Animation Location and Timing 75 

3.2   Results 

Data from nine participants showed extremely low accuracy with a hit rate 33% or 
lower in one or more searches and one participant had difficult using the mouse 
during the experiment. Their data were dropped from data analysis. Data from 36 
participants were analyzed.  

Effects of Animation on Visual Search. The effects of animation were examined 
with paired-sample t-tests. Table 3 shows the results of the t-tests. Animation 
increased the time spent on the search and reduced performance significantly but had 
no significant effect on sensitivity (d’). 

Table 1. Effects of Color Animation on Visual Search 

Measures Animation  Baseline  t(df= 35) p 
p-measure 5616 6034 3.961 0.000** 
Search Time 38.089 35.893 -3.691 0.001** 
d’ 6.44 6.47 0.174 0.863 

 
Results from a 2 x 4 repeated-measure ANOVA on search time showed no 

significant main effect of animation location, F (1, 35) = 0.748, p = 0.393, no 
significant main effect of animation timing, F (2.374, 83.091) = 1.766, p = 0.171, and 
no significant interaction between animation location and timing, F (3, 105) = 1.237, 
p = 0.300.  

Results from a 2 x 4 repeated-measure ANOVA on p-measure showed no 
significant main effect of animation location, F (1, 35) = 0.154, p = 0.697, no 
significant main effect of animation timing, F (3, 105) = 2.090, p = 0.106, and no 
significant interaction between animation location and timing, F (3, 105) = 1.395, p = 
0.248.  

Since animation had no significant effects on sensitivity (d’), no further analysis on 
sensitivity (d’) was done.  

Memory About Animated Strings. To analyze the recognition data, a hit rate and a 
false alarm rate were calculated for each participant in each animation condition. The 
recognition performance was measured by sensitivity (d’). Data from participants who 
had negative sensitivity (d’) in a condition and participants who had zero sensitivity 
(d’) in more than one conditions were dropped from analysis. Data from 28 
participants were analyzed. 

Results from a 2 x 4 repeated measure ANOVA on recognition showed no 
significant main effect of animation location, F (1, 27) = 0.154, p =0.698, no 
significant interaction effect between animation location and timing, F (3, 81) = 
0.745, p = 0.529 and a significant main effect of animation timing, F (3, 81) = 5.522, 
p =0.002. Six pairwise comparisons among different animation timing were 
conducted with Bonferroni adjustment with a significance level of 0.05. Results 
showed that strings animated close to the end of the search were recognized 
significantly better those in on-off-on animations. The differences between other 
animation timings were not significant. 
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Animated strings were rated significantly higher than new strings, t (34) = 3.630, p 
= 0.001. The mean rating of the animated strings was 2.675 while the mean rating of 
the new strings was 2.543. Results from a 2 x 4 repeated measure ANOVA on 
preference judgment showed no significant main effect of animation location, F (1, 
34) = 2.170, p = 0.150, no significant main effect of animation timing, F (2.452, 
83.363) = 1.344, p = 0.313, and no significant interaction between animation location 
and timing, F (3, 102) =2.635, p = 0.054.   

3.3   Discussion  

The Effects of Animation on Visual Search Performance. Color animations slowed 
down visual search and reduce performance (p-measure) but had no effect on 
sensitivity (d’). The detrimental animation effect found here is consistent with 
Zhang’s studies. However, the detrimental effect only manifested on search speed; 
search accuracy was not affected by animation. This is consistent with our prediction 
and with previous findings that attention can change the time course of a visual search 
task without affecting its asymptotic accuracy level [3].  

Although color animations made the visual search performance worse when 
compared to control condition, the extent of the detrimental effect did not depend on 
animation location or timing. This finding is inconsistent with Zhang’s finding. This 
inconsistency could be explained by the difference in the search screen layout and 
animation timing between the two studies. There was more space between lines in 
Zhang’s studies, which made the search task easier than the current study. Zhang’s 
studies showed that the detrimental effect of the animation varied with task difficulty. 
In addition, Zhang’s studies were conducted in a web browser while the current study 
was conducted on a desktop application. Once started, animations in Zhang’s studies 
lasted until the end of the search and different animations had different durations. In 
the current study, all animations lasted 10 seconds to control the effect of exposure 
duration on the memory about the animated strings.  

The Effects of Animation Location and Timing on the Memory about Animated 
Strings. Animation location had no significant effect on participants’ ability to 
recognize the animated strings. This is inconsistent with our prediction but consistent 
with finding that the detrimental effect of an animation did not depend on its location, 
which means that the amount of attention an animation received did not vary with its 
location. Animation timing had significant effect on participants’ ability to recognize 
the animated strings. When examined closely, only the difference between the strings 
animated close to the end of the search and the strings presented in on-off-on 
animation was significant and the strings animated close to the end of the search were 
recognized significantly better. One possible explanation for the superior sensitivity in 
recognizing the strings animated close to the end of search is the relatively shorter 
interval between the animation and the recognition test. The strings in on-off-on 
animation were only presented for half of the animation duration every time they 
appeared. Although the total amount of the time presented was equal to the other 
conditions, the short presentation interval at appearance might not give the 
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participants enough time to encode the strings, which could lead to the poor 
performance in recognition test. 

Animations increased the appeal of the animated strings. This is consistent with 
previous findings on exposure frequency effect [9].  

4   General Discussion and Conclusion 

The prediction that animations will slow down the search process but will not affect 
the search accuracy and the prediction that animations will damage visual search 
performance was supported when the animations were in color. The effects of an 
animation on search performance did not vary with animation location and timing, 
which is inconsistent with the prediction from previous research. The prediction that 
animation location and timing will have no effects on the preference judgment of the 
animated strings was supported.  

As predicted, animations in color were more distracting and damaged primary 
visual search task more than animations in black-and-white and animations in color 
were remembered better than animations in black-and-white in recognition test. The 
current study found that color animations damaged visual search task while black-
and-white animations had no significant effects on visual search performance. This is 
consistent with previous study where brightly colored animations damaged visual 
search tasks more than dull animations [11]. One reason that color animation is more 
damaging to visual search than black-and-white animation is that object in color is 
more salient than object in black-and-white in a black-and-white search screen. 
Therefore, color animations tend to attract more attention from the participants and 
distract them more in the visual search than animations in black-and-white.  

Although Zhang demonstrated in her studies that animations damaged visual 
search performance, she did not pinpoint which aspect of the visual search task was 
affected. The current study showed that animations slowed down the visual search but 
had no effects on search accuracy.   

The most important finding in the current study is that animations increased the 
likeability of the animated strings even when the primary search task was not affected 
by the animations and the explicit memory about the animated strings was very poor 
as in Experiment 1. This is consistent with our prediction and suggests that advertisers 
can reap the benefits of the advertisement without the user having to sacrifice 
information seeking performance. This is the ideal win-win situation for the user, the 
content provider, and the advertiser.  

In summary, the current study investigate the effects of animations on visual search 
tasks on a finer scale by examining the search speed and accuracy separately and by 
calculating the attentional effects of animation on visual search using signal detection 
model. We found that animation in color did slow down the visual search but had no 
effect on the accuracy and animation in black-and-white had no effect on visual 
search task. Mere exposure to nonsense strings in animation increased the likeability 
of the strings significantly even when the strings were not recognized.  
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