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Abstract
Search e�ciency is related to page design, which can be re�ected by search time, and is related to eye
movement. Eye-tracking metrics can not only affect the search e�ciency, but also re�ect the search
strategy. In scan path, the line segments between �xations form scanpath angles. Each angle represents
the direction of eye movement and the strategy to determine the location of the next �xation. We created
SAM (scanpath angle model), divided all angles into four intervals, and calculated their percentages to
better understand these angles. Two eye movement experiments were designed. The �rst is to search for
targets in non-distracted and distracted pages, and the second is to search for targets in pages with
different layouts. It was found that distraction decreased search e�ciency while increasing �xation
count, �xation duration, and saccade count. The above three metrics have no signi�cant different when
layout changed, but the layout of scan path matched the page layout. The scanpath angle between 0 and
45 degrees is the largest in the distraction and layout groups, and the percentage is quite close.

Introduction
Visual search refers to an individual �nding a speci�c target in a speci�c area, which generally involves
dynamic eye movement.1,2 The user centered design must consider user's searching behaviors to improve
user satisfaction3. Search e�ciency is critical for users. The process of visual search includes both top-
down and bottom-up, and the form is very �exible4. Many factors affect users' search behavior and
search e�ciency. The size of graphics and text affects the search e�ciency5. The higher the difference
between target and non-target, the more e�cient the search; the lower the difference between non-targets,
the more e�cient the search6. Increasing the number of colors will reduce the e�ciency of searching
icons, while increasing the variations between elements improves it.7,8. Users’ search e�ciency is also
related to the visual complexity of the interface9–12. The increase of the number of items (including target
and interference) in the interface will lead to the increase of search time13–15. And the layout of the
interface can impact search e�ciency and user satisfaction of the website16,17. Search e�ciency is not
only affected by the structure of the interface and the environment, but also related to the user's search
strategy18–20. The scan path represents the eye movement sequence, which is related to the type of
search task and users' search habits, and affects the search e�ciency17,21,22.

Eye tracking is an objective method of measuring visual attention that can be used to study user's search
e�ciency and strategy11,17,18,22−24. The results of eye tracking studies can also help designers improve
product interactivity24. The behavior of individuals observing and searching for targets in the graphical
interface includes �xation and saccade, which appear alternately. Generally speaking, �xation count and
�xation duration are positively correlated with search time15. In other words, they are negatively correlated
with search e�ciency. Fixation duration in the search task is also related to the number of items
appearing on the interface25. Scan path is the sequence of �xations, which can be seen as the trajectory
with points and lines. Scan path can re�ect the user's eye movement mode21,22. How to determine the
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next �xation position to accomplish the search operation more e�ciently has been a question for many
researchers26. A previous study found that when the user searches the interface, the next search direction
is reselected, and the previous �xation is irrelevant27. However, when searching for seven items in a
circular array, users generated about a quarter of the return eye jump28, which means that users may have
an adjustment process before they �nd the next target. Some theories suggest that the next �xation is
more likely to move to the location that users believes is most relevant to the search task29–33. Some
research believe that �xation will move between two potential targets, which will maximize the e�ciency
of search34. A more complex theory suggests that the best location for the next �xation is determined by
planning. The current situation and the potential bene�ts in the future should be considered. And other
studies veri�ed that eye movements are indeed planned according to probabilistic planning26,35.

How to compare scan paths has also attracted the attention of many scholars. A study compared the
shape of scan path in different modes, but simply did a subjective assessment of the scan path plots
without using statistical data17. Another method is to use vectors to represent scan path36. A method
called MultiMatch was used to compare scan paths in multiple dimensions37. A few studies have also
looked at the angle of the scan path. To evaluate search tasks, an analysis method known as "Eight Point
Star" (8PS) was used38. In this model, the angle refers to the difference between the actual and the
expected angle of the paths. In a simple visual search task, the model is applicable and can effectively
summarize the angle of scan path for analysis. However, in complex search tasks, the connection line
between two target items is often complex. Another method called long common sequence (LCS) was
used to count the same paths between the actual scan path and the best scanpath39.

The values of angles between vectors should be considered as well, and one study divided them into
eight intervals22. The percentage of angles near to 0° and 360° is higher than other angles, according to
this study, and it varies depending on the types of tasks. We found that the angular distribution in this
model has obvious symmetry. Therefore, we create a new model that divides all angles into four intervals.
The angle in this model is formed by two successive lines in scan path, which is related to three �xations:
the previous one, the current one, and the next one. This includes previous decision, current status, and
future planning. Because of this, the angle (called scan-path angle in this study) may help us better
understand the strategy of user's eye movement in search tasks.

This research aims to compare the impact of changes in distraction and layout on search e�ciency and
the relationship between them and search strategy. In addition to �xation count, �xation duration and
saccade count, more complex scan paths were also considered. However, it is di�cult to �nd the strategy
of how to select the next �xation location only by analyzing �xation, saccade, and scan path, or just
observing the trajectory of eye movement. Therefore, a new method is needed to explore the relationship
between �xations. The trajectory of eye movement can be studied from a deeper level: �xations are
connected in sequence to form angles, which is related to the previous �xation, the current �xation, and
the next �xation, and represents the direction of the current eye movement.
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Methods
There were two experiments. Both experiments required participants to look for targets. The �rst
experiment was the distraction group and the second experiment was the layout group. The study was
approved by the Qilu University of Technology Ethics Committee. All experiments followed the principles
of the Declaration of Helsinki and informed consent was obtained from all subjects.

Experiment 1

Forty-three participants (16 females, age:18.98 ± 0.98) participated in the study. All of the participants
were undergraduates who were recruited from universities. Before the experiment, all the participants had
rich experience in using graphical interface and computer. Participants were Chinese characters users
and were familiar with the order of the English alphabet. In order to exclude the in�uence of poor vision
on the experimental results, participants were tested before the experiment to ensure that participants had
normal or corrected-to-normal vision.

The page was designed with 36 squares, 18 of which have capital letters. There were two types of tasks:
non-distraction and distraction (Fig. 1), in which all items were arranged in a pseudo-random way into 36
squares. Participants were asked to face the monitor and click on the squares in the order of alphabet. A
trial ended when all 18 letters were correctly clicked, and the following trial appeared.

Before entering the laboratory, the participants were tested for familiarity with the English alphabet. Then
they practiced four times, twice with non-distraction and twice with distraction. The whole experiment
lasted about 10 to 15 minutes (Fig. 2). Before the start of non-distraction and distraction, a "+" lasting
1000 milliseconds was presented in the center of the screen, and the participants were required to look at
the location of "+". Participants need to �nish �ve trails in non-distraction and �ve trails in distraction.
After the experiment, participants were asked to complete a 7-piont subjective scale to score the di�culty
of non-distraction and distraction (1 means very simple, and 7 means very di�cult).

Experiment 2

The data were collected from 36 participants (14 females), aged between 18 and 27, with an average age
of 21.44 (SD = 1.83). The participants were undergraduates and postgraduates in the College of Art and
Design. The participants had rich experience in using graphical interface and online shopping website. All
participants had normal or corrected-to-normal vision.

There were four words on the left side of the monitor and four groups of pictures of 16 commodities on
the right side. Each group had one picture corresponding to one word on the left side. The participants
were asked to observe the words on the left side and �nd the corresponding goods on the right side. Once
the participants found four corresponding commodities, they pressed the space bar to enter the next trial.
Participants were asked to complete three groups of tasks according to the layout: horizontal, vertical,
and square (Fig. 3).
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Before the formal experiment, the participants were given three exercises of horizontal, vertical and
square. The participants had to complete three groups of 30 trials (Fig. 4). Each task began with a "+" that
lasted 2000 milliseconds and required the participants to stare at the position of the "+." In order to
eliminate the in�uence of learning effect, the experiment adopted Latin square design. Experiment 2
lasted about 5 to 10 minutes. After the experiment, participants were asked to complete a 7-piont
subjective scale as the same as in Experiment 1.

Data collection

The evaluation data were from subjective questionnaires. Eye movement data were obtained from the eye
tracker named Tobii Pro glasses 2. Attention lasting more than 200 milliseconds, and no more than two
degrees in diameter, can be regarded as �xation. The coordinate information of all �xations was
collected. In order to better summarize the scan path, this study established a new model, called Scan-
path Angle Model (SAM), as shown in Fig. 5. The value of the angle can be calculated using the �xation
coordinates. In SAM, all angles are divided into four intervals according to the value: SA1(0°,45°], SA2(45°,
90°], SA3(90°, 135°] and SA4(135°, 180°]. According to the value, the angle belongs to SA1, SA2, SA3 or
SA4. To better analyze scan-path angle, we calculated their percentages. SA1P is equal to the number of
angles in SA1 divided by the number of all angles.SA2P, SA3P and SA4P were obtained by the same
method.

Results
Search time and subjective evaluation

Distraction increased search time. The result of matched samples t-test showed a signi�cant difference
(t=-6.721, p < 0.001) of subjects’ search time in non-distraction (M = 117.43, SD = 21.837) and distraction
(M = 144.58, SD = 31.583). Meanwhile, the change of layout also increased the search time. The
difference [F (2,70) = 11.045, p < 0.001, η2 = 0.240] of subjects' search time in horizontal (M = 102.86, SD = 
34.42), vertical (M = 107.08, SD = 40.60) and square (M = 117.53, SD = 40.12) was also signi�cant, which
was tested by one-way repeated-measures ANOVA. The result was the same as we expected. Distraction
and layout changed the di�culty, so the search e�ciency was also different.

The difference (t=-22.405, p < 0.001) of the score of di�culty evaluation in distraction (M = 2.93, SD = 
1.01) and distraction (M = 5.23, SD = 1.00) was signi�cant. The results in horizontal (M = 3.00, SD = 1.01),
vertical (M = 3.42, SD = 1.40) and square (M = 3.86, SD = 1.29) were also signi�cantly different [F(1.418,
49.626) = 10.313, p = 0.001, η2 = 0.228]. The results showed that the participants' subjective evaluation of
di�culty was consistent with the objective di�culty of the task, which was re�ected in the search time.

Eye-tracking metrics

When there were distractions in the page, �xation count, �xation duration and saccade count all
increased (Fig. 6). The result of matched samples t-test showed that �xation count, �xation duration and
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saccade count all had signi�cant effects (p < 0.05) in non-distraction and distraction. The change of
layout also affected �xation count, �xation duration and saccade count. However, only �xation count had
signi�cant effects [F (2,70) = 23.556, P < 0.001, η2 = 0.402]. More speci�c trends are denoted by multiple
comparisons of �xation count, �xation duration and saccade count, as shown in Fig. 7. The correlation
analyses showed that �xation count, �xation duration and saccade count have signi�cant effect (p < 
0.05) on search time in non-distraction and distraction (Fig. 8) and in horizontal, vertical, and square
(Fig. 9). All eye-tracking metrics were positively correlated with search time. The above results showed
that the di�culty caused by the change of distraction and layout increased, making participants need
more eye movement and more observing time.

Scan path

The �xation points were connected by lines sequentially to obtain the trajectory of �xations which
represents scan path. Both distraction and layout affected the trajectory of participants' �xation.
Compared with non-distraction, distraction made participants' scan paths denser, but the random
distribution of �xations did not change (Fig. 10). The difference of layout did not change the density of
scan path, but the shape changed. Accumulated horizontal lines can be seen in horizontal, accumulated
vertical lines can be seen in vertical, while there were more short lines in square (Fig. 11).

We have tried to create SAM (Scan -path Angle Mode) and apply it to the analysis. The proportional
distribution of scan-path angle was a surprising discovery. The results of SA1P were very close in non-
distraction (M = 32.72%, SD = 0.0208) and distraction (M = 31.66%, SD = 0.0503), and larger than SA2P,
SA3P and SA4P, as shown in Fig. 12. This trend was more obvious in layout group, in which the results of
SA1P in horizontal (M = 45.00%, SD = 0.0535), vertical (M = 41.05%, SD = 0.0499) and square (M = 44.39%,
SD = 0.0402) were shown in Fig. 13. When distraction added, the results of SA2P, SA3P and SA4P were
very similar in non-distraction and distraction. However, after the layout changed, the results of SA2P,
SA3P and SA4P were different in horizontal, vertical, and square.

Discussion
Search time was in�uenced by both distraction and layout. When the goals of search tasks are the same,
a rise in search time indicates a higher task di�culty and a lower search e�ciency. Distraction increases
the number of items and the complexity of the page, so the search task is more di�cult12,15,17. The
search di�culty of the square was the highest, followed by the vertical and then the horizontal. The
different layout affects the way of eye movement, which is related to people's habit of searching visual
information in the past25 and affect search e�ciency. The di�culty indicated in the search time was
consistent with the subjective evaluation results of participants on the di�culty. Search behaviors,
notably eye movement, in�uenced participants' perceptions of di�culty. Each eye movement and overall
movement mode has an impact on search e�ciency, which in turn has an impact on di�culty
evaluation15,40,41.
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The results of the three eye-tracking metrics were signi�cantly in�uenced by distraction. Fixation count,
�xation duration, and saccade count all increase as di�culty increases, which is consistent with previous
researches3,8,15. The in�uence of layout is eliminated in non-distraction and distraction tasks since all
elements are arranged pseudo-randomly. Distraction resulted in three major changes: the number of
items rose, the variety of items increased, and the density of information increased. As a result, the value
of target divided by all items has decreased; the interface's clutter has increased; and the target has
become less visible against the cluttered background. Therefore, additional �xations and saccades are
required to discriminate targets and incorrect items. Simultaneously, the increase in items and clutter
caused participants to do redundant scans in the same area, which was ineffective. The effects in layout
on eye-tracking metrics were not as obvious as those produced by distraction. These three metrics cannot
explain the reasons for the change in search di�culty caused by layouts. The number and type of items
in these three layout tasks did not change, as did the density of information. Only the arrangement of the
items, that is, the positional connection between items, changed. Therefore, not only should each
individual eye movement be evaluated, but also the positional relationship between them19,37,38.

Trajectory plots naturally indicated the movement mode of participants' �xation17,21. Although the
quantity and density of �xations were different in non-distraction and distraction, the outer contours of
the two plots formed of scan path were similar. In both plots, the distribution of �xations was also
random. This random arrangement was similar to the way items were arranged in the search tasks. It can
be inferred that the density and arrangement of �xations in the trajectory plots were in�uenced by the
items in the search task. The density of �xation in the trajectory plots did not differ signi�cantly between
the three tasks with various layouts. The number and density of items on each page were the same in all
three tasks, demonstrating once again that the intensity of �xation in the trajectory plots corresponded to
the items on the page. The shapes of scan paths were clearly different. The shapes of scan path
matched the layout of the pages. This �nding implied that the change in layout affected participants'
�xation movement mode. This is quite understandable. When the task goal is clear in search, the bottom-
up approach often plays a leading role42. Therefore, the direction of the next �xation was guided by the
layout26, so the scan path formed a similar layout. Horizontal and vertical are the common arrangement
of information, especially text. Horizontal eye movement delivered higher e�ciency, which may be related
to people's long-term reading habits22,25. The square is not common, and this unfamiliar layout made
participants spend more time43,44.

We separated all scan-path angles into four intervals and calculated the percentage of each interval,
which had never been done before. SA1P was the largest in both the non-distraction and distraction
tasks, and the two values were quite close. Furthermore, the percentages of the other three intervals were
similar as well. Distraction increased the di�culty of searching in three ways, but participants' search
strategies remained unchanged, and they preferred to adjust eye movement with a small angle. Therefore,
the number of items, the type of items and the density of the page cannot change the angle strategy, and
di�culty is not a su�cient condition to change the scan-path angle. The scan-path angles less than 45
degrees were still the greatest and the percentages were extremely close in horizontal, vertical, and square
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tasks when the layout was changed, which was similar with the distraction group's results. The results of
the other three angle intervals, on the other hand, varied depending on the layout. This result corresponds
to the scan path: the shape has changed, and this change is mainly caused by angles of more than 45
degrees. Combined with the results of the distraction group, choosing a small angle is a basic strategy, no
matter what the search task is. Interface design is unlikely to have an impact on this tendency. This
tendency is related to reading habits22,25 and eye discomfort. Common visual information is arranged
horizontally or vertically. Guided by such layouts, the angle of eye movement is mostly small. Varied
types of eye movement cause different levels of tiredness and comfort in persons, and simple angle
adjustments can lessen the physiological strain.

Conclusion
Distraction makes search task more di�cult, and search time is positively correlated with �xation count,
�xation duration, and saccade count. When the layout of the task changes, the di�culty of the task varies
as well, but only the �xation has a signi�cant difference. Distraction cannot change the shape of scan
path, but can change the density of �xation in the scan path. The change of layout will not change the
density of �xation, while the shape of scan path is related to the layout of the page of search task. In all
cases, scan-path angles less than 45 degrees are always the most.
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Figures

Figure 1

Test pages of Experiment 1.
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Figure 2

Procedure of Experiment 1.

Figure 3

Test pages of Experiment 2.

Figure 4

Procedure of Experiment 2.



Page 13/16

Figure 5

Scan-path Angle Model (SAM). A, B and C are the previous �xation, the current �xation, and the next
�xation respectively. ∠β is the current scan-path angle, which belongs to SA1.

Figure 6

Results of �xation count, �xation duration and saccade count in non-distraction and distraction (Notes: 
denotes P< 0.05;  denotes P<0.01;    denotes P <0.001)

Figure 7

Results of �xation count, �xation duration and saccade count in horizontal, vertical and square (Notes: 
denotes P< 0.05;  denotes P<0.01;    denotes P <0.001)

Figure 8

Correlation between eye-tracking metrics and search time in non-distraction and distraction, which shown
as scatter plots.
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Figure 9

Correlation between eye-tracking metrics and search time in horizontal, vertical, and square, which shown
as scatter plots.

Figure 10

Scan path in non-distraction and distraction. The dot is the �xation, and the �xations were connected in
sequence to form the scan path.
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Figure 11

Scan path in horizontal, vertical, and square. The dot is the �xation, and the �xations were connected in
sequence to form the scan path.

Figure 12

Results of SA1P, SA2P, SA3P and SA4P in non-distraction and distraction
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Figure 13

Results of SA1P, SA2P, SA3P and SA4P in horizontal, vertical, and square


