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a. A home page

Figure 9. Heat Maps Showing Dispersed Fixation Patterns

b. A news page

Figure 10. Heat Maps Showing Attention to Faces

Heat maps can also help compare viewing behavior of groups of users. For example, Djamasbi, Siegel,
Skorinko, and Tullis (2011a) used heat maps to compare viewing behavior of old and young users. The
heat maps in the aforementioned study revealed that Baby Boomers, compared to Generation Y users,
exhibit a more “patient” viewing pattern. The heat maps for older users contained more intense fixations
(red spots). The colored spots on these heat maps spanned the entire page. The heat maps for
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Generation Y users, on the other hand, showed an “impatient” viewing behavior. The heat map for
Generation Y had fewer red spots, which indicates that they had fewer intense fixations on the page. The
smaller size of the colored areas on the heat maps for Generation Y showed that they looked at fewer
items on the page. The concentration of colored spots on the top portion of the page indicated that
Generation Y users showed little interest in viewing items that were placed below the fold (part of the
page that required them to scroll the page). Figure 11 displays two heat maps, which provide an example
of these differences.

3.3. Can We Quantify Heat Maps?

Heat maps display viewing patterns as color-coded pictures. There is value in comparing these patterns
statistically. One of the major contributions of Djamasbi et al.’s study (2011a) was that it provides a
method for comparing viewing patterns quantitatively. By calculating the spatial distribution of fixations on
heat maps (the area of fixations), the study provides a novel eye tracking metric to quantify viewing
patterns. Because fixation patterns of careful and thorough viewers cover larger areas of a webpage, this
metric serves as a suitable measure to compare differences in viewing behaviors. For example, Djamasbi
et al. (2011a) used this metric to show that Baby Boomers were significantly more thorough in viewing
webpages than their younger counterparts.

3.4. How Else Can We Visualize Data?

Aside from generating gaze plots and heat maps, fixation data can also be used to visualize information
for targeted areas on a webpage. There are four types of fixation data that are particularly effective in
revealing viewing behavior for targeted areas of a webpage: fixation duration, fixation frequency, fixation
timing, and percentage of viewers. Fixation duration refers to the amount of time that someone has a
perceptual element under foveal scrutiny. Fixation frequency is the number of times someone fixates on a
perceptual element. Fixation timing reveals the order by which someone views a perceptual element. It
can also show the speed at which someone detects a perceptual element. Percentage of viewers reflects
the number of people who viewed a perceptual element. Fixation duration, frequency, timing, and
percentage of viewers represent attention to web elements and thus provide invaluable information for
designing targeted areas of a webpage.

In order to create a map of fixation information for targeted areas, a webpage is grouped into regions.
These regions are called areas of interest (AOIs) and can be created in various ways depending on the
research question. For example, AOIs can be created to cover broad sections of the page or they can be
created to encircle a specific perceptual element. Broad AOIs allow us to aggregate fixation information
based on regions of the page (e.g., top, middle, and bottom). With specific AOIs, we can aggregate
fixation information for specific elements (e.g., logo, image, or sign-in) (Figure 12).

After organizing a webpage into distinct regions, AOI maps are created by reporting fixation data for each
region (e.g., Figures 13 and 14). In addition to facilitating visual inspection of regional data, AOI maps
allow us to compare and contrast the regional data quantitatively. For example, we can compare the AOI
data for a broad region in various designs (e.g., compare the AOI data for the top section of the page for
two different designs), or we can compare the AOI data between various designs for a specific perceptual
element (e.g., compare the AOI data for two different designs of the “sign-in” button).
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Because longer fixation durations can indicate higher levels of attention or interest (Poole & Ball, 2006;
Cyr, Head, Larios, & Pan, 2009; Cyr & Head, 2013), AOI maps for fixation duration can help to identify
regions of the page that adequately captured people’s attention and those that need improvement. Figure
13a displays the AOI map for aggregated fixation durations on various sections of a commercial
webpage. This map shows a typical viewing behavior for webpages that create a distinct visual hierarchy
using a large main image (Djamasbi et al., 2010; Djamasbi et al., 2011a). As Figure 13a shows, the main
section of the page (the section with the large image of a dial) was viewed much longer than the rest of
the page. The same information can also be visualized through fixation ratios. The AOI map in Figure 13b
shows how aggregated fixation duration ratios were distributed among the 7 AOIs on the webpage. This
data shows that the large main section of the page received 58 percent of total fixation duration. The logo,
the search bar, the navigation bar, and the two smaller informational windows below the main image
received almost equal percentage of users’ fixation time, while the bottom part of the page received no
fixation at all.

Fixation duration does not always indicate positive attention. Longer fixations could also indicate
confusion. For example, viewers may look at an AOI longer if they cannot find their desired information
(Djamasbi & Hall-Phillips, 2014; Poole & Ball, 2006). In this case, longer fixation durations and ratios may
represent poor communication. Because we can interpret fixation duration in two diametrically opposed
ways (attention or confusion), we need the context and additional data points such as surveys, interviews,
and/or observations to correctly interpret a viewer’s duration of fixation on an AOI.

Similarly, AOI maps can use fixation frequency, or the frequency by which an AOI is visited, to provide
valuable insight regarding attention to targeted areas on a webpage. If an area of a webpage is
interesting, people are more likely to visit it more than one time. Thus, higher fixation frequencies for an
AOI can indicate interest in the AOI. Similar to AOI maps for fixation duration ratios (Figure 13b), we can
create AOI maps that reflect the ratio of fixation frequencies. Fixation frequencies, similar to fixation
durations, can indicate two opposing concepts: interest or confusion. If someone is confused, they are
likely to look around visiting the same areas over and over again with the hope of finding a suitable entry
point. Again, here the context and additional data should be used to interpret the results correctly
(Djamashi et al., 2011a; Djamasbi & Hall-Phillips, 2014).
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Figure 13. Example of AOI Maps Representing Aggregated Fixation Durations and Their Ratios

Fixation timing is another important metric for examining aggregated behavior for targeted areas on a
webpage. The timing of fixations on each AOI can tell us the order by which users viewed the AOls
(Djamasbi et al., 2010). The order of views can provide valuable information about how users scan
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various sections of a page. For instance, Figure 14 shows that the logo served as an entry point to the
page (i.e., users scanned the page by starting with the logo). After looking at the logo, users shifted
attention to the main section of the page that contained a large image, then to the navigation bar, then to
the search box, followed by the right informational window below the main section, and finally the left
informational window below the main section.

Figure 14. Example of an Aggregated AOI Map for Order of Views

Fixation timing of a perceptual element can also show how quickly viewers notice an element. This
information is helpful in capturing the banner blindness phenomenon (i.e., when users ignore provided
information) ((Chatterjee, 2008; Djamasbi, Siegel, & Tullis, 2012a; Djamasbi et al., 2007; Djamasbi & Hall-
Phillips, 2014; Dreze & Hussherr, 2003; Hervet et al., 2011). Studies have shown repeatedly that the
same design techniques that can make a perceptual element salient (so that the element can serve as a
suitable entry point to the page) can also trigger banner blindness (Djamasbi & Hall-Phillips, 2014). For
example, even mild changes in background color of an informational window can have a significant
impact on how quickly users notice it (Djamasbi et al., 2012a). Figure 15 provides an example of AOI
maps for detecting banner blindness. Figure 15a displays two prototypes of the same page that differ only
in the background color of one of their informational windows, marked in each prototype as an AOI.
Figure 15b provides the aggregated fixation timing maps for the prototypes. While the informational
window in the right website uses only a slightly more contrasting background color than the informational
window on the left page, as revealed by the AOI maps, it took viewers significantly longer (4.92 seconds
vs. 17.29 seconds) to look at the informational window with the more contrasting green background color
(Djamasbi et al., 2012a).

Fidelity.com N1 T oo sas GemanAcon b
Seooraat T | s S imichin m Gukdance 8 pesromen | e ]

s & wmign e

ETEN W T cosomer seoics OmmanAccomt ek

Aesearch Guntancs & pearement ines:

i how Ihes may aBect you Dtsied Quale

r 1o you Qprsn
The Fidelity
IRA Center
;‘a 1‘n‘t‘h.ﬂ. I.FM(M\:-

N> o

What To Do When ... What To Do When ...

a. AOQOIson é_aic‘h prototype

AIS Transactions on Human-Computer Interaction Vol. 6, Issue 2, pp.37-54, June 2014

49



Eye Tracking and Web Experience Djamasbi

uuuuu 8
wem
€ sass0gs trom Ficetty Brokerags Services Markets
Leaen 380Ut Ibcinmiam Reqused Distiutans (MRDS) 300 how ey miay 86t you — e Customer S8

Today's Highlights [ 1140572 3353 (0200 &
What the new tax law means to you HamIz . &

€ thessago trom Fidobty Brokerage Services
Leam about Wi Etequired Distibtions (U

Today’s Highlights
What the new tax law means to you

The .F'Ideﬁ‘ty ----------------
e

M SEPSID 124100
= FTSE100 589290 1

25 10201.08 745 (007%) 8

o What To Do When ...

b. Aggregated AOI maps showing the time (in seconds) that it took participahté to not;éé thé“AOIs

Figure 15. Background Color and Noticeability of AOIs (Adapted from Djamasbi et al., 2012a)

Another way to visualize the regional distribution of attention on a webpage is by creating an AOI map for
the number of people who viewed various areas of the page. The more attractive an AOI, the more likely it
is for the AOI to get traffic from a larger number of users. We can visualize the aggregated unique visits to
demonstrate the percentage of people who viewed various AOIls. For example, Figure 16 shows the
percentage of users that viewed each of the 7 AOIs on the webpage. As Figure 16 shows, all participants
viewed the large main section of the page, while only half of the participants viewed the informational
windows below the main section. The logo, search box, and navigation bar drew almost half of the
participants’ attention.

Figure 16. Example of Aggregated AOI Maps for Percentage of Viewers

3.5. What Does the Future Hold for Using Eye Tracking in Web Studies?

Because eye tracking can help us capture what catches a user’s eye on a visual display, it can provide
invaluable insight into consumer preferences and behaviors. Therefore, eye tracking has the potential to
become an industry standard for designing and developing websites.

Before eye tracking can become mainstream in industry, these technologies have to become more
researcher friendly. There has been a great deal of progress in eye tracking technologies to make them
participant friendly. Contemporary eye trackers can collect data unobtrusively and remotely without
requiring participants to wear special equipment (see Figure 3). This is an important improvement for
website research because equipment can affect how a user interacts with a website. However, the eye
tracking devices are still not as user friendly to researchers as they are to study participants. Eye trackers,
unless they are built into monitors, require manual set up and measurements. When built into computer
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monitors, eye trackers are harder to use in field studies. While smaller portable eye trackers that use
video-based corneal reflection techniques are becoming available for desktop and laptop screens, they
still require special stands for collecting eye tracking data on mobile devices. In regard to portability (e.g.,
field studies), the mobile eye tracking stands are still relatively bulky and their set up is still fairly laborious
(see Figure 3d).

Collecting, validating, and analyzing data can benefit from easier and more intuitive interfaces. In
particular, there is a great deal of opportunity for improvement in streamlining the collection and analysis
of eye tracking data on mobile devices. Currently, data analysis for mobile devices requires a great deal
of manual processing, which makes analyzing mobile eye tracking data labor intensive and time-
consuming.

In addition to becoming friendlier to researchers, eye tracking technologies need to become more
affordable before they can be used on a larger scale in industry research labs. Once quality eye trackers
become affordable, manufacturers are likely to build them into the next generations of computing devices.
Furnishing consumer computers and mobile devices with built-in eye trackers can facilitate a new array of
opt-in user studies enabling researchers to run large scale “online eye tracking” web studies in the same
manner that online surveys are conducted today.

4. Conclusion

Designing for positive web experiences is no longer a luxury but a must for staying competitive in today’s
business environment. Eye tracking can play an important role in designing successful and effective
websites and, as such, it has the potential to become an industry standard in best practices for website
design. This potential promises a new and productive line of research for user experience scholars and
practitioners.
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