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Abstract. Eye tracking has become the gold standard in measuring human atten-
tion and information-processing behavior. As such, eye tracking in mixed-methods
user experience (UX) research serves as an invaluable tool to learn about user needs
and to create actionable insights for improving product and service design dur-
ing the development cycle. Here, we discuss the iterative process that we used to
improve the design of a decision aid (DA) developed to facilitate shared decision
making. We explain the use of eye tracking during this process to examine how
users processed the information provided by the DA. We also explain how we used
eye tracking in a retrospective “think-aloud” protocol to gain insight about users’
needs. Our results show that user reactions captured by eye tracking can not only
be used to optimize design decisions but also to gather user feedback about their
information processing needs.

Keywords: User-centered design - iterative formative studies - retrospective
“think-aloud” - area of investigation (AOI) maps - user experience design and
evaluation - shared decision-making tool

1 Introduction

Decision aids (DAs) refer to digital or paper-based tools designed to facilitate shared
decision-making between patients or their surrogate decision-makers and clinicians
(Barry & Edgman-Levitan, 2012). DAs provide information about a specific medi-
cal condition, possible treatment paths, as well as pros and cons of different treat-
ment options clinicians (Barry & Edgman-Levitan, 2012). DAs typically support non-
recurring context-specific health decisions to help select treatment options that are best
aligned with patients’ values and preferences. Therefore, the engagement design goal
for DAs should focus on helping users to thoroughly process the provided information.
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Designing successful user-centric systems requires a series of iterative formative
user experience (UX) studies, each with the objective to discover insights for improving
the design in the next development cycle. Because the most dominant sense for sighted
people is vision, eye tracking offers an effective methodology for measuring how people
process visual information provided in a DA. Eye-tracking devices provide a continuous
and unobtrusive stream of moment-to-moment objective gaze data about a person’s focus
of attention on various parts of a visual display without placing an additional burden on
users. Consequently, eye tracking has become the gold standard for investigations that
rely heavily on measuring visual attention (Djamasbi, 2014; Gaffiero et al., 2019).

In this paper, we present how we evaluate and improve user engagement with a digital
DA using a series of iterative formative studies. The main goal of the DA we examined,
is to help surrogate decision makers of incapacitated neurocritically ill patients (with
severe traumatic brain injury, hemorrhagic, or large ischemic strokes) to prepare for
clinician-family meetings. During this meeting, surrogate decision makers are asked
to make a goals-of-care decision. That is, surrogates must choose a treatment pathway
between two options: survival or comfort. Choosing survival means that the patient will
continue receiving invasive medical therapies. Choosing comfort care means that the
patient will have life-sustaining measures withdrawn while the patient is provided with
medications for comfort; the patient is allowed to pass away with as little suffering as
possible (Barry & Edgman-Levitan, 2012; Goostrey et al., 2021; Muehlschlegel et al.,
2020).

2 Improving the DA with Iterative Formative Studies

The information provided by the pilot digital DA in our study was originally displayed on
18 pages with a left navigation bar (Norouzi Nia et al., 2021). The DA explained the avail-
able treatment pathways, visualized an estimated prognosis for the patient via an icon
array with data derived from validated disease-specific prediction models, summarized
the information important for decision-making in a table to compare treatment options,
and provided a worksheet to be completed by the surrogate as a value-clarification
exercise. The DA also provided two real patient/family examples.

To improve the design of our DA, grounded in a user-centered approach to prod-
uct development, we conducted a series of iterative formative UX studies (Djamasbi &
Strong, 2019). In two of our four formative studies, we used eye tracking to understand
how people process the DA’s information. We also used eye tracking to conduct a retro-
spective “think-aloud” protocol after participants completed reviewing the DA at their
own pace. Retrospective “think-aloud” protocol is particularly helpful in the assessment
of complex systems because it allows participants to complete the task without inter-
ruption (Eger et al., 2007; Schiessl et al., 2003). Similar to generative UX research that
uses stimuli such as mockups and/or storyboards to gain a deeper understanding of user
needs, retrospective “think-aloud” protocols serve as an ideal tool to engage users in a
conversation about their thoughts and feelings.

To facilitate an efficient and effective development process, as customary in formative
UX studies after collecting data from a few participants, the research team convened
regularly to decide whether the collected data provided enough information to adjust the
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DA. This process resulted in four iterative formative studies, through which we collected
information to adjust the DA and evaluated the impact of the adjustments we made on
users’ engagement with the DA.

2.1 Iteration 1: Collecting Information for Revising the Original Pilot DA

The objective of the first iteration was to gather feedback about the pilot DA’s content and
organization from the clinicians’ and surrogates’ perspectives. Feedback from clinicians
was important to improve the accuracy and flow of information based on clinicians’
experience providing this information to their patients and their families. Feedback from
the surrogates was important to improve the engagement design with the DA.

We performed remote (Zoom) interviews with seven multidisciplinary clinicians
such as neurosurgeons, stroke doctors, and palliative care providers. We also conducted
interviews with five surrogate decision makers of prior neurocritical ill patients with the
diseases of interest. Participants were provided with a link to the DA via the chat function
in Zoom and were asked to share their screens. Using the “think-aloud” protocol each
participant reviewed all 18 pages of the DA. Participants were encouraged to provide
suggestions for improvements as they reviewed the DA. We also asked them to give us
overall feedback at the end of the interview.

The feedback from participants provided strong support and encouragement for the
development of the tool. In particular, the availability of accurate and reliable infor-
mation (e.g., estimated prognosis visualized via the icon array and information about
possible treatment pathways and their pros and cons) was considered highly valuable.
The feedback also indicated that the DA would benefit from reorganizing some of its
content. For example, clinicians suggested changing the order of some of the provided
information. They also made suggestions about formatting the textual content in a way
that the most important information is moved to the top of the page and emphasized
with boldface. Including more images to accompany the text and short video clips that
provided the same textual information in a non-textual format was recommended to
improve engagement with content by all participants, i.e., both clinicians and surrogates
with lived experience. Similarly, it was suggested to provide users with the option to
review or skip patient examples.

2.2 Iteration 2: Revising the DA and Evaluating the Changes Made

Based on the feedback gathered in the first iteration, we reorganized some of the DA’s
content: 1) we reduced the number of DA pages from 18 to 14; 2) we provided users
with the option to review or skip patient examples before completing their worksheet; 3)
we simplified the language in certain paragraphs; 4) we moved text that was identified
by clinicians as important information to top locations on pages and used formatting
(e.g., bold text) to draw attention to important information; 5) we added more images
with special emphasis on inclusion (i.e., images depicting people of color) to accompany
the text; and 6) created six new videos with a physician explaining the content in plain
language and embedded these videos in six different pages of the DA.
Afterimplementing these changes, we conducted another remote round of interviews.
‘We recruited one clinician and two surrogates with lived experience who participated in
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the first iteration of our user study to examine whether they preferred the revised DA over
the original one. Again, participants were asked to share their screens while reviewing
the DA and providing feedback.

All participants in this second round found that the revised DA, compared to its
original version, made it much easier to process the provided information. Participants
indicated that they preferred the way information was organized and presented to users
in the new version of the DA. They found that the newly added images and videos made
the revised DA notably easier to understand than its original version.

Summary of the Result of Iterations 1 and 2

The design objective of the first two iterations of our study was to see whether we can
improve the organization of the provided information to enhance user engagement with
the DA. To do so we collected feedback from seven multidisciplinary clinicians (e.g.,
neurosurgeons, stroke doctors, and palliative care providers) who help surrogates with
decision-making in the neuro intensive care unit (neuro ICU) to improve the flow of DA’s
content. We also gathered feedback from five surrogates with lived experience to see
how we can improve user engagement with the DA. The feedback from clinicians and
surrogates helped us to make major revisions in content organization and presentation
to users. The revised DA was ready for a more in-depth evaluation of user engagement
with a new set of surrogates which will be discussed in the following sections.

2.3 Iteration 3: Assessing User Engagement with Eye Tracking

The data for this iteration was collected at a university-based hospital in New England.
Participants were recruited from the neuro ICU waiting room among individuals whose
family member was admitted to the neuro ICU as a patient. We used eye tracking to
capture how people read the DA’s content. We also used the gaze data from three spe-
cific pages deemed to be the most important aspects of the DA by our physician author
(i.e., the prognosis page that contained the icon array, the page comparing treatment
options, and the worksheet) to conduct a retrospective “think-aloud” session. The retro-
spective “think-aloud” process allowed both the collection of evaluative user feedback
that was cued by their gaze data (Elling et al., 2012) and facilitated engaging users in a
conversation that helped us gain a deeper understanding of their thoughts, feelings, and
needs.

We invited participants (two men and one woman, mean age = 62.33, SD = 5.13)
to aroom adjacent to the neuro ICU where we had set up a laptop with a Tobii X-60 eye
tracker attached to the laptop screen. The laptop used Tobii Pro Lab software (version
1.18) to calibrate the eye tracker for each participant. This setup allowed us to capture
participants’ gaze data as they reviewed the web-based DA. Participants were randomly
assigned to review one of the three available DAs (i.e., traumatic brain injury, large acute
ischemic stroke, and hemorrhagic stroke). Once participants finished reviewing the DA,
we showed them their gaze replay for the three aforementioned pages. We ask them
to recall their thought processes as they reviewed their gaze videos. Finally, we asked
participants to tell us about their overall impression and experience with the DA.

All three participants reported an overall positive experience with the DA. The feed-
back gathered through the retrospective “think-aloud” for three specific pages, indicated
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that we could further improve the user experience of DA by adjusting the content of
the table that compared treatment options. Participants indicated that they were partially
confused by the information presented in the table. For example, user feedback during
the retrospective “think-aloud” and exit interviews included statements such as: “I am
not sure what to do with the table” and “The table is confusing”. This table was displayed
twice in the DA, first on page 9 and then in the worksheet which was provided as the
last page of the DA.

The collected eye-tracking data was analyzed by focusing on fixation, saccade, and
visit metrics. Fixations refer to slow eye movements that we use to process visual infor-
mation. Saccades refer to fast eye movements that we use to change our focus of atten-
tion. Visits refer to a sequence of fixation and saccades that we use to view an area of
investigation (AOI), i.e., a specific area on a visual display (Djamasbi, 2014).

Figure 1.a shows the fixation duration heatmap for page 9 where the comparison table
for goals of care is shown for the first time. This color heatmap displays participants’
cognitive effort by visualizing their fixation duration intensity from highest (red) to
medium (yellow) to lowest (green). The heatmap in Fig. 1.a reveals a scattered viewing
pattern. This heatmap also shows that the bottom cells in the table, which explain reasons
for avoiding survival and comfort, received more intensive fixations as indicated by more
and larger red color clusters in these areas. Similarly, the heatmap indicates more intense
fixation on the column heading “survival” compared to the column heading “comfort.”

Figure 1.b displays the order by which various sections of the table were reviewed
by the three participants. The map in Fig. 1b. was developed by calculating the average
time to first fixation for each AOI (Djamasbi, 2014). The AOIs in Fig. 1.b are displayed
as dark gray boxes. The AOI gaze order map shows that participants reviewed the cells
related to survival before looking at the cells that provided information for comfort. They
also show that users did not read the page title (“Comparing and summarizing different
goals of care”) and table titles (“Survival” and “Comfort”) before reading the content
of the table. This viewing behavior is important because designing the page in a way to
encourage users to read the titles before looking at the content makes it easier for them
to understand the provided information (Djamasbi et al., 2012).

The fixation order as well as the scattered viewing pattern in the heatmap in Fig. 1
indicates that participants were looking around for information. This interpretation is
supported by the results of the retrospective “think-aloud” which indicated that users
were not quite sure how to process the content of the table.
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Fig. 1. Iteration 3: Fixation duration heatmap and AOI map for page 9
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The heatmaps in Fig. 2 display the distribution of attention on the table on page 9
and the same table on the last page of the DA (page 14, the worksheet page). Figure 2
also displays three quantitative eye-tracking metrics that capture cognitive effort for
reviewing the tables on page 9 and the worksheet page: average visit duration, saccade-
to-fixation frequency, and fixation-visit-duration. Average visit duration captures the
average amount of time for every single visit (every single time that the table area was
visited). Higher average visit durations indicate more effort expended to view the table.
Saccade-to-fixation frequency (i.e., total number of saccades/total number of fixations)
reveals changes in focus. Higher values of saccade-to-fixation frequency indicate more
changes in focus when viewing the table (e.g., more intense search behavior) (Wu et al.,
2015). Fixation-to-visit duration (total fixation duration/total visit duration) reveals the
effort expended to read the content of the table. The larger the value of fixation-to-visit
duration, the more effort is expended to read the content (Pool & Ball 2005).

Because the table is presented to users twice, we expected to observe differences in
viewing patterns and behavior when the table was viewed for the first time on page 9,
compared to the second time that it was viewed on the last page of the DA (the work-
sheet page). Due to familiarity with the table, it is reasonable to expect that participants
would exhibit less cognitive effort (i.e., less intense viewing behavior) when they view
the table on the worksheet page. The data displayed in Fig. 2, however, does not sup-
port this expectation. As shown in Fig. 2, participants’ fixations on both tables had a
similar scattered pattern. Additionally, quantitative eye-tracking metrics did not show
a decreasing trend in cognitive effort. For example, the results showed that on average
people exhibited more cognitive effort when viewing the table on the worksheet page
(56,576 ms) compared to when they viewed it for the first time on page 9 (46,213 ms).
While saccade-to-fixation frequency values indicated slightly fewer changes of focus
on the worksheet table compared to the table on page 9 (51% vs. 57%), fixation-to-
visit duration ratios indicated that participants expended slightly more effort reading the
table in the worksheet (67%) compared to the effort they expended to read the table
on page 9 (64%). The information summarized in Fig. 2 indicates that participants did
not exhibit an overall decrease in cognitive effort when they reviewed the table for the
second time on the worksheet page. These eye-tracking results suggest that participants
may have not fully understood what the table intended to communicate. Participants’
feedback, which indicated confusion about the table, supported the interpretation of the
eye-tracking results.

Visual Engagement with the Icon Array
We also investigated how participants visually processed the icon array. An Icon array
is a graphical depiction of probabilities and proportions, which uses a matrix of icons.
(e.g., probability of dying from an injury and/or surviving it with serious disabilities,
etc.) (Scalia et al., 2021).This information is essential for surrogates to understand the
probability of a predicted outcome to help them select a treatment pathway that most
likely matches the values and preferences of the patient. Hence, the icon array in our
DA is presented to users before the table that compares treatment options on page 9.
Figure 3 displays the heatmap for the icon array used in the DA to visualize the
probability of death, survival with severe disability, and survival with minimal or no
disability, all derived from disease-specific, validated prediction models. As shown in
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Saccade-to-fixation frequency=57% Saccade-to-fixation frequency=>51%
Fixation-to-visit duration=64% Fixation-to-visit duration=67%

Fig. 2. Iteration 3: Attention, search, and reading behavior

Fig. 3, the aggregated gaze patterns cover mostly the right side of the icon array indicating
that participants mostly focused on the icon array legend. This viewing behavior can be
explained by the fact that the only information conveyed by the graph on the icon array
is the visual representation of the proportion of three possible outcomes (death, survival
with severe disability, and survival with no or minimal disability). The explanations for
these outcomes are provided by text in the legend of the icon array.

People’s fixation intensity tends to decrease from top to bottom when they read
textual information that is presented in a list format (such as the textual information in
the icon array). As shown in Fig. 3, the explanation for the legend (the paragraph above
the legend) received relatively less intense attention compared to the two first two items
of the three-item legend. The color clusters on the legend indicate that participants read
the first two items of the legend with relatively similar intensity. They also indicate that
the first two items of the legend were viewed more intensely than the last item of the
legend.

The eye-tracking results and feedback from participants indicated that we did not
need to make any changes to the icon array.
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Fig. 3. Iteration 3: Fixation duration heatmap for Icon array
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2.4 Tteration 4: Assessing User Engagement with Eye Tracking After 3'¢ DA
Revision

The results of the user study in iteration 3 provided a number of actionable insights for
revising the table that compared the survival and comfort treatment options. To make the
table easier to process, we simplified its content in several ways. For example, to make
it clearer that the treatment goal must be considered from the patient’s point of view
we changed the subtitles in the table from “Reasons for choosing <treatment goal>" to
“The patient may choose <treatment goal> because:”). We also simplified the language
in bulleted points (e.g., changed “The patient has said in the past that they don’t wish to
be dependent on others to live” to “The patient does not wish to be dependent on others
to live”), and balanced the number of bulleted points for each section in the table (i.e.,
three bulleted points in each cell). Additionally, we simplified the title of page 9, where
this table is shown for the first time, to create an easier-to-read summary of the entire
page. The title of page 9 was changed from “Comparing and summarizing different
goals of care” to “Comparing different goals of care”. The table in the worksheet was
the exact copy of the table on page 9 with one exception; The table was simplified on the
worksheet by removing the column titles Survival and Comfort. Because patients were
already familiar with the table, we did not expect any problem removing the table titles
on the worksheet. Removing the table titles helped simplify the content-heavy worksheet
page.

After making these adjustments, we resumed eye-tracking data collection in the same
hospital, using the same room and setup. We again recruited individuals whose family
member was admitted as a patient to the neuro ICU. Four new participants (three men
and one woman, mean age = 44.25, SD = 20.04) were recruited. Again, participants
reported a positive overall experience with the DA. The feedback from the retrospective
“think-aloud” indicated that the adjustments made to the table improved engagement
with its content because participants no longer reported any confusion about the table.

Figure 4.a displays the heatmap and Fig. 4.b displays the AOI map for the revised
page. The heatmap in Fig. 4.a shows that participants had more intense fixations (red and
yellow color clusters) on the survival column than on the comfort column. Figure 4.b
shows the AOI map representing the order by which table content was viewed. As shown
in Fig. 4.b, participants first looked at the page title, then at the titles of the table before
looking at the table content. The observed viewing order suggests that the changes made
to the page had a positive impact on how people reviewed it. As mentioned before,
because titles and subtitles provide the summary of the content, they are important in
effective communication of information (Djamasbi et al., 2012).
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Fig. 4. Iteration 4: Fixation duration heatmap and AOI maps for page 9

Figure 5 displays heatmaps for the table when it was viewed by participants for the
first time (Fig. 5.a) and for a second time on the worksheet (Fig. 5.b). Because the table
titles were not included in the worksheet, qualitative metrics were measured for the area
of the table that was common on both pages (i.e., the table AOI in Fig. 5 does not include
table titles). The heatmaps show that in this iteration participants read the column that
explained the survival goal of care more carefully on both tables as evidenced by the
spread and intensity of the color clusters in the tables.

As mentioned in iteration 3, because of familiarity with the table (i.e., participants
already reviewed the table on page 9), we expected them to read the content of the table
on the worksheet with less intense viewing patterns or cognitive effort. The eye-tracking
results summarized in Fig. 5 support our expectation. For example, the heatmaps show
less intense color clusters covering fewer areas on the worksheet table compared to the
table on page 9.

The quantitative measures of average visit duration, saccade-to-fixation frequency,
and fixation-to-visit duration also supported our expectation that the table in the work-
sheet, compared to the table on page 9, would be reviewed with less cognitive effort. As
shown in Fig. 5, the average visit duration was notably shorter for the table on the work-
sheet (16,403 ms) than the average visit duration for the table on page 9 (50,956 ms).
Similarly, saccade-to-fixation frequency and fixation-to-visit duration ratios indicated

Average visit duration = 50,956 ms Average visit du}ration = 16,403 ms

Saccade-to-fixation frequency= 48% Saccade-to-fixation frequency=41%

Fixation-to-visit duration=54 % Fixation-to-visit duration=48%
5.a.Page 9 5.b.Last page (worksheet)

Fig. 5. Iteration 4: heatmaps, attention, search, and reading behavior
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less intense search and reading behavior for the table in the worksheet compared to the
table on page 9 (41% vs 48% and 48% vs 54%). These results suggest that the adjust-
ments made were effective in improving how the table communicated information to
users. Participants’ feedback indicating that they knew how to use the table supported
the interpretation of these eye-tracking results.

Visual Engagement with the Icon Array
Because no changes were made to the icon array in iteration 4 (i.e., the results of iteration
3 indicated no adjustment was needed), the icon array heatmap in iteration 4 was created
with the eye movement data for all seven participants in iterations 3 and 4 (Fig. 6).
The heatmap for the icon array in iteration 4 shows that the aggregated viewing
pattern of all participants is similar to the viewing patterns of the first 3 participants
in iteration 3 (Fig. 3). The gaze patterns in Fig. 6 cover mostly the textual information
with participants’ most intense fixation covering the first two items of the three-item
legend. There are intense fixations (red clusters) on the textual information that reveals
percentages (39 and 28 out of hundred) on the survival items (first two items of the
legend) but no red cluster on the percentage for those who die from their injury (last
item of the legend). Within the first two items of the legend, the larger number of red and
yellow clusters on the first item of the legend indicates that the explanation for survival
with no or mild disabilities was viewed more attentively than the explanation for survival
with severe disabilities. The observed viewing pattern for the legend items could be due
to their presentation order (i.e., attention decreases from top to bottom on lists). It could
also be due to their content indicating that participants attended the information on
survival outcomes more intensely than information on death due to injuries. The eye-
tracking data in iteration 4 shows that attention to information about survival (compared
to attention to information about comfort) was more intense on the tables on pages 9
and 14. While these results suggest that surrogates may exhibit attentional bias toward
information about survival, future research is needed to examine such a possibility more
directly.
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Fig. 6. Fixation duration heatmap for Icon array
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Summary of the Result of Iterations 3 and 4

The objective of iterations 3 and 4 was to examine user engagement with the DA at a
deeper cognitive level. The average time to review the DA for all seven participants in
iterations 3 and 4 was 27.71 min. The analysis of eye movements showed that participants
reviewed the DA without skipping any textual or image-based communication.

Because the comparison table appears twice (on pages 9 and 14) in the DA, we
expected participants to exhibit less intense cognitive effort the second time they review
the table. In iteration 3, participants’ viewing patterns and behavior did not support our
expectation; participants’ fixation patterns and viewing behavior did not show an overall
decreased trend in cognitive effort. In iteration 4, however, after we revised the DA,
the eye-tracking results suggested that participants reviewed the table on page 14 with
less cognitive effort. The differences in cognitive effort between reviewing the table on
page 9 and page 14 suggest that the changes made to pages 9 and 14 were effective in
helping users process the provided information more easily. User feedback supported
the above interpretation derived from these eye-tracking results.

The heatmaps for the icon array in iterations 3 and 4 showed similar viewing patterns
indicating that the information provided in this graph was thoroughly reviewed. The heat
maps (Figs. 3 and 6) also showed more intense attention to the legend that described the
possibility of survival with mild or no disability. Attention to survival was also observed
in heatmaps in Fig. 5. After revising the table to make it easier to process, the column
in the table that described survival was covered with more fixations on page 9 (Fig. 5.a)
and more intense fixations on page 14 (Fig. 5.b).

The similarity of viewing patterns in Fig. 3 (the icon array heatmap generated for
the first three participants) and Fig. 5 (the icon array heatmap generated for all seven
participants) shows that we were able to capture the overall viewing behavior for the
icon array with only three participants. Similarly, we were able to use the eye movement
data of a small number of participants (i.e., the first 3 participants) to test the DA and
generate actionable insight for revising it. The ability to generate actionable insight for
design and the ability to evaluate the impact of revisions on cognitive effort with only a
small number of participants (in our case 3 to 4 participants), highlights the value of eye
tracking in iterative formative studies which by mere nature have small sample sizes.

3 Discussion

Here we showed four iterative formative user studies to gather actionable insight for
improving the engagement design with the DA and evaluating the changes made. The
DA in our study was designed to help surrogate decision makers of patients with severe
brain injuries to make a goals-of-care decision. We used the “think-aloud” protocols in the
first two rounds and eye tracking in the last two. During the eye-tracking recordings, we
did not use the “think-aloud” protocol to avoid interruption of participants’ interaction
with the DA. On average, participants required 27.71 min to review the DA without
interruption. Eye-tracking results showed that no textual or image-based communication
was skipped by users. This is notable because research shows that textual information
is rarely reviewed thoroughly (Djamasbi et al., 2016).

Our mixed methods analysis showed that our iterative revisions effectively improved
participants’ engagement with the DA. The results showed that users looked at the
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survival table column more intensely than the comfort treatment column. A similar
attention pattern was observed for the icon array: the survival outcome received more
attention than death. The observed viewing patterns may indicate surrogate decision
makers’ attentional bias toward survival-related information. They may also reflect the
tendency to view information from top-to-bottom (e.g., legends in the icon array) or
left-to-right (e.g., table content). Future research is needed to examine these possibilities.

Our study results highlight the value of eye tracking in evaluating engagement design.
For example, similar gaze patterns captured by heatmaps in Figs. 3 and 5, suggest that
stable viewing patterns can be captured with a small number of participants (e.g., n =
3 in our case). Similarly, our results show that capturing visual information processing
behavior (e.g., via heatmaps, eye tracking metrics, and retrospective “think-aloud”) even
from a small number of participants can generate valuable insight for revising the DA
and/or testing the effectiveness of its revisions.

A recent industry report points out the need for more user experience research that
can generate actionable insight for improving products during the development cycle
(User Zoom, 2022). The iterative “design, test, and revise” process in our study shows
how to take advantage of various techniques (e.g., “think-aloud” protocol, eye tracking,
retrospective “think-aloud”) to gain insights for improving the engagement design of a
DA. The “think-aloud” protocol in the first two iterations allowed us to gather feedback
and suggestions for improvement from participants as they were viewing each page of
the DA. This process allowed us to learn about reorganization and simplification of the
DA’s content. The eye-tracking protocol allowed us to investigate engagement with the
revised DA without interrupting participants. This process allowed us to capture how the
provided information was processed in the moment. Finally, the retrospective “think-
aloud” helped us collect participants’ feedback on specific pages by cueing them with
their own gaze data.

4 Strengths and Limitations

Our study has important strengths. The mixed methods approach used in our study facil-
itated the evaluation of the engagement with the DA at a cognitive level not possible
with the more traditional UX methods. It also facilitated a deeper and more nuanced
understanding of user information processing needs. Our small sample size in each iter-
ation could be viewed as a limitation; as such, the result should be considered with
caution. However, the objective of iterative studies in our project was not to find sta-
tistically significant differences in the results, rather we intended to provide actionable
insights for the development team in a timely manner. Conducting multiple studies with
small sample sizes to provide timely and cost-effective insight for the development team
is grounded in user-centered approach to product development (Albert & Tullis 2013;
Djamasbi & Strong 2019). Additional limitations include that we did not collect user
feedback for every single page of the DA, but limited our retrospective “think-aloud”
investigations to the three most important pages of the DA.
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5 Conclusion

Because our DA provides crucial information about the continuation or withdrawal of
life-sustaining measures for a neurocritically ill patient, it is critical to effectively present
the information needed for decision-making. The DA’s content must be presented in a
way that can be easily processed by surrogate decision makers. The results of our study
show that including eye tracking in iterative formative studies can serve as a valuable
and feasible methodology for assessing how provided content is reviewed by users. The
results also show that the retrospective “think-aloud” protocol provides an important
tool for gaining insights about users’ needs and preferences.
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