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Abstract 
Anxiety, one of the most common mental illnesses 

among American adults, is often assessed via self-
reported measures. While self-reported measures 
provide an efficient step in capturing health symptoms 
from patients’ point of view, by their mere nature self-
reported measures provide only a narrow 
interpretation of health symptoms. Capturing eye 
movements unobtrusively during self-reports, when 
patients summarize their experience of anxiety by 
choosing a single option among a set of alternatives, 
can provide invaluable insight about patients’ 
information processing and decision behavior. 
Because anxiety impacts how we attended to 
information that we use to select options, the objective 
moment-to-moment eye-movement data can 
substantially enrich the information that is typically 
provided by patients as single scores representing 
their anxiety levels. Supporting this point of view, our 
results indicate that eye movements may serve as 
valuable objective information complementing the 
subjective self-reported anxiety measures to enable 
more effective assessment and treatment of anxiety.   
 
 
Keywords: Anxiety, information processing, 
PROMIS, eye-tracking, attentional bias 

1. Introduction  

      Anxiety is one of the most frequently diagnosed 
mental health symptoms among young adults (Lee et 
al., 2021). A large body of research suggests that 
anxiety is likely to impact information processing 

behavior because of the way it influences cognitive 
capacity and attention (Robinson et al., 2013a). 
Studies show a negative association between cognitive 
capacity and anxiety (Eysenck et al., 2005). There is 
also evidence that anxiety can impact attentional bias 
toward negative information (Liu et al., 2019) and that 
this impact may be sensitive to whether those who 
suffer from anxiety find the stimuli to be related to 
their concerns (Math Ews & Mackin Tosh, 1998). 
Some studies show that anxiety is linked to aversion 
or avoidance caused by attentional biases toward 
threats or negative stimuli (Wieser, Pauli, Weyers, et 
al., 2009), while some other studies show that anxious 
individuals compared to anxiety-free individuals have 
the tendency to focus more intensely on negative 
information (Shechner et al., 2013). 
 
     One of the most common ways to assess health 
symptoms is by asking people to rate their experience 
of the symptom on a Likert scale (Xu & Huang, 2020). 
Some health symptoms, such as anxiety, impact 
cognition and thereby decision making (Moriarty et 
al., 2011). Using eye tracking to capture the process by 
which people rate the experience of such health 
symptoms can enrich the information that is 
represented by self-reported ratings (Alrefaei et al., 
2022). For example, how a person visually processes 
a self-reported measure can reveal a great deal of 
information about a person’s decision behavior, (e.g., 
how decisively a person selects an option, what is the 
range of options the person considers before making a 
selection, what are the pieces of information the 
person uses as anchors in decision making, etc.). Such 
information revealed from a person’s viewing patterns 
and behavior when completing a health-related survey 
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can help gain a deeper understanding about the 
person’s experience of the health symptom (Alrefaei 
et al., 2022). In addition to decision behavior, 
capturing viewing patterns and behavior when 
completing a health-related measure can reveal an 
individual’s level of attention to content, which in turn 
can show whether a person exhibits biases toward 
negative information. Designing smart clinician 
support systems that provide healthcare professionals 
with a broader view of their patient's health symptoms 
(e.g., how patients go about summarizing the 
experience of a health symptom into a single rating) 
can assist them in developing more effective 
interventions and treatment options for their patients 
(Alrefaei et al., 2022). In this study, we explore the 
possibility of using eye movements for designing such 
clinician support systems by examining differences in 
visual information processing behavior between 
young individuals with and without anxiety when they 
report their level of anxiety and respond to two health 
measures that are affected by anxiety, namely 
cognitive function, and social health (Castaneda et al., 
2008; Robinson et al., 2013b; Wieser, Pauli, Alpers, et 
al., 2009). We also explore the association between 
subjective anxiety response and visual behavior 
without considering the anxiety status of individuals.  
 

2. Background 

Understating the impact of anxiety on cognition 
and behavior has been the focus of many studies over 
the past years.  In this section, we start by providing a 
brief review of a theoretical model that explains how 
anxiety can influence an individual’s reaction to 
threats. Then we review relevant literature that 
investigates the impact of anxiety on attention and 
decision-making. Finally, we briefly discuss the visual 
stimuli that we used in our study to investigate the 
impact of anxiety on viewing and decision behavior.  
 
The cognitive model of selective attention 
 

Mathews and Mackintosh’s (1998) model of 
selective processing in anxiety suggests that when 
processing two or more stimuli, individuals naturally 
give priority to some information over others.  While 
attention to danger is a healthy adaptive process, 
anxious individuals tend to exhibit intense attention 
toward negative information even when the negative 
information represents a weak threat. Anxious 
individuals, regardless of their anxiety levels, tend to 
establish attentional bias toward negative information 
particularly when the presented information matches 
their concern. This behavior is attributed to the 

heightened activation of the specialized threat 
evaluation system in anxious individuals. 

 
The intense sensitivity of anxious people to 

threats does not always result in increased attention to 
negative information, in some cases attentional 
avoidance to negative information can also be 
observed. For example, when completing a task, 
anxious individuals may attempt to concentrate on the 
given task or stimuli to avoid or minimize negative 
thoughts that come to their minds and/or negative 
emotions that they experience. In other words, anxious 
individuals may use attention to a given task as a 
strategy to minimize or avoid attention to negative 
information.  
 
Anxiety and Attentional bias 
 
      Consistent with the cognitive model of selective 
attention, to understand the psychological differences 
between healthy and anxious individuals, the notion of 
attentional bias has been widely investigated in the 
anxiety literature. For example, studies provide ample 
evidence that anxious individuals, more than healthy 
individuals, exhibit attentional bias toward negative 
stimuli (Math Ews & Mackin Tosh, 1998). Recently, 
the eye-tracking methodology has been used to 
measure attentional biases to visual stimuli. For 
example, an experiment by Rinck and Becker (Rinck 
& Becker, 2006) shows that anxious participants 
exhibit ocular behavior directly caused by attentional 
biases toward negative stimuli. The results show that 
it took anxious individuals longer to place their first 
fixation on negative stimuli than to place it on neutral 
stimuli. When they looked at negative stimuli, they 
moved their eyes quickly away from it. This 
intentional avoidance behavior resulted in longer time-
to-first fixations and shorter gaze durations on 
negative stimuli (Rinck & Becker, 2006). 
 
Anxiety and Decision making  
 
     Because good decisions rely heavily on attention to 
and correct interpretation of relevant information 
(Djamasbi, 2007), the impact of anxiety on decision-
making has been the focus of many investigations. For 
example, previous research in judgment and decision-
making demonstrates that anxiety increases attention 
to negative choice options, that anxious individuals 
mistakenly interpret ambiguous choices as negative 
options, and that anxious individuals are more likely 
to avoid the negative outcomes over the potential gain 
while making a major decision. Moreover, studies 
show the more an individual experiences anxiety, the 
more difficult for the individual to engage in a 
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decision-making process. Not surprisingly, the chronic 
experience of high levels of anxiety can interfere with 
an individual’s ability to adaptively function in 
important daily activities such as those related to one’s 
occupation or other social relations. While previous 
research has been instrumental in understating the 
impact of anxiety on decision-making, more research 
is needed to investigate how anxiety impacts daily 
decision-making process (Hartley & Phelps, 2012). 

Assessing Anxiety 

      Patient-Reported Outcomes Measurement 
Information System (PROMIS) was created by the 
National Institute of Health (NIH) to provide a 
standardized approach for assessing physical, mental, 
and social well-being for both clinical practice and 
academic research (Cella et al., 2010; Rose et al., 
2018a). PROMIS measures cover several health 
domains such as physical function, anxiety, fatigue, 
depression, cognitive function, ability to participate in 
social roles, sleep disturbance, pain interference, and 
pain intensity.  

      In this study, we used the anxiety measure in the 
PROMIS profile and its guidelines for determining 
low, moderate, and high levels of anxiety to categorize 
the obtained datasets in our study into anxiety and 
anxiety-free groups. Because anxiety impacts 
decision-making and the ability to perform social 
roles, we compared the self-reported ratings for 
anxiety, cognitive function, and social health measures 
between the two groups to assess differences in the 
overall experience of anxiety. This approach helps to 
more accurately interpret the observed differences in 
eye tracking results. That is, the more pronounced the 
differences in the overall experience of a health 
symptom between the two groups the more likely to 
observe notable differences in viewing behavior 
between the two groups (Alrefaei et al., 2022). 

      In addition to using the anxiety, cognitive 
functions, and social health measures of PROMIS to 
capture users’ self-reported level of anxiety and its 
impact on daily activities, we used these measures as 
visual stimuli in our eye-tracking study. That is, we 
used these PROMIS measures to detect possible 
differences in viewing and decision behavior of 
individuals with and without anxiety by capturing 

participants’ eye movements when they were reading 
and responding to questions that asked participants to 
summarize their experience via a single option among 
five different choices.  

3. Methodology

Twenty-seven students from a northeastern
university in the US participated in our eye-tracking 
study. Participants were asked to complete the 
measures of anxiety, cognitive function, and social 
health from PROMIS+29 v2 (Huang et al., 2019; Rose 
et al., 2018b). Based on PROMIS threshold for anxiety 
(T-scores < 55) participants were grouped into 
anxiety-free and anxiety groups. As typical in eye-
tracking studies (Fehrenbacher & Djamasbi, 2017), 
due to calibration issues, the gaze data for one 
participant was removed from the analysis. The 
remaining 26 participants’ gaze data were grouped 
into 12 datasets for the anxiety group and 14 datasets 
for the anxiety-free group.  

Task 

       The task in our study required participants to read 
and provide responses to three self-reported measures, 
namely anxiety, cognitive function, and social health 
measures. These measures (visual stimuli) were 
presented to participants on a monitor with a 
resolution of 1920X1080 pixels and a screen size of 
23.8 inches. Participants were required to complete the 
provided measures while their eyes were tracked with 
Tobii Pro Spectrum 600HZ. The same software was 
also used to translate raw gaze data into fixations (IVT 
filter with saccade identification threshold of 30°/s and 
fixation duration threshold to 100 ms). 

Metrics 

      Self-reported metrics. The experimental task in our 
study required participants to complete three anxiety-
related self-reported measures. We used one of these 
measures (the anxiety measure) to categorize 
participants into anxiety-free and anxiety groups based 
on an empirically defined T-score (PROMIS, 2022). 
In addition to classifying participants into two distinct 
anxiety groups, we used the anxiety measure along 
with the two other PROMIS measures, to compare 
self-reported ratings for experiencing anxiety, 
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difficulty in cognitive function, and trouble in 
participating in social roles between the anxiety-free 
and anxiety groups. This evaluation established the 
mental health state of participants in the past seven 
days. 
      The anxiety and social health measures, each 
included four items. The response to each item in these 
two measures was presented as an option on a 5-point 
numeric scale (never, rarely, sometimes, usually, 
always). The cognitive function included two items to 
be rated on a 5-point numeric scale (not at all, a little 
bit, somewhat, quite a bit, very much). Due to the 
wording of the self-reported items for anxiety and 
social health measures, higher ratings represented 
higher levels of anxiety and more difficulty in 
performing daily social roles. However, higher ratings 
for cognitive function represented better performance. 

      Eye-tracking metrics. To investigate the impact of 
anxiety on visual attention between the two groups we 
analyzed the eye movement data both qualitatively and 
quantitatively. For qualitative analysis, we created 
relative fixation duration heatmaps for each group. 
Fixation, which refers to relatively slow eye 
movements that we use to process visual information, 
serves as a reliable indicator of attention. Attention 
intensity in fixation duration heatmaps is visualized by 
the colors red, yellow, and green representing high to 
low fixation intensities.  

      For quantitative analysis of eye-movement data, as 
customary in eye-tracking research (Djamasbi, 2014), 
we first defined areas of interest (AOIs) for the visual 
stimuli used in our study. Because self-reported 
measures were used as visual stimuli in our study, we 
defined three AOIs that were relevant to such visual 
displays: One AOI for delineating the items of the self-
report (Question AOI), and two AOIs for delineating 
the region of the survey that provided answers to items 
of the survey (Label AOI and Response AOI). These 
AOIs are depicted in Figure 1. 

Figure 1: Areas of interest (AOIs) 

      We then used the ratio of fixation-to-visit duration 
to examine differences in attention intensity within the 
defined AOIs between the two groups. Visual 
information processing is achieved via a sequence of 
slow- and fast-moving gaze points called fixations and 
saccades. Sighted individuals use fixations (relatively 
slow eye movements) to focus their attention on an 
object. They use saccades (ballistic eye movements) to 
shift their focus away from one focal point (fixation) 
to focus on another focal point. Visual information is 
processed only during slow eye movements, i.e., 
fixations.   

      Visit refers to visual processing of an entire AOI. 
All gaze points (fixations and saccades) from the 
initial glance entering an AOI until the last gaze before 
moving away from that AOI belong to the same visit. 
Because fixations are reliable indicators of attention, 
fixation-to-visit duration ratio in an AOI captures the 
percentage of viewing time that is dedicated to 
attention to content in that AOI (Djamasbi et al., 
2019). 

4. Result

Findings from self-reported metrics 

      The comparison of the anxiety scores between the 
two groups showed that participants in the anxiety 
group experienced significantly (p=0.000) higher 
levels of anxiety than participants in the anxiety-free 
group (2.35 vs. 1.33). Participants in the anxiety group 
reported significant (p=0.04) lower levels of cognitive 
function than the anxiety-free group (2.37 vs 2.75) and 
significantly (p=0.019) lower levels of ability to 
participate in social roles (2.06 vs 1.5, the higher the 
score the lower the ability).  These results showed that 
the two groups experienced significantly different 
levels of anxiety and social health in the past seven 
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days. They also differed almost significantly in 
cognitive function during the same time.  

Anxiety Cognitive 
function Social roles 

Anxiety 
group 

2.35 
(0.34) 

2.37 
(0.55) 

2.06 
(0.56) 

Anxiety-
free group 

1.33 
(0.31) 

2.75 
(.37) 

1.5 
(0.58) 

t=7.78, df=24 
p=0.000 

t= -2.1, df=24 
p= 0.04 

t= 2.4, df=24 
p= 0.019 

Table 1. Results of t-tests for self-reported ratings 

Findings from eye-tracking metrics 

      We used relative fixation duration heatmaps to 
examine differences in viewing patterns between the 
two groups. These heatmaps, which are displayed in 
Figures 1-6, show that the Question AOI was carefully 
processed by both groups. As shown in the heatmaps 
the textual content is covered by color clusters (e.g., 
red, yellow, and/or green-color clusters) representing 
thorough viewing behavior (Djamasbi et al., 2011).  

     The heatmaps in Figures 1-6 also show differences 
in viewing patterns between the groups.  For example, 
people in the anxiety group looked at the beginning of 
the sentences in the Question AOI with more intense 
fixations when completing the anxiety measure. 
Intense fixation, evidenced by red and yellow clusters, 
for people in the anxiety-free group was not limited to 
the beginning of the sentences for the same measure 
(Figures 1 and 2). When completing the cognitive 
function measure, the most intense attention of people 
in the anxiety-free group was on the first item in the 
Question AOI while the attention of people in the 
anxiety group was relatively equally distributed in the 
Question AOI for the same measure (Figures 3 and 4). 
Similarly, Figures 5 and 6 show that people in the 
anxiety group processed the items of the social health 
measure with equal intensity while the viewing 
patterns of people in the anxiety-free were less equally 
distributed on the items of the same measure. Overall, 
these heatmaps indicate a relatively more equally 
distributed viewing pattern for people in the anxiety 
group compared to people in the anxiety-free group. 

      The most intense fixations on labels of self-
reported measures reveal the range and anchors used 
in selecting an option (Alrefaei et al., 2022). In our 
study, when deciding how to report their level of 
anxiety, the labels “rarely” and “sometimes” received 
the most intense attention by participants in the 
anxiety group while the labels “never” and to some 
extent “rarely” received the most intense attention by 

participants in the anxiety-free group (Figure 1 and 2). 
The labels “a little bit” and “quite a bit” received the 
most attention by participants in the anxiety group 
when completing the cognitive function measure, 
while the most intense attention of participants in the 
anxiety group was on the “quite a bit” label for the 
same measure (Figures 3 and 4). When selecting an 
option for the social health measure, the most intense 
fixation of participants in both groups was on the 
labels “never” and “rarely” (Figures 5 and 6).  The 
observed viewing patterns reveal differences in 
anchors and the range of options that were considered 
by participants in each group to summarize their 
experience. 

      The heatmaps in Figures 1-6 also show that 
participants in the anxiety group, more than 
participants in the anxiety-free group, had scattered 
fixations when deciding which option to choose 
(Response AOI). Such viewing behavior indicates a 
more thorough viewing pattern (Djamasbi et al., 
2011). Together the heatmaps displayed in Figures 1-
6 reveal notable differences in viewing behavior 
between the two groups. 

Figure 1.  Anxiety group, anxiety stimulus 

Figure 2. Anxiety-free group, anxiety stimulus 

Figure 3. Anxiety group, cognitive function 
stimulus 
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Figure 4. Anxiety-free group, cognitive function 
stimulus 

Figure 5. Anxiety group, social health stimulus 

Figure 6. Anxiety-free group, social health 
stimulus  

     Next, we used the ratio of fixation-to-visit duration 
to examine differences in attention intensity in the 
three defined AOIs: 1) the Question AOI which 
included the items of surveys, 2) the Response AOI 
which included a set of response options to select 
from, and 3) the Label AOI which delineated the area 
that marked the meaning of a response option (e.g., 
“never”, “rarely”, “often”, “not at all”, etc.). To 
conduct our analysis, we calculated fixation-to-visit 
ratio for each participant for each of the three AOIs 
(Question, Response, and Label) for each of the three 
visual stimuli (anxiety, cognitive function, and social 
health measures). We then added the ratios of 
respective AOIs on each of the three visual stimuli to 
calculate a single combined fixation-to-visit score for 
Question, Response, and Label AOIs for each 
participant.  Table 2 displays the results of t-tests 
comparing fixation-to-visit duration ratio for all three 
AOIs (Question, Response, Label) between the two 
groups.  

      The results displayed in Table 2 show that in 
general people spent relatively less time to fixate on 
the content in the question AOI (0.81 and 0.85) than 

on the content in the Response (0.9 and 0.93) and 
Label AOIs (0.92 and 0.93). This is an interesting 
observation because previous research indicates that 
we typically spend about 90% of our viewing time to 
attend to content (i.e., use fixations to process visual 
stimuli) (Duchowski, 2017, p.15) While the viewing 
behavior in Response and Label AOI are consistent 
with this previous research, our results show that 
people in both groups spent a smaller portion of their 
visit time to read/process the content in the question 
AOI. This behavior may be because people went back 
and forth between the items (i.e., used saccades to 
change focus) to decide how to respond to questions.  

       The results in Table 2 also show that participants 
in the anxiety group, compared to those in the anxiety-
free group, exhibited less intense attention to all three 
AOIs (0.81 vs. 0.85, 0.91 vs. 0.93, 0.92 vs. 0.93). 
These differences between the two groups were 
significant for the Question AOI (p=0.01) at 0.05 
level, and for the Response AOIs (p=0.09) at 0.1 level, 
but not for the Label AOI (p=0.38). The visual stimuli 
in our study (i.e., anxiety, cognitive function, social 
health measures) require people to pay attention to 
negative information (e.g., think about their level of 
anxiety, trouble with cognitive functioning or social 
roles). Our results support prior eye tracking research 
showing that anxious individuals may intentionally 
avoid negative information by processing such 
information via shorter gaze duration (Rinck & 
Becker, 2006).  Our results are also consistent with the 
cognitive model of selective attention that suggests 
anxious individuals may attempt to avoid negative 
thoughts and emotions by directing their efforts to 
focus on completing the task, a behavior that often 
improvs their performance (Mathews & Mackintosh, 
1998). In our study, participants in the anxiety group 
completed the task with shorter fixations. Because 
heatmaps showed thorough viewing behavior when 
reading and selecting options (Figure 1-6), the shorter 
fixation trend for participants in the anxiety group 
indicate that they completed the task more efficiently 
by expending less cognitive effort.   

Question 
AOI 

Response 
AOI 

Label 
AOI 

Anxiety 
group 

0.81 
(0.04) 

0.91 
(0.07) 

0.92 
(0.04) 

Anxiety-
free group 

0.85 
(0.04) 

0.93 
(0.02) 

0.93 
(0.03) 

t=-2.76, 
df=24 
p=0.01 

t=-1.80, 
df= 15 
 p= 0.09 

t=-0.88, 
df=23 
p= 0.38 

Table 2. Results of t-tests for comparing viewing behavior 
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Findings from the combination of self-reported and 
eye-tracking measures 

      The observed differences in eye-movement 
behavior between the two groups reported in the 
previous section show that eye movements can reveal 
the experience of anxiety.  In this section, we explore 
to see whether participants’ eye-movement behavior 
can predict their self-reported anxiety rating without 
considering participants’ anxiety status. To explore 
whether the objective measure of eye movements can 
predict the self-reported anxiety score we conducted a 
stepwise regression analysis for the model represented 
by Equation 1.  

Anx=b0+b1*Q + b2*R + b3* L   (Eq1) 

      In Equation 1, Anx refers to scores obtained from 
the anxiety self-reported measure, Q, R, and L refer to 
fixation-to-visit duration ratios for the Question, 
Response, and Label AOIs. Starting with Q, R, and L 
(the three eye-tracking metrics used in our study) we 
eliminated the variable with the highest non-
significant p-value from the model. This iterative 
process reduced the initial three eye-tracking variables 
to only one variable, namely fixation-to-visit duration 
for the response AOI (Adj R2=0.257, b=-0.507, 
t=2.880, p=0.008). The result of this analysis shows a 
significant inverse relationship between self-reported 
anxiety scores and fixation-to-visit durations in the 
Response AOI. About 26% of the variance in self-
reported anxiety scores was explained by fixation 
intensity in the response AOI. The less intense the 
fixation of a participant in the Response AOI, the 
higher the self-reported anxiety level by that 
participant. This finding is consistent with the 
cognitive model of selective attention that suggest 
anxious people may engage in intentional avoidance 
behavior by focusing on the task at hand to avoid 
negative thoughts and emotions.  This behavior (focus 
on the task) typically results in better task performance 
(in our case shorter visual processing time to choose 
an option (Mathews & Mackintosh, 1998). 

      This exploratory finding shows the objective 
measure of fixation as a predictor of the subjective 
measure of anxiety, warrants further investigations 
through future studies.   

5. Discussion

In this study, we explored possible differences in
viewing patterns and behavior between people with 
and without anxiety when completing anxiety, 
cognitive function, and social health measures. We 

also explored the association between self-reported 
measures and individuals’ eye movements in 
predicting anxiety scores. As the healthcare industry is 
in need of innovative development to increase 
efficiency (Grynko et al., 2020), our result explored a 
possible innovation that may help clinicians during 
patient visits that enrich self-reported measures 
information.   

    The self-reported PROMIS measures revealed that 
in the past seven days participants in the anxiety group, 
compared to those in the anxiety-free group, 
experienced higher levels of anxiety, and lower levels 
of cognitive function and social health (the differences 
in anxiety and social health between the two groups 
were significant at 0.05 level).  

    While the qualitative analysis of heatmaps showed 
that both groups exhibited similar thorough viewing 
patterns when reading the items of the PROMIS 
measures (Question AOI), they showed that the 
viewing patterns of people in the anxiety group were 
relatively more uniformly distributed in the Question 
AOIs than viewing pattern of people in the anxiety-
free group. 

The heatmaps showed that participants in the anxiety 
group, compared to those in the anxiety-free group, 
exhibited a more thorough viewing behavior when 
selecting an option in the Response AOI. The 
heatmaps, also showed notable differences in anchors 
used by the two groups to select an option among five 
alternative choices.  For example, the anxiety group 
used mostly the labels “rarely” and “sometimes” to 
summarize the experience of anxiety while the 
anxiety-free group used mostly the label “never” and 
to some extent “rarely” to summarize the same 
experience. Similarly, people in the anxiety group 
used the labels “a little bit” and “quite a bit” while 
participants in the anxiety group used mostly the label 
“quite a bit” to summarize their cognitive function. 
While both groups seemed to have used the same two 
labels (“never” and “rarely”) the slightly more intense 
colors in the heatmaps for the anxiety group indicate 
that participants in this group may have used these two 
labels slightly more than those in the anxiety-free 
group. The anchors used by a participant to summarize 
the participant’s experience may serve as useful 
insight about the participant’s range of health 
symptom experiences during a given time (Alrefaei et 
al., 2022).  

    The quantitative analysis of eye-movement 
behavior revealed significant differences in attention 
to the content (fixation-to-visit ratio) when visually 
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processing the items of measures (Question AOI). 
While both groups viewed the question AOI 
thoroughly (Figures 1-6), people in the anxiety group 
read the items on the visual stimuli (anxiety, cognitive 
function, and social health PROMIS measures) with 
significantly shorter fixations (Table 2). This behavior 
indicates a significantly more efficient information 
processing behavior in the Question AOI by people in 
the anxiety group. Similarly, the results of stepwise 
regression analysis in our study indicate that the higher 
value of a participant’s anxiety self-reported score the 
more efficient the participant’s viewing behavior in 
the Response AOI.  
 
    The findings obtained by our analysis have 
important theoretical implications. By showing that 
anxiety can be detected from mere eye movements 
when people summarize their health symptoms into a 
single score, our results provide support for research 
that attempts to establish eye movements for 
developing smart clinician information systems 
(Alrefaei et al., 2022). These systems can help 
clinicians by creating patients’ profiles and comparing 
guidelines for each visit which leads to providing a 
better understanding of patients' symptoms. Using 
eye-tracking tools during doctor's visits can be also a 
useful tool in managing and treating anxiety. Our 
results also contribute to the neurosciences literature 
in two ways; help developing smart clinicians' support 
systems and advancing theories in neuroscience by 
exploring reliable metrics that detect anxiety through 
eye movements. Additionally, our results contribute to 
the literature that investigates biomarkers for mental 
health symptoms.  
 
    Our results provide support for the cognitive model 
of attention which asserts that anxious people may 
exhibit better performance because they may focus on 
completing the task to avoid negative thoughts and 
emotions (Mathews & Mackintosh, 1998). The 
thorough yet less intense viewing behavior of 
participants in the anxiety group when reading and 
responding to PROMIS measures indicate a more 
efficient information processing behavior. This 
interpretation of the results is further supported by the 
inverse relationship between the self-reported anxiety 
scores and cognitive effort in the Response AOI.  
 
    Our results have important practical implications 
because they indicate that recording people’s viewing 
behavior when they try to summarize their health 
symptoms into a single score can provide invaluable 
insight into the patient’s experience of that health 
symptom (e.g., anchors used for decision-making, 
thoroughness and efficiently in information 

processing). Because advances in technology make it 
possible to easily attach portable eye trackers to digital 
displays (e.g., computer monitors, laptops, kiosks) 
eye-tracking devices can easily be incorporated in 
information systems that capture self-reported health 
symptoms. Because health symptoms are often 
collected immediately before an office visit, such 
information systems can combine the collected 
subjective and objective data into smart clinician-
friendly reports (e.g., heatmaps with short image 
and/or text-based feedback) (Jain et al., 2020; Jain & 
Djamasbi, 2019) to provide health professionals with 
a more comprehensive picture of their patient’s 
experience of anxiety. As high-quality eye-tracking 
technologies are increasingly embedded in consumer-
grade computing devices (e.g., Alienware laptops), in 
the near future eye movement data can also be 
collected via patients’ computers for remote office 
visits. 
 

  6. Limitations and Future Research  

    As with any study, our eye tracking experiment has 
limitations. One limitation in our study is the small 
sample size. Because eye trackers capture moment-to-
moment data about a person’s focus of attention (e.g., 
600 samples per second in our study), they provide 
rich datasets for analyzing viewing patterns and 
behavior. Hence, it is common to examine information 
processing and decision behavior via eye movements 
collected from a small number of participants 
(Norouzi Nia et al., 2021). In our study, the eye-
tracking data revealed significant differences at 0.05 
level in fixation-to-visit duration in Question AOI. 
The same differences in the Response AOI were 
significant at 0.1 level. Larger sample sizes may help 
to find significant differences at 0.05 level between the 
two groups in the Response AOI.  
 
    None of the participants in our study suffered from 
severe anxiety. Future studies, investigating the 
viewing behavior of people with high levels of anxiety 
may reveal more differences between people with and 
without anxiety and/or between those with various 
levels of anxiety. This is particularly important for the 
further exploration of the relationship between 
subjective anxiety ratings and objective cognitive 
effort captured by eye movements. Our exploratory 
regression analysis showed an inverse relationship 
between anxiety levels (subjective ratings) and 
cognitive effort (fixation-to-visit-ratio) in Response 
AOI. Future studies using larger sample sizes from a 
broader population of participants are needed to 
expand this exploratory investigation. 
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7. Conclusion   

     Because anxiety affects attention, and because 
attention is a fundamental aspect of judgment and 
decision making (Moriarty et al., 2011), examining 
how people process information to summarize their 
anxiety and related symptoms into a single score can 
provide a more comprehensive view of a person’s 
level of health and wellness. Our results show that 
such an examination enhances our understanding of a 
person’s experience of anxiety. These results are 
promising because they suggest that collecting eye 
movements when completing clinical measures can 
provide additional useful information for practitioners 
to help them gain a deeper understanding of the health 
symptoms of their patients and thereby help them 
develop more effective treatments for their patients. 
The results also suggest that eye movements may 
serve as an effective biomarker for anxiety.  
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