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Abstract

ESM is an important step towards improving men-
tal health care and its efficiency. Most research
in this field has focused on the client as its end
user. However, mental health practitioners can also
use the data gathered using Experience Sampling
Method (ESM) to gain insights into their clients.
To discover what methods of visualization practi-
tioners find most insightful and intuitive to identify
mental health conditions, and why, a user evalua-
tion containing mock-ups based on existing litera-
ture has been performed. In total, 8 people partici-
pated in the study, 6 of which were psychology stu-
dents, 1 was a psychology researcher and 1 was a
mental health practitioner. The user evaluation has
shown that the use of spider plots comparing the av-
erage and variability of the ESM data of a client to
that of a cohort with a certain mental health condi-
tion is an intuitive visualization method to identify
mental health conditions in clients.

1 Introduction

Mental health is a topic of increasing importance, as men-
tal health disorders are increasing in prevalence, especially
in adolescents [Ten Have et al., 2023; Netherlands, 2022].
This creates increasing pressure on mental health institutions
[OECD and European Observatory on Health Systems and
Policies, 2023]. One proposed method of cost-effectively
alleviating the pressure on mental health care professionals
is by using mobile health (mHealth) to augment treatment
[Khosravi and Azar, 2024]. mHealth is a scalable and acces-
sible method of achieving health objectives by using mobile
devices [Price et al., 2014]. However, care must be taken to
ensure such applications have a positive affect on both the
practitioner and the patient [Stefancic et al., 2022].

mHealth tools focusing on mental health already exist.
Some provide interventions to those with mental health prob-
lems or those at risk, for example Grow It! [Dietvorst et al.,
2022]. Others focus on complementing clinical treatment by
providing a better picture of the client to the practitioner, for
example Therap-i [Riese et al., 2021]. And some tools allows
to be used for both purposes, for example PsyMate [Myin-
Germeys et al., 2011]. A common element in the mHealth
tools described is that they measure individual differences in
emotional dynamics using the Experience Sampling Method
(ESM).

ESM is a momentary assessment technique that collects
contextual mental health data by prompting participants with
a short questionnaire multiple times a day at (semi-)random
intervals [Larson and Csikszentmihalyi, 2014]. This is often
done intensively over a period of a few days, but longer peri-
ods have also been studied [Van Os et al., 2017; Bringmann
etal., 2021]. ESM is a promising tool for use in e.g., psychol-
ogy and psychiatry [Van Os et al., 2017]. The aim of ESM is
partly to prevent biases associated with retrospective assess-
ments in clinical practice [Van Roekel et al., 2019] and partly
to capture the temporal and context-dependent dynamics of
mental state [Van Os et al., 2017].

Tools that make use of calculated collection aim to provide
insights into the user’s mental well-being. This can be used
by the user’s own initiative, or this can be requested by a prac-
titioner before, during or after therapy [Van Os et al., 2017,
Dietvorst et al., 2022]. As described by Riese et al. [2021],
there is a research gap in the use of ESM-monitoring tools
to assist treatment in clinical practice. Most mHealth apps in
use today are designed to assist and provide information to the
user filling in the surveys only [Anjeer Alshehhi et al., 2023].
However, one can wonder: How can applications that collect
ESM data, be used to benefit psychologists or psychiatrists?

Existing research has investigated the use of ESM data in
clinical practice, revealing the idea that ESM could be useful
in at least some degree in all phases of care [Bos et al., 2019].
Despite its perceived usefulness by practitioners, there is no
consensus on how it is best used and instead, focus on specific
application purposes is warranted [Bos et al., 2019]. For in-
stance, practitioners agree that the way to visualize ESM data
would depend on the specific clinical application [Weermeijer
et al., 2024].

This research provides feedback from practitioners on the
presentation of specific insights that can be derived from
the ESM data. This is achieved by performing a qualitative
questionnaire-based user evaluation with mock-ups of exam-
ple visualizations. A thematic analysis is then performed on
the responses. The specific application considered in this re-
search is the presentation of meaningful insights from ESM
data to identify mental health conditions. For example, the
insights should be able to inform a practitioner how a person
relates to other people with a certain mental health condition.
This application is considered because this is where a knowl-
edge gap resides. Not much research into the clinical appli-
cations of ESM data exist [Riese et al., 2021] and those that
do exist focus on the use of an individual’s data [Riese et al.,
2021; Kroeze et al., 2017]. However, ESM is a method that
allows collecting the same type of data from many individuals
[Van Os et al., 2017]. Comparing one such individual to a co-
hort, might provide insights that prove useful to practitioners
in practice..

Previous literature has performed user evaluations on the
visualization of ESM data both in a more general sense and
for other specific insights [Bringmann et al., 2021; Bell et al.,
2018; Kroeze et al., 2017; Daniéls et al., 2019]. Kaiser
and Laireiter [2018] for example, who visualize process-
symptom-bridges using an idiographic network, or Weermei-
jer et al. [2023], who perform a pilot evaluation study on the
general use of ESM in specialized mental health care. This
research builds upon the established techniques and further
explores their usefulness in identifying mental health condi-
tions.

There is also literature not specific to visualizations of
ESM data, but techniques to visualize comparisons of other
health data between patients [Schaaf et al., 2021; Kreienkamp
et al., 2025]. For example, Chari et al. [2019] created a co-
hort analysis browser that visualizes the comparison between
a patient and a cohort. This is a source of inspiration for this
research, because these papers provide a baseline for how to
measure and visualize a comparison between clients. This
research extends it to mental health data gathered by ESM.



The following research question has been explored: What
methods of visualization do practitioners find most insightful
and intuitive to identify mental health conditions, and why?
To answer this, apart from the user evaluation and thematic
analysis, existing literature is consulted to find out what infor-
mation practitioners find useful and insightful for identifying
mental health conditions and how a solution to the problem
this research investigates would fit into the workflow of prac-
titioners. This can advise future work in how to interpret and
use the results of this research.

In the writing of this paper, no generative Al has been
used.

2 Related Work and Design Choices

To find out what practitioners find most insightful and in-
tuitive, existing literature on three topics have been investi-
gated. First, literature on ESM in general and what is desired
from a practitioner’s perspective has been explored. Next,
literature that includes examples of ESM data presentation
methods and potential feedback from practitioners was stud-
ied. Finally, literature non-specific to ESM, but to visualiza-
tions to compare an individual to a cohort based on health
data was explored.

Based on this literature, design choices are defined which
have been used as a basis to shape the mock-ups. There are
design choices of two types. The first type is to anchor the
visualizations to previous research by using features that are
suggested by literature. The other type is to build upon the
existing literature by designing underexplored ideas that this
research investigates within ESM visualization context. The
second type of design choices have allowed the user evalu-
ation to elicit practical insights on what a practitioner would
like to see when comparing their client to others with a certain
mental health condition.

2.1 Previously Used Design Choices

Flexibility in terms of content personalization and dy-
namic data visualizations are important topics in the litera-
ture [Weermeijer et al., 2024, 2023]. These topics are part
of making the tool more personalized towards clients [Bos
et al., 2019]. One way to achieve these ideas is by allowing
the practitioner to select what to visualize. Existing literature
has already implemented this feature [Bos et al., 2022; Chari
et al., 2019] with practitioners scoring it high as a feature of
a health data comparison visualization [Schaaf et al., 2021].
This results in the design choice that inclusion factors are se-
lectable.

Research has also shown that practitioners can be over-
whelmed by visualizations of ESM data and require practice
or training [Weermeijer et al., 2023]. Such training, however,
is not always successful or sufficient partially because it is too
much effort to read the manual or because information from
training sessions get lost over time [Hall et al., 2025; Weer-
meijer et al., 2023]. These issues were mainly identified in
network diagrams. So, based on this information, no further
investigation was done into network diagrams. Additionally,
a small usage guide was introduced with the intention that
both the practitioner can learn to understand while working
with the tool and the practitioner can potentially retain their
knowledge on the tool after potential training. These ideas

are akin to those that substantiate the minimal manual [Car-
roll et al., 1987].

2.2 Experimental Design Choices

Chari et al. [2019] created a tool that allows medical practi-
tioners to customize and visualize health data of cohorts and
compare with patients using a spider chart. However, their
chart has overlapping colors, four lines, two of which dashed,
and overlapping text. Complexity like this in the visualiza-
tion could cause practitioners to be overwhelmed [Weermei-
jer et al., 2023]. So, this study created a simplified spider
chart, inspired by Chari et al. [2019] with the idea that spider
charts provide a clear view of all the information the practi-
tioner wants to compare a client to a cohort.

There is not yet a definitive answer to what the most es-
sential information required to effectively compare ESM data
of a client to a cohort is. Comparing each survey of all of
the people in the cohort and each survey of the client indi-
vidually would require practitioners to compare potentially
hundredths of values. When comparing the confidence of the
conclusions derived from data, the analysis of aggregated data
outperforms the analysis of individual data points [Nguyen
et al., 2020; Heer and Shneiderman, 2012]. Based on the re-
sults of their research, this study proposes a way to repre-
sent ESM data of an individual by using the average values
of the numerical responses to every survey in the individual’s
data-gathering period. This reduces ESM to a method of get-
ting a snapshot of a participant’s mental state as opposed to
a method of capturing the dynamics. More research should
be done to determine if such a reduction can capture a mental
health condition when averaging it over many people diag-
nosed with the same condition and under what conditions.

To reduce the loss of the temporal nature of ESM data by
such a reduction, another complementary visualization has
been proposed: A visualization of the variability of the ESM-
responses throughout the data gathering period. The design
choice was to use two of the same type of graph, namely the
spider chart. Combining the average and the variability is also
part of the approach that pre-existing tools use [Lenaert et al.,
2019]. With that in mind, this study investigated whether
practitioners think that the combination of average values and
their variability is sufficient for the practitioner to effectively
compare their client to a cohort.

Two types of questions common in ESM-surveys are ques-
tions about a participant’s mental state and questions about
a participant’s context [Van Os et al., 2017]. The former is
often captured with numerical values and the latter with cate-
gorical values [Van Roekel et al., 2019]. As described above,
the design choice of visualizing the average and variability
with spider charts only works with numerical values. One
way to capture more abstract measures of one’s mental state is
by visualizing aggregated values which are calculated based
on the survey responses. Responses both numerical and cate-
gorical can be used as long as the final calculated value is nu-
merical. Examples of such calculated values are positive and
negative affect [Weermeijer et al., 2023; Torkamaan, 2022],
consummatory pleasure [Van Roekel et al., 2017] and avoid-
ance of social situations [Kaiser and Laireiter, 2018]. The
final one of the examples also includes contextual informa-



tion.

Because contextual information can be encoded in calcu-
lated values, the design choice has been made to include cal-
culated values as inclusion factors that can be selected to
be added to the spider chart. By adding this feature, this
study has explored practitioners’ opinions on the necessity of
directly visualizing contextual measured values to compare
clients.

Besides a spider chart, this study considers another type of
visualization. Kreienkamp et al. [2025] introduced a novel
idea: applying dimensionality reduction to present ESM data
in a scatter plot. They used this technique to visualize clus-
ters. In this study, however, for the purposes of comparing a
single client to a cohort, clustering is not needed. This study
proposes the design choice of displaying the individuals of
the cohort with a certain mental health condition as dots on a
scatter plot and the client as a distinct dot. The expectation
was that this makes it easy to spot how similar the client is to
those in the cohort.

However, a scatter plot of ESM data with its dimensionality
reduced to 2, likely loses its interpretability. The axes have no
longer a well defined meaning and neither the average nor the
variability of the ESM-survey are identifiable.

3 Method

Based on the design choices derived from literature and
described in the previous section, two mock-ups have been
made. This section explains how these were made. This sec-
tion also provides information about the participants of the
user evaluation, it describes the user evaluation and explains
the approach to the thematic analysis.

3.1 Creating Mock-Ups

To explore the ideas based on literature described in the
previous section, input from practitioners is used. One way
to get this is by using mock-ups [Becerra-Suarez et al., 2022].
To create the mock-ups, the online tool Figma has been used.
Figma is often used for its prototyping purposes [Borysova
et al., 2024].

Based on the design choices, two mock-ups have been cre-
ated: one of a spider diagram (Figure 1) and one of a scat-
ter plot showing ESM data with reduced dimensionality (Fig-
ure 2).

Both visualizations have common elements. One of these
elements is the selectable inclusion factors. These have been
explicitly described as design choices.

To alleviate concerns from practitioners about the com-
plexity and validity of these diagrams [Weermeijer et al.,
2024] and because displaying underlying uncertainty within
visualizations is essential to build user’s trust [Sacha et al.,
2016], a band of mean + 1 standard deviation is introduced.
This is not the optimal method to visualize uncertainty [Cor-
rell and Gleicher, 2014]. It is, however, well-established
[Correll and Gleicher, 2014]. Such visualizations are not nec-
essary for the scatter plot, because all the individual data is
shown.

Furthermore, both mock-ups have a condition selection
box, allowing practitioners to select to what condition they
want to compare their client. Both mock-ups also share a
section containing a usage guide.
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Figure 1: Mock-up of spider diagram to visualize ESM data com-
parison.

Additionally, the mock-ups share the colors in the plots.
These plots have been created with people with color-vision
deficiency in mind by ensuring the colors are distinguishable
by those with the most common types of color-vision defi-
ciency and introducing a second dimension. The second di-
mension for the spider chart it is the line compared to the area
and for the scatter plot it is the size of the dots. These meth-
ods to make the plots more accessible are in line with existing
literature [Stevens et al., 2024].

The mock-up with the spider chart has two plots. One
showing the average and one showing the variability of the
collected ESM data. This was also an explicit design choice
mentioned before.

The inclusion factors are split into two sections: measured
values and calculated values. Additionally, a small explana-
tion on what measured values are, is added to the usage guide.
This has been done to ensure clarity for the practitioners.

3.2 User Evaluation

To find out what visualization methods practitioners find
most insightful and intuitive for identifying mental health
conditions, a survey has been made. The choice of using a
survey rather than, for instance, an interview or focus group
has to do with the time constraints of this research and ease of
distribution. Distribution is made easy because the survey has
been made with Qualtrics. Practitioners can participate in the
research by simply clicking a link. However, it is important to
note that the user evaluation is preceded by screen requiring
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Figure 2: Mock-up of dimensionality reduction to visualize ESM
data comparison.

participants to provide informed consent before being able to
continue.

Next, the participants are presented with questions about
their professional background. Here, they must choose either
clinical psychologist/psychiatrist, psychology researcher,
medical student, psychology student or no clinical back-
ground. Additionally, their age is requested in five-year bins
and they can optionally provide their gender as either male,
female or other. This information is requested because it al-
lows their answers to be put into context.

All responses to the survey were anonymized by not storing
any identifiable information such as IP, email address, loca-
tion, browser data, names and more. This was all done using
the built-in features of Qualtrics.

After the initial questions is an explanation of what this
study is about, the definition of ESM, the intended purpose
of the tool of which mock-ups have been shown, how partic-
ipants are expected to answer the questions, a scenario guide
the participants, a list of example questions of the ESM-
questionnaire and the explanation that the condition (Major
Depressive Disorder) has already been selected, but that an-
other condition or a control group could have been selected
too. See Appendix A for the full text.

The survey, then, shows participants the mock-ups and asks
them corresponding questions (seen in Table 1); one question
per page is asked and each time the corresponding mock-ups
are shown. These questions have been made with the idea that
their answers not only challenge the design choices, but also
explain their reasoning. All the questions are open ended and
the total expected duration of the survey is around 15 minutes.

The order of the questions has been taken into account.
First, only the spider chart is shown and a general question
is posed that forces the participant to take a look at the mock-

up. During this phase, the hope is that the participant tries to
understand the visualization and reads the usage guide. After
this, more specific questions are posed.

The fourth question was asked because practitioners ex-
pressed that actual use of ESM data visualization tools trans-
late to interactive use with clients [Weermeijer et al., 2024].
The choice to provide participants with an example use case,
namely showing these graphs to their client as a way to guide
or augment one or more therapy sessions, is intended to en-
courage them to think not only about how they will use it in
practice, but also about what features of the visualization en-
courages or discourages their envisioned use cases.

At the fifth question, the scatter plot is introduced. The
participant should now have an understanding of what they
would want to see from such a plot. This and to reduce the
time required led to the choice of posing less questions for
the scatter plot, expecting participants to provide a complete
answer to questions 5 and 6 after being inspired by the pre-
vious questions. Question 5 and 6 are essentially the same
questions they had before, this is intended to encourage com-
parison between the two methods of visualization.

The participants also had the opportunity to see the ques-
tions in Dutch. This was done because the survey was per-
formed in the Netherlands.

3.3 Participants

Participants have been recruited in three ways. The first
way is through distribution among psychology master stu-
dents, psychology PhD students and psychology researchers.
The second way is through distribution among psychology
bachelor students. Finally, the user evaluation has been dis-
tributed among practitioners in the field of psychology. The
distribution has been done by sending a web link to the user
evaluation hosted on Qualtrics. The web link was accompa-
nied by a short description of what the research entails and
what is expected of the participants.

In total, 8 people participated in the user evaluation. 6
out of 8 of the participants indicated they were psychology
students. 1 participant indicated they were a clinical psy-
chologist/psychiatrist and 1 participant indicated they were a
psychology researcher. 3 out of 8 participants indicated they
were younger than 21 years old, 2 indicated they were be-
tween 21 and 25, 2 indicated they were between 26 and 30,
and 1 indicated they were between 51 and 55. 4 out of 8 of the
participants indicated they were female, 3 out of 8 indicated
they were male and 1 indicated other.

3.4 Thematic Analysis

To derive insights from the responses to the user evaluation
survey, a thematic analysis has been conducted as described
by Braun and Clarke [2006]. For this research, the choice has
been made to create a rich description of the data set as op-
posed to a detailed account of a single particular aspect. Ac-
cording to Braun and Clarke [2006], this method is useful of
research into an under-investigated area, which matches the
purpose of this study. Furthermore, a theoretical approach to
the thematic analysis is chosen, because this approach results
in themes that adhere to the research question more closely
opposed to an induced approach. Additionally, the were iden-
tified at the semantic level. This means themes were identi-



Table 1: User Evaluation Survey Questions

Consider the spider plots. Explain how these graphs can or cannot be useful to you when trying to
The measured inclusion factors do not contain client responses to questions about context (e.g., Who
are you with?). These are only used indirectly in some calculated values. How would this influence
your capability to effectively compare your client? And how would you use the calculated values to
The information visible is the average (upper diagram) and the variability (lower diagram). What

Why would or why wouldn’t you show these graphs to your client as a way to guide or augment one

Consider the scatter plot. Explain how this graph can be useful to you when trying to compare your

Nr.  Survey Question
1.
compare your client to a mental health condition in practice
2.
gain insights related to context?
3.
information would you like to see additionally, if any?
4.
or more therapy sessions or how would you use it instead?
5.
client to a mental health condition in practice.
6.

Compare the differences in how easy it is to compare the similarity between your client and a mental
health condition using the spider chart and the scatter plot. How would you use the scatter plot
differently in practice compared to the spider chart and why?

fied within the explicit meanings of the data, showing pat-
terns withing, from which the content is summarized and in-
terpreted [Braun and Clarke, 2006]. This contrasts the latent
level where one would look for intrinsic or extrinsic moti-
vations beyond what a participant of the survey has written
[Braun and Clarke, 2006]. Finally, an essentialist/realist ap-
proach is taken. This assumes that which a participant wrote
down represents their experiences and meaning, opposed to a
constructionist approach, which also considers contexts such
as social and cultural ones that may be part of what shapes the
answer of an individual [Braun and Clarke, 2006]. The cho-
sen approach complements the choice for semantic themes
[Braun and Clarke, 2006].

Braun and Clarke [2006] provide a six-phase guide to per-
forming a thematic analysis. This guide has been followed.
First, all the responses were read, taking notes of initial ideas.
Next, initial codes were generated by reading through all the
data again. Then, codes were compared and contrasted to
group them and all relevant data into potential themes. Af-
ter that, a thematic map is generated to review the themes to
check if they make sense within both the coded extracts and
the dataset as a whole. Next, the potential themes were con-
cretely defined by naming them and refining the specifics of
the themes and the overarching narrative. Finally, extracts are
selected that bare significance to the narrative, research ques-
tion and related literature to produce the report of the thematic
analysis.

During the thematic analysis, all of the survey responses
were reviewed and included in the dataset. However, a small
subset of responses, namely 4, were excluded from thematic
coding, because they did not have interpretable or relevant
semantic content.

In addition to the method described by Braun and Clarke
[2006], an assessment of interrater reliability is used. For this,
the procedure described by McHugh [2012] was followed. It
uses two coders and calculates Cohen’s Kappa [Cohen, 1960]
along with a 95% confidence interval.

During the thematic analysis of this research, both coders

were computer science students that had previous experience
with ESM data and academic research, but not with thematic
analysis specifically. One coder created the codes and sent
them to the other coder. Both applied them to the user eval-
uation responses. The interrater reliability was determined
to have a Cohen’s Kappa of x = 0.702 4 0.097. This 95%
confidence interval is within what Landis and Koch [1977]
propose to be the range describing a substantial strength of
agreement. During the calculation of the Cohen’s Kappa,
empty responses and excluded responses were left out.

4 Results

Three themes were identified: Application in Therapy,
Data Representation and Visualization Methods, and Im-
provements. Table 2 contains some important quotes from
the responses of the user evaluation.

4.1 Theme 1: Application in Therapy

First, all but two participants wrote that they would like to
use the spider graph interactively with their client. They pro-
posed doing this in numerous ways. Two psychology students
proposed to ask their client about their values when their val-
ues look extreme or use the spider graph as guidance to dis-
cuss what has been going on lately. For example, on of them
presented a scenario where the client scored high on sadness:
They would ask whether their client knew what made them
sad in a conversation with their client. Another student has
a different approach and would let their client decide if they
want to discuss the data. Yet another student indicates that
the spider chart could not only give them, but also give the
client a good indication of whether they fit a disorder. That
student would discuss the graphs with their client. The men-
tal health practitioner had a clear opinion on the ESM data
visualizations. They stated the following: “If I make a client
fill something out, then I will use that information, otherwise
I don’t understand why I would make a client fill it out.”

One student, however, indicated that they would not show
the visualizations to their client. Rather, they expressed
the intention of using the visualizations indirectly with their



Table 2: Quotes related to themes (Application in Therapy, Data representation and Visualization Methods, and Improvements) of responses
to the user evaluation about ESM data visualization to identify mental health conditions

Participant

Quote

Theme 1: Application in Therapy

Mental health practitioner
Psychology student
Psychology student

Psychology researcher
Psychology student

If I make a client fill something out, then I will use that information, otherwise I don’t understand
why I would make a client fill it out.

With an extreme score, you could ask about it, explore this research area, or perform further tests for
a diagnosis, like in this case the BDI-II for depressive symptoms.

You can use these graphs in a session to discuss what has been going on lately.

These plots might be a bit hard to understand if you are not already familiar with them.

Would use it to discuss these factors together with the client and deepen our understanding of them.
To research in which situation these occur and in which these don’t. But I don’t know if I would
do this for multiple sessions.

Theme 2: Data representation and Visualization Methods

Psychology researcher

Psychology researcher
Psychology student
Psychology student

Mental health practitioner

I don’t know if these graphs would be particularly useful for the patient, as I could only tell them
“Hey, on average you are more depressed than the rest of the population.” This is not helping in
therapy.

I think the scatter plot is more easy to understand initially, but the spider plot is more useful overall.

Can actually be used to get insights into what the client suffers from most.

The idea of a scatter plot, I believe, is more intuitive than a spider diagram for the client.

There is no explanation of what dimensions 1 and 2 are, so I don’t know what I can read from this.

Theme 3: Improvements

Psychology student
Psychology researcher

Without context, you don’t know if a factor is disproportionate on that moment.

It would be important to see, how the emotions changed from day to day, as this only gives you the
values for the entire week. it could be important to see if there were outlier days, if they were
more happy on the weekend etc. If you want to go into more detail, you could also include a

graph about emotions at each timepoints to compare e.g. morning vs. evening.

client. The student mentioned that they would only discuss
the insights from the graphs verbally in simple language with
their client.

The reason that the student did not want to show the spi-
der charts to their client directly is because they believed that
the spider charts would be too hard to understand for a client.
The mental health practitioner also wrote that they believed
that clients might have a hard time understanding the spider
charts. Their reason was that they would not already be fa-
miliar with them.

Next, one student mentioned that they were unsure whether
they would discuss the spider charts with their client in more
than one session.

Additionally, the mental health practitioner introduced the
notion of phases in their responses. They explained that the
spider plot would be of use during the intake phase, the treat-
ment phase and the evaluation phase.

Furthermore, there was the opinion on the usefulness of
the spider chart in how it would guide or encourage further
treatment or investigation. For example, the idea of using the
spider chart as a guide to perform further tests for a diagnosis
was posed by a psychology student. The student provided an
example within the scenario provided: “You could [...] ex-
plore this research area, or perform further tests for a diag-
nosis, like in this case the BDI-II for depressive symptoms.”
The same student also mentioned later that the spider charts

could introduce talking points, that may previously not have
been addressed, for during a session with the client. One stu-
dent noted that besides the spider chart, manual investigation
to get insights beyond a general picture of the client is re-
quired. They stated that checking in what situations certain
behavior occurs could be of practical use. Later, they wrote
that this deepening of the understanding could be done in dis-
cussion with the client.

The opposite opinion exists for the scatter plot. The psy-
chology researcher explained that the scatter plot does not
help in guiding therapy approaches. They wrote that only
comparing a client to peers does not help discover which spe-
cific strategies could help he client.

Finally, when asked about how the participants would use
the scatter plot differently in practice compared to the spider
chart, some mentioned they would either use the spider chart
more or that the scatter plot is less useful. One participant,
however, wrote that they would show the scatter plot to their
client.

4.2 Theme 2: Data Representation and
Visualization Methods
When asked about how the spider chart could be useful to
the participants to compare their client to a mental health con-
dition, the variability statistic was praised. They explained
that the variability adds to the average statistic by providing a
better insight into the client’s feelings throughout the week.



The psychology researcher, however, deemed the graph
showing the variability as less useful. They explained: “It is
much harder to interpret how the variation in these emotions
compared to their peers is relevant for a clinical diagnosis.”

Next, the calculated values were considered useful as a way
to get insights into the context. One student stated that they
would use the calculated values to gain context by compar-
ing them with the measured inclusion factor, for example by
looking at these side by side. They would then look at how
they match. The researcher mentioned that they could use
measures like sleep quality and avoidance of social situations
to deduce some context.

Two opinions were expressed specifically on the average
statistic. The psychology researcher thought the spider chart
showing the average could be helpful to compare a patient’s
average emotions. However, in a later response, they stated
that they were unsure the spider charts would be useful, writ-
ing: “I could only tell them [clients] ‘Hey, on average you are
more depressed than the rest of the population.” This is not
helping in therapy.” One student also mentioned that compar-
ing using the average statistic is not useful to identify whether
their client has a mental health condition and how severely.

Furthermore, one opinion is shared among all participants.
They al liked how specific the spider charts are with regard to
the values it displays. Some write that identifying for which
values the client scores high is useful or that it “can actually
be used to get insights into what the client suffers from most.”
One student says it “gives a good indication of whether some-
thing does or doesn’t fit the disorder.”

Additionally, two psychology students identified that the
spider charts provide an intuitive overview at a glance. One
states that one would not require prerequisite knowledge to
understand how well something fits a disorder.

The same is written about the scatter plot. That too is
deemed to give an intuitive overview at a glance. One student
explained that the scatter plot “shows at a glance whether the
client is anomalous.” They follow this up by stating: “The
idea of a scatter plot, I believe, is more intuitive than a spider
diagram for the client.” Another student wrote that the scat-
ter plot “would provide some insight into the severity of the
client’s depression.”

However, the mental health practitioner noted that they do
not find the comparison between the client and the cohort in
the scatter plot interesting. The psychology researcher puts it
like this: “I think the scatter plot is more easy to understand
initially, but the spider plot is more useful overall.”

The reason for this, provided by the participants, is that the
scatter plot has unclear dimensions and is not specific enough.
The practitioner wrote: “There is no explanation of what di-
mensions 1 and 2 are, so I don’t know what I can read from
this.” Another stated the scatter plot does not say anything
about emotions. The researcher mentioned that the scatter
plot was not useful because it was limited to two dimensions.

4.3 Theme 3: Improvements

When asked about the spider charts, both psychology stu-
dents and the psychology researcher mentioned that it would
be useful to have control over the temporal granularity of the
visualizations. They mentioned, for example, that they would

like to be able to see the spider charts for specific days, or
even parts of days such as morning or evening. Such tempo-
ral granularity, they explained, would help them understand
the dynamics of their patient, making it more specific and
therefore be of more use in sessions with the client. Some
students also mentioned that being able to access individual
measurements would be more insightful than seeing just an
average with the variability.

Related to the request for more granularity, some expressed
a desire to see what days their client had reported the most ex-
treme values. One student also wanted to see the ESM survey
entry that contained the highest or lowest measured values.
How they would specifically use this information was omit-
ted.

A recurrent remark across the participants of the user eval-
uation was that context is essential information to get a better
understanding of their client. They not only mentioned that
mood could be dependent on context, but also that this could
explain certain specific behavior. One student stated: “With-
out context, you don’t know if a factor is disproportionate on
that moment.” Some also explained that they would like to
see explicitly what the data that is visualized looks like in
specific contexts. The psychology researcher expanded this
with: “It would be more helpful to directly be able to see the
client’s social context, as that can have quite a bit of explana-
tory value on the emotions that they experienced during the
day.”

Next, the mental health practitioner explained that they
would like to see more specific selection criteria for the re-
search study cohort. They wrote that they would be interested
in differences in age categories.

Also, the psychology researcher introduced the idea of po-
tentially including a network model to show the relationships
between emotions. They provided an example scenario where
a participant could be showing a high level of anxiousness at
the same time as showing high levels of fatigue. They noted
that this would not be necessary, however, for a basic clinical
overview.

Finally, a student and the practitioner mentioned that the
ESM visualization would be a good way to see improvement
of the patient over time. The practitioner suggested having a
client perform ESM measurement periods in different phases
of care to compare the client to themselves. They suggested
this for both the spider chart and the scatter plot.

5 Responsible Research

First of all, this study was approved by the Human Re-
search Ethics Committee of Delft University of Technology
(ID = 5405). When considering what affect the research of
this study can have on society and to determine if this is re-
sponsible, those who are affected must be made explicit.

This study can both directly and indirectly affect future
researchers that explore areas such as HCI or mental health
mHealth; directly is meant in the sense of future work based
on this paper and indirectly is meant in the sense that more
influential research based on this study can affect future re-
searchers. The future researchers have been taken into con-
sideration when writing this paper. For one, effort has been
put into describing the methods used in this research such



that future researchers can reproduce and replicate this study.
For example, reproducibility is improved by explaining in de-
tail the assumptions and decisions made during the thematic
analysis. The extensive argumentation supporting the design
choices for the mock-ups are meant to improve replicability.

Additionally, the participants of the user evaluation can be
affected by this study, both directly and indirectly. Indirectly,
they may be affected the same way practitioners in the men-
tal health field are affected. Directly, the participants have en-
trusted the researchers of this paper with their responses. This
has been taken seriously and steps have been taken to handle
their data responsibly. The most important step was to require
informed consent by the participants before they could con-
tinue. Another important step is the choice to anonymize the
responses by not requesting names, email addresses, etc. and
not storing IP-addresses, location, browser data, etc. Also,
the personal questions at the start of the user evaluation sur-
vey have been made to make it hard to identify. This has been
done to select age in bins of five years and make gender se-
lection optional. Despite the efforts that were just described,
it would still be unfavorable if their data were to get leaked:
Qualtrics was used to create and host the surveys, meaning
some control over the data has been delegated to the company
that owns that tool; if they lied about what data they record
and store or if there is a bug in their systems, the participants
could still have a risk of identifiable data being leaked that
could be linked to their responses. However, it had been de-
cided that the benefits of using Qualtrics outweigh the poten-
tial threat due to giving up a bit of control. This decision was
made based on the reputation of Qualtrics as a reliable survey
tool.

Current and future clinical psychologists and psychiatrists
can also be indirectly affected by this study. A potential tool
which uses the insights gained from this study could reach
the stage where it is ready to be used in clinical practice. This
means that the way they do their jobs in the future might be
shaped however so slightly by this study. The best way to
ensure this study serves its role responsibly is to try and make
the results of this study as representative of the current and
future clinical psychologists as possible. Despite having only
limited responses to the survey, responses have been collected
from current practitioners and future practitioners, the latter
of which is in the form of psychology students.

Finally, future clients could be indirectly affected by this
study. Because this study advances the field technology
within clinical practice, clients could be exposed more to such
tools in the future. Any tool that is inspired by this study
can affect those clients. Because this study is not written by
experts in the field of clinical psychology or psychiatry, the
approach that was taken to be part of this future responsibly
is by drawing as much inspiration from existing literature as
possible, relying on experts indirectly in such a manner.

Note that this study has not used any real ESM data, avoid-
ing any ethical implications of such actions. The choice of
synthesizing the data for the visualizations may, however,
have reduced the representativeness and therefor generaliz-
ability of the mock-ups that were created.

6 Discussion

This study aimed to explore what methods of visualiza-
tion practitioners find most insightful and intuitive to iden-
tify mental health conditions, and why. The themes identified
provide nuanced insights into the design choices presented by
this study.

First of all, it is important to note that spider charts were
generally liked as a way of visualizing the ESM data. The
first reason is that it allowed practitioners to gain insights at
a glance. This was the idea behind the adapted spider chart
inspired by Chari et al. [2019]. The level of complexity of
the spider chart did not seem to overwhelm the practitioners
as the study by Weermeijer et al. [2023] warned about. The
second reason that spider charts were liked is because of how
specific they are. These two properties combined make the
spider chart intuitive and have a high information density.

Next, there was a critique that the spider chart may be too
complicated to be shown directly to clients, but practitioners
seemed to be generally interested in using these graphs inter-
actively with their client and to use it as a way to guide or
augment one or more therapy sessions. Also, the notion of
using these graphs in multiple phases of care matches what
was discovered in the study by Van Os et al. [2017]. This was
expanded by the idea that these visualizations could be gen-
erated for multiple ESM data gathering periods to see a trend
of improvement for a client.

Additionally, the design choice to display the average and
the variability of the measured values over the entire ESM
data measurement period was not as positively received. The
average statistic did not get much direct positive feedback.
The variability was, however, seen as an addition to the av-
erage, albeit perhaps harder to interpret. The general feed-
back on the spider chart showed that the combination does
provide useful insights to practitioners. No alternative ag-
gregate statistic to be used in the spider charts came up dur-
ing the study. The largest point of improvement is allow-
ing practitioners to specify the temporal granularity. Prac-
titioners seemed to dislike the choice of averaging over the
entire ESM data measurement period. Future implementa-
tions should consider adding visualizations with data aggre-
gated over shorter time periods or even allowing the practi-
tioners to define the temporal granularity themselves. This
confirms that flexibility in terms of content personalization
and dynamic data visualizations as described by Weermeijer
et al. [2023] is important for ESM data visualizations, also
for identifying mental health conditions.

Furthermore, the design choice of adding calculated val-
ues as inclusion factors was well received. Practitioners saw
them as useful information, also to gain insights into context.
However, they are not sufficient to replace direct information
about context. Practitioners would like to see visualizations
that show the relationship between emotions and contextual
measured values or between emotions themselves.

Finally, the scatter plot seemed to have performed nearly
exactly as expected. At first sight, it looks like an intuitive
visualization from which insights can be extracted at a glance.
However, after further inspection, the scatter plot won’t be
useful. The concept of dimensionality reduction is complex
to understand, which results in a mis- or nonunderstanding of



the meaning of the axes, despite the small usage guide in the
mock-up.

7 Limitations and Future Research

As part of this study, a way to represent ESM data of an in-
dividual by using the average values and variability of the nu-
merical responses to every survey in the ESM data-gathering
period is proposed. This way of representing the ESM data
reduces it to a format that loses any trends or complex dynam-
ics in the client’s mental state. It compresses that information
to merely a snapshot. This study assumes that the data in
such a reduced form can still capture the features that describe
mental health conditions. More research should be done to
determine if this assumption is valid, especially when averag-
ing such an aggregate over many people diagnosed with the
same condition and under what conditions this assumption is
valid.

Future studies could investigate the feasibility of the visu-
alization methods presented in this study. All data presented
in the visualizations in the mock-ups has been synthesized.
This assumes that creating visualizations is feasible. This
does not mean that the results of this study are only valid
if the visualizations turn out to be feasible: The results have
a more general meaning. However, it does mean that direct
implementation of the visualizations in the mock-ups may not
be possible. By synthesizing the data, this study leaves the re-
search into how to actually implement the algorithms required
to present the data in the format required for the visualizations
to future researchers.

Additionally, future studies could use the results of this
study when designing a tool that allows practitioners to iden-
tify mental health conditions in their clients based on ESM
data. The findings of this study provide a starting point on
what practitioners would like to see in such a tool. The design
choices made for the mock-ups in this study can be imple-
mented or adapted according to the provided feedback. For
instance, a tool can be made that contains spider charts or
similar visualizations that display aggregates such as average
and variability. Future researchers can choose to implement
the proposed improvements as well, such as allowing for a
finer temporal granularity. The tools that implement the find-
ings of this study can be used to research in more depth the re-
quirements of practitioners for a tool to identify mental health
conditions.

8 Conclusion

From the user evaluation responses, it was concluded that
spider charts are an intuitive way to visualize ESM data to
compare specific emotions and moods of a client to a mental
health condition. Practitioners especially praised the spider
charts as intuitive and specific. Using the average and vari-
ability of all the data collected is adequate, but a finer tempo-
ral granularity is preferred. Additionally, context is deemed
to be crucial information and aggregate values that contain in-
formation about context are not sufficient to compare clients.
Visualizations that directly show dependency on context are
preferred by practitioners. Furthermore, a scatter plot show-
ing a dimensionality reduced representation of ESM data is
not useful for identifying mental health conditions in prac-

tice, because the meaning of the axes was misunderstood or
the axes were not considered useful.

A User Evaluation Introductory Text
The following quote is the full introductory text that is
shown before the first question of the user evaluation.

This survey is a part of a research that will try to
explain what methods of visualization practitioners
(psychologists/psychiatrists) find most insightful
and intuitive to identify mental health conditions
from ESM-data.

ESM is a momentary assessment technique that
collects contextual mental health data by prompt-
ing participants with a short questionnaire multiple
times a day at (semi-)random intervals.

You will be shown two mock-ups, each of a tool
that presents the ESM-data to identify mental
health conditions. You will be asked open ques-
tions about the mock-up. Please try to explain any
answer you provide. The majority of the questions
is related to the first mock-up. Any data you will
see in this survey is fabricated with the clarity of
the visualizations in mind.

Imagine the following scenario: You are a practi-
tioner treating a client. Your client has just per-
formed a week of ESM-data gathering by answer-
ing ten questionnaires per day. The response to the
questions is either a slider from O (disagree) to 6
(agree) or multiple choice. Example questions of
the questionnaire are:

¢ I feel anxious

e I feel stressed

e I feel sad

* | feel excited

¢ | feel relaxed

e What am I doing? (Leisure, school, work,
etc.)

* Where am I? (At home, at a friend or family
member’s home, at work, etc.)

* Who am I with? (Nobody, family, friends, col-
leagues, etc.)

As a practitioner, you now want to find out how
your client relates to other people that have been
diagnosed with some condition. In this example:
Major Depressive Disorder.

To answer this question, you use a tool that
visualizes this comparison. See the mock-up of
such a tool containing fabricated data on the next
page. Major Depressive Disorder has already
been selected, but it is possible to select another
condition or a control group.



In this scenario, you, as the practitioner, are as-
sumed to know all the questions of the ESM-
questionnaire of your client.
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