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Abstract

Background: A clinical dashboard isadata-driven clinical decision support tool visualizing multiple key performanceindicators
inasinglereport while minimizing time and effort for datagathering. Studies have shown that including patient-reported outcome
measures (PROMSs) in clinical dashboards supportsthe clinician’s understanding of how treatmentsimpact patients’ health status,
helps identify changesin health-related quality of life at an early stage, and strengthens patient-physician communication.

Objective: This study aims to determine design components for clinical dashboards incorporating PROMs to inform software
producers and users (ie, physicians).

Methods: We conducted interviews with software producers and users to test preselected design components. Furthermore, the
interviews allowed us to derive additional components that are not outlined in existing literature. Finally, we used inductive and
deductive coding to derive a guide on which design components need to be considered when building a clinical dashboard
incorporating PROMs.

Results: A total of 25 design components were identified, of which 16 were already surfaced during the literature search.
Furthermore, 9 additional components were derived inductively during our interviews. The design components are clustered in
a generic dashboard, PROM-related, adjacent information, and requirements for adoption components. Both software producers
and users agreed on the primary purpose of a clinical dashboard incorporating PROMs to enhance patient communication in
outpatient settings. Dashboard benefitsinclude enhanced datavisualization and improved workflow efficiency, whileinteroperability
and data collection were named as adoption challenges. Consistency in dashboard design componentsis preferred across different
episodes of care, with adaptations only for disease-specific PROMSs.

Conclusions: Clinical dashboards have the potential to facilitate informed treatment decisions if certain design components are
followed. This study establishes acomprehensive framework of design componentsto guide the development of effectiveclinical
dashboards incorporating PROMs in health care practice.

(J Med I nternet Res 2024, 26:€55267) doi: 10.2196/55267
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Introduction

Technological advances have created a multitude of innovative
prevention and treatment optionsin medicine. Despite providing
benefits to patients, this evolution created settings of
increasingly complex medical decision-making [1] and an
increased distancing of physicians from their patients[2]. The
use of clinical dashboards can support physicians in dealing
with various relevant sources of information, such as clinical
parameters or patient-reported outcomes (PROs). A clinical
dashboard can serve as a data-driven clinical decision support
tool if capable of querying multiple data sources and visually
representing key performanceindicatorsin asingleframe. The
added value of a dashboard comes from its ability to provide a
concise overview of key information along the trestment process
[3]. Theoretically, visuaizing dataon clinical dashboards should
decrease time spent on data gathering, cognitive overload, and
timeto task completion and should improve situation awareness
and compliance with evidence-based safety guidelines [4].
However, the frustration of physiciansincreases as systems are
not running smoothly and sometimes even hinder physiciansin
their daily work [5].

Incorporating the patient perspective into clinical dashboards
by patient-reported outcome measures (PROMs) offers
considerable potential to enhanceclinical outcomesand patient’s
health-related quality of life (HRQoL) [6-9]. Furthermore, it
can result in a more patient-centered treatment approach and
improved care processes [10,11]. PROMs assess, for instance,
patients HRQoL, functional impairments, and disabilities. In
addition, PROM s can report the nature and severity of symptoms
in a standardized way [11,12], independent of physicians or
caregivers interpretation [13,14]. Theuse of PROMsinclinical
dashboards has, thus, been shown to support physicians
understanding of how treatment impacts symptom scores [11]
andto help identify HRQoL deterioration at an early stage[12].

Research on the devel opment of dashboards, including PROMSs,
has been conducted for outpatient treatment of prostate cancer,
overactive bladder, multiple sclerosis, and various surgical
procedures [12,15-18]. Furthermore, most of the existing
literature has focused on disease-specific PROMs
[9,11,16,19,20]. Accordingly, the potential of incorporating a
generic PROM, such as the EQ-5D, into a dashboard has not
been investigated yet. Incorporating a generic PROM enables
comparability across diseases and an overall assessment of the
patient’s HRQoL. However, research shows that physicians
will only use clinical dashboards if they perceive an additional
value[11].

Current literature focuses considerably more often on dashboards
for chronic diseases [11,12,16,17,20-22] compared with
dashboards on 1-time acute care interventions [18,23].
Furthermore, the literature reveals the relevance of
complementary data asimportant design components of clinical
dashboardsincorporating PROMs. Components such as patient
information (such as demographic information or most recent
health updates) [20,24,25] or clinical data (such as lab results
and medication data) [20,24,26,27] are highlighted. Furthermore,
the inclusion of additional design components such as past
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assessment scores (ie, the visualization of PRO scores over
time) [9,11,27,28], peer-group comparisons (ie, anayzing a
patient’s PRO scoreswith apeer group) [17,27,29], PRO-related
and overall health-related goals (ie, goals concerning PROs or
overall health developed during patient-physician interaction)
[16,27], derts (ie, in case of critical values) [9,12], free-write
in features (ie, additional space for physician’s notetaking)
[9,28], and dashboard customizability (ie, degree of how far
individual wishes of users may be respected) [16,17,24] are
promoted (for more information, please refer to Multimedia
Appendix 1).

However, due to the literature’'s inconsistency on design
componentsfor clinical dashboards, we aim to develop aguide
on which design componentsto consider when building clinical
dashboards incorporating PROMs. Therefore, we investigate
the following 2 research questions: (1) What are the design
components of clinical dashboards incorporating generic and
disease-specific PROMSs? (2) Do the design components for
clinical dashboards incorporating PROMs differ for acute
conditionswith a 1-timeintervention versus chronic conditions?

Methods

Overview

We conducted interviews with software producers and users,
that is, physicians, to identify design components for
user-friendly clinical dashboardsto enhance the quality of care
[18]. By interviewing 2 stakeholder groups, we collected insights
on 2 key perspectives (software producers vs users).

The recruitment of the interviewees followed a consecutive
process: first, we recruited in our own network, and then,
through a snowballing technique, we were able to contact
software producers and users outside of our network. The
conduction of interviews ended once thematic saturation was
reached, that is, when no additiona information was gained
from further interviews [30]. The interviews were
semistructured, and findings from a previous literature search
(see Multimedia Appendix 1) guided the development of the
interview questionnaire. Initially, AY B devel oped theinterview
guide, whilelS, DK, and AG collaborated to refineit. Tofinalize
the questionnaire, a pilot interview was conducted with a key
opinion leader in this subject area. After thefirst 5 interviews,
we iteratively tailored the interview structure to align with the
evolving interview dynamics, facilitating afocused exploration
of our research priorities. This adaptive approach involved
selecting pertinent questions toward the gravitation points that
seemed to emerge from our preestablished question catalog,
thus augmenting the inductive explanatory insights.

All interviews were conducted by 2 authors (AYB and IS) to
ensure that the same content was covered. Both interviewers
were female, had received training in qualitative methods as
part of their PhD studies, and had no previous rel ationship with
any of the interviewees. All interviews took place between
November 02, 2022, and May 15, 2023. Interviewees decided
on the interview date and time.

Before each interview, 3 introductory slides were presented to
all interviewees to ensure a common understanding of clinical
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dashboards, outline the underlying research questions, and
clarify content-related questions. All interviews covered the
following main areas: (1) general questions on dashboards and
PROM usage, (2) questions about market penetration (software
producers only), (3) usage of the dashboard, (4) dashboard
development and data collection, (5) feature assessment, and
(6) role of the patient (Multimedia Appendix 2).

We conducted the one-to-one interviews on the web (by Zoom
[Zoom Video Communications] or Microsoft Teams) in English
or German. During theinterviews, both interviewerstook notes.
All interviews were audio-recorded and transcribed verbatim
to perform detailed data analysis. We sent the transcripts back
to the interviewees to receive approval and then anonymized
all participant details. For the analysis of the interviews, we
applied thematic coding to uncover potential patternsand themes
within the data [31]. To identify relevant information for the
design components, first, deductive coding was used to
cross-validate the findings from the literature search. Second,
inductive coding allowed usto identify and classify information
not covered by the literature search. AYB and CW coded all
interviews and conducted the analysis with Atlas.ti Windows
(version 22) [32]. The study is reported in accordance with the
Consolidated Criteria for Reporting Qualitative Research
(COREQ) 32-item checklist to ensure transparency and
reliability (Multimedia Appendix 3) [33].

Ethical Consider ations

This study was performed in line with the principles of the
Declaration of Helsinki. The Ethics Committee of the University
of St. Galen was informed about this research and issued a
letter of exemption.

Results

Overview

Intotal, we conducted 16 interviews with 6 software producers
(I1to16) and 10 users (17 to 116) until thematic saturation was
reached (male=10, femae=6). All software producer
interviewees were from different companies and had different
positions. A total of 8 out of 10 user interviewees were
department headswith different specialties, such as pneumology,
oncology, pediatrics, or orthopedics. Thisallowed usto anayze
distinctive needsfor design componentsin clinical dashboards.
One of the remaining user interviewees was a chief hospital
innovation officer, and the other interviewee was a member of
hospital quality management. These specific intervieweeslacked
a forma medica background. However, based on their
employment within ahospital setting, they routinely interacted
closely with diverse medical practitioners and, thus, can be
assumed to have aprofound understanding of physicians' needs
for clinical dashboards. The software producer interviews lasted
between 29 and 45 minutes, whereas the user interviews had a
duration of 20 to 36 minutes (Multimedia Appendix 4).

Theinterviewswith software producersaswell asusersreveaed
that they perceived differentiation in design depending on
disease (1-time acute vs chronic condition) as not essential.
Therefore, we did not distinguish between the design
requirements of different disease types but instead focused on
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the design principles for clinical dashboards incorporating
PROMs in general.

General Information

Overview

To evaluate the importance of the key design components, we
asked both interview groups to outline the type of disease, the
setting, the type of PROM used, and the targeted key user for
their clinical dashboard. Software producers mostly indicated
they prefer dashboards that are applicable to chronic and acute
conditionssimilarly (4/6) (MultimediaAppendix 5 containsthe
full set of codes). For users, we observed that they preferred a
dashboard for either a chronic or acute disease, which often
correlated with their professional focus. Both interview groups
rated the outpatient setting as the preferabl e area of application
(8/16). Both interview groups mentioned using a disease-specific
PROM only (6/16) or combining generic and disease-specific
PROMs (9/16). However, none of the interviewees preferred
to use a generic PROM only, whereas 111 acknowledged that
his team only uses generic PROMs for research purposes.
Furthermore, both interview groups favored physicians (13/16),
followed by other health care professionals (such as nurses or
physiotherapists) (7/16) as key users. The patient was aso
recoghized as a potential user of clinical dashboards (8/16);
however, there were some discrepancies on how much and
which content should be displayed to patients. 113 also
highlighted that clinical dashboards may be valuable tools for
relatives supporting patientsin their daily activitiesto grasp the
patient’s health status better.

Data Collection

Themost frequently mentioned use casefor data collection was
for micro perspectives (ie, patient-physician communication
and intrapatient comparison; 12/16), especially by users(8/10),
followed by meso perspectives (ie, comparison of patient groups
within departments or institutions) for both interview groups
(5/16; Table 1). Furthermore, the most often mentioned purposes
of reporting were “communication” (14/16) and “ better basis
for decision-making (for physician)” (9/16; Table 1).

For the point-in-time of data collection, there was a clear
tendency (11/16) of interviewees for patients to answer the
guestionnaires independently at home. However, 12 mentioned
that it is perceivable that the first-time data collection is
conducted in the waiting room because “[patients] get an
explanation by a physician or a nurse, but after that, they are
on their own.” Also, interviewee 114 had a similar perception
of dealing with the data collection process. For the type of data
collection, a clear tendency toward web-based tools such as
platforms or phone apps was indicated (10/16).

The table shows the ranking of design components' features
according to the number of mentions by software producersand
users. Behind the features, the share of interviewees mentioning
this design component’sfeatureisindicated. Astheinterviewees
could provide more than 1 answer or no answer for each design
component, shares can add up to more or less than 100%. The
quantification of the responses can only be interpreted in the
context of this study. However, it does not alow for
generalizable statements.
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Table 1. Overview of software producer and user responses on how data collection should be implemented in the clinical dashboard.

Software producer responses (n/N)

User responses (n/N)

Level of reporting

Micro (4/6)

Macro (2/6)

Meso (1/6)
Purpose of reporting

Improved communication (6/6)

Better basis for physician’s decision (4/6)

Real-time tracking (2/6) and shared decision-making (2/6)
Data collection

Digital (5/6)

a

Time of data collection
Independent at home (4/6)
Before the appointment (in the waiting room) (2/6)

Micro (8/10)
Meso (4/10)
Macro (1/10)

Improved communication (8/10)
Better basis for physician’s decision (5/10)
Shared decision-making (2/10)

Digital (5/10)
Paper-based (4/10)

Independent at home (7/10)

Before the appointment (in the waiting room)
(6/10)

3ot applicable.

Dashboard Components

Concerning the dashboard components, representatives of both
interview groups mentioned that some patient information (such
as patient photographs, demographic information, or contact
details of other care team members) needs to be presented on
the dashboard (9/16). An interviewee additionally emphasized
that she expects the patient information to include,

[...] key events. So, surgeries need to be shown. For
example, in cancer, the start of chemotherapy,
completion of chemotherapy, started radiation, that
you can understand what is going on in the
background of those patients. [116]

Except for 11 and 15, all other software producersrated clinical
data (eg, lab results or medication datd) as meaningful
information that must be included in the clinical dashboard. In
contrast, userstended rather not to overfill the clinical dashboard
with clinical data as this information might be available from
another source, as a participant mentioned:

[..] and then if they [the physicians] want to have
theclinical information on the patient, they just open
up the EMR [electronic medical record] and check
it, which is another tab in the Chrome app. [18]

The free write-in design component did not resonate well in
either of the 2 groups. A total of 6 interviewees replied that a
free write-in space is not useful, whereas only 2 interviewees
perceived this design component as very beneficial.
Nevertheless, when having such a free write-in box included,
users (3/10) wanted it as an additional source of information
for some specific variables.

Software producers and users rated the past assessment PRO
score as one of themost crucial design componentsinaclinical
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dashboard incorporating PROMs. From the software producer
perspective, one mentioned:

This [past assessment PRO score] is very well
received, simply the score progression up and down
visually, so to speak. [16]

Another participant had a similar perception:

This [past assessment PRO score] is absolutely
relevant because it is above all changes in these
guestionnaires that are significant. In any case, it is
very important to |ook at the progression, not just the
individual value. [19]

Another well-perceived design component was the peer-group
comparison. All software producer interviewees (6/6) agreed
on the inclusion of this feature. The users (7/10) appreciated
the inclusion, too. However, 3 users did not perceive an added
value in the peer-group comparison due to uncertainties in
interpreting the applied PRO (19), the missing guidance on the
relevant factors to compare different patient groups (112), or a
clear reasoning on why peer group comparison is useful (115).

Although only 1 user emphasized applying PRO-related goals,
overall health-related goal swere discussed more controversially
within both groups. Software producer 14 reported that their
dashboard includes a component where the physician can
develop overall health goal stogether with the patient and check
goal achievement, whereas 16 stated that thisis not part of their
dashboard. From the user perspective, this design component
could add value to the patient-physician communication, asthe
goa statement makes the aim or expectations of the patients
explicit (19 and 116).

Concerning alerts, software producers and users have different
perceptions of whether alerts should be included in the
dashboard. Software producers (5/6) mentioned that an alert
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function needs to be included. Generally, producers were
indifferent regarding whether the aert isin real time (4/6) or
only appears during the appointment (4/6). A participant
mentioned, however, that liability for medical risks and errors
is unclear when real-time alerts are used:

[..] if [ascoreid] three daysred or isreally critical
and no push notification is sent, the error is on our
side. However, if a push notification is sent and the
doctor does not react, the error lies with the doctor.
And that is a bit of a grey area, where we still have
to figure out how it's actually done. [14]

In contrast, 4 users preferred not to include aerts. 18 and 111
mentioned that thisfeature previoudy existed in their dashboard,
but the acceptance was not high enough in their teams, which
made them stop using it. Furthermore, 112 raised the issue that
additional interpretations for physicians are required to ensure
that they completely understand what the deterioration or
improvement in a score means. 110 favored the alerts during
the appointment to highlight critical factors and to facilitate
comparison over time. 113 and 116 preferred real-time alerts
allowing the treating physician to react directly to the patient’s
issues.

Concerning the dashboard’s customizability, all interviewees
agreed that some degree of customizability isrequired to meet
different user needs. Although most users preferred
customizability from a standard set (7/10), software producers
still seemed undecided whether aclinical dashboard should be
adapted to individual needs (2/6) or “off the shelf” (3/6).
Nevertheless, software producers (5/6) agreed that scalability
is only achievable in case clinical dashboards equipped with
features defined in a standard set are provided.

Findings From Inductive Coding

Whereas the above-presented results were derived from the
deductive procedure, the subsequent inductive procedure
allowed usto identify additional aspectsthat were not explicitly
discussed in the current literature. These aspects included, on
the one hand, the added value of clinical dashboards
incorporating PROM s and visualization possibilities of PROMs
and, on the other hand, various barriers, reducing the uptake of
the clinical dashboard. Furthermore, the interviewees also
discussed the patient’s access to their data controversialy.

Although the visualization of the PRO scores was not
extensively discussed in theliterature, we asked our interviewees
about their preferences. Only 2 out of 6 software producers
indicated that the index and dimensional scores are always
provided in their dashboards. The remaining software producers
elaborated on the visualization of their PRO scores. Contrarily,
amost al users (9/10) mentioned their preferences for the
visualization: 4/10 users preferred to haveindex and dimensional
scores available, 3/10 users prioritized dimensional scores,
whereas 2/10 users voted for the visualization of index scores.
For instance, | 7 voted for the visualization of dimensional scores
by stating, “we must of course know the dimensionality and
different aspects.” In contrast, an interviewee argued:

I like [index] scores better, as| said, but because we
have these individual questions like there are ten
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questions, and you can have a summary score of it
and the systemplotsevery question on atrend. | think
that is rather messy because then you have like ten
different color graphs just projected over each other,
and you can click themon, or off. Soit's easy, but for
meit'slessinformative. [111]

Concerning added value provided by the clinical dashboard,
software producers emphasi zed the visualization of results (5/6),
enhanced workflow efficiency (4/6), improved data
comparability (3/6), and higher patient satisfaction (3/6). Users
perceived the biggest advantages of aclinical dashboard in the
visualization of results (8/10), enhanced workflow efficiency
(6/10), and improved data comparability (5/10). Higher patient
satisfaction (2/10) was not among the most often named
advantages.

Potential barriers to implementing the full potential of clinical
dashboards are interoperability between various systems for
both interview groups (12/16) and the burdensome collection
of data for users (6/10). The reasons for the burdensome
collection were various. For instance, a participant highlighted
organizational issues by stating:

Thereisone burden that falls more on the admin staff
and the secretaries, which is to make sure that the
right patient is put on theright pathway with the right
PROMSs. So, you need to pre-program all this. Then
you must either have an automatic integration saying
this patient is going to see this because it needsto be
personalized to the patient pathway. So how do you
make sure that the right patients get the right thing
without having an army of extra people? [ 19]

Furthermore, a participant raised technical challenges in
collecting PROs by expressing:

We had a problem for a year now that we had these
computers in the waiting room and for some reason
they were broken or disconnected. It took us a very
long time to get them because there were all these
people taking ownership of these silly computers.
[117]

Furthermore, software producers mentioned legal consequences
in case of displaying inadequate information (4/6) and the
licensing of the PROM questionnaires (3/6) aspotential barriers.
Users rather perceived the lack of good data (4/10), legal
consequences (3/10), and nonintuitive use (3/10) as additional
barriers.

Except for 2 users (17 and 114), al interviewees agreed that
patients benefit from access to the information stored on the
clinical dashboard. A total of 9 of the interviewees expect the
patients to develop a better understanding and interpretation of
their own health status. One software producer summarized
their efforts as

[...] what we are doing now is that we have patient
apps, and the patients can also see their own results
in their own app. They can also say to the caregiver:
‘hey, | seethisor that’, and so weinvolve the patients
into it. | think it is important to make it
patient-friendly also. [12]
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Users highlighted similar scenarios, for instance:

When reading this data with PROMs, it's very clear.
It'sdata that they have entered. If they seethat they're
functioning or the ability to walk a block or go on a
bus is going down, they can relate to it and
understand ‘ Oh, actually | thought | was doing better
than that’ or ‘I'm happy, actually | forgot that |
couldn't and now | can. [18]

This quote also represents the statement of 114, whereas 115
additionally emphasizes the positive correlation between an
enhanced understanding of one’sown health status and increased
treatment adherence. Especially the score visualization supports
the patient’s understanding of their own health status (6/16).
Still, users (7/10) acknowledged that more explanation of the
meaning of the data is required to avoid patient's
misinterpretation of the data. Furthermore, 2 users claimed that
physicians and patients need different levels of aggregation of
available data concerning depth of analysis and interpretation
complexity to avoid overwhelming patients. Finally, 16 and 18
stated they would refuse to share clinical data with patients as
clinica outcomes might frighten patients or lead to
misinterpretations, such as outlined by a user:

Bischof et al

If you look at in oncology or radio oncology to PSA
levels, which are an indicator but not an actual sign
of cancer, you wouldn't want the patients to learn by
themselves. ‘ Okay, my PSA level are up again, and |
don't know what it means and what is going on. With
this type of outcomes, you need to be very careful on
how you get them across [..] and this needs
professional support. [118]

Findings From Deductive and Inductive Coding

The derivation of deductive and inductive codes led to insights
into how different design components are related to each other
(Figure 1). To build clinical dashboardsincorporating PROMS,
not only the selected PROM s on the dashboard are crucial, but
rather the complete construct of the clinical dashboard. In
addition, generic dashboard components need to be respected
as well. Furthermore, aspects such as awareness of barriers,
patients' perspectives, and the potential of added value need to
be considered when reflecting on the adoption of clinical
dashboards (Multimedia Appendix 6 containsafull description
of al topics).

Figure 1. Overview on design components for developing clinical dashboards incorporating patient-reported outcome measures. PRO: patient-reported

outcome; PROM: patient-reported outcome measure.
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Principal Findings

The qualitative research approach allowed for amore profound
understanding of the design componentsfor clinical dashboards
incorporating generic and disease-specific PROMs. Our
developed framework (Figure 1) displays that we found 16
design components based on a literature search and identified
9 additional design components through interviews with
software producersand users. Theinterviewsreveal ed that both
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interview groups had a similar perception of the use case of a
clinical dashboard incorporating PROMs.

The use of adashboard primarily strengthens patient-physician
communication in outpatient settings. It should include a
combination of disease-specific and generic PROMSs. Physicians
and other health care professionals were the most frequently
mentioned key users. In addition, preferences for visualizing
PROs, whether as index or dimensional scores, are subjective
and dependent on individual inclinations. According to software
producers and users, dashboards provide benefits, especially
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through the visualization of data and the enhancement of
workflow efficiency. The main barriers to dashboard
implementation were seen in the interoperability between
various systems and the collection of data.

In addition, the interviews revealed that dashboard content
should not vary across diseases, except by an adaptation of the
disease-specific PROM. This project showed that not only
design componentsdirectly displayed by the clinical dashboard
incorporating PROM s but al so other features, such asproviding
system support or the definition of key users, arerelevant topics
for a successful implementation.

Comparison With Previous Work

Concerning the use of PROMs, studies show that it is common
to use generic PROMSs, particularly the EQ-5D, to track the
health status of patients. Notably, researchers see the
standardized format and content asamajor benefit that facilitates
its usability across different diseases and patient groups [34].
Furthermore, the multilingual questionnaire allows large-scale
analyses [35,36]. Not only were disease-specific PROMs
complementing generic PROMSs, but their combined value was
seen as more valuable than their sum, as in the case of the
EQ-5D and the COPD (chronic obstructive pulmonary disease)
Assessment Test (CAT) combination [37]. Interestingly, similar
findings emerged from studies developing PROM dashboards
for various disease areas. Baeksted et al [28] and Hassett et a
[9] found it relevant to include the cancer care—specific PRO
of Common Terminology Criteriafor Adverse Events (CTCAE)
intheir dashboards, and Nicolas-Boludaet a [22] incorporated
endometriosis-specific indicatorsinto their dashboard. Wefound
that disease-specific PROMsare preferred over generic PROMs
by the interviewees. Nevertheless, a combined use of both
PROM s was seen as beneficial, too.

Enhanced visualization of the patient’s PROs over time can
facilitate the moderation role of the physician [12,19,38] inline
with the growing demand for shared decision-making. Wefound
asimilar outcome as the interviewees perceived the purpose of
a clinical dashboard incorporating PROMs in the improved
communication between patient and physician. Furthermore,
Desantis et a [12] found that using a clinical dashboard
improves the workflow and communication of changes in the
HRQoL between the patient and physician. Following this
argument, interviewees emphasized that a clinical dashboard
incorporating PROMs may also serve as a basis for
better-informed decisions by physicians as various key
information points are displayed in 1 report. Therefore,
additional information besides the PRO data must be displayed
to display a halistic picture of the patient's genera health
conditions. Patient information (such as sociodemographic
information or most recent health updates) and clinical data
(such as lab results and medication lists) are required, which
was previoudly highlighted in the literature [20,24,25] and also
rated as essential by the interviewees in our study.

Furthermore, the interviewees promoted the design component
“past assessment PRO score” and ranked it as one of the most

Bischof et al

important ones. Changes in the patient’s health status become
apparent and traceable, and thus, enable the initiation of
countermeasuresimmediately. Similar reasonsare a so provided
in the literature [9,28]. Another well-perceived design
component for analyzing PROs was the peer-group comparison.
Interviewees claimed that this design component facilitates
understanding whether a patient’s health statusis above or below
the norm. Hartzler et al [17] highlighted that peer-group
comparison should match patients in age and treatment. In
addition, Ragouzeos et a [27] advise indicating a “normal”
range.

Design components where interviewees did not indicate aclear
tendency were PRO-related and overall health goals and the
function of alerts. Cronin et al [16] found that patients want to
set and evaluate goals over time, which could be supported by
aclinical dashboard. However, Liu et a [26] warned that setting
goas might further pressure the patient. Furthermore, the
challenge of including alertsisto decide on the appropriate alert
level [39] and avoid “alert fatigue” of physicians[20].

Limitations

Our study has 3 limitations. First, theintervieweeswere mainly
from Western countries, especially Switzerland and Germany.
A generalization of our results to other countries should,
therefore, be carefully assessed. Second, the user interviewees
were most often specialists, and we did not control for their
years of experience. Thisresearch can be seen asastarting point
in building guidance on what needs to be considered when
developing clinical dashboards incorporating PROMSs.
Therefore, we wanted to include a broad range of opinions and
needs on critical design components. Future research should
consider various dashboard stakehol dersfrom different countries
with varying years of professional experienceto further evaluate
our proposed design components. Third, the design components
were not built and evaluated in a real-world setting but only
discussed during the interviews. We aimed to develop a
theoretical framework of design components based on software
producers capabilities and users needs. Therefore, future
research approaches can build up on our findings to refine
clinical dashboards and test them in clinical practice.

Conclusions

In our study, we identified 25 design components and
consolidated them into a framework of 4 main concepts. This
framework strives to work as a guiding approach where
researchers and practitioners can orient themselves on
components to be included when building clinical dashboards
incorporating PROMs. Design components such as peer-group
comparison or alert thresholds require further investigation in
future research, as knowledge on determining appropriate peer
groups or setting aerts based on PRO thresholds needs to be
improved. In addition, future research efforts may test the
real-world applicability of the proposed design components by
either discussing them in focus groups or implementing them
in adashboard in clinical practice.
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