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Abstract

Background: A major challenge in healthcare is the interpretation of the constantly increasing amount of clinical data of
interest to inpatients for diagnosis and therapy. It is vital to accurately structure and represent data from different sources
to help clinicians make informed decisions.

Objective: We evaluated the usability of our tool ‘Triptychon’ - a three-part visualisation dashboard of essential patients’
medical data provided by a direct overview of their hospitalisation information, laboratory, and vital parameters over time.

Methods: The study followed a cohort of 20 participants using the mixed-methods approach, including interviews and the
usability questionnaires, Health Information Technology Usability Evaluation Scale (Health-ITUES), and User Experience
Questionnaire (UEQ). The participant’s interactions with the dashboard were also observed. A thematic analysis approach
was applied to analyse qualitative data and the quantitative data’s task completion time and success rates.

Results: The usability evaluation of the visualisation dashboard revealed issues relating to the terminology used in the user
interface and colour coding in its left and middle panels. The Health-ITUES score was 3.72 (standard deviation (SD) = 1.0),
and the UEQ score was 1.6 (SD=0.74). The study demonstrated improvements in intuitive dashboard use and overall sat-
isfaction with using the dashboard daily.

Conclusion: The Triptychon dashboard is a promising new tool for medical data presentation. We identified design and lay-
out issues of the dashboard for improving its usability in routine clinical practice. According to users’ feedback, the three
panels on the dashboard provided a holistic view of a patient’s hospital stay.
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and radiological examinations accumulate over time.
Furthermore, hospital admissions have been increasing,
except during the first COVID-19 wave.®” Steady increases
in medical data volume have motivated researchers and
physicians to address data presentation using innovative
solutions.

Distributing data in hospital settings creates problems
related to data collection, management, and processing.
Data are broadly classified as structured or unstructured
and arise from different sources. Structured data, including
laboratory information, patient information, procedures,
and ward transfers, are often obtained from discrete informa-
tion technology (IT) systems. Conversely, unstructured data
include handwritten notes,” patient medical history,9’10
imaging reports,'®!! vital signs,” pathology reports,”!" and
non-standard data terms and definitions.'*> Approximately
80% of medical data collected in electronic health records
are unstructured because they cannot be easily managed
using predefined data models."® Therefore, clinicians use
multiple data collection tools, leading to poor oversight,
waste of time, and can ultimately result in poorer decision-
making for the patients’ sake. Clinicians additionally
collect information on patients’ schedules and ward transfers
during their hospital stay. The use of digital technology, as
well as the quantity of data generated, has increased incre-
mentally in everyday work routines. A survey from 2020
reported that 81% and 45% of the clinicians surveyed from
China and Germany, respectively, concurred that the magni-
tude of patient data collected is overwhelming.'* The
increasing density and complexity of medical information
received by clinicians can complicate decision-making.
However, the use of digital tools capable of presenting all
the clinical information intuitively and emphasising the key
points can simplify these processes, rendering these data
more useful for routine clinical care.

Nevertheless, the preparation and merging of patients’
data carry the risk of data loss, misinterpretation, or redun-
dant/unnecessary examinations. For instance, the missing
of data,' understandability of the data integration by clini-
cians such as differences in population and outcome, scuf-
fling patient’s medical history and contextualising patients’
conditions'® can adversely affect patient safety. To overcome
these challenges, an intuitive and simple system for organis-
ing large-volume data is required. Data must be visualised
promptly for the identification of meaningful patterns and
optimisation of clinical care, for example, interactive visual
analytic tools,'® clinician-oriented personalised user inter-
faces facilitating the context of medical records and treat-
ment alternatives, and patient-tailored visualisation
interfaces designed to accommodate limited medical
knowledge.'” The successful integration of visualisations
such as timelines'® and real-time displays of patient
ventilation parameters'® and physiological data®® into
clinical care has gained acceptance from healthcare
professionals. Clinical data visualisation can amplify

clinicians’ perceptual capabilities while significantly redu-
cing their cognitive workload.*'

Therefore, we developed Triptychon as a data visualisa-
tion tool for organising and displaying inpatient medical
data. This tool summarises a patient’s laboratory and vital
parameters and information about the hospital stay over
time. The aim of this conceptual dashboard is to provide
the treating physician with a brief overview of the patient,
which can display the clinical appearance as well as labora-
tory parameters and interventions in parallel. This enables
not only an impression of the current situation, but also
the assessment of the longitudinal process from several
source systems. Due to the consolidated nature of the
data, it is not supposed to substitute existing systems, but
merely merge them on the bedside. The design is arranged
in such a way that it can be displayed on a tablet PC, which
can be carried in the doctor’s coat pocket.

Overview of Triptychon

The assessment and interpretation of large-volume electronic
and handwritten data are daily work for medical personnel.
However, IT solutions can be used to derive essential data
from different sources and present it intuitively to clinicians.
Herein, we aimed to develop an integrative and simple tool
for presenting high-volume medical data.

Triptychon addresses this objective by integrating large
amounts of complex patient dataset to help physicians
quickly determine a patient’s status. As the name indicates,
the Triptychon dashboard consists of three data display
panels, inspired by the structure of medieval winged
altars. Based on this representation, the visualisation is dis-
played after entering the hospital encounter ID of the
patient. The middle panel displays laboratory parameters,
and the left panel shows information related to the patient’s
location within the hospital and procedures. The right panel
displays vital signs and pain levels. This web-based appli-
cation consists of interactive features such as tooltips
enabled through clicks and selection of dates for detailed
viewing that assists clinical personal efficiently.

The development of the project was altered through several
iterative steps. An initial mock-up was evaluated in 2017 as
part of the MIRACUM consortium® by various medical
informatics specialists and clinicians. In 2021, a further evalu-
ation was carried out as an online evaluation under the
COVID-19 pandemic. This evaluation was based on the
same task-based methodology. This evaluation was carried
out exclusively by clinicians, and various modifications
were made to the design subsequently (unpublished data).

Left panel user interface

The left panel represents the patient information in two tabs:
diagnosis and course of treatment. The diagnosis tab dis-
plays general information such as name, medical record
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number, age, sex, history of diagnoses, procedures, and
medications. Diagnoses are designated according to
ICD-10 codes (International Statistical Classification of
Diseases and Related Health Problems) assigned by a spe-
cialist or a physician based on the German coding guide-
lines.”> Data on the procedures used, such as operations,
computed tomography, and magnetic resonance imaging,
are obtained using the OPS codes (‘Operationen- und
Prozedurenschliissel’ Operation and procedure codes).
The treatment tab records a patient’s movements between
wards and procedures including interventions, examina-
tions, and surgeries, each indicated by different icons
(Figure 1(a)). The detailed procedural information is
revealed by clicking the icons. The detailed representation
of the left panel can be viewed in Appendix 1.

Middle panel user interface

The middle panel presents laboratory parameters as a cat-
egorical heat map of the inpatient stay (Figure 1(b)), and
the detailed representation of the middle panel can be
viewed in Appendix 2. According to clinical relevance,
experts selected 21 laboratory parameters. These para-
meters were further categorised into seven different cat-
egories, representing different organ systems: blood
count, haemostasis, inflammation, heart, liver, electrolytes,
and kidney (Appendix 3). This longitudinal representation
of the patient’s hospitalisation is presented alongside
older findings at the bottom and the newer ones at the
top, along with the date and time of the laboratory tests
visible on the right side. The laboratory values are
divided into low and high quintiles, depending on their clin-
ical utility and severity. Two laboratory medicine specialists

assigned the laboratory parameters to mutually agreed-upon
quintiles. We followed the sequential colour palette where
the lower values are displayed in shades of blue, the elevated
values in shades of red, and the normal range values in white.
The values and units of the corresponding lab parameter are
displayed by clicking the heat map cells.

Right panel user interface

The right panel displays clinical parameters such as blood
pressure, pulse, and temperature on a line chart to express
the changes during the patient’s stay at the hospital
(Figure 1(c)). The values are presented in quintiles accord-
ing to severity, with lower values displayed in blue, ele-
vated values in red, and normal values in green. Clinical
data are presented in a radar plot form with vital signs
and daily clinical observations including vomiting, defeca-
tion, dyspnoea, and cough. Data are coded as ‘yes’ or ‘no’
along with severity. The pain level tab displays a homuncu-
lus that shows pain levels on a numerical rating scale of 1—
10.>*2> The clinical data and pain levels can be seen upon
the selection of up to three middle panel dates. The detailed
representation of the right panel including the clinical data
and pain levels can be viewed in Appendix 4.

IT architecture

The application was mainly implemented in Python using
the Django (version 1.11.29) framework, and the different
visualisations were created using the Bokeh (version
2.0.2) and MatplotLib (version 2.2.5)*7% libraries from
Python (version 3.7.0). The versions mentioned represent
the minimum necessary. JavaScript, HTML, and CSS
were used to implement the front end of the application.
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Figure 1. Overview of all three Triptychon panels. (a) Left Panel - showing the procedures and ward transfers (b) Middle Panel - showing
the laboratory values of blood parameters grouped into different organ systems (c) Right Panel - showing the vital signs.
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The application was adapted to facilitate deployment on dif-
ferent platforms. We also used the Nginx service to handle
multiple user requests in a single thread.

The application accesses data from the Fast Healthcare
Interoperability Resources (FHIR) server or different SQL data-
bases available at the hospital for data visualisation. The labora-
tory parameters are mapped to the Logical Observation
Identifiers Names and Codes (LOINC), which are used for cre-
ating the middle panel visualisation. The data collected from the
different databases are first loaded into the ‘pandas data frame’.
The Bokeh framework creates the data table to display the
patient’s stay at the hospital on the left panel, the heat map to
display the laboratory values in the middle panel, and the line
plot on the right panel. MatplotLib generates the radar plot,
the SVG images on the right panel, and the vector graphic
for the browser. JavaScript renders all the visualisations on
the browser (see Figure 2).

Study aim

Although the accuracy of the information displayed in
Triptychon is of the highest order, in principle, user experience
and the overall usability of the dashboard take equal prece-
dence. Dashboard interactions are vulnerable to usability

issues that arise when human cognition and system functionality
intersects.? For this reason, end-user usability assessments are
important for identifying issues related to ease of use. In the fol-
lowing, we present this comparative and task-based usability
study by a qualitative and quantitative evaluation approach.

Materials and methods

Participant recruitment and selection

To evaluate the usability of the Triptychon web-based visu-
alisation dashboard, we aimed to recruit medical students in
their sixth semester or higher and physicians actively
working at the University Hospital Mannheim (Table 1).
Given that, the study was conducted in multi-disciplinary
hospital setting, and the study was open to all students
and doctors that fit the recruitment criteria. The objective
was to recruit 10-12 participants that are representatives
of the target group (students and physicians).

Study design

We used a mixed-methods approach to evaluate the usability of
the Triptychon visualisation dashboard. The duration of the
study was about 60 minutes per participant. The study design

Browser |
Left Middle Right
Bokeh]S Bokeh]S Bokeh]S Renderer b
Renderer Renderer +vector 1 St Laye r
A A A
JSON JSON JSON +
Web Bokeh Bokeh Bokeh library
library library + MatplotLib
- | 2nd Layer
Django™ Webserver
y § A A _
Data )
Sources
SQL Database/ SQL Database/ SQL Database/
FHIR Server FHIR Server FHIR Server
— | 3rd Layer
Left Panel Middle Panel Right Panel
Diagnosis (ICD-10 Lab values (Based Clinical data, Pain
Codes), Procedures on LOINC Code) Levels (Based on
(OPS Codes), Ward LOINC Code)
-

Figure 2. Triptychon - three-layered IT architecture: 1st layer - data sources, 2nd layer - Django Webserver framework using Python
libraries for interactive visualisation, 3rd layer - rendering on the web browser using JavaScript and HTML.
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followed a usability script, created especially for the study,
which included the usability testing method where participants
performed tasks along with a think-aloud protocol.* In add-
ition, the study design incorporated a semi-structured interview
guideline and two usability questionnaires, the professionally
translated German version of the Health Information
Technology Usability Evaluation Scale (Health-ITUES)
and the short version of the User Experience Questionnaire
(UEQ) (Appendix 5).>'*> We diligently followed the steps
to translate the Health-ITUES questionnaire. The English
questionnaire was translated into German and vice versa
with the help of certified translators meeting the requirements
of ISO 17100:2015. Two certified translators performed the
forward and reverse translation of the questionnaire to avoid
knowledge bias and ensure translation uniformity.>>*

Pilot test

Before evaluating the platform’s usability, we conducted
pilot testing for approximately 60 minutes with two

Table 1. Recruitment criteria for the evaluation study.

medical students in their sixth semester. The students com-
pleted the tasks using the Triptychon visualisation dash-
board and the tabular form of the laboratory parameters.
The list of task-based questions was answered both verbally
and in writing. On completing the given set of tasks, a semi-
structured interview was conducted. The participants’ inter-
action with the dashboard and the interview were recorded
(audio and video). Questions addressing the user’s experi-
ence (i.e. the formulated middle, right, and left panels)
were cross-checked during the interview. After the inter-
view, the study ended when the participants completed
the Health-ITUES and UEQ.

The pilot testing results informed changes to the pre-
pared list of tasks for the visualisation dashboard, the
tabular form of the laboratory parameters, and the interview
questions guide (Appendix 6). This enabled us to overcome
obstacles that may have otherwise hindered our evaluation
of the dashboard.

Procedure

Each participant was briefed about the purpose and goal of
the study, following which they provided signed informed
consent for participation. For the assessment of the visual-
isation dashboard, all participants completed two cases, a

Students . Medic:i\l students in tf_le.ir 6th semester or higher. classic paper-based tabular form (laboratory system/curve,
- Exclusion: study participants who cannot give the gold standard) and the new visualisation form
el ot v ety (Triptychon). The participants were divided into two

Physicians - Physicians of the University Hospital Mannheim grouPS as seen in Figure 3. Group A started Wlth the
. Exclusion: Study participants who cannot give classic tabular case and then evaluated the Triptychon
their consent to participate. case. The order of presentation was reversed for Group B.

The task-based evaluation was performed using two test
Triptychon Visualisation
Group A

Tabular Visualisation

\ 4
v Semi-structured Interview
»| Systematic + Questionnaires (Health-
———»| observation ITUES & UEQ-Short)
A
A

Tabular Visualisation

Group B

Triptychon Visualisation

Figure 3. Block diagram showcasing the evaluation scheme of Group A and Group B.
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case studies (pseudo-patient records) from the University
Hospital Mannheim (Appendix 7).

Each participant watched a 6-minute video introducing
the visualisation dashboard and describing data available
in the three panels, such as patient history, ward transfers,
and laboratory and vital parameters. The visualisation
case study was presented on an android tablet, Huawei™
MediaPad M5 (screen size: 265X 195 mm). The tabular
form was present on a paper similar to the ones used in
routine clinical practice. The cases were designed to take
approximately 15-20 minutes to complete. After the parti-
cipants had completed and answered the task-related ques-
tions, the study moderator conducted and recorded the
interviews. Finally, each participant was required to com-
plete the Health-ITUES and UEQ to evaluate the usability
of and satisfaction with the visualisation dashboard.

Data collection and analysis

Quantitative data, such as task completion and success rates,
were collected using systematic observation® during the
study and via video recordings. Subsequently, the physicians
and students completed the Health-ITUES and UEQ.

The 20-item Health-ITUES was customised to report the
usability of the web-based visualisation dashboard. The
Health-ITUES addresses four usability factors: (a) quality
of work life (QWL), (b) perceived usefulness (PU), (c) per-
ceived ease of use (PEU), and (d) user control (UC). In add-
ition, the Cronbach alpha coefficient was determined to show
an estimated score of the internal consistency reliability
based on all possible correlations between the items. The par-
ticipants responded on a 5-point Likert scale ranging from 1
(strongly disagree) to 5 (strongly agree). Furthermore, the
User Experience Questionnaire-Short (UEQ-S) was used to
measure the comprehensive impression of user experience
based on both the classical and Triptychon user experience
aspects.>® The UEQ-S also evaluated the comprehensive
conception of user experiences, such as efficiency, perspicu-
ity, dependability, originality, and stimulation. The UEQ-S
Data Analysis Tool’” was used to generate the results. We
used task-based evaluation to determine how much time
the participants needed, on average, to perform specific
tasks using both forms of data visualisation.

A set of predefined questions guided the collection of
qualitative data through semi-structured interviews with
the study participants in an individual face-to-face session
after completing the required tasks. The interaction with
the visualisation dashboard and the interview sessions
were video- and audio-recorded for later analysis. The
recordings of the interview were transcribed and used for
analysis. The moderator of the study also assessed the par-
ticipants’ interactions with the dashboard (see the ‘Direct
Observation’ section). We used thematic analysis methods
for all qualitative data analyses®® and for categorising the
interview data into meaningful themes.

Results

Participants

For this study, 20 participants volunteered to participate in
the evaluation study of the Triptychon dashboard. Table 2
shows the number of students and physicians recruited
along with their clinical discipline.

Qualitative data

The qualitative data collected through the semi-structured
interviews were subjected to thematic analysis, and we
identified three patterns and themes. In the following, we
present these three themes, namely the layout and termin-
ology of the dashboard’s user interface, the visualisation,
and the users’ familiarity with the interface.

User interface

Terminology. During the usability study, the participants,
especially students, immediately clicked the ‘Diagnose’
option to determine the patient’s diagnosis and present
the most likely diagnosis based on the laboratory and
vital parameters. This observation was also addressed
during the interview to understand why the participants
clicked the diagnosis option rather than determining it
from the given laboratory values. For example, P-02
clicked the ‘Diagnose’ option simply because it was
there. In contrast, P-01 explained that the extra tab on the
interface was not comprehensible enough or intuitive. For
instance, after clicking the diagnosis option, P-16 searched
for the specific date mentioned in the task but soon realised
that the current dates and diagnosis were not included on
the diagnosis page, which only included prior visit data,
such as the hospital admission date (Figure 4). The partici-
pants also found the term ‘Reference’ to be ambiguous
because the content shows the visualisation legend.

Table 2. Participants and their clinical disciplines.

10 Students - Medical students in their 6th

semester or higher.

10 Physicians - Surgery 2
- Laboratory medicine 1
- Gastroenterology 2
- Nephrology 2
- Gynaecology 2
- Urology 1
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Diagnosis

would make more sense.”

P-01: “ .... with the diagnoses and procedures in the extra tab, it was not so intuitive and not so
comprehensible, like which diagnoses are there, because they were partly diagnoses that should have
nothing to do with the hospital stay. Also, in the chronological sequence, summarized, prediagnoses

Terminology

References

like an icon or something.”

P-16: “I find the word reference not quite intuitive, and | think | would find it helpful to have something

Figure &. Quotes from participants’ interviews regarding the user interface and terminology.

However, several physicians felt that the ‘Reference’ option
was necessary and intuitive as it was easy to find the data
visualisation legend.

Layout. In the classic patient file, laboratory values are
shown vertically (i.e. top to bottom versus the horizontal
layout on the Triptychon visualisation dashboard).
Considering that the students are still learning and are
used to viewing traditional patient files, adapting to
viewing the data in the new form might require more
time. The students also expressed dissatisfaction with
how the dates were displayed; for example, having the
admission date at the bottom of the list was considered
slightly problematic.

P-01: “..... the vital parameters are clear, although it is irri-
tating for me that the temporal progression is displayed
from top to bottom or bottom to top, I don’t know, but in
any case, vertically and not horizontally as I know it from
the classic patient file....’

Interaction. Almost all the participants found the touch
interaction for viewing laboratory values cumbersome.
The participants preferred to have the values displayed in
the coloured cell or have the values written along with the
colour coding of the laboratory values instead of the click
option. Furthermore, the study participants such as P-09
also mentioned that viewing the numbers and colour
coding would enable a quicker overview. In another
instance, P-02 stated that clicking the coloured cell to see
the laboratory values would take too much time away
from their routine hospital workflow.

P-02: ‘what you could do would be the number as col-
our.....it is bad that you have to click everywhere individu-
ally. That takes too much time away from the daily clinic
routine....’

P-09: ‘maybe if it’s not too crowded, if you always write the
numbers in, then you can see all the numbers without click-
ing and pick out what you find important’.

Visualisation

Middle panel. All the participants found the colour
coding of the data visualisation potentially overwhelming
and confusing because similar shades were used (e.g. the
shade of red between quantiles 2 and 3). The participants’
confusion about the colour-coded visualisation revolved
around the different shades of blue used to show the nega-
tive values (—1 to —5) and the shades of red used to show
positive values (+1 to +5). P-11 stated that the colours
used in the visualisation alone cannot be trusted and, there-
fore, would like the cells to also display absolute values.
P-06 and P-17 preferred that the coloured cells contain indi-
vidual laboratory values (Figure 5). This way, one can rec-
ognise the colour at a glance but still read direct values since
the additional click interaction to view the laboratory values
would be unsuitable for everyday use.

Left panel. Most participants found the icons on the left panel
intuitive and easy to interpret, including those used to represent
Operations, Wards, and Interventions. The participants also
found clicking the icon to view further information very
useful (Figure 5). However, some participants had trouble iden-
tifying the intervention icon. This led to additional click interac-
tions on the left panel to identify the icon’s content.

Right panel. To determine if a patient had dyspnoea, the
participants had to follow a particular interaction path. They
had to select the patient’s hospital admission date, then
click the ‘Clinical Data’ option, and then view the radar
plot with the additional vital parameters of the patient. Of
the 20 participants, 17 completed the task successfully.
However, two students and one physician had difficulty
completing the task and felt that the interaction path was
not intuitive. The participants also found viewing only the
radar plot (without vital parameter values alongside
colour coding) less intuitive (Figure 5).

Learnability. The participants were also asked about the learn-
ability of the dashboard. Several participants found the short
6-minute introduction video helpful; however, many requested
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P-11: “l don't trust the colors alone, yet. It's not as intuitive for me as seeing a number
with a color background. | actually find it nicer. The absolute value with the number

P-16: “I find the word reference not quite intuitive, and | think | would find it helpful to

P-17: “The visualization; what bothered me was that one is always clear, one sees
the colors here, but well, the colors are not always decisive. You are used to seeing
values, numbers .... If you always have to click on each one, that's not suitable for

P-20: “....On the left side in this column, there is this overview with the interventions,
diagnoses, diagnostics, and imaging. End effect; this symbol shows that a symptom
was present, once at the time of admission, or still later, a CT was carried out. That is

P-16: “... the imaging is pretty intuitive. The symbol fits quite well. The intervention
based on this cross with the ECG curve is not quite as intuitive actually....
Intervention; the symbol is not directly attributable to an intervention for me. With the

P-09: “While | can't tell exactly how severe the dyspnea is, | think it's understandable
to show the progression, but | couldn't say for sure what | understand as such great

8

directly displayed.”

Middle

Panel have something like an icon or something.”
everyday use, you can't do that.”

Left Panel clear, you can see yes....

legend, of course, it goes well....”

Right

Panel
dyspnea, what one understands as great dyspnea.”

Figure 5. Quotes from participants’ interviews regarding the visualisations.

additional hands-on training sessions to familiarise themselves
with the parts of the dashboard (e.g. the colour coding of the
left and middle panels). The participants felt that an extra
question-and-answer session would improve their understand-
ing of the visualisation. Additionally, P-09 mentioned that
further hands-on training would enable older medical person-
nel to obtain a better overview of the visualisation dashboard.
P-12 mentioned that such self-explanatory visualisation dash-
boards can help active physicians, even after a long day,
quickly review a patient’s laboratory values and vital para-
meters before meeting the patient (Figure 6).

Enhance routine workflow. Nearly all participants agreed
that integrating the Triptychon dashboard into their routine
practices significantly improved the workflow of clinical
personnel during a patient’s hospitalisation. The key advan-
tage of the dashboard is its ability to consolidate all relevant
information, including patient data, laboratory results, and
vital parameters, into a single view that can be accessed
with minimal effort. This feature aligns with the feedback
provided by P-11, who noted that the current challenge in
their everyday workflow stems from the need to gather
patient information from multiple systems.

P-11: “The biggest obstacle in my current daily life is that I
need five systems to find information about a patient, depend-
ing on where I am in the clinic, and that is very annoying’.

The participants in the interview further emphasised on the
additional benefits provided in the dashboard including the
capability to present information beyond the confines of
tabular formats. This additional information encompassed
details pertaining to procedures conducted and patient
transfers between wards such as OP and ICU. For
example, P-03 expressed the need for the utilisation of a
digital format for vital parameters as a crucial feature, as
it mitigated potential errors associated with the interpret-
ation of handwritten records by other clinical staff.
Additionally, P-03 also highlighted the benefit of the visu-
alisation dashboard, which enables simultaneous access to
patient data by multiple doctors or nurses — a functionality
not typically supported by the current tabular form of data
representation.

P-03: “...as it was also in the information sheet, the doctors’
requirements or those of the nursing staff, when you do
something by hand, I often find it difficult to understand,
follow it, read it. In this case, I find digitisation very
helpful. For example, I find that if everything can be
found on a program, you can’t lose a sheet. Furthermore,
I assume that several doctors or nurses would have access
to a patient at the same time via this application, as is
often not the case now with the tabular form, since there
is only one tabular form, and therefore only one person
can work on it at a time’.
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P-09: “It would definitely make sense. Particularly because there are also staff who, for
example, have always worked with paper files for 30 years;; they need to get used to
working with something like this - the video is very clear, but it is also necessary to have
a place where you can ask direct questions. If you try it yourself a few times and then
there is someone in the room you can bring to clarify specific questions.”

Training

P-12: “..... it's probably a lot that you can go that far, if you've tried it a little bit longer, you
can get in there quickly and still get a lot out of it. Probably not very self-explanatory and
probably takes a little longer to get into it.”

Figure 6. Quotes from participants’ interviews regarding learnability and training.

Direct observation

Physicians usually had fewer errors and determined the diag-
nosis faster than students. On the other hand, students tended
to find solutions the easier way using the diagnosis option.
Students also expressed greater dissatisfaction with the dash-
board’s layout; however, they were generally more satisfied
with the colour coding of the laboratory values than physi-
cians. Most physicians preferred having absolute values dis-
played in the visualisation. In brief, students preferred a
quick impression over exact results, whereas physicians pre-
ferred the latter. In addition, many physicians wanted to be
able to see reference ranges alongside the colour coding.

Students tended to click the diagnosis button to deduce
the most likely diagnosis; however, physicians looked at
the displayed laboratory values to ascertain the diagnosis.
Students also remained on the diagnosis page, even after
realising that they could not find the current diagnosis. In
contrast, physicians realised that the diagnosis page con-
tained only the previous diagnosis.

The participants’ interactions with the left panel pro-
duced slight frustration and confusion. We found that the
colour coding used to represent the Intensive Care Unit
(ICU) to be contradictory and not intuitive. The participants
felt that the ICU should be displayed as red (as an alarm
signal) and the colour coding representing operation (OP)
should have a less conspicuous colour.

The participants also had difficulty locating the radar
plot containing the patient’s additional vital parameters.
The participants were able to view the additional vital para-
meters after selecting the patient’s hospital admission date
and clicking the clinical data option. However, the partici-
pants only succeeded after several trials and multiple
error messages. In addition, the participants did not click
the correct spot on the right panel’s linear graph to view the
vital parameter values; this interaction often frustrated the
participants.

Quantitative data

The quantitative data collected by systematically observing
the participants’ interactions with the Triptychon

visualisation dashboard were analysed to determine the
completion of tasks and the time taken to complete them.
Descriptive statistics were used to analyse quantitative
data collected from the Health-ITUES.

Systematic observation

The participants needed less time to complete tasks with
data presented in tabular form. In fact, tasks that used visu-
alisation dashboard data took nearly twice as long to com-
plete compared to those that used tabular data. However,
when the participants were shown the visualisation dash-
board after completing the tasks for the tabular form, the
time taken was nearly halved (Figure 7). Furthermore, of
the 20 participants, five completed the tasks successfully
without inferring any false outcomes in case 1 (Tabular).
In contrast, nine completed the tasks successfully in case
2 (Triptychon). Thus, the visualisation dashboard was asso-
ciated with a higher success rate in terms of completing
tasks without errors or false statements.

Questionnaires

Health-ITUES. The Health-ITUES mean score was 3.70
(standard deviation (SD) = 1.0). The means, standard devia-
tions, medians, and subscale score variances are reported in
Table 3. The responses were completed for the PEU and
QWL subscales. Almost two-thirds of the participants
(65%) answered above average for the subscale QWL
(3.94) and PEU (4.11). More than a third (45%) answered
above average for PU (3.52), and nearly a third (30%)
answered above average for UC. The Health-ITUES
Cronbach alpha of 0.72 indicates good overall usability,
with no redundant scale items. The internal consistency of
the questionnaire’s constructs indicates that the question-
naire is reliable. The internal consistency scale and the
interscale correlations are presented in Table 4.

UEQ-S. The UEQ-S was used to measure the visualisation
dashboard’s pragmatic quality, hedonic quality, and
overall user experience. The pragmatic and hedonic
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Figure 7. The average time taken to complete the case-related questions. Group A: Participants were given the Triptychon display,
followed by the Tabular display. Group B: Participants were given the Tabular display, followed by the Triptychon display.

Table 3. Descriptive statistics grouped according to the four factors
of the Health-ITUES.

Quality of work 3.94  1.04 A 0.26
life

Perceived 3.52 1.17 4 0.33
usefulness

Perceived ease 4.11  0.83 4 0.20
of use

User control 3.35  1.05 3 0.32

Overall 3.70  1.09 4 0.29

quality items were assigned based on the component ana-
lysis of the efficiency, perspicuity, dependability, stimula-
tion, and originality scales.*® The consistency between the
pragmatic quality and hedonic quality was very good
(Figure 8(a)). The complementary Cronbach alpha values
for the pragmatic and hedonic quality were 0.78 and 0.68,
respectively. The mean value for the pragmatic scale (sup-
portive, easy, efficient, and clear) was 1.60, and that for the
hedonic scale (exciting, interesting, inventive, and leading
edge) was 1.63. The overall UEQ-S demonstrated a mean
score of 1.6 with SD =0.74 (Figure 8(b)).

Discussion

We assessed the usability and user experience of the
Triptychon visualisation dashboard through a study involv-
ing 20 participants. This sample size proved adequate to
conduct efficient evaluation studies to identify usability

issues within the dashboard. These findings align with
prior research, which suggests that conducting comprehen-
sive usability studies with as few as 8—10 participants can
successfully detect up to 80% of the inherent usability pro-
blems in a system.**™*' The primary focus of this study was
to obtain feedback from the participants concerning usabil-
ity issues using a qualitative approach. The emphasis was
on obtaining in-depth insights and perspectives rather
than statistical significance or generalisability.

Our qualitative and quantitative data indicated good
usability and user experience. We used scores from the
QWL and PEU constructs of the Health-ITUES, which
reported the highest means, indicating that the dashboard
was intuitive and easy to use. The qualitative data also pro-
vided valuable insights into the users’ feedback on the visu-
alisation of the available data and their precedence. For our
study, although we used a mixed-methods approach, we
focused on the qualitative approach to identifying the short-
comings of the Triptychon dashboard.

The visualisation dashboard enhanced patients’ routine
care. Furthermore, the users felt positive about the dash-
board’s potential uses within the context of the routine
workflow at the hospital. Currently, physicians must
access patient medical data from different sources. It can
be highly burdensome for physicians to manage such
huge amounts of fragmented data.**** However, the
Triptychon dashboard overcomes this challenge by visua-
lising and presenting data from different sources on a
single dashboard. This is consistent with existing research;
it is widely acknowledged that leveraging the capabilities of
data visualisation dashboards holds significant importance
in enhancing the efficiency and simplicity of healthcare
analysis.‘““16 It is broadly recognised that this approach
has the potential to improve patient care,*’ support clinical
decision-making,*® and optimise hospital processes across
various disciplines. This entails reducing the time required
for data collection from multiple sources, minimising the
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Table &. Internal scale consistency scores and interscale correlations for the Health-ITUES subscale.

Quality of work life 0.81 1 0.67 0.41 0.20
Perceived usefulness 0.54 1 0.68 0.54
Perceived ease of use 0.67 1 0.56
User control 0.47 1
(a) (b) 250
9 2,00
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Figure 8. Results of the UEQ-S questionnaire; (a) average score of the items in pragmatic and hedonic qualities; (b) benchmark graph
indicating the relative quality of Triptychon compared to other products.

cognitive load experienced by clinical personnel, expedit-
ing the completion of tasks, and mitigating errors.
Therefore, in our dashboard, displaying only the important
indicators and parameters enables physicians to see the
most important values in the patient data overview. While
this interface facilitates quick decision-making, it is not
intended to replace other data sources. Triptychon also
serves as a mobile dashboard for daily clinic use.
Although this was not the focus of our study, we had a par-
ticipant mention this during an interview where other organ
system parameters were reviewed.

Our study participants were medical students and physi-
cians. This helped us interpret our outcomes based on years
of experience and domain knowledge. Physicians expressed
interest when using the visualisation dashboard and argued
for adding additional features such as absolute values and a
results display to include a detailed overview of a patient’s
medical data. Differences between naive and experienced
participants — such as differences between students and
physicians with extensive domain knowledge and years of
experience — can affect interactions with presented data.*’
The careful design increases the dashboard’s usability by
including visualisation of fundamental data on a flexible
interface capable of supporting different users with simi-
larly different needs.’*>? Therefore, visualisation tools
are only as effective as their design and implementation.

We identified opportunities for the dashboard’s display,
such as the colour coding, to represent high and low

quintiles in the middle panel and graphically represented
data. Middle panel colour coding of high and low quintile
values confused many users. While the shades of blue
and red represent the low and high quintiles, using the
shades of blue for lower quintiles was described as mislead-
ing because lower laboratory values can also be concerning.
Moreover, the participants preferred having both laboratory
values and colour coding to provide an enhanced overview.
In addition, the participants preferred that laboratory refer-
ence ranges be displayed at the bottom of the heat map as
references. Previous studies have reported that heat maps
and colour coding are more efficient and effective when
reviewing the clinical data of patients.”>>* This aligns with
Triptychon’s task of displaying laboratory parameters using a
heat map to represent the different quintiles as well as with
the participants’ responses that colour coding is a valuable
means of providing a practical overview of laboratory values.
This contradiction could have resulted from the participants’
familiarity with laboratory values. Becoming more familiar
with the dashboard may lead the users to view numbers as
less important; however, additional studies are needed.
Consistent training will likely improve application use.

The participants expressed a preference for the visualisa-
tion dashboard over the traditional paper-based tabular form
due to its provision of additional information. Specifically,
the dashboard included details on surgical interventions and
vital parameters. However, contrary to the time analysis of
task completion, the participants took less time to complete
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specific tasks when using the classic tabular form. These
findings are consistent with previous studies comparing
tabular and graphical data representations, where the parti-
cipants demonstrated faster task completion with tables
compared to tasks involving line and bar graphs.”>® The
discrepancy between participant preference and task per-
formance may be attributed to the fact that the doctors par-
ticipating in the study had several years of experience using
the paper-based tabular form, in contrast to their first-time
use of the visualisation dashboard. This observation is
also applicable to medical students, who are trained and
accustomed to using the paper-based tabular form.

Although the participants perceived the right panel’s
radar plots to be informative, some had trouble with naviga-
tion and data interpretation. This could be because radar
plots are less commonly used for data visualisation than
line and bar graphs or pie charts.”’® Despite the familiarity
of classic paper-based tables, graphically represented data
can be more beneficial over time. Recurring comments
from the participants dwelled on the terminology used in
the visualisation. Therefore, careful selection of workflow
terminology should enhance the dashboard’s visual coher-
ence.”>® Hence, these terms will likely be different in the
dashboard’s next iteration. The participants found the dash-
board’s usability satisfactory and offered only minor
changes to how the information is presented. Additionally,
they performed better when presented with the visualisation
dashboard after working with the paper-based tabular form,
as the participants were already familiar with the type of
questions/tasks. On the other hand, the participants also
viewed an introductory video and requested additional train-
ing to familiarise themselves with the dashboard.

The quantitative results from the UEQ-S and the qualita-
tive analysis showed a high user experience score. UEQ-S
analysis demonstrated high pragmatic (1.60) and hedonic
(1.63) ratings. Values > 0.8 are considered a positive evalu-
ation, indicating an excellent result.®! However, consider-
ing that the participants were recruited from a single
institution, future studies should mitigate this potential
bias by evaluating users in multiple locations. Users
found the Health-ITUES to be usable; however, other ques-
tionnaires (such as System Usability Scale (SUS)) have
been used in previous studies to evaluate the usability of
dashboards displaying laboratory and vital parameters or
laboratory information systems; these studies reported
poor usability scores.®”** Drew et al. (2018) attributed
these results to issues with the SUS questionnaire.®> The
authors found no relationship between user preference
and SUS score. They concluded that SUS scores may be
more beneficial when comparing tools or when combined
with formative usability testing to comprehensively depict
the user’s perceived experience. Similarly, in this study,
we used the 20-item customisable Health-ITUES to
measure usability, users’ preferences, and integration of
the dashboard into the hospital’s routine workflow and

found high mean QW and PE subscale scores.
Importantly, the Health-ITUES questionnaire has not been
broadly used for evaluating visualisation dashboards and
should undergo continued review once more established
performance data are available.

Limitations

This study has some limitations. The German version of the
Health-ITUES that we used was unvalidated at the time of
the study; nevertheless, the validation process is ongoing,
and importantly, the questionnaire was translated by certi-
fied translation specialists who conformed to ISO
17100:2015.** We recruited two certified translators for
the forward and reverse translation processes to avoid
knowledge bias and ensure translation uniformity.
Another limitation of the study was displaying medication
data on the left panel as the patients’ in-house documenta-
tion did not contain the medication information. Future
studies may overcome this limitation by using Anatomical
Therapeutic Chemical codes when possible. This study’s
notable limitation pertains to the accessibility of the dashboard
for individuals with colour blindness and other visual impair-
ments. Although this specific concern was not addressed
during the testing phase of the dashboard in this study, it is
acknowledged as an aspect that will be duly considered in
the future development of the Triptychon dashboard.

Because the study participants were recruited from a single
hospital, our results may not be generalisable to users in other
locations. Thus, further multicentre studies on the evaluation
of the visualisation dashboard are needed. Additionally, we
designed the data for each case. This means that pseudonym-
ous data were extracted such that all three-dashboard panels
meaningfully displayed relevant patient-specific information.
Other studies have also encountered similar limitations,”°*¢’
which could be overcome using real-world data. Additionally,
for the recruitment and selection of the participants, we did not
control whether the participants matched the general cohort of
doctors in the hospital. Although, we received participants
from different disciplines for the study.

Furthermore, we compared users with years of paper-
based workflow experience to those with only a cursory
familiarity with the new digital platform. While we expect
the results to improve over time, future investigations are
needed to validate our findings.

Conclusion

The Triptychon visualisation dashboard emerges as a prom-
ising tool for the presentation of medical data, provide treat-
ing physicians with a concise patient overview, presenting
clinical appearance, laboratory parameters, and interven-
tions simultaneously. Through our evaluation, we have suc-
cessfully identified design and layout issues that can be
addressed to enhance its usability in routine clinical
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practice. The feedback received from target group users
indicates that the inclusion of three panels on the dashboard
offers consolidated data from various systems, therefore,
offering a holistic view of a patient’s hospital stay
without replacing existing systems. These findings high-
light the potential of the Triptychon dashboard as a valuable
asset in healthcare settings, empowering clinicians with
comprehensive and intuitive information visualisation.
Further refinements and optimisations based on user feed-
back will contribute to the continued improvement of the
dashboard’s usability and effectiveness in supporting clin-
ical decision-making processes.
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