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Abstract

Objective:: Although clinical decision support systems (CDSS) have many benefits for clinical practice, they also have several
barriers to their acceptance by professionals. Our objective in this study was to design and validate The Aleph palliative care
(PC) CDSS through a user-centred method, considering the predictions of the artificial intelligence (AI) core, usability and
user experience (UX).

Methods:: We performed two rounds of individual evaluation sessions with potential users. Each session included a model
evaluation, a task test and a usability and UX assessment.

Results:: The machine learning (ML) predictive models outperformed the participants in the three predictive tasks. System
Usability Scale (SUS) reported 62.7 ± 14.1 and 65 ± 26.2 on a 100-point rating scale for both rounds, respectively, while
User Experience Questionnaire – Short Version (UEQ-S) scores were 1.42 and 1.5 on the −3 to 3 scale.

Conclusions:: The think-aloud method and including the UX dimension helped us to identify most of the workflow imple-
mentation issues. The system has good UX hedonic qualities; participants were interested in the tool and responded posi-
tively to it. Performance regarding usability was modest but acceptable.
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Introduction
Clinical decision support systems (CDSS) are computer
systems designed to assist clinicians in their decisions on
individual patients when these decisions are actually
being made.1 Interest and research in CDSS are motivated
by their potential benefits, which have been documented
in the scientific literature: increased patient safety by redu-
cing medical errors or avoiding advice against protocols;
improved service quality due to better adherence to guide-
lines, and increased service time dedicated directly to the
patients; cost reduction by faster processing of the
demands and avoiding duplicated tests; improved adminis-
trative functions by incorporating elements such as

automatic documentation; and diagnosis support and work-
flow improvement.2,3

1Biomedical Data Science Lab, Instituto Universitarios de Tecnologías de La
Información y Comunicaciones (ITACA), Universitat Politècnica de València,
Valencia, Spain
2Polibienestar Research Institute, University of Valencia, Valencia, Spain
3Divisão de Hematologia, departamento de Clínica Médica, da Universidade
Federal de Juiz de Fora, Minas Gerais, Brasil

Corresponding author:
Vicent Blanes-Selva, Biomedical Data Science Lab, Instituto Universitarios de
Tecnologías de La Información y Comunicaciones (ITACA), Universitat
Politècnica de València, Valencia, 46022, Spain.
Email: viblasel@upv.es

Creative Commons CC BY: This article is distributed under the terms of the Creative Commons Attribution 4.0 License (https://creativecommons.
org/licenses/by/4.0/) which permits any use, reproduction and distribution of the work without further permission provided the original work is

attributed as specified on the SAGE and Open Access page (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Original Research

Digital Health
Volume 9: 1–13
© The Author(s) 2023
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/20552076221150735
journals.sagepub.com/home/dhj

https://orcid.org/0000-0002-0056-0329
mailto:viblasel@upv.es
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/dhj
http://crossmark.crossref.org/dialog/?doi=10.1177%2F20552076221150735&domain=pdf&date_stamp=2023-01-10


However, despite CDSS’ multiple virtues, these systems
have not been widely adopted in clinical practice.4,5,6,7,8

Several studies have pointed out the main barriers to their
adoption, divided into two broad categories: socio-
cultural factors and usability. The former refers to the
beliefs of healthcare professionals (HCPs) or their organ-
ization regarding the CDSS, such as the idea of a loss of
autonomy, the feeling of being replaced by the system, low
computer literacy, lack of trust in the system, failure to
fulfil a perceived clinical need, legal uncertainties and a
misalignment between human needs and the technical
system.9,10,11,12 Liberati et al.10 proposed several strategies
to deal with these barriers according to the physicians’ beliefs
about these systems, which are mostly based on communica-
tion, training, and highlighting the system’s benefits.

Usability barriers refer to the users’ difficulties with the
associated software. The most common problems in this
category are the difficulty of operating the software, disrup-
tion of the workflow, loss of face-to-face time with patients2

and the alert fatigue due to excessive notifications by the
system.12,13 These challenges have previously been
addressed by other authors through usability pilots with
the potential software end users, mostly HCPs, to identify
and correct the different CDSS usability problems.13,14,15,16

Usability studies often follow a general scheme. The partici-
pants are exposed to the software in a controlled environment
and the session is taped and/or with the researchers taking
field notes. The participants must try to accomplish tasks in
actual scenarios, which in some studies receive the name of
‘near-live’ simulations.17 The think-aloud method18 is com-
monly used during the whole study. This method consists of
asking the participants to express their doubts, opinions and in
general any of their thoughts on their experience with the tool.
The software usability is finally quantified through a scale or
an index, one of the most popular evaluation tools being the
System Usability Scale (SUS).19,20

It is generally accepted that a positive user experience
(UX) is essential to any software acceptance.21 Despite
the close relationship between usability and UX concepts,
there are some differences worth studying, primarily
related to the hedonic category,22 that is, how ‘pleasurable’
the users find it to use the software. UX also studies emo-
tions, beliefs, preferences and perceptions. These concepts
directly impact the adoption of a CDSS because they are
closely related to the previously mentioned sociocultural
barriers. A UX study is thus essential to assess and
improve the adoption of the technology.

Another crucial aspect of maximizing the probability of
a successful CDSS implementation in clinical practice is the
initial design. An interdisciplinary team is highly recom-
mended, including data scientists, programmers, usability
and UX experts, HCPs as potential users of the software
and other stakeholders such as representatives of hospital
management to obtain a clear vision of the requirements.11,23

Planning a pleasant interface is also important since some

studies have reported users being more tolerant of minor
usability issues if they found the interface visually appealing.
This is known as the aesthetic-usability effect.24

CDSSs are in a very early stage of development in pal-
liative medicine. The study by Tan et al.25 presents an
example of a CDSS specifically developed for PC, design-
ing and implementing a CDS tool aimed at identifying
patients in emergency departments that could benefit from
primary PC, which demonstrated a very positive usability
value. In the context of PC, several tools are designed to
support HCPs in detecting patients in need of PC (Maas
et al.),26 but this is still one of the challenges dealt with
by HCPs in their clinical routines, especially when they
treat patients with non-malignant conditions.27,28 In this
line of research, we developed a set of predictive models
to assist palliative care (PC) referrals with hospital admis-
sion data on older patients using mortality and frailty pre-
dictions as the main criteria.29 The result of that study
was a demonstrator for a complete CDSS known as The
Aleph PC. Our study reported that these models accurately
identified patients with a short survival time who were
likely to become frail. Our goal in the present work is to val-
idate The Aleph PC through user-centred techniques30 to
determine how different HCPs with PC experience envision
using a PC CDSS in their clinical practice. First, we evalu-
ated The Aleph PC’s mortality and frailty models against
HCPs’ predictions to obtain a baseline and then we assessed
the usability and UX of the system alongside the different
insights of the HCPs on how to build a useful PC CDSS.

Materials and methods

The Aleph CDSS platform

The Aleph PC is an open-access machine learning (ML)-based
CDSS implemented as a web platform. The application is
divided into three main screens: the user introduces the differ-
ent data required for the PC predictions in the first, including
administrative information, Barthel31 and Charlson32

indexes, laboratory results and a few diagnostic variables
(Figure 1(a)). After completing the form, the results are calcu-
lated and displayed on another screen (Figure 1(b)). These
results include a numerical result for each model and an ML
explainability figure. We used the Shapley value (SHAP)33

to display a graph with the relation between the input and
the prediction obtained. The files section (Figure 1(c)) allows
the user to save the current case, load a different case or test
the application with predefined test cases. The version tested
in this study can be accessed here: https://demoiapc.upv.es/
(last accessed 29 June 2022).

Recruitment process

HCPs involved in different aspects of treating patients with
bad prognoses and possible end CDSS users were recruited
for the study. We focused especially on nurses, primary
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care physicians, hospitalist physicians, PC consultants and
specialists like oncologists, neurologists or pulmonologists.
This decision ensured including the different approaches to
working with complex patients in need of PC. By means of
the Snowball sampling technique,34 the authors drafted a
list of possible participants with not directly connected
with the development of The Aleph PC, including clinical
partners from the InAdvance Project and other relevant
institutions that actively participated in research in the PC
field from six different countries: Italy, Brazil, Spain,
Greece, Scotland and Portugal. The first volunteers were
asked to suggest other colleagues willing to participate
until we completed our target sample size. The invitations
to participate in the study were sent by email.

Study structure

Participation. The study was defined as an iterative user-
centred validation. The participants were invited to

individual evaluation sessions in which a team member
acted as the session guide. Due to the reactions of the
first participants, who asked whether the sessions would
be recorded when they were first contacted, it was
decided not to record the sessions. We understood this
hesitance to be recorded as a possible barrier to recruit-
ment, especially with volunteers that do not belong to
our organizations who gave us their valuable time for
free, and there is normally no need to review a user test
on video since one is mostly interested in finding the
major ‘usability catastrophes’.35 The team was instructed
to record the users’ general attitude as well as their reac-
tions, including verbatim quotes that could help to docu-
ment the ideas discussed in the session. A second member
of the team was occasionally present at the evaluation
session to take field notes.

The evaluation sessions were by videoconference, in
which the participants shared their screens while interacting
with Aleph PC Using the think-aloud method.17 Each

Figure 1. (a) (left-top) Screen in which the user inputs the data, (b) (right) screen showing the results and (c) (left-bottom) screen for
managing files with predetermined examples.
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session lasted around 1 hour. Their overall structure is
shown in Figure 2.

We defined two rounds of sessions, separated by a
period of 15 days, in which we evaluated the participants’
comments during the sessions, followed by a consensus
on how to address each issue and how to adapt the software
according to the feedback received. Sixteen participants
were invited to the first round and eight different partici-
pants to the second. We aimed to carry out more sessions
in the first round to detect as many usability problems as
possible so we could compare the number and the nature
of the identified issues.

Model validation. The model was first evaluated in an
unlinked section of The Aleph PC. After introducing
some basic information, the participants saw six vignettes
consisting of already filled-in, non-editable input forms of
actual cases. They were then asked to fill in their own
1-year mortality (1ym) predictions (yes/no), mortality
regression (months of interval) and 1-year frailty. All 21
participants were questioned about the same vignettes in
the same order in both rounds. There was no time limit
and the participants were asked to use any information
resource (internet search, books, etc.) they needed to
make their own predictions.

Figure 2. Overview of the structure of the sessions, including three sections and the approximate time spent on each: (1) Brief introduction,
(2) Model evaluation and (3) Usability and user experience (UX) test.
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The accuracy, sensitivity and specificity36 of the 1ym
and the 1-year frailty (Frailty) models were calculated.
Since we asked the participants for their predictions in
months to facilitate their responses, we had to transform
the output of the regression model from days to months,
and so we divided the number of days by 30. As the
results of our previous study had found an interval of
4 months, we used the prediction in months ± 2
months as the interval bounds. We then calculated the
accuracy of the participants and the model by checking
whether the real value of the cases in months belonged
to the interval (lower bound <= real value <= higher
value).

Usability and UX validation. In the usability and UX
section, the participants answered a Google Forms ques-
tionnaire (last accessed 21September 2022; shorturl.at/
apV23) while they were testing The Aleph PC in a
‘task test’ consisting of four simple tasks and answering
a series of questions after each one. The tasks covered all
the implemented functionality of the CDSS: (1) input a
feasible case, (2) check the results and interpret the
graphics, (3) save the current case and (4) load a previ-
ously stored case. The questions after each task
covered any difficulties experienced, the perception of
time spent, the number of errors found by the participant
(including unexpected behaviours and any elements they
did not understand) and the level of satisfaction obtained
by performing the task. All the questions were
mandatory.

After the task test, the usability and experience were
tested by the SUS questionnaire19,20 and the User
Experience Questionnaire – Short Version (UEQ-S)37

both implemented on the same Google Forms page. The
participants were asked to stop sharing their screens upon
the completion of both tests.

Results

Participation

Fifteen of the 16 initial participants agreed to participate
(93.75%) and 6 of the 8 initially invited to the second
round responded positively (75%). We settled on six
respondents for the second round, due to the difficulty of
finding participants and the fact that, according to
Nielsen,38 we already had enough participants to detect
most of the usability problems.

The distribution of the participants in both rounds was
the following: 15 were physicians with the following
roles: 7 general practitioners, 5 hospitalists, 1 PC consult-
ant, 1 oncologist and 1 neurologist. The other 6 were
nurses. The distribution between sex was 13 males
(61.9%) and 8 females (38.1%), of which 5 were Italian,
4 Brazilian, 4 Spanish, 4 Greek, 2 Scottish and 2
Portuguese.

Model evaluation

The ML models outperformed the HCPs’ predictions in
both mortality and frailty (Table 1). The mean width of
the intervals provided by the participants in the regression
prediction was: a 16.2-month 95% confidence interval
(CI) (13.5 to 18.9) against the models’ fixed 4 months.

Qualitative results

A list of improvements was compiled after each round regard-
ing the qualitative results based on the think-aloud method
and the authors’ notes on the participants’ behaviour. The
changes were focused on interface details: removal of the
diagnosis-related group variable because it could be inferred
from the International Classification of Diseases 9th revision
(ICD9) code, replacement of the ICD9 codes by their name,

Table 1. Summary of the metrics for the participants and the machine learning (ML) models in the three tasks for the six cases evaluated.
Mean and 95% confidence intervals (CIs) are reported per participant. ML is deterministic so no variability in the prediction was found.

Task Predictions Accuracy Sensitivity Specificity

1ym Participants 0.5 [0.42, 0.58] 0.54 [0.42, 0.56] 0.46 [0.34, 0.58]

The Aleph PC 0.83 0.75 1

Frailty Participants 0.78 [0.7, 0.85] 0.8 [0.72, 0.88] 0.67 [0.45, 0.89]

The Aleph PC 1 1 1

Regression Participants 0.45 [0.36, 0.55] - -

The Aleph PC 0.67 - -

PC: palliative care; 1ym: 1-year mortality.
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improved tooltip descriptions and added reference values for
the laboratory variables. Supplementary Table 2 contains the
complete log of changes introduced in both rounds. Most of
the participants provided feedback on the subset of variables,
suggesting other variables they were more familiar with or
discarding the existing variables as unimportant or unavail-
able in their workflow (e.g. ‘Nurses in Portugal don’t use
lab results, they understand them but they don’t work with
them’, nurse first round). The feeling towards the CDSS
was primarily positive, and the idea of PC identification by
ML technology was well received (e.g. ‘I think that having
a tool like this in my day-to-day work could help to
manage the patients’, nurse second round). Few of the parti-
cipants felt confused on their first interaction with the soft-
ware but many said they had learned to use it after the
tasks test (e.g. ‘I found the platform easy to use but some
inconsistencies need to be improved’, Physician, first
round). Participants from hospital settings suggested automat-
ically collecting the diagnosis and laboratory results from the
electronic health records (EHR) (e.g. ‘Different labs may
have different measurement units, so it will be important to
specify them. Also, it would be better if the application
could read this information from the EHR’, physician first
round), while other participants did not care about complete

integration due to the lack of system integration in their
respective environments. We found a participant in each
round who was sceptical about the use of computers for
decision-making and did not believe in the benefits of the
technology, rating every aspect of the system very low in
the different questionnaires and providing poor opinions of
the system through the think-aloud method (e.g. ‘I won’t
use a tool like this in my practice. These predictions are
useless for me’, physician second round).

Performance of task

Figure 3 shows the distribution of the answers in both
rounds. Almost every measured feature increased the per-
centage of positive feedback during the second round.
The most significant improvement was in task four (load
a case), in which the perceived difficulty, time spent and
satisfaction improved despite the greater number of errors.

Usability

Responses to the 10 SUS item scores were recorded, all
items were mandatory so no missing values were present.
The first round of the evaluation sessions obtained a mean

Figure 3. Results of the different tasks during the task test. Bars represent the distribution of the responses. A positive response means
that the participant found the task: easy, short, with few errors or satisfactory.
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of 62.7 ± 14.1 while the second round increased its score to
65 ± 26.2. The distribution of the answers for the different
items is shown in Figure 4. The adjusted scores were used
instead of the raw scores for all items to help with visualiza-
tion. Round 2 had more positive responses in 6 of the 10
items: ‘I found this unnecessarily complex’, ‘I thought
this was easy to use’, ‘I think that I would need the
support of a technician to be able to use this’, ‘I would
imagine that most people would learn to use this very
quickly’, ‘I found this very cumbersome to use’ and ‘I
felt very confident using this’. However, the first round
obtained a lower score and SD.

Previous studies have tried to map the intervals of the
score into categories such as ‘Poor’, ‘OK’ or ‘Good’ or
school grading scales39 in order to provide a better usability
reference. According to these frameworks, our results for
both rounds would be classified as D (lowest passing
score), the first round as ‘OK - low marginal acceptance’
and the second as ‘OK - high marginal acceptance’.
However, if we recalculate the SUS average score exclud-
ing the sceptical participants, the average rating would be

63.9 ± 13.8 and 74.5 ± 16.8, which are D ‘OK - High mar-
ginal acceptance’ and C ‘Good - Acceptable’.

UX

Answers to the UEQ-S questionnaire were recorded, with
all items being mandatory. Figure 5 shows the distribution
of the responses for each item in the questionnaire. The
median for the second round was always greater than the
first round, and the average scores were 1.4 in the first
round and 1.5 in the second. The Pragmatic score was
slightly higher in the first round (1.3 vs. 1.2) and the
hedonic score improved during the second round (1.5 vs.
1.8).

The authors of the UEQ-S provide a benchmark to
compare the study results. Although this benchmark is
intended for the full-size UEQ, the results may be accept-
able for estimating UX. Figure 6 shows the results of
both rounds in the three categories and their benchmark
score.

Figure 4. Responses to the System Usability Scale (SUS) questionnaire. Bars represent the distribution of the responses using the adjusted
scores: raw scores −1 for items in the odd position and raw scores −5 for items in an even position.
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Discussion
This study took the form of an iterative user-centred valid-
ation of a CDSS aimed to support HCPs in identifying
patients in need of PC. The two-round validation process
involved decision, usability and UX tests. The predictions
provided by the models were found to be more accurate
in both sensitivity and specificity metrics for both classifica-
tion models than those provided by the participants. The
regression model accuracy result depended on the width
of the interval; we selected 4 months as an acceptable
error based on the original reported mean absolute error.29

Other studies have described clinicians’ poor accuracy
when predicting 1ym through mechanisms like the
Surprise Question (‘Would I be surprised if this patient
died in the next 12 months?’).40 However, our intention
with this comparison was to set a reasonable baseline for
the predictive models. There are several factors that work
against clinicians’ performance in this evaluation: (1) clin-
icians are not good at taking decisions based only on EHR
data,41 (2) not having physical access to the patient affects
HCPs’ intuition42 and (3) few cases were evaluated.
However, these results indicate that The Aleph PC could
help improve the clinical predictions with data.

The results of the task test indicate that the four tasks
were not perceived as difficult. Task 4 (load a file in the
platform) presented the highest number of negative

responses for its difficulty in the first round, but this
improved in the second round after we relocated the load
button from the input variables section to the files section,
as suggested by the participants. The tasks were also per-
ceived as easy to carry out, despite the need to input all
the variables manually in the first task. Levels of satisfac-
tion were high, increasing in the last two tasks in the
second round after the interface improvement. It is worth
mentioning that all the participants in the second round
rated the option to store the data in a spreadsheet file posi-
tively as they would be able to revisit the case later.

The different SUS dimensions were considered positive
(scores 3 and 4) by at least half of the participants in both
rounds. The best scores were related to the perceived diffi-
culty: ‘I found the system unnecessarily complex’, ‘I
thought the system was easy to use’ and ‘I would imagine
that most people would learn to use this system very
quickly’. Consistency was also rated among the best (‘I
thought there was too much inconsistency in this
system’). The worst scores were related to the participants’
confidence (‘I found the system very cumbersome to use’, ‘I
felt very confident using the system’ and ‘I think that I
would need the support of a technician to be able to use
this system’). These results suggest that participants found
The Aleph PC easy to use but thought it contained some
elements they were not familiar with and/or needed
further explanation. The average score was ‘passing’

Figure 5. Results of the User Experience Questionnaire (UEQ). Bars represent the distribution of the response. Positive responses mean
that the participants agreed with the positive quality of the software (supportive, easy, etc.).

8 DIGITAL HEALTH



though there is room for improvement according to partici-
pants’ feedback.

The UEQ-S results reported in Figure 5 provide two
main interpretations, first, the median UX scores were
higher in the second round after the introduction of
improvements. Second, most of the dimensions kept their
neutral (0) and positive (1, 2, 3) values. Some outlying
responses were found, especially in the second round,
from the sceptical participants, which mean that their
experience with PC CDSS was positive. A further
in-depth look into the supportive category is needed to
address possible undetected issues.

After analysing the results from the SUS, the UEQ-S and
the comments obtained from the think-aloud method, we
obtained a wide variety of perceptions of the application.
It seems that most of the participants were ready to use a
tool like The Aleph PC to obtain prognostic predictions
that could influence PC. Even the two participants who
expressed their dislike for the CDSS and were sceptical
about the tests had their own ideas of how the application
should be: while the first-round participants did not feel
that the tool was useful, the second-round participants spe-
cified ‘The tool is boring. The end-of-life idea should be
obtained in 10-15 seconds’. Only a few participants had
experience of using CDSS, but all of them understood
these kinds of applications as supporting tools instead of
as a threat to their autonomy10,43,44 and all of them under-
stood the difficulty of identifying early PC patients, so
that they were ready to accept a tool that could help them.

Although the usability results were not as positive as the
hedonic quality. Some hypotheses could be extracted from
the sessions. Mainly, The Aleph PC did not fit perfectly in
its current status to the different participants’ backgrounds.

Those from non-hospital environments commented on how
some of the variables required by the models did not match
with the information managed by their centres. Being
unfamiliar with the required inputs could have a detrimental
effect on its perceived ease of use. Four of the participants
commented on the nature of the data introduced, they con-
sidered that introducing historical data in the application
instead of a ‘snapshot’ of a given moment could be better
predicting. Also, a couple of hospital physicians made sug-
gestions about automating the input and the output and inte-
grating them with the EHR, following the schema of
integrative CDSS.11 These findings are in line with the
concept of unremarkable computing,41,45 in which AI
systems are meant to be integrated into the current work-
flow and not to disturb or overwork HCPs.

As stated in other works on validation, usability is a key
factor in the success of CDSS implementation. Usability
tests based on task performance are sometimes described
as ‘near-live’ simulations, and the subsequent usability
assessment is the standard used to discover usability
issues and improve the final product.13,46 Nonetheless,
developing a perfectly usable application does not guaran-
tee its practical success, since there is a list of sociocultural
barriers to adopting these technologies10 which are directly
related to physicians’ vision and opinions and their organi-
zations regarding these products.

Including the UX test in the evaluation sessions allowed
us to detect the participants’ acceptance of Aleph and the
general idea of using a CDSS in daily clinical routines.
Despite the participants’ diversity of backgrounds, they
agreed on the tool’s usefulness. Also, with two exceptions,
the whole set of participants believed in the technology and
the evidence behind the predictive models. This is

Figure 6. User Experience Questionnaire (UEQ) results by categories against the official benchmark. The grade assigned to each category
depends on the results of the different studies used to create the benchmark.
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especially relevant since trust has been detected as one of
the main issues in CDSS acceptance.10 Based on our
sample, we could argue that a CDSS able to deal with PC
decisions will probably overcome the social barrier of
HCPs’ interest in the technology, although there are still
crucial factors to be solved, such as the interest in the
CDSS by the organization and the HPs’ trust in the
systems’ predictions.

Including two rounds meant we could test whether the
changes implemented after the first set of sessions influ-
enced usability and UX in the second round. The difference
between the overall SUS and UEQ-S scores were not found
to be significant by the t-test (p > 0.05). However, we did
find an improvement in certain dimensions of the metrics.
We could not extract valid comparisons per role due to
the sample size restrictions, since most of the nurses took
part in the second round, and most of the physicians in
the first round. However, these were not homogeneous
groups and contained HCPs working in hospitals, primary
care centres, external services and rural environments. We
could have set more iteration to ensure that the minimum
number of issues was kept in the software. However, the
changes identified during the second round were either
details such as the use of abbreviations and acronyms or
barriers derived from the data source from which the
models were created. We, therefore, considered that most
of the fixable issues were identified and that we did not
need to perform any extra iteration.

The participation of professionals with different roles
and backgrounds showed us the diverse needs in highly het-
erogeneous PC implementation and workflows. There are
significant differences between inpatient and outpatient set-
tings,47 medical specialities48,49,50 and urban or rural envir-
onments.51 In these different contexts, physicians and
nurses play different roles in identifying PC needs. For
example, in the work by Zemplènyi et al.,52 the authors
describe how nurses are the first to detect the needs and
then the cases are discussed with the physicians. This
may be different in other settings, such as rural areas,
where physicians visit older patients. In our study, we
found that participants working in non-hospital environ-
ments were more concerned about the availability of the
variables, especially the laboratory results. Despite the pos-
sible barriers to using the tool in its current version, physi-
cians and nurses thought they could benefit from a PC
CDSS such as Aleph to identify patients in need of PC.

Including ML explainability in the system was another
relevant detail in our implementation (Figure 1(b)). This
could be defined as the human quality of understanding
the relationship between the system input and the predic-
tions53 and has been proposed many times as a solution
to one of the most common CDSS adoption barriers, as
stated by Shortliffe and Sepúlveda ‘black boxes are
unacceptable’.54 CDSSs should be transparent to the user
to allow them to accept or dismiss the prediction or

recommendation. However, recent studies have highlighted
possible problems when trying to create explainability
mechanisms for single predictions. In their view,
Ghassemi et al.55 discourage their implementation as
patient-level systems. Since we received a positive feed-
back from the participants on this feature, we decided not
to remove the explainability graphs after the second
round. However, we do recognize the need for further
study of these types of features and their impact on the clin-
ical workflow.

Throughout this project, our team has followed the design
recommendations of previous studies,10,12,13,14,15,16 focusing
on two main aspects: team composition and interface design.
The team includes multiple roles: physicians, designers, usabil-
ity and UX experts, ML researchers and programmers. This is
especially relevant since a multidisciplinary team can achieve a
more complete understanding of the real requisites of the
project and mitigate workflow disruptions.11,23 The interface
was carefully designed, the layout was implemented focusing
on usability and the colours used were extracted from a PC
logo previously created by an artist As described in,24 the aes-
thetic part of the application has a direct effect on its perceived
usability, so that an effort must be made to create a visually
attractive application. The scores obtained in the UEQ-S
hedonic category reflect the acceptability of the aesthetics,
although none of the participants commented explicitly on
the visual aspect.

The main strength of our work was that our method
helped us to be aware of the different pitfalls that had
been pointed out in previous works2,9,10,11,12,13 using the
HCPs’ insights. The usability test showed that the system
is good enough for the participants. However, specific
changes are needed to fit the different contexts in which
CDSS is deployed to maximize its usability. The system
was thoroughly validated by means of the predictive
models evaluated in a previous publication29 and the esti-
mate of usability and UX in the present study. We created
anecdotal evidence to support the UX dimension within
the standard usability tests. We also managed to get a
diverse sample of participants in terms of roles and coun-
tries, providing us with a richer version of health providers’
PC needs in different parts of the world.

However, our work also had some limitations: first, the
model was evaluated by a small number of participants,
and since ML models are deterministic once trained, the
machine side was only assessed in six different cases,
although this was not a problem with respect to the accuracy
of the predictions since the models had already been evalu-
ated. The second limitation is the requirement of the manual
input of hospital admission data because it is disconnected
from the EHR. This could be an advantage for primary care
physicians working in rural areas but breaks the premise of
automating the data collection as much as possible and
increases the possibility of human errors. The heterogeneity
of the participants’ roles made evaluating the platform’s fit to
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specific conditions more difficult even though it helped us to
find errors, it limited us to evaluating its use in specific
phases of the clinical workflow. In addition, in this demo, we
did not address some problems regarding the temporal variabil-
ity related to different medical centres data distributions.56

In future work, we would like to adapt the tool to the dif-
ferent roles and clinical workflows we have identified. A
further study focused on the different PC roles and their
needs regarding Aleph PC would be needed to provide a
perfect fit and improve usability. Further adaptations and
validations of the ML models would be needed to ensure
the models preserve their predictive power in other popula-
tions. We would also need to create a pilot for potential
users to incorporate the tools into their daily routines and
gather long-term feedback. Further research onML explain-
ability and reportability is needed to create a transparent and
auditable system to improve the acceptance of the technol-
ogy by helping to avoid legal problems.11,53 A study
focused on mortality and frailty prediction accuracy by
HCPs may be needed to estimate a fair baseline to
improve the predictive models.

Conclusions
Our main findings indicate that the predictive models per-
formed better than the baseline composed of HCPs’ predic-
tions. The system has good UX hedonic qualities, that is,
the participants were interested in using the tool and they
positively rated the fact of having helped to identify patients
with bad prognoses and they did not feel their independence
threatened by The Aleph PC. Performance regarding usabil-
ity was modest but acceptable. Based on the notes obtained
from the think-aloud method, the authors hypothesize that
the usability scores for the current version are maximized
and would only improve if the tool was adapted to the dif-
ferent roles and contexts represented in the participant’s
sample. We created anecdotal evidence that an iterative
user-centred validation, including UX, provides a broader
vision to address CDSS acceptance issues. Our objective
is thus to advance further in including objective PC criteria.
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