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Abstract— User interfaces (UlIs) play a crucial role in defining
user experiences and influencing the success of software products.
While UI design has traditionally been subjective and iterative,
data-driven approaches are becoming increasingly popular to
ensure that Uis meet user needs and expectations. However,
contextual factors such as the application domain can present
challenges for designing Uis that are both effective and efficient.
This is particularly true in the health domain, where Uis must be
adapted to specific tasks and user expertise to maximize the
support provided by software systems. Moreover, the urgency of
delivering fully functional systems in short periods can relegate UI
design to a second plane. This paper presents a framework
proposal for refactoring and improving Uis using a data-driven
approach, providing an efficient and systematic methodology to
address not solved Ul issues introduced during previous software
development processes. The proposed framework has been
successfully applied to two medical platforms, demonstrating the
importance of data-driven approaches for Ul refactoring in
domains with particular necessities.

Index Terms—user interfaces, human-computer interaction,
data-driven, medical platform, health platform
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I. INTRODUCTION

User interfaces (Uis) are crucial means for people to engage
with technology. In the current digital age, we continuously
interact with technology through different devices and
interaction patterns. Uis play a critical role in defining user
experiences and influencing a software product’s success, from
web platforms to mobile applications. As a result, it is vital to
ensure that user interfaces are designed to match users’ needs
and expectations.

Historically, UI design has been a subjective and frequently
iterative process, with designers making judgments regarding
layout, functionality, and aesthetics based on their intuition and
expert knowledge. However, this technique can be time- and
resource-consuming, and it does not always ensure the most
significant benefits for users.

On the other hand, contextual factors could hamper the
design process, such as the application domain. For example,
software (and target users) framed within specific and complex
domains might ask for particular interaction patterns or Ul
components that do not necessarily match generic UI guidelines.
In these contexts, it is crucial to perform several iterations to
capture every domain-specific requirement and validate them
through domain experts.

One of these specific fields is the health domain. In this
domain, primary users are experts in different medical



specialties, such as cardiology, hematology, traumatology, etc.
In this sense, Uis should be adapted to the specific tasks and user
expertise to get the most out of the support provided by software
systems in highly specific domains.

However, in these contexts, the urgency of delivering fully
functional systems in short periods can relegate UI design to a
second plane. This situation could lead to platforms that meet
every functional requirement demanded but with low user
experience (UX) and usability, devaluing the final product.

Considering these factors, this work presents a framework
proposal for refactoring and improving Uis using a data-driven
approach. This framework provides an efficient and systematic
methodology to address not solved UI issues introduced during
previous software development processes.

The proposed framework has been successfully applied in
the health domain with two platforms previously developed and
integrated into the Cardiology Department of the University
Hospital of Salamanca: CARTIER-IA [1], a platform for
managing medical structured and imaging data, and KoopaML
[2-4], a platform to support health experts in the generation and
application of machine learning (ML) pipelines.

The rest of this paper Is organized as follows. Section II
provides an overview of existing Ul development frameworks
and UI development within the medical domain. Section III
details the proposed framework to tackle UI refactoring in
highly specific domains. Section IV presents two successful use
cases of the proposed framework with two platforms framed in
the medical domain. Finally, section V discusses the obtained
results from the two use cases, and section VI highlights the
main conclusions derived from this work.

II. RELATED WORKS

The integration of Agile methods and User-Centered Design
(UCD) techniques is not something new. According to Hussain
et al. [5] “adopting the agile design process centered on the user
by their teams resulted in the improvement of quality and
usability of the developed product” [6].

Despite there are some clear differences among those
methods (i.e., in agile the client is part of the process to provide
feedback to the development team, meanwhile in UCD all the
process is focused on the user), previous works have analyzed
the common trends and recommendations available in the
literature to integrate into a single process [5, 7-12]. The review
conducted by Silva da Silva et al [8] in 2011 presents a high level
framework to integrate processes and artifacts of agile and UCD
methods based in the trends found.

Moreover, [13] proposed five principles to integrate Agile
development and UCD: separate product discovery and product
creation; iterative and incremental design and development,
user-centered agile approaches should support software design
and development in short iterations and in an incremental
manner; design and development should proceed in parallel
interwoven tracks; continuous stakeholder involvement; and
tangible and up-to-date artifacts should be used to document and
communicate product and design concepts.

Jurca et al. [7] identified some UX recommended practices
and artifacts among the selected studies (concept maps,
cognitive walkthrough variants, workshops, lo-fi prototypes,
interviews, scenarios, and meetings with users). On the other
hand, it also highlights important problems in Agile-UX
methodologies, specifically, the major problem identified was
that the UX-designer was over worked and overly distributed
among the Agile teams.

The systematic literature review conducted by Caballero et
al. [9] identified several studies that report the use of UCD tools
in agile software development, such us U-SCRUM which define
two product owners to have one only focused on usability [14]
or POLVO tool for building low-fi prototypes to improve and
increase the agility of interface prototyping in agile
developments [15]. The authors identified a lack of interaction
design in agile methods. However, they identify “efforts to
incorporate the analysis, modeling and integration of user
interaction/experiences in the agile design loop”.

Salah et al. [11] identified challenges related to Agile User-
Centered Design Integration (AUCDI) including lack of time for
upfront activities, difficulty of prioritizing UCD activities,
difficulty of modularization/chunking, optimizing the work
dynamics between developers and UCD practitioners, workload
of UCD partitioners and different challenges related to perform
usability testing.

Also, Argumanis et al. [16] distinguished three significant
challenges integrating Scrum and UCD: (1) insufficient
importance assigned to usability and user needs; (2) the
insufficient time assigned for upfront activities in Scrum; (3) and
the communication problems between designers and developers.

The integration of Agile methods and UCD continue
appearing in the literature, however, we have not found any
work related to the integration of those methods for refactoring
already developed systems with a particular focus on Uis.

III. FRAMEWORK TO REFACTOR USER INTERFACES

The framework merges data collection and user testing
approaches with the SCRUM methodology [17]. It is important
to remark that this framework is set to be applied to already-
developed platforms that need to refactor and improve their Uis
and UX and do not currently ask for major, non-Ul-related
functional features.

First, following the SCRUM methodology, an initial backlog
of known UI issues is identified through qualitative interviews
with the product owners (domain experts). This initial step
collects major issues that have been identified in production.
Other techniques can be used for this purpose, such as heuristic
evaluation with domain experts and UX experts. The identified
issues are classified by screen and feature and associated with a
priority score.

Then, a set of sprints need to be planned to address the
identified issues. In this process, the data collection processes
should be defined. Data collection might vary depending on
each sprint’s tasks, as some features could need different testing
approaches based on their particular implications in the system.
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Fig. 1. BPMN diagram of the Ul refactoring framework.

Following the selected data collection method, an initial user
evaluation is carried out at the beginning of the sprint with a
small sample of end users. This initial data collection will
provide information to make informed decisions regarding the
UI improvements during the sprint. At the end of the sprint, the
domain experts perform an additional qualitative evaluation of
the introduced improvements.

If the domain experts identify further issues during this step,
these will be included in the backlog along with their priority
score and classification.

Figure 1 provides an overview of the framework in Business
Process Modeling Notation (BPMN).

IV. CASE STUDY IN THE MEDICAL DOMAIN

This section provides two applications of the proposed
framework in the medical domain. The framework has been
applied to improve the Uls of two web platforms targeted at the
medical audience.

A. CARTIER-IA

As introduced, the CARTIER-IA platform [1] is a web
application that allows medical institutions to upload DICOM
images and associate them with structured data.

The platform's primary goal is to centralize and unify the
variety of data sources found in medical institutions to facilitate
data analysis. While the platform’s functionality complied with
the required features, the Ul presented different usability issues.

The main issues were related to the displayed information on
the application’s screens, as significant amounts of data, in
addition to the DICOM images, needed to be displayed (Figure
2). On the other hand, additional issues were found in the
navigation flow, error recovery, and the system’s help and
documentation. These UI issues were collected through a
heuristic evaluation with experts [18], which allowed the
prioritization and categorization of each issue to plan the Ul
improvements.

Following the proposed framework, sprints were organized
targeting the identified issues. Micro-user evaluations were
conducted with a small set of domain experts testing the screens
subject to improvement in the current sprint. These evaluations
provided additional insights to tackle the Ul improvement in an
informed manner.
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Fig. 2. Information about patients, DICOM studies, and structured data in the
CARTIER-IA platform before introducing the improvements.

Figure 3 shows one of the improvements in the UL In
contrast to Figure 2, in which users needed to click through all
the tree elements to obtain the target information (which was one
of the concerns of the domain experts), the new interface version
allowed users to explore the data in a two-dimensional way.

When selecting a patient, their structured data is displayed
below, while their available studies are beside them. This
approach is repeated for studies and DICOM files. After
implementing the improvements, the same domain experts were
asked to test and validate the new interface version.

B. KoopaML

The KoopaML platform [19] is a system that enables non-
expert users to build and execute ML pipelines. KoopaML aims
to offer intuitive and educational interfaces to learn how to apply
ML models in the medical domain.
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However, due to the complexity of the platform’s content
(terminology, flows, etc.), users could not completely exploit its
powerful features.

In this sense, the platform was evaluated by medical staff
with the think-aloud protocol [20] to obtain the initial backlog
of improvements to be implemented.

Most usability issues were related to the workspace in which
the pipelines are designed (Figure 4). Users found several
difficulties both in terms of terminology and interaction patterns.

For each sprint, the selected data collection method was a
digital data analysis tool that captures the interaction of users
within websites (Hotjar.js, https://www.hotjar.com/). Along
with the qualitative feedback obtained in the initial evaluation,
users' interaction data provided handy insights to address the
identified UI issues.

At the time of writing this manuscript, the Ul improvements
proposed for KoopaML are a work in progress. However, we
have already validated the prototype of the new UI with the
domain experts, obtaining favorable results. For example, based



on the difficulties found, we plan to restructure the whole
workspace to restrict the number of options and guide the user
throughout the pipeline design process with hints and shortcuts
(Figure 5). Also, instead of configuring each node in place, as
shown in Figure 4, we plan to reserve a workspace section to
configure each node on demand (left-bottom section of Figure
5), leaving more space for the pipeline structure and making the
configuration process more coherent.

Tve

©° Data Upload @ Hints

Recommendations about the
next step to take to generate
the pipeline

Fig. 5. Prototype of KoopaML’s workspace after the Ul improvement process.

V. DISCUSSION

The proposed framework has been designed to provide an
agile methodology to tackle UI issues in already-developed
systems. It is important to remark that this framework is not
designed to address the development of new systems, as for this
matter, there are already several validated methodologies and
frameworks [21-24].

This framework was born from the need to refactor the
interfaces of some systems that we previously developed in the
medical context. Since in this domain the functionalities were
prioritized before the interface design (because of the urgency
of integrating the tools into the department's technological
ecosystem), the interface's problems were identified when the
systems were already in production.

Given the fact that the main functional features of the
systems were successfully validated, we needed to focus only on
tackling Ul issues, in need of a new framework to streamline this
process.

The framework takes advantage of the SCRUM
methodology by dividing the issues into different sprints, which
enables a better prioritization of the development of the
improvements. On the other hand, it integrates “micro-
evaluations” at the beginning of each sprint, providing insightful
information to identify the best Ul design to achieve better
usability levels. These evaluations are not fixed, so different Ul
testing techniques can be selected depending on each specific
sprint issue.

We pilot this framework with two platforms integrated into
the Cardiology Department of the University Hospital of
Salamanca. The first platform, CARTIER-IA, had several Ul
problems, mostly related to the amount of information displayed

on the screen. We conducted a set of evaluations to identify the
specific sections of the screen that increased the information
saturation, ending up with a cleaner result (Figure 3), which the
domain experts successfully validated.

On the other hand, we are currently employing this
framework to update the workspace of KoopaML, a platform to
generate ML pipelines visually. Given that this platform is
focused on easing the development of ML flows for non-expert
users, providing a usable and intuitive interface is crucial.
Several problems were found in the production version of the
system related to the complexity of the interaction patterns and
terminology. We conducted think-aloud evaluations and
captured the interactions of users to identify the elements that
hampered the design process of the ML pipelines. We will
implement the improvements already validated with the domain
experts in subsequent sprints.

Finally, it is necessary to point out that the framework's
performance depends on the existing architecture of the system
to improve. If the functional features are highly coupled with the
UI components, then changes to the backend would be required,
slowing down the process.

VI. CONCLUSIONS

This work proposes a framework for refactoring Uls
following an agile methodology and data-driven decision-
making processes. This framework aims to provide a set of
systematic steps to improve Uls from already-developed
systems.

The framework has been successfully integrated with two
systems framed in the medical domain. Using this approach, we
introduced new Ul designs based on previously identified issues
and issues found during the initial evaluations in each sprint.

Following this framework has reported different benefits,
including a quick way to address problems detected in
production and identifying problems that would otherwise have
been discovered later after introducing the improvements,
requiring additional time to fix them.

Future research lines are focused on continuing to validate
this framework by integrating it into the improvement process
of other systems’ Uls.
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