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ABSTRACT

Digital twins (DT) are increasingly used in healthcare to model pa-
tients, processes, and physiological systems. While recent solu-
tions leverage visualization, visual analytics, and user interaction,
these systems rarely incorporate structured service design method-
ologies. Bridging service design with visual analytics and visual-
ization can be valuable for the healthcare DT community. This pa-
per aims to introduce the service design discipline to visualization
researchers by framing this integration gap and suggesting research
directions to enhance the real-world applicability of DT solutions.

Index Terms: Digital Twin, Healthcare, Service Design, Visual-
izations, Visual Analytics, Grand Challenge.

1 INTRODUCTION

Digital Twins (DTs) are virtual representations and models of a
physical system. Initially born in product lifecycle management,
they have been used in different domains like the aviation sector,
manufacturing, building and construction, and smart cities. DTs
have recently increased in popularity in transforming healthcare
through personalized virtual models, revolutionizing how patient
care is delivered [1, 29, 32, 33]. Recent advances have pushed for
the inclusion of visualization techniques [19], visual analytics (VA)
[38], and human-computer interaction (HCI) [2] to the develop-
ment of DT solutions. In healthcare, researchers have proposed
solutions based on interactive dashboards, virtual reality interfaces,
and immersive simulations that enhance the engagement of users
(e.g., clinicians, caregivers, and patients) and facilitate decision-
making [6, 11, 12, 35]. However, despite these technical achieve-
ments, users still have low involvement in the design and evalu-
ation of such solutions [2]. Most solutions focus on optimizing
computational and visual aspects without considering the multi-
actor (e.g., clinicians, caregivers, and patients) nature of healthcare
services. As a result, many DT innovations risk poor integration
into real-world workflows and limited adoption beyond proof-of-
concept phases. In parallel, service design (SD) [28] has emerged
as a robust approach for designing complex services that are user-
centered, participatory, and systemically grounded. It is a multi-
disciplinary approach focused on designing and improving services
by aligning user needs with organizational goals and system dy-
namics. SD aims to ensure that service is useful, usable, and desir-
able from the client’s perspective, as well as effective, efficient, and
distinctive from the supplier’s perspective [28, 18]. Drawing from
fields like interaction design, social design, and operations manage-
ment, it follows principles such as user-centricity, co-creation, se-
quencing, evidencing, and a holistic view of context, and typically
unfolds through iterative phases of research, ideation, prototyping,
and implementation [28]. SD has begun to shape healthcare pol-
icy by linking decision-makers with real user needs and enabling
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fast, testable ideas that cut through institutional barriers [16]. In
e-health, SD rethinks interfaces and whole systems, ensuring tech-
nology fits human behavior and supports secure, accessible, and
empowering experiences [18]. One of the key SD tools for ideation
is the user persona, already applied in DT projects in sectors such as
transportation, urban and environmental management, and energy.
Personas represent archetypal users, helping designers and develop-
ers better understand who they are designing for [17]. Although SD
has gained traction in healthcare innovation, service design remains
absent from the current literature on digital twins, particularly those
incorporating visualization, visual analytics, and HCI. While some
existing digital twin solutions implicitly adopt principles common
in user-centered approach, which is one of the core principles of
SD, these efforts often remain fragmented and unacknowledged. A
few studies reflect a shift in perspective from mere efficiency to
user experience, as seen in works like [10, 12]. However, even in
these promising cases, the principles associated with SD are applied
unconsciously, without recognizing their methodological origin or
exploiting their potential. This paper aims to highlight the value
of intentionally incorporating SD principles alongside visualization
and visual analytics in developing healthcare DTs, which can en-
hance the real-world applicability of DT solutions.

2 STATE OF THE ART

We conducted a targeted literature review to explore the current role
of visualization and visual analytics in healthcare digital twins and
identify whether service design principles are integrated. The re-
view focused on papers explicitly describing digital twin systems
in healthcare that include visualization, visual interfaces, interac-
tive components, or decision support dashboards. We considered
scientific contributions that model a digital twin of a patient, clini-
cal process, or physiological aspect in healthcare, and that include
visualizations, visual interfaces, and interactive components, such
as dashboards, VR/AR components, or monitoring interfaces. We
searched papers using Google Scholar, Scopus, DBLP, and PubMed
Central. We also searched on the preprint archives arXiv and
medRxiv to consider the newest research directions. From 39 re-
trieved papers, we selected 20 papers after full-text review. The
final corpus consists of papers published between 2023 and 2025,
highlighting the recent interest in DT solutions incorporating vi-
sualizations, visual analytics, or, more generally, interactive visual
interfaces. These 20 works span a wide range of clinical domains:
cardiology [37, 22, 13, 20, 7, 21], rehabilitation [9, 27, 12], dia-
betes [30, 3], neurology [39], gastroenterology [8], pulmonology
[10], sepsis [25], anatomy [6], somnology [35], telehealth [11], and
preventive medicine [14, 23]. Despite the different clinical domains
and DT solutions, none of the reviewed works intentionally incor-
porates service design principles. Six studies [3, 7, 20, 22, 25, 37]
do not reference or apply service design concepts, while the others
apply them only implicitly. The literature review revealed a recur-
ring gap: a lack of explicit application of service design principles.
The implicit usage of some principles suggests that visualization re-
searchers may not recognize their connection to the broader service
design discipline. One possible explanation is a lack of awareness
of service design as a structured and interdisciplinary methodology.



3 RESEARCH AGENDA

Service design can help align digital twin technologies with real
clinician and patient needs by designing interfaces for broader
healthcare experiences, enhancing the real-world applicability of
DT solutions. To address the integration gap, we identify four
main areas where SD principles can support the development of
visualization-based digital twin systems in healthcare.

This research agenda outlines how SD can enhance healthcare
digital twins by addressing four goals: (1) improving utility, usabil-
ity, and desirability through user research and ethical reflection; (2)
balancing system efficiency with meaningful user experiences; (3)
designing not only interfaces but holistic user journeys that foster
trust and engagement; and (4) aligning digital twin development
with healthcare policies and institutional workflows.
3.1 Improving system utility, usability, and desirability
Enhancing the effectiveness of visualization-based DT systems in
healthcare requires focusing on their utility (meeting real-world
needs), usability (ensuring systems are accessible and operable),
and desirability (aligning with user preferences). A service design
approach can guide this by coupling the design and development
process with user research, visualization task modeling, and ethi-
cal reflection. In information visualization, it is a well-established
practice to formalize user interaction intents, i.e., to articulate why
users interact with visual representations [36, 31]. Frameworks
such as the task typology by Brehmer and Munzner [5] help struc-
ture and classify visualization tasks in terms of what users do, how
they do it, and why. This task-oriented lens is essential for de-
signing DT solutions that are not only visually rich but also func-
tionally aligned with clinical or patient goals. User research, par-
ticularly through SD personas (archetypal representations of key
user groups), helps define their characteristics and needs [17]. In
healthcare DTs, personas clarify functional requirements and sup-
port customization for different user groups, such as by role, age,
or diagnosis [15]. Visualization guidelines [19] help select repre-
sentations, but often overlook healthcare’s multi-actor nature. DT
systems may also be used at the same time by a diverse group of
users, including clinicians, patients, and caregivers, with distinct
preferences, cognitive models, and desired levels of complexity of
the DT solution. SD principles suggest designing for role-based or
collaborative multi-user interaction, depending on the application
context. Concrete use scenarios rooted in service settings further
strengthen this alignment. As shown by West et al. [34], map-
ping both technical and human processes reveals opportunities for
service-level innovation. Finally, ethical considerations must be
embedded from the outset. DT systems in healthcare often collect
sensitive psychological and physiological data, making them sus-
ceptible to bias, risk, and unintended consequences. Key concerns
include balancing individual and collective benefits [34], ensuring
inclusivity, mitigating algorithmic bias, and maintaining trust in the
system’s outputs [32, 2]. These considerations influence not only
how data is handled but also how it is visualized and interpreted.
3.2 Balancing efficiency and user experience
A DT solution should also support engaging, context-aware user ex-
periences to be effective in real-world applications. This holds es-
pecially in sensitive domains such as rehabilitation, intensive care,
or chronic condition management. To this aim, SD suggests atten-
tion to the distribution of tasks between the system and the user
and the interaction modalities and situational needs. A key start-
ing point is user research, observations, interviews, and other user
research methods that uncover how users behave in their natural en-
vironments. As highlighted by Barricelli et al. [2], observing users
can inform task allocation, i.e., deciding which tasks should be han-
dled by the DT and which should remain in the hands of the user
(e.g., exploration, interpretation, decision-making, confirmation).
In this way, it is possible to improve visual analytics-based digital
twins, in which user interaction is essential. Equally important in

SD is the consideration of situation awareness, i.e., understanding
of their environment, system status, and potential future develop-
ments. According to Barricelli et al. [2], visual interfaces must
be adapted to users’ perceptual and cognitive needs, which vary by
role, experience, and context. For instance, a clinician may require
only 2D visualizations, while a patient or caregiver might benefit
more from immersive VR-based feedback systems. These choices
map directly to the “how” dimension of Brehmer typology [5].
3.3 Design both user interfaces and user experience
In healthcare DT, the interface should not be just a means of visu-
alizing data; rather, it is a critical component of the user experience
(UX) and a key determinant of system adoption, usability, and long-
term engagement [26]. SD supports visualization and interface de-
sign by emphasizing how users experience the service, including
the ease with which they can learn, use, and trust a new system. In
this context, designing for UX means designing not only what users
see and click but also what they understand, feel, and expect. For
instance, the development of intuitive dashboards that aim to reduce
user training time and foster a smoother transition to digital work-
flows is valuable. For example, using interfaces that lower the bar-
rier to entry and accelerate the adoption of a digital culture within
the hospitals. From a SD perspective, these approaches reinforce
the idea that the interface is just one part of a larger service journey.
Good user interfaces must be embedded in a coherent and seamless
experience. Moreover, valuable to this aim are frameworks of UX
principles for medical interfaces [26].
3.4 Service and Policy Innovation
Consideration of policy, regulation, and standards is critical to en-
sure the responsible development and deployment of healthcare DT
solutions. As emphasized by Tsekleves et al. [32], the complexity
of DT technologies demands proactive alignment with healthcare
regulations, ethical standards, and institutional policies. Service
design can play a key role here by offering participatory methods
that connect system designers, clinicians, and policymakers early
in the innovation process. Mager [16] highlights how SD brings
decision-makers closer to real user needs. By leveraging tools such
as service blueprints [4] and stakeholder mapping [24], SD sup-
ports the design of digital twin systems that align with institutional
workflows and policy objectives.

4 CONCLUSION

This paper outlines an underexplored challenge in developing
visualization-based healthcare digital twins: the lack of integra-
tion between service design, visualization, and visual analytics. Re-
viewing recent systems, we observed that, while visual and interac-
tive components are advancing, service design principles are either
absent or applied without intentionality. We argue that bridging
these domains is essential to creating digital twin solutions more
aligned with real-world healthcare services.

REFERENCES

[1] M. Attaran and B. G. Celik. Digital twin: Benefits, use cases, chal-
lenges, and opportunities. Decision Analytics Journal, 6:100165,
2023. doi: 10.1016/j.dajour.2023.100165 1

[2] B. R. Barricelli and D. Fogli. Digital twins in human-computer
interaction: A systematic review. International Journal of Hu-
man–Computer Interaction, 40(2):79–97, 2024. doi: 10.1080/10447318
.2022.2118189 1, 2

[3] S. Bilal, W. Zaatour, Y. Alonso Otano, A. Saha, K. Newcomb, S. Kim,
J. Kim, R. Ginjala, D. Groen, and E. Michael. Cityseircast: an agent-
based city digital twin for pandemic analysis and simulation. Com-
plex & Intelligent Systems, 11(1):83, Dec 2024. doi: 10.1007/s40747
-024-01683-x 1, 4

[4] M. J. Bitner, A. L. Ostrom, and F. N. Morgan. Service blueprinting:
A practical technique for service innovation. California Management
Review, 50(3):66–94, 2008. doi: 10.2307/41166446 2



[5] M. Brehmer and T. Munzner. A multi-level typology of abstract vi-
sualization tasks. IEEE Transactions on Visualization and Computer
Graphics, 19(12):2376–2385, 2013. doi: 10.1109/TVCG.2013.124 2

[6] S. Y. Choi, D. H. Choi, S. H. Cho, S. H. Ahn, and S. H. Han. Anatomy
education potential of the first digital twin of a korean cadaver. PLoS
One, 20(3):e0305679, Mar. 2025. 1, 4

[7] E. Criseo, A. Baggiano, G. M. Pelagi, G. Nannini, A. Redaelli,
G. Pontone, and C. Vergara. Development of a digital twin for the
diagnosis of cardiac perfusion defects. medRxiv, 2025. doi: 10.1101/
2025.02.04.25321638 1, 4

[8] M. Garbey, G. Joerger, and S. Furr. Application of digital twin and
heuristic computer reasoning to workflow management: Gastroen-
terology outpatient centers study. Journal of Surgery and Research,
pp. 104–129, 2023. doi: 10.26502/jsr.10020283 1, 4

[9] M. Ha, J. Lee, Y. Cho, M. Lee, H. Baek, J. Lee, J. Seo, S. Chun,
K. Kim, J.-G. Kim, and W. G. Lee. A hybrid upper-arm-geared
exoskeleton with anatomical digital twin for tangible metaverse
feedback and communication. Advanced Materials Technologies,
9(2):2301404, 2024. doi: 10.1002/admt.202301404 1, 4

[10] C. Hennigs, J. Sauer, A. Bigalke, T. Hardel, N. Carbon, and P. Ros-
talski. Towards a digital twin based monitoring tool for ventilated
patients. IFAC-PapersOnLine, 58(24):43–48, 2024. 12th IFAC Sym-
posium on Biological and Medical Systems BMS 2024. doi: 10.1016/j.
ifacol.2024.11.009 1, 4

[11] T. Kim, H.-S. Kwon, K. Cho, and W. Woo. Holistic patient assessment
system using digital twin for xr medical teleconsultation. In Proceed-
ings of the Augmented Humans International Conference 2024, AHs
’24, p. 72–78. Association for Computing Machinery, New York, NY,
USA, 2024. doi: 10.1145/3652920.3652943 1, 4

[12] M. W. Lauer-Schmaltz, I. Kerim, J. P. Hansen, G. M. Gulyás, and
H. B. Andersen. Human digital twin-based interactive dashboards for
informal caregivers of stroke patients. In Proceedings of the 16th In-
ternational Conference on PErvasive Technologies Related to Assis-
tive Environments, PETRA ’23, p. 215–221. Association for Com-
puting Machinery, New York, NY, USA, 2023. doi: 10.1145/3594806.
3594824 1, 4

[13] L. Li, J. Camps, Z. Jenny Wang, M. Beetz, A. Banerjee, B. Rodriguez,
and V. Grau. Toward enabling cardiac digital twins of myocardial in-
farction using deep computational models for inverse inference. IEEE
Transactions on Medical Imaging, 43(7):2466–2478, 2024. doi: 10.
1109/TMI.2024.3367409 1, 4

[14] X. Li, J. Loscalzo, A. K. M. F. Mahmud, D. M. Aly, A. Rzhetsky,
M. Zitnik, and M. Benson. Digital twins as global learning health and
disease models for preventive and personalized medicine. Genome
Medicine, 17(1):11, Feb 2025. doi: 10.1186/s13073-025-01435-7 1, 4

[15] R. Lutze. Digital twin based software design in ehealth - a new de-
velopment approach for health / medical software products. In 2020
IEEE International Conference on Engineering, Technology and In-
novation (ICE/ITMC), pp. 1–9, 2020. doi: 10.1109/ICE/ITMC49519.2020.
9198546 2

[16] B. Mager. Service design impact report: Health sector. Service De-
sign Network gGmbH, 2017. 1, 2

[17] C. Palmer, I. Nassiuma, Y. Mey Goh, E.-M. Hubbard, and R. Grant.
Using user persona and work domain analysis to elicit information
for a product-service digital twin. DRS2024: Boston, 2024. doi: 10.
21606/drs.2024.275 1, 2

[18] L. Patrı́cio, D. Sangiorgi, D. Mahr, M. Čaić, S. Kalantari, and S. Sun-
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