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Figure 1: How workshop participants envisioned sharing and accessing tacit knowledge from Human Digital Twins. They
envision multimodal, dialogical interactions with individual or universal Human Digital Twins, the ability to share files and
screens, to inspect the recency of knowledge along with indicators of use, and mechanisms to provide feedback on responses.

Abstract
Tacit knowledge, such as understanding why research decisions
were made in ongoing projects or knowing which approaches pre-
viously failed in similar studies, is essential to university research
labs but often becomes inaccessible when experienced researchers
leave. This is problematic because researchers often rely on asking
the researcher who worked on a project. Recent advances in hu-
man digital twins (HDTs) offer new opportunities for preserving
and mediating access to tacit knowledge beyond individual tenure.
We conducted a participatory design workshop with six doctoral
researchers using iterative 1-2-3-All design sequences for both shar-
ing and accessing scenarios. Sketches and discussions highlight
multimodal interaction and explanation needs, expectations of so-
cial presence, and the importance of embedding HDTs into existing
workflows. Our findings provide design insights for systems that
make individual expertise accessible and resilient across time and
organizational change.
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1 Introduction
Imagine Tina, who is about to complete her PhD after several years
of successful research. Over time, she has developed extensive ex-
pertise in her domain. Some of this expertise is explicit knowledge,
such as theories, methods, and documented procedures, that is
captured in publications, project documentation, or research pro-
tocols. However, much of Tina’s expertise is tacit knowledge that
is difficult to articulate and rarely written down [19]. For example,
while publications describe the final methodology and results, they
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typically do not capture why certain research decisions were made,
which approaches were previously attempted but abandoned, or
how problems during data collection were resolved. As a result,
when a new doctoral researcher inherits Tina’s project, important
contextual knowledge about prior decisions, failed attempts, and
practical workarounds is often missing. This loss of tacit knowl-
edge is a recurring challenge in university research labs, where
expertise is closely tied to individual researchers and their day-
to-day experiences [2, 4]. When experienced researchers leave,
valuable knowledge often leaves with them [14, 19]. Tina’s profes-
sor perceives her as ’too good to go.’ While she acknowledges her
well-deserved completion and future career prospects, she simul-
taneously recognizes the organizational challenge her departure
creates. Her aspiration is not limited to onboarding a new doc-
toral researcher trained by Tina, who can continue her work, but
rather to ensuring that her accumulated expertise becomes acces-
sible to the entire research group. In her view, the value of Tina’s
tacit knowledge lies in enabling all (future) doctoral researchers
to benefit from it, thereby strengthening collective performance
and resilience beyond individual replacement [19]. That is why
Tina’s professor would like to have a digital copy of her, to which
Tina shares her tacit knowledge and which can be accessed by
others, as shown in Figure 1. Today, tacit knowledge in university
research labs is primarily shared through informal interaction or
captured via resource-intensive codification processes such as in-
terviews [6, 11, 14], while alternative systems focus on locating
knowledgeable individuals rather than preserving their situated
expertise [20]. However, these approaches either scale poorly,
remain episodic, or fail to support continuous knowledge
sharing and access embedded in everyday work. We therefore
explore Human Digital Twins (HDTs) as person-bound, contin-
uously evolving representations through which researchers can
share and access situated tacit knowledge in university research
labs. While the idea of HDTs may seem futuristic, recent advances
in Artificial Intelligence (AI) have made this increasingly plausible.
Emerging technologies now enable the creation of highly realistic
representations of an individual’s cognitive patterns, voice, and
appearance [8, 13, 22]. By keeping Tina, at least in digital means,
her tacit knowledge would remain findable and accessible to others.
Building on this vision, our work explores how HDTs could support
knowledge management in university research labs. Specifically, we
investigate: (1) How, when, and where would researchers share
their tacit knowledge with a HDT? and (2) How, when, and
where would researchers access tacit knowledge from HDTs?

In this work, we present meta-level design insights from a par-
ticipatory design workshop with doctoral researchers, focusing
on sharing and accessing tacit knowledge through HDTs in every-
day research work. Our findings aim to inform future HDTs-based
knowledge management systems that keep individual expertise
findable and accessible while preserving its person-bound, situated,
and evolving character.

2 Background
2.1 Accessing Tacit Knowledge
Tacit knowledge is often exchanged informally in day-to-day work
and transferred across generations of employees. Prior research

has long examined how to support these naturally occurring prac-
tices, as well as how to codify tacit expertise so it can be shared
at scale and asynchronously [6, 11, 18]. Such codification typically
relies on trained analysts who conduct interviews, observations, or
thought-mapping [7, 11]. At the same time, other research argues
that attempts to explicitly capture tacit knowledge are fundamen-
tally limited and instead propose designing systems that help locate
and connect knowledgeable people rather than codifying their
expertise [20]. This aligns with research on transactive memory
systems, which emphasizes knowing who knows what within a
group [24]. In emerging AI-mediated work settings, however, this
“who” increasingly includes AI systems as active collaborators or
co-workers [1]. Rather than codifying tacit knowledge, this perspec-
tive suggests mediating access to it through interaction. Related
work on Ubiquitous Research Preservation (URP) frames automated
knowledge capturing and retrieval as a way to preserve research
knowledge across everyday scientific work [3]. While URP provides
a broader framework for research preservation, including questions
of capture, retrieval, governance, and sharing, our work narrows
this perspective to tacit knowledge in university research labs. We
extend this line of work by examining HDTs as a concrete interac-
tional mechanism through which such knowledge might be shared
with and accessed by others over time.

2.2 Human Digital Twins
HDTs extend traditional data-driven digital twins (DTs) by mirror-
ing relevant aspects of a person into a dynamic digital representa-
tion, with the human individual serving as the underlying physical
entity [5, 23]. In this paper, we use the term HDT to refer to a
person-bound, continuously evolving digital representation that
mediates access to their tacit knowledge. Prior research on HDT has
examined the conceptual and ethical challenges of creating HDTs
[8, 13], as well as potential psychological effects HDTs [9, 16, 17].
Beyond HDTs, recent work in HCI has explored related approaches
that similarly aim to digitally represent individuals, including AI
self-clones as well as personalized and embodied agents. For ex-
ample, recent work on AI self-clones investigates how users create
conversational agents that reflect their personality, values, and com-
munication styles, and how interacting with these representations
can support self-reflection and identity exploration [12]. Comple-
mentary research on personalized and embodied agents explores
systems that can act on behalf of a person in social contexts. For
instance, “Dittos” are embodied agents that resemble individuals in
appearance and behavior and can represent them in meetings, con-
tributing to social presence, trust, and decision-making processes
[15, 21]. While these approaches also digitally represent individuals,
HDTs are data-driven, continuously evolving, and support access
to person-bound, situated knowledge (i.e., not only what is known,
but how and why it is enacted). This distinguishes HDTs from per-
sonalized chatbots that primarily provide conversational access to
user-specific data, attributed knowledge bases that organize source-
linked information, and expert-finding systems that identify people
rather than preserving an evolving representation of their tacit
knowledge. Prior HCI work by Kernan Freire et al. [10] [11] sug-
gests that conversational AI can continuously elicit tacit shop-floor
knowledge through reflective dialogue supported by voice/text
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interaction and data-driven visualizations in industrial settings.
However, these systems are tailored to highly structured shop-floor
settings, where tacit knowledge can only be shared and accessed at
specific moments linked to production batches. By contrast, tacit
knowledge in university research labs may differ, emerges continu-
ously during unstructured tasks, and could in principle be shared
and accessed at any moment [11, 14, 19]. Yet little is known about
how researchers would actually want to engage with such systems
during everyday work. We therefore take a fundamentally different
perspective by examining tacit knowledge as a continuous, situ-
ational phenomenon in knowledge-intensive university research
labs. Our work addresses this gap by examining how HDTs could
support tacit knowledge sharing and access beyond process-driven
manufacturing scenarios.

3 Participatory Design Workshop
To explore how doctoral researchers envision sharing and accessing
tacit knowledge throughHDTs, we conducted a participatory design
workshop. We emphasize that the goal of the workshop was not
to elicit tacit knowledge directly, but to explore how participants
imagine interacting with HDTs that could support the sharing and
access of such knowledge, acknowledging that tacit knowledge is
often difficult to articulate without observing situated practice.

Recruitment & Participants. Participants were recruited from our
institute, spanning three research groups. Invitations were sent via
email to (post) doctoral researchers. The workshop was scheduled
during regular working hours, and participation was incentivized
with food and drinks. Six (post) doctoral researchers (N = 6; P1–P6)
followed our invitation and participated in the participatory design
workshop. Participants represented different backgrounds in terms
of age (24–34 years), gender (2 female, 4 male), research field (In-
formation Systems: P2–P5; Human–Computer Interaction: P1, P6),
research experience (1–5+ years), and doctoral status (primarily
doctoral researchers, with one postdoctoral researcher, P3).

Workshop Protocol. The workshop lasted approximately 90 min-
utes andwas organized into twomain phases, sharing and accessing,
separated by a short break. In the beginning, participants reflected
on and shared examples of tacit knowledge from their everyday
(research) work. This was followed by a 1-2-3-All sequence focused
on designing ways to share tacit knowledge with a HDT: partici-
pants first worked individually to reflect on how, where, and when
they might transfer tacit knowledge to a HDT, then discussed and
expanded their ideas in pairs, and subsequently in groups of three
where they created and refined low-fidelity interface sketches il-
lustrating potential sharing interactions. Finally, all participants
came together to consolidate ideas and discuss the sketches. After
a short break (≃ 10 minutes), the second phase applied the same
1-2-3-All structure to the topic of accessing tacit knowledge from
HDTs, where participants designed and discussed interface concepts
for accessing tacit knowledge from HDTs. Each step progressively
built on prior ideas, ensuring iterative refinement and collaborative
design throughout the participatory workshop.

Data and Analysis. During the workshop, we collected sketches
and written notes, while one author took observational notes dur-
ing the plenary discussions. After the workshop, the first author

conducted an inductive review of the sketches and notes to iden-
tify recurring design expectations across the sharing and accessing
scenarios. The resulting preliminary themes were discussed with
the second author and refined through collaborative interpretation.

4 Workshop Findings and Insights
In the following, we present the findings from our participatory
design workshop. We begin by examining how participants envi-
sioned sharing their tacit knowledge with a HDT, before finally
exploring how they would access tacit knowledge from HDTs.

4.1 Sharing Tacit Knowledge
Figure 2 shows how the two groups of three participants each
envisioned sharing tacit knowledge with a HDT. In the following,
we report the key meta-level insights.

Motivation & Temporal Nature of Tacit Knowledge Sharing.
Participants framed tacit knowledge sharing as both intrinsically
and extrinsically motivated. While some emphasized the personal
value of "teaching their future self" (P1), others highlighted collec-
tive benefits such as helping colleagues by "filling knowledge gaps"
(P6). These motivational differences were also reflected in how par-
ticipants envisioned agency in the interaction: some preferred to
proactively share knowledge with the HDT, whereas others imag-
ined a more system-initiated process in which the HDT requests
missing knowledge. Importantly, participants viewed tacit knowl-
edge sharing as a continuous activity embedded in daily office work
rather than something that occurs at isolated moments. Compan-
ionship, Social Presence & Multimodality. Across both groups,
the HDT was imagined not as a static repository but as an acces-
sible, always-available "knowledge companion" (P5). Participants
envisioned interacting with the HDT through natural conversa-
tion, explanation, and demonstration, suggesting a desire for social
presence and reciprocal engagement. Tacit knowledge sharing was
understood as inherently multimodal: participants also wanted to
talk to the HDT, show their screen, walk through files, and demon-
strate processes.

4.2 Accessing Tacit Knowledge
Figure 3 shows how the two groups of three participants each
envisioned accessing tacit knowledge from HDTs. In the following,
we report the key meta-level insights.

Embeddedness, Social Presence & Temporal Reach. Partic-
ipants conceptualized tacit knowledge access as something that
"must seamlessly integrate" (P3) into their existing workflows and
communication ecosystems (e.g., Microsoft Teams). Accessing tacit
knowledge was linked to individuals: participants preferred to di-
rectly consult the HDT of colleagues for "context and trust" (P4).
At the same time, they emphasized the importance of archiving the
knowledge of colleagues they no longer know. Multimodal Ex-
planation & Collective Navigation. Participants described tacit
knowledge access as a dialogical process. They expected HDTs to
not only return information but also explain it through natural
conversation (speech & text). Moreover, participants wanted to see
who had previously used particular knowledge, assess its currency,
and identify individuals who could further elaborate on it. In cases
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Figure 2: Two sketches created by the participants, illustrating how they envisioned sharing tacit knowledge with a human
digital twin

where it was unclear which HDT holds the needed expertise, par-
ticipants imagined a "universal HDT" (P2) giving answers or being
capable of routing them to HDTs.

5 Discussion
Our findings position HDTs as person-bound and evolving repre-
sentations of tacit knowledge that enable access through socially
situated, dialogical interaction. Unlike prior work that used con-
versational AI to elicit tacit knowledge from shop-floor workers
[10, 11], our findings suggest that doctoral researchers, like Tina,
envision HDTs not as static chatbots or repositories but as socially
present, multimodal companions embedded into their everyday
workflows. Whereas tacit knowledge in shop-floor settings seems
only possible to be shared and accessed at specific moments, re-
searchers expressed a desire to share and access tacit knowledge
continuously as it arises during day-to-day work. This contrast
suggests that unstructured and knowledge-intensive research in-
troduces distinct expectations around agency and interaction. Par-
ticipants’ mixed preferences for proactive versus system-initiated
sharing suggest that future HDT systems may need to accommo-
date both user-initiated and system-initiated knowledge sharing.
Their emphasis on explanation and demonstration further suggests
that tacit knowledge capture should remain connected to ongoing
work artifacts, such as files, rather than being treated as a sepa-
rate documentation task. Accessing tacit knowledge through HDTs
also appeared to require more than conversational retrieval. Par-
ticipants emphasized transparency regarding whose knowledge a
response draws on, how recent this knowledge is, and by whom
it has been used. While prior work focuses on individual HDTs
[8, 13], our findings extend this view by revealing that participants
also envisioned a universal HDT capable of routing or answering
queries when the relevant expert is unclear. This suggests that
personal identity and trust remain central even when interacting
with HDTs, yet highlights the complementary need for meta-level
mechanisms that support navigation across knowledge from multi-
ple (unknown) HDTs. Taken together, these findings point toward
three initial design requirements for HDTs in knowledge-intensive
work: 1) situated capture, where explanations and demonstrations
can be attached to ongoing work artifacts; 2) contextualized access,

where responses include indicators of knowledge holder, recency,
and prior use; and 3) navigational access, where individual HDTs
are complemented by routing mechanisms when the appropriate
knowledge holder is unclear. While our findings are grounded in
academic research settings, these requirements may also be relevant
for other knowledge-intensive domains where tacit knowledge is
continuously produced, shared, and revisited.

6 Limitations & Outlook
Our study offers early insights but is subject to several limitations.
First, our findings are based on a single participatory design work-
shop with six doctoral researchers from one institute, which limits
generalizability, particularly beyond academic contexts. The envi-
sioned interactions with HDTs were speculative, meaning partici-
pants did not engage with functioning prototypes. Based on these
insights, we are currently developing prototypes to explore these
ideas with a broader range of knowledge-workers across different
domains, allowing them to experience multimodal explanations,
social presence, and workflow integration firsthand. Future work
should also examine HDTs as socio-technical systems that require
careful governance around consent, withdrawal, post-tenure ac-
cess, provenance, and the marking of outdated or decontextualized
knowledge. Ultimately, we plan to conduct longitudinal studies to
understand how motivation, trust, and knowledge-sharing behav-
iors evolve when HDTs become part of everyday work.

7 Conclusion
This paper provides meta-level insights and proposes Human Digi-
tal Twins for supporting the sharing and accessing of tacit knowl-
edge in university research labs. Through a participatory design
workshop with doctoral researchers, we uncovered how partici-
pants imagine interacting with HDTs through socially present, mul-
timodal, and workflow-integrated interfaces. These early findings
highlight the potential of HDTs to make individual expertise more
accessible and resilient across time and organizational changes. By
foregrounding user expectations, motivational dynamics, and in-
teractional needs, our work lays an initial foundation for designing
future HDTs systems that support university research labs.
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Figure 3: Two sketches produced by the participants, depicting how they imagined accessing tacit knowledge from human
digital twins
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