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Abstract

Current workflows for designing and developing interactive systems often suffer from limited
expressiveness and fragmented collaboration due to overly rigid tools and frameworks. De-
signers and developers use different mental models and tools, which can lead to miscommu-
nication and underutilized creative potential. This thesis will develop a collaboration-aware
creativity-support toolkit grounded in HCI theory, specifically instrumental interaction, in-
teraction substrates, co-adaptation, and CSCW research. The toolkit will support collab-
orative prototyping and the co-conception of interactive systems with the goal of bridging
the gap between design intent and implementation.

Problem

Digital platforms and designs are becoming increasingly homogenized due to the widespread
use of templates, design systems, and UI frameworks [1, 2]. Designers often reach for
pre-made, generic, and rigid templates to design anything from posters to websites, while
developers adopt well-established front-end libraries to implement interfaces with quickly-
applicable but constrained components. Unfortunately, these components are limited in
customizability and power of expression, which leads to overly similar, minimal interfaces.

The collaboration between designers and developers is often fragmented and disjointed,
leading to inefficiencies and miscommunication [3]. Typically, designers create static mock-
ups of the interface using tools such as Figma or Adobe XD, and hand off the designs to the
programmer, who translates them into functioning code. This workflow is not only time-
consuming and repetitive, but can also lead to breakdowns and miscommunication between
parties who lack shared mental models of the final product [4].

Designers and developers thus need better tools that not only support each of their
individual skills but also provide a common ground for effective collaboration.

Goal and Research Questions

The goal of this thesis is to create a collaboration-aware toolkit that helps creative profes-
sionals collaborate on the design and development of innovative systems that provide more
powerful, expressive interaction while maintaining simplicity and efficiency. This thesis will
investigate the following.

• How can HCI theories such as instrumental interaction, substrates, and co-adaptation
be operationalized into a toolkit that supports collaborative interaction design and
development?

• Can this toolkit successfully implement novel collaborative systems for creative pro-
fessionals with diverse skills and goals?

Approach

This thesis follows a mixed-method, iterative approach grounded in HCI and CSCWmethod-
ologies. It involves reviewing relevant literature, conducting empirical studies with creative
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professionals, and designing, implementing, and evaluating a toolkit that supports the de-
sign of a collaborative prototyping system. The toolkit will be evaluated with a combination
of qualitative and quantitative methods, including participatory design, Comparative Struc-
tured Observation [5], experiments, and theoretical validation.

This thesis will also participate in deriving generalizable and actionable design guidelines,
and contributing to the theoretical exploration and testing of the principles of instrumental
interaction and substrates within collaborative contexts.

Nature of digital collaboration

This thesis will explore collaboration in the context of creative, technology-mediated work-
flows between designers and developers as they design interactive systems.

Collaborative Functions: The thesis will focus on communication and sharing. The
goal of the toolkit is to support collaboration on a shared design artifact by reducing friction
between users. Users will interact within interconnected interaction substrates [6] such as
scripts, state machines and graphical representations that are aligned with each collabora-
tor’s mental model and types of tasks.

Collaboration Form: The system will support both synchronous and asynchronous
collaboration so that creative professionals can contribute to different aspects of the system,
yet still co-design and implement complex or critical interactions.

Time Scale: Collaboration may occur at multiple time scales, ranging from short ses-
sions (minutes to hours, for design reviews or sprints) to iterative refinement and mainte-
nance over weeks or months across the project’s life-cycle. Some teams may work together
over the course of several years, across multiple projects, gradually developing shared prac-
tices and evolving their collaborative workflows.

Group Size: The primary focus is on small teams, typically two to five collaborators.
However, the toolkit should be extensible to larger, loosely coupled groups, as found in
design systems or open-source projects.

Space: The thesis will target hybrid collaboration settings that include both co-located
and remote collaborators. The toolkit will support interaction substrates that will support
multi-user interaction in both contexts.

Target audience: The thesis will consider heterogeneous collaboration among creative
professionals with different backgrounds, vocabularies, tools, and mental models. The key
challenge will be to develop mutual intelligibility through role-sensitive, adaptable, interac-
tion substrates, which should enhance understanding and collaboration across professional
boundaries.

Contribution to digital collaboration

The research’s primary contributions, in order of relevance, include:
Technical contributions: The thesis will develop an open-source toolkit that supports

collaboration throughout the ideation, prototyping, and implementation stages. The toolkit
will enable users to interact with shared artifacts through adaptable substrates tailored to
their role, expertise, and goals, and will serve as a practical demonstration of how theory-
driven interaction models can support collaborative workflows.

Empirical contributions: The thesis will include empirical studies with users, cen-
tered around a participatory design process. The goal will be to produce insights about
creative professionals’ mental models, workflows and collaboration challenges, based on in-
terviews, observations, and participatory design workshops. The thesis will also provide
both qualitative and quantitative evaluations of the toolkit, for example through Compar-
ative Structured Observation [5] and controlled experiments. The findings will inform the
toolkit’s design and contribute to broader HCI understanding of heterogeneous, creative
collaboration.
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Theoretical contributions: The thesis will contribute to the theoretical development,
validation, and possible extension of the following generative theories of interaction — in-
teraction substrates, instrumental interaction, and co-adaptation — to include collaborative
interface design and development. The thesis will also provide a concrete demonstration of
how these theories can be operationalized and applied in real-world contexts, and how they
interact within dynamic, role-sensitive, collaborative environments.

Positioning within eNSEMBLE

This thesis aligns closely with the goals of PC2 PILOT, Theme 2 by addressing the challenge
of interoperability in long-term digital design and development workflows. The proposed
toolkit is grounded in HCI theory and leverages interaction substrates and co-adaptation to
support heterogeneous collaboration across time, space, and roles.

Rather than enforcing fixed workflows or representations, this thesis explores how col-
laborative environments can be made dynamic and tailored to each user. By building on
substrates as flexible, modular structures, the project will apply the design principles from
the theory to create practical tools that enable creative professionals to shape their view of
the shared artifacts according to their role, context, and mental model. The representations
will be designed so that they can evolve over time, so that users can adapt how they interact
with data and functionality as their needs change. This thesis is inspired by the PEPR
eNSEMBLE’s vision of long-term collaboration through open, extensible, and interopera-
ble infrastructures, enabling the fluid integration of diverse actors, tools, and perspectives
within a shared collaborative space.
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