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Abstract

Sketching interfaces are widely used by designers to create visual pro-
totypes. However, they are limited by the interaction techniques and the
workflows that designers employ. Usually, a designer has to rely on a
stylus or a mouse to manually create paper-like sketches throughout the
process. Yet, novel interactive hardware (e.g., virtual reality, voice user
interfaces, and shape-changing tangibles) has become widely available in
recent years, and many novel computational methods have been proposed.
I believe the intersection between sketching interfaces, advanced hardware,
and computational methods is worth exploring. The aim of my research
is to progress towards more natural and intelligent sketching interfaces.
In order to achieve this goal, a deeper understanding of the process of
sketching for graphical user interface design will be required. My research
plan is, therefore, twofold: (1) re-define the design space for sketching
in graphical user interface design with regard to their input and output
modalities and underlying computational models and (2) introduce novel
interactions to intelligent sketching interfaces to provoke new insights into
the core characteristics of sketching. I anticipate that my research can act
as a starting point for future systems and workflows of graphical user in-
terface design that deeply integrate computational methods.

Introduction
Intelligent sketching interfaces are sketch-based design tools that incorporate
computational methods to support the creation of technical and artistic draw-
ings facilitating the design process. They draw on research of creativity support
tools [1], sketch-based systems [2], intelligent user interfaces [3] and co-creative
systems [4]. Sketching interfaces trace back to the very beginnings of the human-
computer interaction discipline (e.g., Sketchpad in 1963 [5] or GRAIL in 1969
[6]). Recent advances in computational methods (e.g., in interactive optimiza-
tion [7] and co-creation with artificial agents [4]) and interactive hardware (e.g.,
virtual reality, haptics) have, however, started to transform how and when de-
signers employ sketching in the design process.

So far, the progress of these two fields have largely remained separate. Many
sketching systems incorporating computational design and co-creative features

1



retain the conventional mouse-and-keyboard or stylus-based interaction tech-
niques. Most of the sketching systems built upon novel interactive hardware,
similarly, focus on translating traditional sketching workflows to these new in-
teractive paradigms. My research aims to bridge this gap by exploring the inter-
section of novel interaction techniques and computational methods to progress
towards more natural and intelligent sketching interfaces.

This research faces one key theoretical challenge that needs to be addressed in
the work: There is no comprehensive model of sketching in user interface design
that co-creative or intelligent sketching interfaces can be built upon. While early
models of the role of sketching in the design process do exist (e.g., in exploration
[8]) and even extend to novel interaction techniques (e.g., VR [9]), the process
of ideation and exploration through visual and spatial communication is poorly
understood with most key contributions dating back one or even two decades
(e.g., [10], [11]). To effectively address the technical challenge of translating the
advances in sketch recognition, sketch generation, interactive optimization and
user adaptation into usable and useful systems utilizing novel interaction tech-
niques, this theoretical challenge needs to be addressed as well. As Johnson and
colleagues put it in their seminal review on computational support in sketching
interfaces: “We must understand the purpose and practice of sketching as it is
done without computation if we hope to effectively support it with computation”
[2, pp. 7–8].

My project therefore contributes towards a computational model of sketching in
graphical user interface design by creating intelligent sketching interfaces that
make use of novel interactive hardware and computational methods to advance
our understanding of how and why designers use sketching in their workflows.
At the same time, the proposed systems explore new avenues for research into
supporting those processes. By exposing designers to novel sketching interfaces,
my research provokes new interactions and sheds light on so-far poorly under-
stood aspects of sketching.

To achieve this goal, I propose three studies each representing one example publi-
cation to become part of my dissertation. Each of the proposed research projects
addresses on of the three open questions in intelligent sketching interfaces that
I consider to be most pressing to address the challenges described above. The
first represents an update of the most comprehensive overview over computa-
tional support in sketching interfaces that—while still being cited regularly—is
naturally lacking considerable advances since its publication thirteen years ago.
This study answers the question: What is the status quo of intelligent sketching
interfaces and which computational models are they built upon? It relates to
work in the Ubiquitous Computing and Interaction group by Ken Pfeuffer on
computational modeling in interaction (e.g., [12]) and on sketching interfaces
(e.g., [13]).

The second study takes advantage of a novel interaction technique (i.e., pen-
interaction) and collaboration mode (i.e., a shared digital canvas) in the field
of co-creative sketching systems to explore the role of artificial assistance in
co-creative graphical user interface design. It answers the question: Which
collaboration modes can intelligent sketching interfaces leverage for co-creative
graphical user interface design? It relates to work by Ken Pfeuffer on sketching
with stylus-input (e.g., [13], [14]) and by Clemens Klokmose on combinatorial
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optimization for graphical user interface design (e.g., [15]).

The third study utilizes a novel interaction technique for sketching interfaces
(i.e. speech and gaze input) to acquire additional contextual information about
a designer’s sketches. This information is, in turn, used to create a mixed-
initiative interaction enhancing designers’ productivity. It builds upon work by
Chandrasegaran and colleagues suggesting that so-called “non-sketching actions”
like complementary verbalization carry useful additional information that cur-
rent sketching interfaces do not sufficiently take advantage of [16]. Speech and
gaze input is used to inform an artificial assistant about the characteristics of
the sketch to be created. On the basis of this information, the likely next steps
in the sketching process are predicted and, given sufficient confidence, suggested
to the designer. This study answers the question: How can non-sketching ac-
tions be utilized by intelligent sketching interfaces? It relates to work by Ken
Pfeuffer and Hans Gellersen on gaze and pen input (e.g., [17], [18]) and on com-
putational modeling by Ken Pfeuffer (e.g., [12]) and João Evangelista Belo (e.g.,
[19]).

Together, these three studies form a strong starting point for the investigation of
novel interaction techniques for computational support in sketching interfaces
and thereby represent a meaningful step towards a deeper understanding of
sketching in graphical user interface design as well as more natural and powerful
sketching interfaces. The key contributions of the proposed projects are:

• An updated comprehensive review of intelligent sketching interfaces.
• Novel intelligent sketching systems utilizing state-of-the-art computational

methods and interaction techniques.
• Computational models of common sketching activities in graphical user

interface design.

Method
The three studies proposed below take different methodological approaches to
answer their respective research questions. In this way, they are designed to
not only address a relevant research gap but also to highlight the variety of ap-
proaches that the research area of intelligent sketching interfaces allows. While
my primary approach is research through design [20]—creating usable and use-
ful artifacts for designers while contributing to the knowledge base surrounding
sketching in graphical user interface design—, alternative approaches like be-
havioral studies utilizing controlled laboratory experiments could similarly be
used to contribute towards a computational model of sketching. I argue for
artifact-driven research as it can more readily transfer into practice [20] and
therefore contribute to improved support for designers. Additionally adopting
a model-driven approach to interaction design, my research methodology allows
for effective and transparent scrutiny. The specific methods employed by the
three proposed studies are described in further detail below.

Example Study 1: Intelligent Sketching Interfaces: A Review

As of 2022, the most comprehensive and regularly cited overview of intelligent
sketching interfaces, their input and output modalities, and computational ap-
proaches was published thirteen years ago [2]. While it still offers valuable in-
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sights into the history of intelligent sketching interfaces, it naturally fails to take
recent developments into account. As a result, common interaction techniques in
sketching interfaces (e.g., pen input) and relevant computational methods (e.g.,
interactive optimization) are not sufficiently portrayed. To give researchers in
the field as well as myself a starting point to efficiently identify related works, an
update of Johnson and colleagues’ review is required. Taking this opportunity
to revisit the works in that review as well as to supplement it with more recent
findings additionally allows us to take a new perspective—that of underlying
computational models—on the history of intelligent sketching interfaces. Such
a new study could, therefore, establish a more holistic account of computational
support in sketching interfaces overall.

A review covering such a large amount of work naturally faces considerable
theoretical and technical challenges. Over the years, several disciplines (e.g.,
HCI, AI, computer graphics, software engineering, cognitive science) have con-
tributed relevant knowledge regarding the design of intelligent sketching inter-
faces. Bringing these contributions together and setting an appropriate scope
for their review requires careful definition of an intelligent sketching interface.
As far as I am aware, no such definition exists in the literature. Creating a
suitable definition is therefore a necessary sub-goal and relevant contribution of
the updated review as well. The key contributions of this study are:

• An updated overview of computational support in sketching interfaces.
• A comprehensive definition of intelligent sketching interfaces.
• A novel overview of the computational models underlying intelligent

sketching interfaces in literature.

Example Study 2: Pen and Pencil: Co-Creative Sketching of Graph-
ical User Interfaces on a Shared Digital Canvas

Recently, sketching systems have been proposed that utilize novel computa-
tional methods to support the design of graphical user interfaces. Todi and
colleagues, for example, use model-based optimization to aid designers in find-
ing appropriate layouts for their graphical user interface sketches [7]. Similarly,
Dayama and colleagues use a mixed integer linear programming approach to
support designers in creating grid-based layouts for wireframes [21]. Taking a
wider perspective on sketch-based design support, co-creative systems have been
devised that utilize sketch generation to assist designers in their ideation and
exploration activities. Karimi and colleagues, for example, use a deep learning-
based model to generate tentative drawings that act as inspiration for designers
solving specific sketching tasks [4].

Many of these systems aim to support exploration and evaluation of design al-
ternatives by creating digital assistants that co-create sketches together with
the designer. Within the user interface, these digital assistants often occupy a
fixed area on screen, either in form of a separate canvas (e.g., [4]) or suggestion
area (e.g., [7], [21]). Users can interact with the assistant either via mouse-
and-keyboard (e.g., [21], [22]) or via touch input (e.g., [7]). As a result, these
systems only capture one out of many interaction modes of collaborative draw-
ing [24], namely communication using separate canvases. By taking inspiration
from co-creative drawing systems (e.g., [25]), a new intelligent sketching system
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is devised that utilizes a shared digital canvas and pen input to investigate col-
laborative sketching of graphical user interfaces between a human and artificial
agent. The general workflow of this system is described below:

Initially, the system presents users with an empty digital canvas to draw on
using a provided stylus. The output of this stylus, the ‘pen’, is styled to re-
semble black ink. As a user draws on the canvas, she explores different designs
and revisits and refines what she has already created. Eventually, the designer
will come to a stop where she is thinking about possible solutions to a specific
interaction problem or about new design directions to explore. This is when
lines styled like thin gray pencil drawings start to appear and either ‘fill in’ the
existing sketches (local optimization) or create separate, alternative sketches
next to the existing ones (global optimization). This second kind of drawings—
the ‘pencil’ sketches—are the result of a sketch generation model whose output
is animated and styled to suggest drawings by a polite assistant offering new
ideas to the primary designer. Trained on a dataset of graphical user interface
elements and screens (e.g., [26], [27]) and driven by a model-based optimizer
(e.g., [7]), this generative model provides underlays acting as starting points
for further exploration or refinement. In order to respect designers’ need for
control in co-creative systems [22], however, these drawings receive less visual
importance through decreased weight (i.e., thinner lines and lighter color) and
by slowly disappearing over time (i.e., animating opacity) to be replaced by
alternative drawings. Users can further erase any drawings by the assistive sys-
tem additionally supporting perceived control. The result is a mixed-initiative
co-creative sketching system for graphical user interface design that can be used
to evaluate a novel collaboration mode for human and artificial designers. This
evaluation is conducted with designers regarding their perceived control during
the design process and satisfaction with the result. The key contributions of
this study are:

• A novel design tool utilizing state-of-the-art sketch generation models and
pen-based mixed-initiative interaction.

• Design principles for shared canvas-based co-creative systems.
• Evaluation of an optimizer-driven co-creative sketching system.

Example Study 3: Using Speech and Gaze to Inform Co-Creative
Sketching of Graphical User Interfaces

Historically, intelligent sketching systems have mostly relied on a paper-and-
pen metaphor for their graphical user interfaces. In these interfaces, users can
draw on a canvas—the ‘paper’—using predefined shapes or using gestures with
a mouse or pen [16]. Recently, however, multimodal interaction and alternative
interaction techniques have gained some traction in the field of intelligent design
support tools. Todi and colleagues, for example, studied natural language in-
teraction for their graphical user interface retrieval system supporting ideation
and development [28]. Similarly, Huang and colleagues use natural language in-
put for their co-creative sketching system Scones where users direct an artificial
sketching agent through text commands [29]. Turning towards gaze as an input
modality, Çığ and Sezgin utilize eye gaze movement to predict and adapt a pen-
based sketching interface by switching interactions modes (e.g., from drawing to
dragging) based on sensor fusion [30]. What these examples have in common is
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that they consider “non-sketching actions” [16] as part of the sketching activity
and as part of natural communication in early-stage design [31].

Building on these previous works, this study presents a novel intelligent sketch-
ing interface that utilizes speech, gaze and pen input to inform a predictive
sketch generation model. Given sufficient probability, it offers suggestions or
completions for graphical user interface designs. While datasets for sketches of
user interface elements (e.g., [32]) and layouts (e.g., [27]) already exists, this
study contributes a novel dataset of gaze, speech and pen input collected from
participants directed to draw common user interface elements. In this way, the
study acts both as a replication and complement of [32]. This dataset is used
to train the predictive model underlying the proposed sketching interface. The
usefulness of such a multimodal intelligent sketching interface is evaluated in a
qualitative study with designers. The key contributions of this study are:

• Design principles for the design of multimodal intelligent sketching inter-
faces.

• Replication of a recent study contributing a valuable dataset for
co-creative sketching systems.

• A novel dataset of speech, gaze and pen input collected from participants
drawing common user interface elements.

Conclusion
By exploring novel interaction techniques for intelligent sketching interfaces,
this project contributes towards a computational model of sketching in graphi-
cal user interface design and thereby opens up new avenues for effective compu-
tational support of the design process. It supports both the understanding and
dissemination of computational design and its grander vision of reliably achiev-
ing desirable interactions. I anticipate that my research can act as a starting
point for future systems and workflows of graphical user interface design that
deeply integrate computational methods and progress towards more natural and
intelligent sketching interfaces.
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