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ABSTRACT
Dynamic elements of the drawing process (e.g., order of
compilation, speed, length, and pressure of strokes) are con-
sidered important because they can reveal the technique,
process, and emotions of the artist. To explore how sensing,
visualizing, and sharing these aspects of the creative process
might shape art making and art viewing experiences, we
designed a research probe which unobtrusively tracks and
visualizes the movement and pressure of the artist’s pencil
on an easel. Using our probe, we conducted studies with
artists and experienced art viewers, which reveal digital and
physical representations of creative process as a means of re-
�ecting on a multitude of factors about the �nished artwork,
including technique, style, and the emotions of the artists.
We conclude by discussing future directions for HCI systems
that sense and visualize aspects of the creative process in
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digitally-mediated arts, as well as the social considerations
for sharing and curating intimate process information.
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1 INTRODUCTION
From viewing a 20th century expressionist artist doing a live
action painting to watching a timelapse video of a pencil
drawing on YouTube, seeing the process of making an art
piece has been valued as an integral part of the art view-
ing experience [46]. This general interest in process re�ects
viewers’ fascination with the skill and creativity involved
in the movement of the artist’s hand. Indeed, the dynamic
elements of the drawing process, such as the order of compi-
lation, lengths of strokes, speed of the movement, and the
pressure applied on the drawing surface can reveal unique
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aspects of the artistic process, including skill, technique, artis-
tic apprehension, and the artist’s mood [11]. A multitude of
previous works, both within and outside of HCI, have used
computational technologies (i.e. hand and eye movement
tracking) to capture elements of the drawing process [18, 38].
Complementary to this research, our work explores how
representations of the artistic process in�uence both the
drawing and art viewing experience. More speci�cally, we
ask: How can digital technologies reveal aspects of �ne arts
practice, and how would the resulting information in�uence
the artist’s process? How do digital and physical represen-
tations of the art making process shape the experience of
viewing the �nal artifact? And, �nally, what are the social
implications of sensing, sharing, and curating the intimate
aspects of artistic process with di�erent audiences?

We investigate the above research questions by iteratively
implementing and studying a research probe consisting of
an interactive drawing system that unobtrusively tracks
the freehand pencil drawing process on a traditional easel.
Through the use of two cameras and acoustic sensing [20],
the easel tracks pencil movements and any pressure exerted
on the drawing surface without disrupting the traditional
freehand drawing practice. From the captured data, we gen-
erate two representations, a video rendering and a bas-relief
(low-depth) sculpture, which reveal the sequential order of
stroke compilation, pencil speed, and pressure at each phase
of the drawing process (Figure 1). We chose to focus on ana-
log pencil drawing because it is considered to be one of the
most quintessential art mediums, and there are unique advan-
tages to drawing on paper as opposed to using digital draw-
ing tools such as tablets. These include the tactile pressure
feedback of traditional materials, direct hand-eye-surface
interaction, accessibility, and, for many artists, established
familiarity.
We used our research probe and the resulting drawn ar-

tifacts to elicit broader discussions related to our research
goals during three iterative focus group studies. First, we
conducted a study with six experienced artists whereby each
of them individually created multiple pencil drawings using
our setup. Afterwards, we held a critique-style group discus-
sion where all the artists were presented with each others’
�nished drawings as well as the resultant video renderings
and 3D printed bas-relief sculptures. During this meeting,
the artists �rst discussed how the visualizations re�ected
their artistic process and revealed hidden elements in each
others’ work. Second, in a di�erent focus group session, �ve
informed art viewers were shown the original pencil draw-
ings and the visualizations from the �rst study and engaged
in a semi-structured discussion. Third, we exhibited the pen-
cil drawings along with videos and 3D printed outputs from
our �rst study to a general audience at two public exhibitions
and received survey feedback from visitors.

Research Contribution
The design of our research probe and our focus group stud-
ies with a range or artists and art viewers explore several
areas of interest for HCI research. First, we introduce a novel
direction for art and computation research by incorporating
an unobtrusive sensing mechanism into traditional freehand
drawing. We also explore new ways of visualizing traditional
creative processes by representing the pencil drawing prac-
tice through videos and sculptures. Our studies reveal that
artists, expert art viewers, and general audiences are able to
infer a timeline of the drawing process (order of compilation)
and individual artistic styles from our system, and this new
information enables participants to learn from and connect
with the artists. We conclude with future design implications
for CHI, including systems for unobtrusively capturing el-
ements of creative processes, representations of latent but
critical process information, and platforms for sharing and
curating the creative process.

2 RELATED LITERATURE
Much of the appreciation for artistic process centers around
the display of skill needed to create the �nished work [44].
As such, several avenues of research have explored ways
to understand, record, or display the movements of artists
during their creative process. Our work, including the design
and implementation of the probe, is in�uenced by previous
research on and studies of the creative process, digitally
mediated art, and digital data curation.

Studies of the Creative Process
Scienti�c inquiries into the processes behind art making have
a long history within many di�erent academic disciplines. In
psychology and cognitive science, a series of work done by
Tversky et. al described the order of compilation of a draw-
ing as a key element of an artist’s drawing style as it reveals
the mental construction and conceptual organization of the
drawing in the artist’s mind [58–60]. In the related �eld of
computer graphics, a set of prior work explored computa-
tional methods to mathematically generate simulations of
the sequential order of drawings [16, 33]. However, instead of
displaying an authentic drawing process, these works mainly
focus on generating visually pleasing video renderings based
on heuristic approaches with little or no involvement from
actual artists. A number of prior works, including Miall and
Tchalenko’s in-depth investigation of a professional painter,
have explored means of tracking eye and hand movements
of artists by attaching motion sensing equipment to drawing
utensils [18, 38, 52]. A similar recent work [6] has used a
Cintiq tablet to record the hand movements of artists. In
contrast, we focused on tracking pencil movement and pres-
sure without signi�cantly altering the regular drawing pencil
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or paper in order to preserve the authentic qualities of the
pencil drawing process.

Digitally Mediated Art
Within the HCI community, there is a well established inter-
est and respect for traditional artistic mediums, with recent
papers focusing on the importance of traditional crafting
and modes of encouraging creative people to try their hand
at making art [12, 31]. At the same time, there has also been
research into how digital factors and hybrid fabrication are
changing the practices of artists [3, 13, 25, 30]. Research
has also explored new approaches for negotiating emotional
meaning and visually mapping memories, two foci that over-
lap with the traditional concerns of �ne arts [32, 53]. In
terms of the interactions between artwork and audience,
HCI has explored the perceptions of art viewers tracked
through recordable tangible interactions, the possibilities of
portraying “static” art forms such as painting as an active
performance, and the artist-viewer dynamics of group en-
gagement through participatory live-action art [34, 50, 55].
This focus on art as action could tie into the performative ele-
ments of the traditional drawing process, such as the lengths
of strokes, speed of the hand movement, and the pressure
applied to the drawing surface, which can represent unique
aspects of the artistic process, including skill, technique, artis-
tic apprehension, and mood [11]. Our research is particularly
inspired by recent work, "Making the Invisible Visible" by
Hook et al., which explored how digital technology might
support documentation of participatory arts experiences [24].
Building on this body of work, our research is poised to focus
more deeply on the use of process in traditional art making,
which could a�ect how art-related technology interactions
are designed in the future.

Digital Data Curation
Access to information about an artist’s underlying creative
process plays a signi�cant role in shaping howwe experience
his or her creative work [35, 57]. When sharing information,
especially data that an individual feels a strong personal con-
nection to, it seems imperative that the person who created
it, or others who can act on their behalf, have some lasting
control over how the information is presented and contex-
tualized. A growing body of HCI research has explored the
importance of curation in the age of digital sharing, as well
as what e�ect curation has on the curators and those view-
ing the curated information [49, 51, 61, 62]. In our system,
the data that is recorded relates to the unique drawing pro-
cess of artists, which has the potential to be both extremely
informative and personal.

Figure 2: Representation of pencil movement and pressure
in (A) 2D video renderings and (B) 3D bas-relief models.

3 SENSING AND VISUALIZING THE FREEHAND
DRAWING PROCESS

To understand the implications of sensing and sharing as-
pects of freehand drawing, and creative practices more gen-
erally, we designed our research probe [17] in multiple it-
erations, working closely with art practitioners. The �nal
iteration of our system includes a traditional drawing easel
inconspicuously augmented with two independently func-
tioning subsystems: the pencil tracking system and the pencil
pressure sensing system. Below, we brie�y describe the im-
plementation of this �nal iteration, which was used as a
research probe in our main focus group studies.

Pencil Tracking. Our system tracks the vertical (Y axis) and
horizontal (X axis) position of the drawing pencil using two
cameras mounted on the top and left sides of the easel. Im-
ages captured at 20 fps from these cameras are processed
by a Matlab-based custom implemented image processing
program to determine the pencil position in each frame.

Pressure Sensing. Our pencil pressure sensing system is based
on an acoustic sensing technique. We placed 12 electret mi-
crophone modules on the backside of the easel and measured
the intensity of the sound wave created by friction between
the drawing surface and the tip of the pencil as a close ap-
proximation for pencil pressure. Each of these modules were
programmed to read the digital output of the microphones
20 times per second in sync with the two cameras of the
pencil tracking system.

Representing Aspects of the Drawing Process
We generated the video renderings using a custom imple-
mented Processing application, which renders the pencil
speed and the pressure exerted on the drawing surface as an
animation. The pencil speeds are represented distinctly in the
visualization using green(< 10mm/s), yellow(>= 10mm/s and
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<50mm/s), and red( >= 50mm/s) colors respectively. Three dif-
ferent pressure levels are depicted using di�erent line thick-
nesses (Low 1px, Medium 2px, and High 3px) (Figure 2(A)).
The 3D bas-relief models were generated from another

custom implemented Processing application. Bas-relief is a
type of sculpture that consists of a projected image with little
overall depth, such as Egyptian hieroglyphs or coins, and has
been used within the HCI community as a means of visualiz-
ing data in a tactile form [27, 45]. Here, the thickness of the
ridges is based on the speed of the drawing, while the height
of the ridges is based on the pressure of the drawing stroke
(Figure 2(B)). The height of the ridge can be compounded if
several lines are drawn over the same area.

4 METHODS AND STUDY DESIGN
We designed our studies with the goal of better understand-
ing how artists and art viewers may perceive recordings and
representations of the artistic process. Below, we describe
our methods and the design of our studies, including data
collection, analysis, and limitations.

Individual Artist Sessions and Group Discussion
To �nd artist participants willing to create drawings using
our probe, we reached out to university art-related depart-
ments and local artist groups through emails to recruit six
participants (four female, ages early twenties to late thirties)
who had at least two years of drawing experience. We refer
to these six participants as “artists” or “artist participants”
in this paper. Over the course of a week, we held individual
drawing sessions with all six artists, each lasting roughly one
hour. In the beginning of each session, the artists were asked
about their art practices and mediums, how they gained their
skills, and how they share their work with others. Then, the
artists created three sketches using our system, each tak-
ing approximately ten minutes. For the �rst two sketches,
each artist was asked to draw the same objects located in the
room: a table lamp and a �ower pot. For the �nal sketch, they
were asked to draw whatever they wanted. At the end of
each drawing, the artists viewed the resultant video render-
ings and 3D bas relief model of their drawing on a computer
screen and engaged in a semi-structured interview.

A week after all of the artists had completed their individ-
ual drawing session, they were invited back for a group cri-
tique and discussion. At the beginning of the discussion, they
compared, contrasted, and collectively critiqued the pencil
drawings created during the individual sessions. Then, they
were shown the video renderings and 3D-printed bas-reliefs
of their drawings, and participated in a group discussion
about how the di�erent visualizations represented di�erent
aspects of the original sketch and what could be discerned
about the artist’s process and intent from the visualizations.
Artists were compensated $15 per hour for their time.

Figure 3: Our reserch probe and resulting artifacts at a public
art exhibition.

Discussion with Informed Art Viewers
In order to explore how digital and physical representations
of the art making process shape the experience of viewing the
�nal artifact, we also reached out to experts from a variety of
related �elds and invited them to join us for an hour long art
viewing and discussion session. We recruited �ve individuals
(three female, ages mid-twenties to mid-�fties), all of whom
were professionals in �ne arts or design-related �elds. At
the beginning, the art viewer participants were shown the
pencil drawings from our individual drawing sessions and
were asked to discuss any information they could infer about
the drawing process from the �nished pieces. After that, we
explained how our system captures the artist’s data while the
work is being created, and showed them the resulting video
renderings and bas-relief sculptures for each pencil drawing.
The art viewers then re�ected on how these representations
engaged them with the artistic process behind each piece.
They also discussed additional information they wanted to
know about the process, the implications of sharing and
curating this data, and issues around artistic authorship of
the digital renderings.

Data Collection and Analysis
All interviews and discussions were audio recorded, tran-
scribed, and analyzed using open coding. Data was coded
independently by two members of the research team, the
results of which were then compared to resolve any discrep-
ancies. During data synthesis meetings, the researchers used
a�nity diagramming to organize the codes around our re-
search questions, and then discussed unexpected connections
between themes in the data. In our �ndings, we reference
data owing to the artists as A1-A6, and informed art viewers
as R1-R5.
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Exhibits and Public Survey
In addition to insights from artists and expert art viewers,
we also wanted to see how a general audience would react
to our process visualizations of the artistic works. We show-
cased the drawings, video renderings, and bas-relief sculp-
tures in two public art exhibitions. During the �rst exhibit,
roughly thirty-�ve members of the general public viewed
the artworks, of which �fteen �lled out a survey about their
reactions to the data visualizations and whether they were
interested in learning more about the artistic process. This
survey consisted of 9 questions with a typical 7 point Likert
scale responses on agreement. This part of the research was
not intended as a rigorous survey to evaluate our system, but
was meant to serve as supplementary feedback in order to
gain insights into how general audience viewers interacted
with our system. We also showed the work as part of the
Arts Track at TEI 2018 [15].

Limitations
Our study is prone to self-selection bias, as all of our artist
participants chose to be involved because they were inter-
ested in freehand drawing and wanted to learn more about
our probe. In addition, the public exhibits likely attracted
people with prior interest in analogue and digital arts, and
the small survey size is meant to only supplement our quali-
tative data.

5 ABOUT THE ARTIST PARTICIPANTS
The six artist participants that were recruited for our study
included two female MFA students, two male cartoonists,
one female primary school art teacher, and a female inde-
pendent �ne artist, all of whom had several years experi-
ence of drawing with traditional art materials. Discussions
with our participants revealed further insights into the im-
portance of traditional mediums and how artistic skills are
acquired. The �ve expert art viewers we recruited came from
a wide range of art related �elds, including ceramics, visual
communication, and design research. They shared our artist
participants’ preferences for traditional drawing mediums
and understanding of artistic practices, so we are reporting
�ndings from both groups in this section.

Reasons for Preferring Paper-Based Drawing
While the participants in this study were selected based on
their familiarity with traditional drawing techniques, some
(A3, A4, R2) also had experience drawing with digital tablets.
However, those participants still viewed analogue drawing
as a preferable sensory experience based on the tactile inter-
actions and auditory feedback that results from the meeting
of pencil and paper.

Tactile Interactions. For the artists we spoke to, one key dif-
ference between using a digital tablet and traditional paper
is the tactile feedback. One art viewer in the group critique,
R2, described using a tablet as “completely di�erent, and I
don’t like it. The tactile quality of a pencil moving on paper is
so much more ful�lling than this anonymous plastic tip gliding
on glass.” Furthermore, participants disliked having to look
at the screen to see how the force they were exerting with a
digital pencil was a�ecting the drawing, rather than physi-
cally feeling the canvas or paper bend or warp in response
to their movements.

Auditory Feedback. In addition to the physical di�erences
between digital and paper-based drawing mediums, our par-
ticipants discussed sound as an integral part of the drawing
process. Each “scratch of the nib on the paper” [A4] produces
a distinct sound as each stroke is created. R1 elaborates on
why the auditory feedback may be bene�cial to the mood
of the artist and increases their engagement in and desire to
draw: “The sound of a pencil on paper has something really
nice, that maybe takes us back to our childhoods and calms
us down.” In short, while some participants perceived digital
tablets as being able to capture most of the sensitivity and
precision of the artist’s movements, participants noted that
current digital technologies do not provide the artist with
the tactile and auditory feedback that artists highly value
when working on paper.

To summarize, all of our participants had either extensive
drawing experience or a professional background in visual
design. Overall, they preferred traditional drawing tools for
their tactile and auditory feedback, and, importantly, the
artists mentioned that their natural pencil drawing styles
were not disturbed by our system because of its unobtrusive
nature and the utilization of familiar traditional tools.

6 FINDINGS
Below, we describe the �ndings from the studies wherein our
system was utilized as a probe to investigate our research
questions. We present key themes that emerged from this
research under 3 categories—(1) how the representations of
digitally sensed process information helped artists and view-
ers to re�ect on the �nished art piece, (2) why this creative
process information was valued by both artists and art view-
ers, and (3) motivations and barriers for sharing information
about the creative process.

Reflecting on Aspects of the Drawing Process
There were many instances throughout our studies where
both the artist and art viewer participants expressed excite-
ment about being able see the pencil’s movements and pres-
sure as a visual rendering. While our participants felt that the
�nal pencil drawings alone could show some of the process
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information, they used the two additional representations
generated from our system to re�ect on several key factors
of the �nished piece, including the order of compilation of
the strokes, drawing technique, and, in some cases, even the
emotions and feelings of the artists. This o�ered them more
insights into their own and each others’ styles and triggered
suggestions for additional types of data that might be useful
in revealing process information further.

Order of Compilation, Time, and E�ort. Most participants
stated that through viewing the video renderings of the draw-
ing process, they were able to re�ect on the order in which
the drawing was compiled. The artists considered the visual-
ization of the sequential order of the drawing as a ‘timeline’
that reveals important temporal aspects of their own and
each others’ drawing processes. In critique sessions, both the
artists and informed art viewers pointed out how di�erently
each artist progressed with his or her drawing based on their
video renderings. A4 attributed these dissimilarities in stroke
progressions to the di�erences in the thought processes of
the artists: “I enjoy seeing the thought process of where some-
one started and ended. That is not something you can tell by
just looking at the drawing.”
As we observed during the drawing sessions, the act of

drawing does not consist of a smaller, independent set of
repetitive actions performed at a constant speed. Instead,
as A1 best put it, “drawing is a combination of carefully and
slowly rendered details and fast and loosely drawn gestural
strokes.” In that regard, the artists re�ected on the value of
seeing variations of an artist’s time and e�ort spent rendering
di�erent parts of a drawing, as visualized by our probe. For
instance A3 noted that: “In historical art pieces, I’ve seen the
faces are more beautifully rendered than the rest of the parts
[...] the reason is they put lot of time to draw faces [...] if you
have a timeline, something similar to this [video rendering],
you can see the time and energy that an artist will put to draw
certain parts of the drawing.” This ability to re�ect on the
way an artwork was compiled was also valued by the general
audience at the public exhibit. All 15 survey respondents
from the exhibit of the work agreed (with an average of 6.4
on the 7 point Likert scale) that the video rendering helped
them understand the order in which di�erent parts of the
sketch were drawn by the artist. In addition, most of them
agreed that video rendering helped them infer the time (13
of 15 with an average of 5.6) and e�ort (12 of 15 with an
average of 5.4) that the artists applied to di�erent parts of
the drawing.

Unique Drawing Styles. When viewing the static pieces, par-
ticipants (unprompted) tried to infer the techniques and
drawing styles of di�erent artists (e.g., gestural drawing vs
slow detailed drawing). However, after seeing the digital
outcomes from our system, they mentioned that the video

rendering provided additional information that they felt un-
able to discern from the static pieces. Both the artists and the
art viewers re�ected on the process information presented
by our probe as a means of providing insight into distinct
characteristics of individual drawing styles. (Figure 4). For
example, the participants were able to distinguish video ren-
derings of more classically trained artists from those who
had never gone through formal training based on the dif-
ferences of colors (speed) and line thicknesses (pressure).
Similarly, A6, a cartoonist, noted the unique features of his
pencil strokes by referring to the distinct characteristics of
his video rendering: “my video shows a lot of low pressure
lines [...] The reason is, I’m not so committed with my strokes.
Mostly, I like to have the luxury of wiping o� my strokes [...] I
think this rendering re�ects my typical drawing style.”

Self-Reflections on Emotions During the Drawing Process.
Apart from a means of viewing di�erent drawing styles and
techniques, some artists re�ected on video renderings as
a medium that potentially depicted their own feelings and
emotions during their drawing process. While the �nal art
piece could provide some insights about the creator’s emo-
tions and feelings, our artist participants discussed how the
video rendering showed additional information presented
gradually to correspond with each moment of art making.
A1 articulated her thoughts on this: “You can see when I feel
little bit nervous. My lines are getting little bit constrained
[...] When I’m feeling con�dent my drawings are going much
faster [...] I think [the rendering] provides the viewers more of a
window to the artist.” However, these insights were discussed
only when participants interacted with video renderings of
their own process; 90% of the viewers who took our survey
felt unable to discern any of the artist’s feeling or emotions
from the information presented though video renderings.

Wanting Additional Process Data to Deepen
Engagement. In addition to re�ecting on the drawing process
based on the sensing and output modalities of our current
system, the artists and art viewers had suggestions for addi-
tional data-gathering that could deepen their engagement
with the artistic process. They were interested in knowing
more about the artists’ unique drawing techniques and styles
by seeing how they hold pencils or other drawing utensils,
as well as gestural details, such as palm and elbow move-
ments made during di�erent parts of the drawing. Moreover,
they suggested using additional sensors to track physical
changes in the artist as they sketch, such as eye movement,
pupil dilation, and heart rate. By including this information,
participants hoped to see how the process of drawing man-
ifested in the human body. In particular, it was suggested
that either heart rate data or recorded sound of the pencil
scratching on the paper could be used to create an auditory
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Figure 4: Stills from video renderings of 4 di�erent artists’ drawing the same object.

component of our data visualization, thereby allowing the
viewer to become more enveloped in the drawing process.

In summary, our system served as a probe to prompt artists
and art viewers to re�ect on a range of latent information re-
lated to the drawing process as shown by our visualizations.
Participants also suggested collecting new types of data, in-
cluding biometrics of the artists, to deepen engagement with
the creative process behind �nished artwork. We continue
this paper by discussing the reasons why the information
inferred from our system was perceived to be so important
for both artists and art viewers.

The Importance of Process Information
In addition to their fascinationwith seeing the hidden “layers”
[A1] of drawing process behind a static art piece, there were
deeper reasons why participants expressed their interest in
our process renderings. Based on the visualizations created
by our system, our participants suggested several bene�cial
future applications for our system, including as a means
to provide feedback to artists and enhance the art viewing
experience.

Providing Feedback. For many of the artists who took part in
our drawing sessions, this was their �rst time seeing their
drawing process without being actively engaged in it. They
perceived the process information generated by our system
as a means of getting feedback on their drawing processes.
A2: “When I look at this [rendering], I look at my process of
drawing. It allows me to go back and see myself as a third
person.” Most of the participants valued this feedback as a
means of identifying the areas where they could improve
their techniques. A3’s comment re�ects the ideas expressed
by most of the other participants: “The consistency of the
pressure and speed is probably something I can work on my
drawing [...] This gives some feedback on that [...] For the style
of drawing I do, it would be helpful to be more consistent [...]
Getting feedback on what is actually happening when you

draw is really helpful.” A1 also commented on how she could
re�ect on the changes of her drawing style over a period
of time, especially after developing an injury, by looking at
the video rendering of her drawing: “I think this is kind of
important for me as a re�ection [...] A few years ago, I was an
extremely controlled drawer [...] since I started grad school I
developed Tendonitis, and I don’t have the control as I used to
[...] Now, my work has become very fast and gestural because
of that [...] I think it would be neat seeing the progression of
my hands changing and my mark changing.”

Enhancing the Art Viewing Experience. In our discussionswith
participants, we leveraged our system as a probe to exam-
ine how digital technologies can provide novel art viewing
experiences. On one hand, the process information was per-
ceived as a way to more deeply understand the work. For
instance, R2 noted that: “I, personally, like to have more infor-
mation about visual pieces. These pieces [digital renderings]
give way more information about them than the �nal products
[...] I’m excited to have all these clues about the process [...]
It is more information, information would lead you to greater
understanding [of the work].” On the other hand, participants
considered the process information to be a resource that
helps them understand the creator behind an art piece. For
instance, R1 noted that: “Everyone has a di�erent way of going
about making the same drawing, I think it does link together
with what kind of artists they are, the speed of their lines speaks
about them [...] sometimes the artist gets removed from the art
piece [...] As a viewer, for me, this information is important to
understand the person behind the art piece.” However, it was
not clear what exactly participants meant by “greater un-
derstanding of an art piece” or by “understanding the artist
behind the art piece.” Even though we encouraged partic-
ipants to tell us why they perceived the renderings to be
so interesting, they were unable to provide any unambigu-
ous answers. Perhaps, in the same way that the process of
making or viewing art contains a level of enjoyment that

CHI 2019 Paper CHI 2019, May 4–9, 2019, Glasgow, Scotland, UK

Paper 82 Page 7



CHI 2019, May 4–9, 2019, Glasgow, Scotland Uk Piyum Fernando, Jennifer Weiler, and Stacey Kuznetsov

cannot be easily de�ned, the visualizations generated by our
research probe may also contain some implicit enigmatic
value.

In addition to using our probe to re�ect on aspects of the
freehand drawing process, many participants also discussed
both the video renderings and the 3D bas-relief models as a
novel medium of art. For instance, R2 expressed his thoughts
on the artistic merit of these renderings: “In the end it is like
an aesthetic thing, more like a data driven aesthetic [...] It would
be really beautiful if they [artists] have a knowledge of what
sort of thing would come out of it. It will make an interesting
piece of art in the end.” Similarly, A4 articulated her view that
the 3D bas-relief models were art pieces that could provide
new ways of experiencing 2D artwork: “I really like that
tactile quality, I can’t put it into words [...] Something that’s
subconscious [...] I think it is an interesting art piece, something
that you can feel from the original drawing.” Likewise, 13
of the 15 survey respondents from our general audience
exhibit agreed that being able to touch the 3D bas-relief
models provided them with a novel way of experiencing
a 2D drawing and made them feel more connected to the
original pencil drawing.
In summary, our �ndings suggest that exposing the pro-

cess information, which is otherwise hidden in a �nished
art piece, can be valuable for both artists and art viewers.
As our participants pointed out, in addition to prompting
them to re�ect on artists’ processes, this information also
provided novel process-aware art viewing experiences to the
audience.

Motivations and Barriers for Sharing Process
Information
All of the artists who took part in our drawing study men-
tioned that they often share their �nal pieces with audiences
through exhibitions, art sales, or social media. In addition,
many of them pointed out instances where they shared pro-
cess information such as rough sketches, images of ongoing
work, or short time lapse videos. Below, we describe how par-
ticipants’ interactions with our probe revealed ways in which
process information might enhance viewer engagement with
artists and their work. At the same time, participants also
discussed concerns related to sharing personal and intimate
aspects of process information with di�erent audiences.

Motivations for Sharing Aspects of the Process. For our par-
ticipating artists, their motivations to share their process
information with the public varied from getting feedback to
personal satisfaction to attracting potential buyers. Some of
them (A1, A2) speci�cally mentioned that they usually share
their rough sketches or preliminary work with the public
because they �nd that people are curious to know how an
artwork is progressing. A2 also described her use of process

images as a business tactic in selling art pieces: “Most of my
pieces are commissioned. The buyers [get] excited seeing how
the piece progressed when I show them the images of di�erent
stages of the drawing. From a business perspective, when more
people get excited by seeing how the work progressed, more
people ask for their own [commissioned artwork] to be created
as well. It is more of a business tactic.”

Not surprisingly, the artists re�ected on how engagement
with art audiences could be enhanced through digital out-
puts during the creative process, such as those presented by
our probe. They suggested that seeing the sequential order
of strokes and the pressure variations could enable deeper
engagement with the underlying art making processes as
well as understanding the unique drawing styles of the artist.
The participants stated that, by seeing how each subtle pencil
stroke contributed to the �nal piece, the audience would be
more aware of and appreciate the time and e�ort the artist
spent to create the work. For instance, A4 expressed that:
“It helps people to understand the time and e�ort I put into
things, and to understand my process, too [...] It helps them
see the value of di�erent styles and appreciate them.” Inter-
estingly, perspectives of the general audience viewers from
our public exhibit also aligned with these ideas. 13 of the 15
attendees who �lled out our survey agreed (with an average
of 5.7 out of 7 on the Likert scale) that knowing more about
the drawing process helps them appreciate the artist’s work.
Furthermore, 14 respondents (with an average of 5.5 out of 7
on the Likert scale) have indicated a strong interest in seeing
the di�erent iterations and adjustments made by the artists,
including mistakes.

Deterrents for Sharing Aspects of the Creative Process. During
the group discussion, artists expressed two key reasons why
they sometimes become hesitant to share aspects of their
creative process. First, participants had general concerns over
privacy and did not want process sharing to intrude on their
practice. These concerns mainly revolved around their need
to maintain their peace of mind in order to engage with the
art piece as they are making it. All of themmentioned having
private art studio spaces which were highly customized to
their needs. They considered these physical and emotional
personal spaces to be an integral part of their art practices.
In that regard, A2 expressed how the sense of being watched
during art making would deter her ability to engage with her
work: “There has to be a distance. You have to have a personal
engagement with the piece you are making [...] If you have six
eyes watching your all the time, it isn’t going to work.”
Second, they had broader concerns about the work not

meeting certain standards and not being ready to share. As
many of the participants (A1, A2, A3) mentioned, even for
skilled artists, not every work meets their personal bar for
excellence, and there is always a risk that the end piece will
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not reach their standard. To this end, A2 mentioned that she
wouldn’t like to share the process information until she is
con�dent about the quality of end result. “I have a standard
for myself, I know to what level I can paint to, if a piece doesn’t
meet my standard or technique, I wouldn’t share the process
images with public.” While our survey results suggest that
the viewers are interested in seeing the adjustments and
mistakes done by an artist, some of the artists, especially A1,
mentioned that she would try to mask her mistakes from
the �nal piece to prevent viewers from seeing them: “There
are these moments of con�dence, moments of vulnerability,
moments of intimidation [...] That is something I don’t want
to see in a �nal piece [...] I try to mask them by putting more
shading or erasing them completely’.’

Amidst all the advantages of sharing process information
that were discussed by our participants, these sentiments of
the artists illustrate a desire to keep some distance between
themselves and the audience, and, in some way, curate what
others see of them and their work.

7 DISCUSSION AND IMPLICATIONS
We developed a research probe, consisting of a traditional
easel that unobtrusively tracks the movement and pressure
of artists’ pencil strokes, with the goal of visualizing and
displaying aspects of the artistic process that are di�cult
to discern in the �nished artworks. By using our research
probe in a series of studies with experienced artists and art
viewers, we have identi�ed a number of areas where digitally
captured information of art processes could be useful for both
groups. In addition, the artists who took part in our study
mentioned their motivations to share process information
as well as their concerns over making it publicly available.
Together, these �ndings reveal 3 concrete opportunities for
future HCI research: (1) systems for unobtrusively capturing
dynamic elements of creative processes, (2) designing new
‘process-aware’ art viewing experiences, and (3) platforms
for curating and sharing the creative process.

Unobtrusively Capturing Elements of Creative
Processes
While interacting with our probe, both the artists and art
viewers re�ected on the value of being able to see additional
information about the artistic process. They also felt that it
was crucial for any recording system to be unobtrusive in
nature and utilize familiar, traditional tools in order to allow
the artists to not deviate from their natural style. Moreover,
despite some of the advantages of digital drawing interfaces,
all of the participants expressed their preference for pencil
and paper because of the unique auditory and tactile cues
these materials provide during drawing. Overall, our �ndings
suggest sensing and visualizing aspects of �ne arts practice
as an e�ective approach for engaging viewers with how the

work was created—i.e., by showing aspects of the process
that are not visible in the �nal static piece. This brings us
to the broader question, “How can we design systems that
capture important but latent elements of creative processes
without altering their authentic traditional qualities?”.

First, speci�cally in regards to pencil drawing, our partici-
pants’ feedback suggested several other modalities that could
be sensed in addition to the pencil movement and pressure
captured by our system. Many of the participants expressed
interest in seeing artists’ hand and palm positions in order
to see how they hold drawing utensils while applying dif-
ferent drawing techniques. While future implementations
of these ideas can be grounded in the existing knowledge of
non-invasive hand gesture recognition methods [36], further
research can develop precise sensing mechanisms that are
robust enough to capture subtle di�erences between artists’
hand gestures. Moreover, both the artists and art viewers
have shown great interest in biometric information, such as
the artists’ heart rate, eyemovement, and pupil dilation while
they are drawing. Even though capturing such information
was beyond the scope of our probe, we see opportunities for
incorporating existing biosensing methods [1, 21, 47] into
our system to study the implications of tracking such data
about the artist. While recent HCI research has also shown a
growing interest in the technical and social aspects of sens-
ing human biometric data [e.g., 7, 9, 10, 37], exploring how
artists’ biometrics impact art making and art viewing expe-
riences presents new and exciting research opportunities for
CHI.

Furthermore, based on our �ndings, we see opportunities
to engage audiences with process information across other
artistic mediums, such as painting, sculpture, and perform-
ing arts (e.g., dancing [31]). From tracking the movement of
a paint brush to perceiving the pressure applied to clay by
a sculptor to sensing the subtle motions of a dancer, there
are opportunities to utilize digital technologies to capture
latent elements of a vast array of artistic practices. However,
the design of our probe highlighted the importance of im-
plementing digital sensing mechanisms that do not intrude
on the personal spaces of the artists or hinder the authen-
tic qualities of their processes. These considerations may
raise new technical challenges. For instance, how might new
HCI systems seamlessly integrate pressure sensors into the
sculptor’s palm or �ngers without interfering with his or her
natural practice? How might future technologies augment
a paint brush with motion sensors in a way that would not
cause the artist to alter their painting style? Importantly,
addressing these challenges will open up new opportunities
to merge �ne arts with popular HCI research domains such
as ubiquitous computing [e.g., 8, 23], wearable technologies
and embodied sensing [e.g., 26, 39, 43], and interactive per-
formance [e.g., 50].

CHI 2019 Paper CHI 2019, May 4–9, 2019, Glasgow, Scotland, UK

Paper 82 Page 9



CHI 2019, May 4–9, 2019, Glasgow, Scotland Uk Piyum Fernando, Jennifer Weiler, and Stacey Kuznetsov

Designing New ‘Process-Aware’ Art Viewing
Experiences
In our work, two visualization modalities—video renderings
and 3D bas-relief models—were used to present the captured
process information and were viewed not only as forms of
data representation, which can be useful for self re�ection
during the drawing process, but also considered as a new
form of digitally-mediated art. This suggests new directions
for designing ‘process-aware’ art viewing experiences.
For many viewers, understanding artistic process is an

intrinsic part of art appreciation [29]. While artistic works
can be viewed solely for their �nished properties, numerous
artists and art curators have also chosen to present descrip-
tions of process alongside the art objects [56]. In our research,
the process information presented in the video renderings
and the 3D bas-relief models provided our participants with
a novel art viewing experience, which leads us to see these
visualizations as novel forms of ‘information art.’ In recent
years, information art has emerged as a domain of interaction
design where artistic content has been generated by comput-
ers based on the processing of digital data [e.g., 5, 14, 22, 28].
These artworks show that information art can be used as a
creative way to visualize monotonous digital information
by presenting it as an artistic expression. In this light, we
believe that collected art process data can be displayed as
information art pieces integrated with the original static
artworks (e.g., pencil drawings, sculpture). In turn, these
collective digital-physical art forms could provide dynamic,
multi-sensory and process-aware art viewing experiences.
For example, the �nal result of a wheel thrown ceramic piece
can be presented with a series of 3D prints, which show the
di�erent stages of its formation process. This would give
viewers a visual and tactile experience to see and feel how
the form of the piece changed with time. Likewise, the grad-
ual change of a blob of glass during a glass blowing process
could be shown as an animation together with �nished glass-
ware, and the amount of air blown at di�erent stages could
be mapped into an audio output that could be played in the
background. However, these new creative explorations must
involve artists in the design process to remain synergistic
with the innate artistic qualities and intentions of the original
pieces.

Platforms for Curating and Sharing Process
Information
The artists we interviewed had mixed reactions about the
idea of sharing aspects of their creative process. Many par-
ticipants were willing to show the process for some of their
work, but disliked the idea of sharing their complete process
for all pieces including unsuccessful attempts. The artists’
desire to control what work is shown is in tension with what

we found to be the audience’s interest in seeing the entirety
of the artistic process, including iterations, mistakes, and ad-
justments. This tension is further complicated by the fact that
professional artists may be �nancially encouraged to share
their work, as A2 points out: “From a business perspective,
other people get excited by seeing the work progress.”
These concerns lead us to ask how future HCI sharing

platforms could support open dialogue between the audi-
ence and artist, while at the same time taking into account
concerns about privacy and observation. While each creator
will feel di�erently about what parts of their process they
are willing to share, especially when it comes to perceived
mistakes and adjustments, it is clear that any method of pub-
licly sharing process data will need to include some means of
self-curation. Digitally, this could be done through assigning
metadata, such as timestamps, descriptions, or related work,
that would be viewed with visualizations in order to process
representation. HCI research is already examining a range of
mechanisms for and challenges inherent in curation of digi-
tal content, including approaches for slowing down digital
consumption, ways to focus and clarify digital presence, and
better understanding why and in what circumstances indi-
viduals are willing to share personal information [2, 4, 19, 40–
42, 48, 54]. Future platforms for sharing process information
could explore the tradeo�s between showing large amounts
of data that could potentially overwhelm the viewer and
revealing only carefully curated information. In addition,
sharing on social platforms could allow artists to curate not
only what information they share, but also which groups,
such as close friends, students, customers, or the general
public, would be allowed to see their process. For instance, a
future sharing platform may allow artists to select certain
moments or aspects of their drawing process to be shared,
while enabling them to curate mistakes. Such systems might
also allow the viewers to comment and provide feedback
or encouragement during parts of the process. This could
enable dialogues between artist and viewer, support new
forms of critique, and perhaps lead to new communities who
want to learn and share process.

Interestingly, while the artists we spoke to wanted to cu-
rate and limit how their process information was shared,
they were also enthusiastic about sensing new, more inti-
mate aspects of their drawing process. Their suggestions
included biometric data, such as heart rate, eye tracking,
and pupil dilation. This leads us to ask what it would mean
to share biological information, which goes beyond shar-
ing a person’s �nished creation, or even crafting processes,
to displaying the innate physical, physiological, and psy-
chological processes of a human organism during creative
practice. How might sharing intimate aspects of the drawing
process, such as biometric data, tactfully support greater un-
derstanding of and feelings of connectedness with the artistic
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process? Given the current trends in biosensing and personal
informatics, HCI will likely engage with this question from
technical, social, and philosophical perspectives. In our own
research, we will continue to explore what types of data can
be unobtrusively collected, and how this information can
be shared and with whom, in order to probe the intimate
boundaries between art viewing and art making.

8 LIMITATIONS AND FUTUREWORK
In this study, we did not intend to compare or contrast the
two modalities of our system output (video rendering and
bas-relief model), therefore our work does not provide con-
crete insights into pros and cons of eachmodality.We believe,
in future work, it will be interesting to explore how di�er-
ent modalities a�ect the artists and art viewers in di�erent
ways. Furthermore, the group discussion was based on the
results of drawing activities conducted within a relatively
short time frame compared to the usual practice of the artists.
Therefore, the results of our study might have been a�ected
by novelty and may not reveal insights about the long term
use/non-use of such systems. While our use of freehand pen-
cil drawing provides a �rst step towards sensing, visualizing,
and sharing traditional art processes through digital tech-
nologies, uncovering the nuances of other art mediums, such
as watercolor and oil paint, and tactile textural qualities of
techniques, such as impasto, were beyond the scope of this
study. In our future work, we hope to improve the sensing
mechanism of our system, expand our focus towards di�er-
ent art mediums and techniques, and engage in long-term
collaborations with artists.

9 CONCLUSION
In this paper, we set out to explore how HCI sensing, vi-
sualizing, and sharing of dynamic elements of traditional
drawing processes might shape the art making and art view-
ing experience. We iteratively designed a research probe to
reveal latent information—the order of compilation, speed,
length, and pressure of strokes—as a way of engaging artists
and viewers with the techniques, processes, and emotions
displayed during �ne arts practice. Our probe is a system that
tracks the pencil movement and pressure of the freehand
drawing process on a traditional easel and then visualizes the
captured information as video renderings and 3D bas-reliefs.
We used this probe in a series of studies with artists, expert
art viewers, and general public to investigate how digital
sensing, visualizing, and sharing of previously concealed
aspects of the artistic process can in�uence both art making
and art viewing.
Our �ndings suggest that capturing and showing latent

information behind traditional art processes can support
artists’ re�ections on their own creative practices, as well
as enable art viewers to more deeply engage with �nished

works by understanding aspects of the process, including
the time and skill involved in creating the �nal piece. Our
work points to future possibilities for how process could be
recorded and shared to bene�t both artists and art viewers
while also underlining the importance for curation, privacy,
and control for those whose data is being collected. By mak-
ing process visible and tangible, our work begins to blur the
line between artistic process and �nished art product and
introduces new questions about how art will be created and
viewed in the age of HCI and hybrid fabrication.

REFERENCES
[1] Sami Ahmari, Alireza Ameri, Sivasankar Padmanabhan, Keerthi

Parameshwaran, Kareem Ragheb, and Mohammad Mozumdar. 2015.
BioMeSensi: A Wearable Multi-sensing Platform for Bio-medical Ap-
plications. In Proceedings of the 14th International Conference on Infor-
mation Processing in Sensor Networks (IPSN ’15). ACM, New York, NY,
USA, 372–373. https://doi.org/10.1145/2737095.2742920

[2] Teresa Almeida, Rob Comber, Patrick Olivier, and Madeline Balaam.
2014. Intimate Care: Exploring eTextiles for Teaching Female Pelvic
Fitness. In Proceedings of the 2014 Companion Publication on Designing
Interactive Systems (DIS Companion ’14). ACM, New York, NY, USA,
5–8. https://doi.org/10.1145/2598784.2602768

[3] Shaowen Bardzell, Daniela K. Rosner, and Je�rey Bardzell. 2012. Craft-
ing Quality in Design: Integrity, Creativity, and Public Sensibility. In
Proceedings of the Designing Interactive Systems Conference (DIS ’12).
ACM, New York, NY, USA, 11–20. https://doi.org/10.1145/2317956.
2317959

[4] Mark Blythe, Jo Briggs, Jonathan Hook, Peter Wright, and Patrick
Olivier. 2013. Unlimited editions: three approaches to the dissemina-
tion and display of digital art. In Proceedings of the SIGCHI Conference
on Human Factors in Computing Systems. ACM, 139–148.

[5] Alberto Cairo. 2012. The Functional Art: An introduction to information
graphics and visualization. New Riders.

[6] Suk Kyoung Choi and Steve DiPaola. 2015. Touch of the Eye: Does
Observation Re�ect Haptic Metaphors In Art Drawing?. In Proceedings
of the 33rd Annual ACM Conference Extended Abstracts on Human
Factors in Computing Systems (CHI EA ’15). ACM, New York, NY, USA,
579–588. https://doi.org/10.1145/2702613.2732510

[7] Christopher Chow. 2017. DeepBUFS: Deep Learned Biometric User
Feedback System. In Proceedings of the 2017 ACM Conference Compan-
ion Publication on Designing Interactive Systems (DIS ’17 Companion).
ACM, New York, NY, USA, 150–154. https://doi.org/10.1145/3064857.
3079136

[8] Eric S. Chung, Jason I. Hong, James Lin, Madhu K. Prabaker, James A.
Landay, and Alan L. Liu. 2004. Development and Evaluation of Emerg-
ing Design Patterns for Ubiquitous Computing. In Proceedings of the
5th Conference on Designing Interactive Systems: Processes, Practices,
Methods, and Techniques (DIS ’04). ACM, New York, NY, USA, 233–242.
https://doi.org/10.1145/1013115.1013148

[9] Franco Curmi, Maria Angela Ferrario, and Jon Whittle. 2014. BioShare:
A Research Tool for Analyzing Social Networks E�ects when Sharing
Biometric Data. In Proceedings of the 2014 Companion Publication on
Designing Interactive Systems (DIS Companion ’14). ACM, New York,
NY, USA, 101–104. https://doi.org/10.1145/2598784.2602793

[10] Franco Curmi, Maria Angela Ferrario, and Jon Whittle. 2014. Sharing
Real-time Biometric Data Across Social Networks: Requirements for
Research Experiments. In Proceedings of the 2014 Conference on Design-
ing Interactive Systems (DIS ’14). ACM, New York, NY, USA, 657–666.
https://doi.org/10.1145/2598510.2598515

CHI 2019 Paper CHI 2019, May 4–9, 2019, Glasgow, Scotland, UK

Paper 82 Page 11

https://doi.org/10.1145/2737095.2742920
https://doi.org/10.1145/2598784.2602768
https://doi.org/10.1145/2317956.2317959
https://doi.org/10.1145/2317956.2317959
https://doi.org/10.1145/2702613.2732510
https://doi.org/10.1145/3064857.3079136
https://doi.org/10.1145/3064857.3079136
https://doi.org/10.1145/1013115.1013148
https://doi.org/10.1145/2598784.2602793
https://doi.org/10.1145/2598510.2598515


CHI 2019, May 4–9, 2019, Glasgow, Scotland Uk Piyum Fernando, Jennifer Weiler, and Stacey Kuznetsov

[11] Jo Davies and Leo Du�. 2005. Drawing the process. Intellect Books.
[12] Laura Devendorf. 2014. Making Art and Making Artists. In Proceedings

of the 2014 Companion Publication on Designing Interactive Systems
(DIS Companion ’14). ACM, New York, NY, USA, 151–156. https:
//doi.org/10.1145/2598784.2598787

[13] Laura Devendorf and Kimiko Ryokai. 2015. Being the Machine:
Recon�guring Agency and Control in Hybrid Fabrication. In Pro-
ceedings of the 33rd Annual ACM Conference on Human Factors in
Computing Systems (CHI ’15). ACM, New York, NY, USA, 2477–2486.
https://doi.org/10.1145/2702123.2702547

[14] Chloe Fan, Jodi Forlizzi, and Anind K. Dey. 2012. A Spark of Activ-
ity: Exploring Informative Art As Visualization for Physical Activ-
ity. In Proceedings of the 2012 ACM Conference on Ubiquitous Com-
puting (UbiComp ’12). ACM, New York, NY, USA, 81–84. https:
//doi.org/10.1145/2370216.2370229

[15] Piyum Fernando, Jennifer Weiler, Stacey Kuznetsov, and Pavan Turaga.
2018. Tracking, Animating, and 3D Printing Elements of the Fine Arts
Freehand Drawing Process. In Proceedings of the Twelfth International
Conference on Tangible, Embedded, and Embodied Interaction (TEI ’18).
ACM, New York, NY, USA, 555–561. https://doi.org/10.1145/3173225.
3173307

[16] Hongbo Fu, Shizhe Zhou, Ligang Liu, andNiloy JMitra. 2011. Animated
construction of line drawings. In ACM Transactions on Graphics (TOG),
Vol. 30. ACM, 133.

[17] William W Gaver, Andrew Boucher, Sarah Pennington, and Brendan
Walker. 2004. Cultural probes and the value of uncertainty. interactions
11, 5 (2004), 53–56.

[18] Emma Gowen and R Chris Miall. 2006. Eye–hand interactions in
tracing and drawing tasks. Human movement science 25, 4-5 (2006),
568–585.

[19] Rebecca Gulotta, Haakon Faste, and Jennifer Manko�. 2012. Curation,
provocation, and digital identity: risks and motivations for sharing
provocative images online. In Proceedings of the SIGCHI Conference on
Human Factors in Computing Systems. ACM, 387–390.

[20] Chris Harrison, Julia Schwarz, and Scott E. Hudson. 2011. TapSense:
Enhancing Finger Interaction on Touch Surfaces. In Proceedings of the
24th Annual ACM Symposium on User Interface Software and Technology
(UIST ’11). ACM, New York, NY, USA, 627–636. https://doi.org/10.
1145/2047196.2047279

[21] Mariam Hassib, Mohamed Khamis, Stefan Schneegass, Ali Sahami
Shirazi, and Florian Alt. 2016. Investigating User Needs for Bio-sensing
and A�ective Wearables. In Proceedings of the 2016 CHI Conference
Extended Abstracts on Human Factors in Computing Systems. ACM,
1415–1422.

[22] Lars Erik Holmquist and Tobias Skog. 2003. Informative Art: Infor-
mation Visualization in Everyday Environments. In Proceedings of
the 1st International Conference on Computer Graphics and Interactive
Techniques in Australasia and South East Asia (GRAPHITE ’03). ACM,
New York, NY, USA, 229–235. https://doi.org/10.1145/604471.604516

[23] Jason I. Hong, Jennifer D. Ng, Scott Lederer, and James A. Landay.
2004. Privacy Risk Models for Designing Privacy-sensitive Ubiquitous
Computing Systems. In Proceedings of the 5th Conference on Design-
ing Interactive Systems: Processes, Practices, Methods, and Techniques
(DIS ’04). ACM, New York, NY, USA, 91–100. https://doi.org/10.1145/
1013115.1013129

[24] Jonathan Hook, Rachel Clarke, John McCarthy, Kate Anderson, Jane
Dudman, and Peter Wright. 2015. Making the Invisible Visible: Design
to Support the Documentation of Participatory Arts Experiences. In
Proceedings of the 33rd Annual ACM Conference on Human Factors in
Computing Systems (CHI ’15). ACM, New York, NY, USA, 2583–2592.
https://doi.org/10.1145/2702123.2702187

[25] Jennifer Jacobs, David Mellis, Amit Zoran, Cesar Torres, Joel Brandt,
and Joshua Tanenbaum. 2016. Digital Craftsmanship: HCI Takes on
Technology As an Expressive Medium. In Proceedings of the 2016 ACM
Conference Companion Publication on Designing Interactive Systems
(DIS ’16 Companion). ACM, New York, NY, USA, 57–60. https://doi.
org/10.1145/2908805.2913018

[26] Hsin-Liu (Cindy) Kao, Deborah Ajilo, Oksana Anilionyte, Artem De-
mentyev, Inrak Choi, Sean Follmer, and Chris Schmandt. 2017. Explor-
ing Interactions and Perceptions of Kinetic Wearables. In Proceedings
of the 2017 Conference on Designing Interactive Systems (DIS ’17). ACM,
NewYork, NY, USA, 391–396. https://doi.org/10.1145/3064663.3064686

[27] Rohit Ashok Khot, Larissa Hjorth, and Florian’Floyd’ Mueller. 2014.
Understanding physical activity through 3D printed material artifacts.
In Proceedings of the SIGCHI Conference on Human Factors in Computing
Systems. ACM, 3835–3844.

[28] Younghui Kim, Geri Gay, Lindsay Reynolds, and Hyuns Hong. 2015.
Mood.Cloud: Data As Art. In Proceedings of the 33rd Annual ACM
Conference Extended Abstracts on Human Factors in Computing Systems
(CHI EA ’15). ACM, New York, NY, USA, 347–350. https://doi.org/10.
1145/2702613.2744699

[29] Fred S Kleiner. 2016. Gardner’s art through the ages: The western per-
spective. Vol. 1. Cengage Learning.

[30] Scott R. Klemmer, Björn Hartmann, and Leila Takayama. 2006. How
Bodies Matter: Five Themes for Interaction Design. In Proceedings of
the 6th Conference on Designing Interactive Systems (DIS ’06). ACM, New
York, NY, USA, 140–149. https://doi.org/10.1145/1142405.1142429

[31] Celine Latulipe and Sybil Huskey. 2008. Dance.Draw: Exquisite Inter-
action. In Proceedings of the 22Nd British HCI Group Annual Conference
on People and Computers: Culture, Creativity, Interaction - Volume 2
(BCS-HCI ’08). BCS Learning & Development Ltd., Swindon, UK, 47–51.
http://dl.acm.org/citation.cfm?id=1531826.1531839

[32] Lucian Leahu, Steve Schwenk, and Phoebe Sengers. 2008. Subjective
Objectivity: Negotiating Emotional Meaning. In Proceedings of the 7th
ACM Conference on Designing Interactive Systems (DIS ’08). ACM, New
York, NY, USA, 425–434. https://doi.org/10.1145/1394445.1394491

[33] Jingbo Liu, Hongbo Fu, and Chiew-Lan Tai. 2014. Dynamic sketching:
Simulating the process of observational drawing. In Proceedings of the
Workshop on Computational Aesthetics. ACM, 15–22.

[34] Lian Loke, George Poonkhin Khut, and A. Baki Kocaballi. 2012. Bodily
Experience and Imagination: Designing Ritual Interactions for Partici-
patory Live-art Contexts. In Proceedings of the Designing Interactive
Systems Conference (DIS ’12). ACM, New York, NY, USA, 779–788.
https://doi.org/10.1145/2317956.2318073

[35] Todd I Lubart. 2001. Models of the creative process: Past, present and
future. Creativity research journal 13, 3-4 (2001), 295–308.

[36] Giulio Marin, Fabio Dominio, and Pietro Zanuttigh. 2014. Hand gesture
recognition with leap motion and kinect devices. In Image Processing
(ICIP), 2014 IEEE International Conference on. IEEE, 1565–1569.

[37] Nick Merrill, Richmond Wong, Noura Howell, Luke Stark, Lucian
Leahu, and Dawn Nafus. 2017. Interrogating Biosensing in Everyday
Life. In Proceedings of the 2017 ACM Conference Companion Publication
on Designing Interactive Systems (DIS ’17 Companion). ACM, New York,
NY, USA, 364–367. https://doi.org/10.1145/3064857.3064865

[38] R Chris Miall and John Tchalenko. 2001. A painter’s eye movements:
A study of eye and hand movement during portrait drawing. Leonardo
34, 1 (2001), 35–40.

[39] Claudia Nunez-Pacheco and Lian Loke. 2014. Crafting the Body-tool:
A Body-centred Perspective on Wearable Technology. In Proceedings
of the 2014 Conference on Designing Interactive Systems (DIS ’14). ACM,
NewYork, NY, USA, 553–566. https://doi.org/10.1145/2598510.2598546

[40] William Odom. 2015. Understanding Long-Term Interactions with
a Slow Technology: An Investigation of Experiences with FutureMe.

CHI 2019 Paper CHI 2019, May 4–9, 2019, Glasgow, Scotland, UK

Paper 82 Page 12

https://doi.org/10.1145/2598784.2598787
https://doi.org/10.1145/2598784.2598787
https://doi.org/10.1145/2702123.2702547
https://doi.org/10.1145/2370216.2370229
https://doi.org/10.1145/2370216.2370229
https://doi.org/10.1145/3173225.3173307
https://doi.org/10.1145/3173225.3173307
https://doi.org/10.1145/2047196.2047279
https://doi.org/10.1145/2047196.2047279
https://doi.org/10.1145/604471.604516
https://doi.org/10.1145/1013115.1013129
https://doi.org/10.1145/1013115.1013129
https://doi.org/10.1145/2702123.2702187
https://doi.org/10.1145/2908805.2913018
https://doi.org/10.1145/2908805.2913018
https://doi.org/10.1145/3064663.3064686
https://doi.org/10.1145/2702613.2744699
https://doi.org/10.1145/2702613.2744699
https://doi.org/10.1145/1142405.1142429
http://dl.acm.org/citation.cfm?id=1531826.1531839
https://doi.org/10.1145/1394445.1394491
https://doi.org/10.1145/2317956.2318073
https://doi.org/10.1145/3064857.3064865
https://doi.org/10.1145/2598510.2598546


A Rough Sketch of the Freehand Drawing Process CHI 2019, May 4–9, 2019, Glasgow, Scotland Uk

In Proceedings of the 33rd Annual ACM Conference on Human Factors
in Computing Systems (CHI ’15). ACM, New York, NY, USA, 575–584.
https://doi.org/10.1145/2702123.2702221

[41] William Odom, Richard Banks, Abigail Durrant, David Kirk, and
James Pierce. 2012. Slow Technology: Critical Re�ection and Fu-
ture Directions. In Proceedings of the Designing Interactive Systems
Conference (DIS ’12). ACM, New York, NY, USA, 816–817. https:
//doi.org/10.1145/2317956.2318088

[42] William Odom, Richard Banks, David Kirk, Richard Harper, Siân Lind-
ley, and Abigail Sellen. 2012. Technology heirlooms?: considerations
for passing down and inheriting digital materials. In Proceedings of
the SIGCHI Conference on Human Factors in computing systems. ACM,
337–346.

[43] Bernd Ploderer, Justin Fong, Anusha Withana, Marlena Klaic, Sid-
dharth Nair, Vincent Crocher, Frank Vetere, and Suranga Nanayakkara.
2016. ArmSleeve: A Patient Monitoring System to Support Occupa-
tional Therapists in Stroke Rehabilitation. In Proceedings of the 2016
ACM Conference on Designing Interactive Systems (DIS ’16). ACM, New
York, NY, USA, 700–711. https://doi.org/10.1145/2901790.2901799

[44] David Pye and David Pye. 1968. The nature and art of workmanship.
Vol. 4. Cambridge University Press Cambridge.

[45] Andreas Reichinger, Stefan Maierhofer, and Werner Purgathofer. 2011.
High-quality tactile paintings. Journal on Computing and Cultural
Heritage (JOCCH) 4, 2 (2011), 5.

[46] Harold Rosenberg. 1952. The American action painters. Art news 51, 8
(1952), 22.

[47] Asreen Rostami. 2017. Performing with Technology. In Proceedings
of the Eleventh International Conference on Tangible, Embedded, and
Embodied Interaction (TEI ’17). ACM, New York, NY, USA, 721–723.
https://doi.org/10.1145/3024969.3025043

[48] Corina Sas and Steve Whittaker. 2013. Design for forgetting: disposing
of digital possessions after a breakup. In Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems. ACM, 1823–1832.

[49] David A Shamma, Lyndon Kennedy, Jia Li, Bart Thomee, Haojian Jin,
and Je� Yuan. 2016. Finding weather photos: Community-supervised
methods for editorial curation of online sources. In Proceedings of
the 19th ACM Conference on Computer-Supported Cooperative Work &
Social Computing. ACM, 86–96.

[50] David A. Shamma, Renata M. Sheppard, and Jürgen Scheible. 2010.
Human-to-dancer Interaction: Designing for Embodied Performances
in a Participatory Installation. In Proceedings of the 8th ACM Conference
on Designing Interactive Systems (DIS ’10). ACM, New York, NY, USA,
356–359. https://doi.org/10.1145/1858171.1858236

[51] Kalpana Shankar. 2016. Future proo�ng the digital society: an intro-
duction to digital curation and data practices. ACM SIGCAS Computers
and Society 46, 1 (2016), 54–57.

[52] John Tchalenko. 2007. Eye movements in drawing simple lines. Per-
ception 36, 8 (2007), 1152–1167.

[53] Alda Terracciano, Mariza Dima, Marina Carulli, andMonica Bordegoni.
2017. Mapping Memory Routes: A Multisensory Interface for Sensorial
Urbanism and Critical Heritage Studies. In Proceedings of the 2017
CHI Conference Extended Abstracts on Human Factors in Computing
Systems (CHI EA ’17). ACM, New York, NY, USA, 353–356. https:
//doi.org/10.1145/3027063.3052958

[54] Elizabeth Thiry, Siân Lindley, Richard Banks, and Tim Regan. 2013.
Authoring personal histories: Exploring the timeline as a framework
for meaningmaking. In Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems. ACM, 1619–1628.

[55] Jakob Tholander, Jarmo Laaksolahti, and Stina Nylander. 2014. Experi-
encing Art Through Kinesthetic Dialogue. In Proceedings of the 2014
Conference on Designing Interactive Systems (DIS ’14). ACM, New York,
NY, USA, 113–116. https://doi.org/10.1145/2598510.2598550

[56] Adam Thomas. 2014. The spectral imagination: American art between
science and superstition in the late nineteenth century. Ph.D. Dissertation.
University of Illinois at Urbana-Champaign.

[57] Scott R Turner. 2014. The creative process: A computer model of story-
telling and creativity. Psychology Press.

[58] Barbara Tversky. 1999. What does drawing reveal about thinking?. In
IN. Citeseer.

[59] Barbara Tversky. 2002. What do sketches say about thinking. In 2002
AAAI Spring Symposium, Sketch Understanding Workshop, Stanford
University, AAAI Technical Report SS-02-08. 148–151.

[60] Barbara Tversky and Masaki Suwa. 2009. Thinking with sketches.
(2009).

[61] Ron Wakkary, Audrey Desjardins, William Odom, Sabrina Hauser,
and Leila A�atoony. 2014. Eclipse: eliciting the subjective qualities
of public places. In Proceedings of the 2014 conference on Designing
interactive systems. ACM, 151–160.

[62] Annika Wol� and Paul Mulholland. 2013. Curation, curation, curation.
In Proceedings of the 3rd Narrative and Hypertext Workshop. ACM, 1.

CHI 2019 Paper CHI 2019, May 4–9, 2019, Glasgow, Scotland, UK

Paper 82 Page 13

https://doi.org/10.1145/2702123.2702221
https://doi.org/10.1145/2317956.2318088
https://doi.org/10.1145/2317956.2318088
https://doi.org/10.1145/2901790.2901799
https://doi.org/10.1145/3024969.3025043
https://doi.org/10.1145/1858171.1858236
https://doi.org/10.1145/3027063.3052958
https://doi.org/10.1145/3027063.3052958
https://doi.org/10.1145/2598510.2598550

	Abstract
	1 Introduction
	Research Contribution

	2 Related Literature
	Studies of the Creative Process
	Digitally Mediated Art
	Digital Data Curation

	3 Sensing and Visualizing the Freehand Drawing Process
	Representing Aspects of the Drawing Process

	4 Methods and Study Design
	Individual Artist Sessions and Group Discussion
	Discussion with Informed Art Viewers
	Data Collection and Analysis
	Exhibits and Public Survey
	Limitations

	5 About the Artist Participants
	Reasons for Preferring Paper-Based Drawing

	6 Findings
	Reflecting on Aspects of the Drawing Process
	The Importance of Process Information
	Motivations and Barriers for Sharing Process Information

	7 DISCUSSION AND IMPLICATIONS
	Unobtrusively Capturing Elements of Creative Processes
	Designing New `Process-Aware' Art Viewing Experiences
	Platforms for Curating and Sharing Process Information

	8 Limitations and Future Work
	9 Conclusion
	References

