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In-person user studies show that designers draw inspiration by looking at their peers’ work while sketching.
To recreate this behavior in a virtual environment, we developed Sketchy, a web-based drawing application
where users sketch in virtual rooms and use the łPeekž functionality to gain ideas from their peers’ sketches
in real-time. To assess if łPeekž supports individual creativity through finding inspiration, students from a
Human-Computer Interaction class sketched user interface design tasks in two studies. Study 1 compares
creativity measures with and without Peek between two groups of students, where self-reports reveal Peek
increases satisfaction with their final sketch and better supports individual creativity. Study 2 took place in
a large classroom, where 90 students, all with Peek enabled, completed different design tasks. Peeking led
students to report an intention to change their sketch 18% of the time in Study 1 and 17% of the time in Study
2. Student designers were influenced by sketches that seem closer to completion, contain more details, and are
carefully drawn. They were also about three times more likely to clear their canvas and start over if they found
a sketch inspirational. Furthermore, sketches created by students with more sketching and design experience
influence less experienced student designers. This work explores the directions and benefits of incorporating
digital peeking to support individual creativity within a student designer’s classroom experience to create
more satisfactory final sketches.
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INTRODUCTION

Sketching is a primitive form of human expression, a language dating back to cave paintings. It is
an approximation of life as an artistic form. It is a way of thinking, where doodles and outlines start
a creative process. In design, it is the first essential step in a series of iterations [8] and generally
recognized as part of a suite of Creativity Support Tools [22].
User experience design values sketching as part of the process, to act as a dialogue during
ideation [8]. However, in a physical environment, the process of sketching and sharing typically do
not co-occur, as space and materials constrain it. For example, simultaneous sketching commonly
occurs in classrooms where students individually progress through a given task where they rarely
have the opportunity to collaborate and share their progress with their peers [2, 28]. Our preliminary
observations show users physically peek (i.e. view another person’s sketch) during in-person
sketching tasks to gain inspiration. Instead of limiting students to only physically peeking sketches
from those sitting next to them, we enable digitally peeking at more random sketches within an
entire classroom in real-time.
To assess both how this digital łPeekž ability can affect creativity and which features of a łpeekedž
sketch are inspirational, we run two studies in a university-level user interface design classroom
using a custom-developed web-based sketching application called Sketchy. In Sketchy, students
sketch on a device they have at hand and can freely peek at their peers’ in-progress sketches. To
enable Peek in a digital environment, Sketchy automatically synchronizes everyone’s sketches in
real-time. This way, in-the-moment inspiration can come from a student sitting five rows behind,
thus translating the physical experience of sharing sketches into a broader digital setting.
Classroom sketching reveals behavior where such peeking is part of the design process, as Loksa
[46] reports, łwe observed students peeking on the canvases of other group members, even while
still working on their own task.ž But why? Past research has shown inspiration can łfire the soulž,
playing an essential role in the creative process [27, 51]. Determining how creative or inspired a
student may be is a difficult task, given the inherent ambiguity and subjectivity of these concepts.
In the following paragraphs, we define our notions of these concepts as they will be used in this
work.
We define creativity as mini-c (personal level) creativity, as derived from Beghetto and Kauffman’s
taxonomy [35]. Mini-c creativity recognizes łthat intrapersonal insights and interpretations, which
often live only within the person who created them, are still considered creative acts.ž To evaluate
łpersonal-creativityž, Sketchy aligns itself with the Müller-Wienbergen et al. idea of an Individual
Creativity Support Tool [48]. This focus on the individual differs from the group creativity support
of 6-3-5 Brainwriting [56] and C-Sketch [60], where an individual only contributes to the group’s
final design. Similar to past studies of individual creativity support tools identified by Seidel et
al. [59], our evaluation compares digitally peeking versus a baseline condition of physically peeking
at another sketch using the Creativity Support Index (CSI) [10, 13], to measure a tool’s ability to
support creativity. Our usage of the CSI follows the recommendations of Wang et al. [72] and prior
work by Benedetti et al. [5].
In our preliminary in-person sessions, we observe users peeking their peers’ in-progress sketches
to gain inspiration for their in-progress designs. Past research and our pilot studies show inspiration
is too subjective to analyze quantitatively [64]. Asking a third party or a computational model to
label inspiration in real-time is difficult to scale; they are equally unable to reveal what a sketcher
is thinking. Why did they change something, and what part of a sketch inspired them? Since one
cannot ask the sketcher if they were inspired in-the-moment, could a more direct question serve as
a proxy?
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Sketchy’s idea of in-the-moment inspiration aligns with Cropley’s [15] idea that inspiration is
łhitting on a solution.ž From this notion, we define łinspirationž as the process of being stimulated
to imitate an idea from another sketch. Our definition of inspiration alludes to the idea of intended
change. Imitation is difficult to precisely quantify and therefore requires the use of a simple proxyÐ
in this case, posing a direct question to users while they were digitally peeking: łWill you change
your sketch based on what you see in this sketch?ž Subsequently, we quantify the actions users
perform when going back to their canvases and relate them to their answers to this question.
Our direct question follows the creative process explained by Oleynick et al. [51], where the
łprocess of being inspired by gives way to the process of being inspired to, which motivates action.ž
Following peeking, a user’s subsequent action represents the łactualizationž of their inspiration
to bring a creative idea to life, as defined by Thrash et al. [67]., in ways such as peeking again,
sketching, or erasing parts of their sketch.
Across our two studies, we investigate the nature of creativity and inspiration based on a user’s
ability to digitally peek at the nearly unlimited number of sketches being drawn concurrently by
their peers. We utilize both Sketchy and the Peek feature in classroom sketching tasks to answer
several research questions:
R1) Does having the option to digitally peek lead to higher creativity measures and satisfaction
with students’ own sketches?
R2) When do students peek, what happens when they peek, and how often does peeking inspire
them to change their sketch?
R3) What features of a peeked sketch and its creator are most associated with being inspirational?
The answers to these questions explain the Peek feature’s pedagogical contributions to the
shared real-time classroom experience, how digitally peeking supports individual creativity, and
the potential for a personalized version of Peek.
Our studies show a digital form of peeking compared to traditional physical peeking better
supports creativity by increasing users’ sense of collaboration, freedom of expression, and feeling
of satisfaction that the reward is worth the effort of sketching. Peeking itself is sometimes reported
to inspire changes in a user’s sketch, but inspiration seems to come more reliably from sketches
that are closer to completion, more detailed, and carefully created by more experienced sketchers.
Our findings further show that Sketchy supports an individual’s creativity by translating the
benefits of physical peeking into a digital setting, thus empowering an entire classroom to both
generate individual sketches and gather inspiration from other’s sketches in real-time. As part of
this work, we release the Sketchy web application1 , the data gathered from almost 500 sketches,
and the associated labels of whether they inspired a change in the peeker’s sketch.
2

BACKGROUND AND RELATED WORK

2.1 Creativity Support Tools
Creativity Support Tools provide digitally-mediated assistance to enhance the creativity of groups
or individuals. In Painting with Bob, Benedetti et al. [5] created a digital painting tool to increase
creative expression and evaluated results using the Creativity Support Index [10, 13]. Sketch-Sketch
Revolution [20] generates tutorials from sketches and workflows of experts to help novice users.
Other systems provide specific instructions for users to follow. For example, ShadowDraw [41]
dynamically updates a shadow image underlying a user’s strokes (similar to tracing a background
image), and Iarussi et al. [31] presented a drawing tool that automatically extracts construction
lines to help users draw more accurately. In contrast, Sketchy provides a more leisurely approach
1 The

Sketchy web application and data: https://sketchy.cs.brown.edu/
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and allows users the agency to look for inspiration until they are satisfied. This is a passive ideation
approach rather than active, which would have required proposing specific actions.
Other Creativity Support Tools focus on educating users, rather than providing assistance,
through intelligent tutoring systems that provide personalized feedback. For example, SketchTivity [73] aims to improve creativity by allowing instructors to provide real-time feedback on sketches
outside the classroom. Building on the idea of real-time feedback, Keshavabhotla et al. [36] developed a system that applies instructor insights and observed pedagogical practices to develop
progressive exercises, which use sketch recognition to give real-time feedback. Other tools blur the
line between human and AI feedback on sketches, such as the text-based facilitator used by Walsh
and Wronksy [70] to increase engagement with a sketching activity.
Our work does not focus on real-time feedback of sketches, but rather on providing students
with a shared real-time progression through sketching tasks. This allows students to find examples
from their peers that support their creativity in short tasks, e.g. about 4 minutes, and therefore
alleviates the need for instructor interaction or a trained complex model to provide this feedback.
2.2 Providing Inspiration in Iterative Design
Inspiration, recently the subject of many studies, is a key contributor in the creation process [12, 32].
How to support inspiration in art is an open question [69]. Past researchers explored real-time
feedback mechanisms [49] in an attempt to support creativity in lab settings. Wang et al. [71]
developed IdeaExpander, a system that supports group creativity by showing pictorial stimuli based
on dynamic conversational content. Sketchy, however, is evaluated in classrooms rather than lab
settings. Extending from prior work, Sketchy examines the role of co-inspiration among peers, as
opposed to its role solely on the individual.
Another approach to generate inspiration is for designers to search through collections of prior
examples. Juxtapoze generates a database of clip-art using the shape of the intended object [6], while
Co-3Deator hierarchically focuses on 3D sketching by directly swapping constituent components
for work done by peer designers [54]. Goucher et al. text-mined crowdworker’s written design
solutions to extract inspiration stimuli that were later presented to participants [24]. In a classroom,
it would be time-consuming for crowdworkers to pre-generate all possible stimuli, thus the Peek
feature automatically provides these stimuli by allowing students to see random sketches from
others simultaneously working on the same task.
Researchers have also ran pilot studies and searched repositories to provide sketching examples at
different intervals as stimuli for participants. While Kulkarni et al. showed that repeated exposure
to sketches improves the creativity of generated ideas, these ideas were only shown at fixed
intervals [38]. Siangliulue et al. showed that allowing users to see examples when they want to,
or łon-demandž, is more effective [61]. The Peek feature builds on Siangliulue’s work by enabling
the łon-demandž condition in a realistic classroom setting [61]. Peek relies on a group of users to
simultaneously sketch and provide their work as possible inspirational stimuli to their peers. A
teacher could use Sketchy for any sketching task without running pilot studies or curating online
repositories for inspirational stimuli. This real-time experience of co-creating and inspiring allows
for the analysis of not only the sketch itself, but also of the creator.
2.3 Collaboration & Creativity: Shared Progression Encourages Learning
Past research efforts have focused on the benefits of a collaborative environment for improving
efficiency and quality in artwork but have failed to study supporting inspiration [58]. Lee [40] aimed
to increase collaboration and create complex artifacts by investigating the benefits of asynchronous
interactions within real-time collaborations. Exploring these ideas in a paid crowdsourced microtask environment, Gingold et al. [23] looked at averaging crowdsourced drawings to produce
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high-quality output from low-quality input. Limpaecher et al. [42] created a stroke-correction
method to improve strokes in real-time using a crowdsourced drawing database. Finally, Lasecki
et al. [39] created a prototyping tool allowing designers to quickly iterate and gather feedback by
automating and crowdsourcing elements of their interfaces.
Researchers have studied asynchronous collaborative analysis in non-sketching settings. Goyal et
al. developed SAVANT, a collaborative sensemaking web-based tool, which enables implicit sharing
and knowledge synthesis through a post-it note interface [26]. Aandolina et al. uses a similar post-it
note whiteboard interface for paid crowdworkers in order to gather real-time creative input during
early-stage design activities which would improve brainstorming and concept mapping [1]. In
another example, Goyal et al. study implicit knowledge sharing in a collaborative analysis tool [25],
showing that participants retain more information and perceive the tool as more useful compared to
when sharing is disabled. Sketchy compares its digital collaborative feature Peek against a baseline
of physical peeking, thus building upon these ideas of knowledge-sharing in the context of an
individuated collaborative sketching approach. Ren et al. proposes fostering a collaborative culture
and acknowledges the importance of the individual stakeholder group. Similarly, Sketchy focuses
on empowering the individual while also enhancing collaboration [55].
Previous studies emphasized enabling multiple people to collaborate on a single project, with
the idea that a group of users will create better designs than individual users [60, 76]. In contrast,
our studies show how to support an individual’s creativity and satisfaction with their final design
by allowing them to see their peers’ sketches.
2.4 Analysis of 2D Stroke Data
One goal of this work is to understand what features of a sketch someone might find inspirational.
While human behaviors such as sketching or design experience play a part, the analysis of a user’s
strokes while sketching might yield valuable insights. Eitz et al. [19] performed with 56% accuracy
the first large-scale sketch explorations, finding that humans can correctly identify the object
category of a sketch 73% of the time. Their study analyzes rasterized sketches, whereas we analyze
strokes as sequences of XY coordinates. Our analysis of 2D stroke data, we believe, might be more
natural and facilitate simpler synthesis applications. Tu et al. [68] previously demonstrated that
sketching with pen and finger gestures are similar in many respects, including articulation time,
indicative angle difference, axial symmetry, and proportional shape distance.
Tchalenko [66] noted that novices and professional artists are similarly accurate when drawing
simple lines, though experts were inclined to divide complex lines into easy-to-draw segments.
However, Liu et al. [45] found that it is common to have strokes with similar geometric properties.
Also, different semantics relying on low-level geometric properties such as proximity, continuity,
and parallelism, may not be accurate. Our analysis focuses on geometric features derived from
hundreds of sketches in order to select the most relevant features to be used for intent classification.
3

PRELIMINARY OBSERVATIONS: IN-PERSON SKETCHING

We ran two preliminary in-person sketching sessions to inform the design of the Sketchy application
and its features. The goal was to qualitatively observe how people with a range of abilities performed
over several tasks when given a choice to inspect others’ work.
Participants were recruited via convenience sampling with occupations ranging from designers
and software engineers, to product managers and directors. Participants were from the same large
company; hence they could know each other. The two sessions consisted of 6 and 3 participants,
respectively (40% female), with an average age of 30 years. Participants sat around a table and used
a pen and paper to perform the following tasks:
Proceedings of the ACM on Human-Computer Interaction, Vol. 4, No. CSCW2, Article 172. Publication date: October 2020.

This is a preprint for personal use only. The published paper may be subject to some form of copyright.

172:6
(0)
(1)
(2)
(3)
(4)

Shaun Wallace et al.
Sketch a low-fidelity mock-up of a sun. (warm-up task)
Sketch a button a user can click.
Sketch a 5-pointed star.
Create a typeface (i.e. font) and write the word łSketchyž with it.
Perform a low-fidelity redesign of the Sketchy landing page.

Each task lasted around 3 minutes to simulate the experience of creating and exploring ideas.
The idea is for participants to share in their sketching experience in real-time under the same
constraints. Participants were not asked to view or imitate each other’s sketches.
3.1 Peeking for Ideas and Inspiration
We observed every participant in the first session looking at other participants’ sketches when their
progress stalled. Participants said they were trying to gain insight on how to sketch a challenging
aspect of the task when asked to explain this behavior. For example, in Task 1, P2 looked at P4’s
sketch because they wanted to imitate how P4’s design captured the intention that the 3-dimensional
button łneeded to be pressed.ž Participants often spent more time looking at sketches that were
either more complete or were drawn by someone more experienced (e.g. professional designers).
During their design process, participants examined sketches at different stages of completeness,
indicating peeking is potentially beneficial. They would often pause and look at their sketch,
and then slowly look around the room at others’ sketches. This highlights the importance of the
shared experience; participants shared their progression and sought ideas from their peers who
had progressed further.
Behaviors supporting the importance of prior experience and level of completeness occurred
during Task 2 (designing a typeface) when P3 said, łI might have an advantage because my spouse
designs typefaces.ž After that statement, each participant’s attention focused on P3’s approach and
results. At the core, participants sought to gain ideas from others which they could take back to and
use to improve their in-progress sketches. This observation led to the creation of the Peek feature
within Sketchy, aiming to serve as the digital equivalent to this physical behavior, and avoiding the
constraints of physical environments or the number of participants.
3.2 Inspiration Leads to Imitation
Findings from the second session further emphasize the importance of viewing others’ sketches in
real-time during sketching tasks. Rather than brainstorming abstract concepts, participants looked
for ideas they could observe and bring back to their sketches.
Each participant would sketch a specific concept, such as the spacing between letters, and then
try to implement another concept. If their process stopped, they would imitate a concept from
another participant through peeking. For example, in the middle of Task 2, P1 paused and tapped
their pen on the desk, apparently contemplating their next step. P2 then imitated a concept (thicker
lines) from P2 to improve their sketch, see Figure 1. When prompted, P1 felt that when viewing
other sketches, łthe process is more important than the result.ž
After the task, we wanted to explore what participants were looking for when physically peeking.
As P1 explained, łSeeing what effect works gives me inspiration. If I do not see anything, I have to
imagine it. Imagining is hard because it is not concrete.ž P3 described their ideal learning scenario
as one in which ła person would be drawing and presenting it at the same time.ž Such observations
informed the design decision in Sketchy to update the Peeked sketch in real-time. Also, the second
session found that participants look for unique features in a sketch to find inspiration. P1 stated,
łtrying to create something too realistic proved difficult.ž P1 demonstrated they could improve
their typeface design by imitating unique features that inspired them from P2 (Figure 1). From
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Fig. 1. In session 2 of preliminary study, P1 improves design by imitating a feature they find inspiring from
P2’s typeface design. (P1: top; P2: bottom right; P3: left)

our observations, we aim for Sketchy to capture and share this in-the-moment inspiration through
a digital form of peeking which enables a flexible co-learning experience where all users have
equitable access to sketching examples generated in real-time.
4

THE SKETCHY APPLICATION

While the application itself is not the core contribution of this paper, we provide implementation
details to contextualize and explain the Peek feature.
4.1 Design Considerations
In our preliminary observations, users seek inspiration from their peers to realize their creative
ideas through a shared experience. This observation reinforces the idea that users can inspire each
other as they progress through their designs. The Peek feature takes a fundamentally different
approach to support creativity: (i) Rather than having a group of students collaboratively create
one final design, each student creates their own final design. (ii) Each student has control over their
work and can freely choose to view others’ in-progress sketches for inspiration. This user-first
control allows students to work on similar tasks with their peers without relinquishing independent
creative control.
We blended in-person observations with traditional design considerations from literature [5, 8, 61]
to support student designers from a user interface design course based on the following principles.
Supporting Creativity: The preliminary in-person study shows that participants can quickly
become stuck on an idea without knowing how to implement it. Developing and witnessing many
ideas in parallel can produce more diverse and higher quality results [18]. Conversely, choosing a
design concept too early can result in design fixation [33], which can limit idea generation, even
in experts [16]. The łPeekž feature can help reduce design fixation by exposing users to diverse
ideas generated by their peers. Peek allows creators to passively share their in-progress work, like
Mosaic [37], enabling users to see sketches evolve in real-time. The timing of seeing sketches in the
creative process is also essential; seeing sketches earlier tends to be better for creativity [38]. Users
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are free to Peek at any moment to help kick-start their creative process since previous research has
shown that allowing users to see sketches when they want helps to generate better ideas [61].
Building a Collaborative Space: In design education, designers typically share feedback in colocated studio settings [34]. Participants in design critiques often share their creative work with
peers, exchange feedback and reflections, evaluate design approaches, interpret the concepts or
artifacts, and brainstorm future possibilities [17]. Through the Peek feature, Sketchy aims to scale
the number of participants collaborating by moving this experience into an unlimited virtual space.
This space streamlines the ideation and the exploration processes by allowing users to peek at their
peers’ sketches and then return to their drawings. Sketchy enables a consistent viewing experience
across devices within this digital space by smoothing strokes and rendering the final output in
Scalable Vector Graphics. This virtual collaborative łspacež can enable the creation of classes with a
dual format of remote and in-person students, by allowing all students to sketch in a single virtual
setting.
Individual results: Different users can create different results. Developing a personal style is
critical to creative expression [5]. Sketchy, unlike C-sketch and skWiki, does not constrain users to
drawing on another user’s sketch [60, 76]. In contrast, users in Sketchy create their sketch without
others directly changing their work. In Sketchy, users are free to explore their ideas and create
different sketches, a key feature for creative expression (Figure 3).
4.2 Implementation
Based on the design considerations above, Sketchy offers a simple toolkit and functions on devices
that users typically carry (mobile, tablet, and laptop), thus allowing for built-in real-time inspiration, which provides each user with their own sketching environment within an infinite virtual
collaborative space. These features allow users to create low-fidelity designs through drawing on a

Fig. 2. Users can draw, peek, undo, redo, clear, change stroke color, and view voting history of their sketch
using Sketchy’s interface.
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Fig. 3. Study 2 - Task 2. Users łDesign a logo for a company that disposes of E-Wastež. Sketches are unique
but can share similar concepts, from a lighting bolt and recycling symbols to batteries.

web-based canvas (Figure 2) and to view sketches across different devices and screen sizes while
retaining a sketch’s intended resolution.
4.2.1 Input Methods. Sketchy has three different input methods. First, in Drag Mode, users
click, hold, and drag with a mouse or touchpad to draw. In Drag & Keyboard Mode, users press
and hold the d key while Sketchy records all subsequent mouse movements as strokes. This mode
lets users draw with greater precision since each hand performs one action, similar to how someone
can draw using one-finger on a touchscreen device. Finally, in Touch Mode, users drag their finger
to draw strokes, similar to finger painting.
4.2.2 Recording User Interactions. Sketchy records all user interactions: strokes, undo, redo,
clear, peeking, and user votes, in a central database.
Sketchy’s draw tool provides six colors for strokes: blue, green, gray, orange, red, and purple.
The intention of implementing simple controls is to decrease the learning curve for the less
experienced students in a class. Sketchy simulates a realistic sketching experience by rendering
strokes resembling those made by a colored pencil. To simulate the imperfections of colored pencils,
Sketchy first renders a fixed-width stroke and then creates smaller strokes with randomized opacity
and offset from that initial stroke.
Sketchy has buttons for undo, redo, and clear functionality. Users can undo and redo all of their
previous strokes. Clear allows a user to erase their canvas, an action which can indicate that a user
wants to change their sketch entirely after peeking.
4.2.3 Peek Feature. While working on the same task, the Peek feature enables a user to view,
or łpeekž, their peer’s in-progress sketch. A user will see a peeked sketch update in real-time as
their peer progresses, simulating a real-world sketching environment. It is common for users to
peek unfinished sketches. Peek selects a random sketch with at least one stroke, and will not show
the user the same sketch again unless they view all other sketches. This functionality mimics the
observed behaviors from the preliminary in-person study.
To exit the Peek view (Figure 4), users choose Yes or No to the question: łWill you change your
sketch based on what you see in this sketch?ž The user’s vote become labels corresponding to the
in-progress sketches. From the earlier preliminary observations, we expect that when a student
changes their sketch, this is a positive action, based on the intuition that one would want to change
their sketch to make it better.
In sum, the Peek functionality enables the real-time generation and viewing of sketching examples. Unlike prior works, Peek allows users to simultaneously develop ideas and co-inspire each
other through the shared experience of using the same system under the same time constraints.
Furthermore, in a classroom setting peeking allows students to understand their peers’ design
decisions, sometimes even watching others change their minds and restart a sketch.
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Fig. 4. The interface users see when they Peek. The peeked sketch will update in real-time if new strokes are
added or undone. To exit this interface they must answer the above question with either a łYesž or łNož.

5

STUDY PROCEDURE FOR USER STUDIES

We conducted two studies to answer our research questions. Study 1 seeks to address R1 with a
between-subjects study design, while both studies evaluate R2. Study 2 addresses the descriptive
question R3 through its larger sample size. Both studies demonstrate how Sketchy and its digital
Peek feature can be used in different style classrooms. Study 1 is run in an informal lab setting with
multiple round tables, while Study 2 is run in a large classroom (an auditorium in this case). By
running these two studies, we can observe the Peek feature in the context of R2 across a diverse set
of six sketching tasks versus three.
Students voluntarily participated in both studies (without earning course credit or a grade). They
consented to participate in the study and share their data anonymously. Six $9.50 gift cards to a
local restaurant were raffled. The prompt for each task was informed by prior pilot studies. Both
studies lasted about 20 minutes, and besides the 1 minute warm-up tasks, students were given 4
minutes to complete each task and were never asked to peek. The data from the warm-up tasks
was not used for analysis.
When Peek was enabled, students saw a slide showing how to use it. In our pilot testing, we
observed students often physically peeking at the screens of others sitting next to them. Hence,
when Peek was not enabled, we told students it was okay to look at their neighbor’s screen. In
Study 1, we could compare the results of physical versus digital peeking because all students sketch
with the same digital drawing tools available in Sketchy. Our local Institutional Review Board
approved these procedures.
5.1 Study 1: Creativity Differences with the Peek Feature
Study 1 was conducted during a snack break (as depicted in Figure 5) between two different lab
sessions of a university user interface course. It compared creativity measures with and without
the Peek feature, using the Creativity Support Index [10, 13], between two groups of undergraduate
and graduate students from a user interface class.
Students voluntarily signed up for the lab session of their choice. They had no prior knowledge
of Sketchy. The first group of 58 students used a version of Sketchy without the Peek feature. The
second group of 41 different students used Sketchy with Peek enabled. A digital form of peeking
should theoretically expose students to more sketches than physically peeking at the screens of
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Fig. 5. Students sketching in a lounge during Study 1.

students next to them. We removed students from the analysis who did not complete all tasks,
including the survey at the end. The analysis consists of 31 and 28 students respectively.
The students were asked to perform one warm-up task to familiarize themselves with the system
and then three design tasks:
(0) Draw a tree. (warm-up task)
(1) Draw an icon that represents saving to disk on a computer. No floppy disk icons are allowed.
(2) Draw a logo for a water utility company called Clean Water. The logo must contain the letters
łCž and łWž.
(3) Draw a gesture that desktop computer users can trace out with their mouse in order to
simulate a click, without having to physically click. The main challenge is for the design to
be difficult to perform accidentally, while being easy to perform intentionally.
5.2 Study 2: Peek Behavior and Inspiration in a Classroom
We conducted Study 2 at the end of a user interface design class with 115 students who volunteered
to stay. From that initial group, 90 students completed all parts of the study, including a pre- and
post-survey. All students in this study used Sketchy with the ability to Peek at any time.
Some participants may overlap with Study 1, but the exact number is unknown because the data
is anonymous. In this study, students performed four slightly different design tasks, for a change of
pace:
(0) Draw an expressive face. (warm-up task)
(1) Draw an icon to represent drinkable water.
(2) Design a logo for a company that disposes of E-Waste. An added constraint was that the logo
must have contained the letters łEž and łWž.
(3) Draw a pattern for a mouse to trace that will erase whatever is underneath the mouse cursor.
5.3 Study Surveys
First, students consent to the study procedures and answer the following multiple choice questions
using Likert scale responses:
(1) What is your level of sketch experience?
(2) What is your level of design experience?
(3) How likely are you to sketch ideas before starting a project?
(4) How effective do you feel viewing other Sketches would be for improving your own sketch?
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(5) Which of the following methods do you typically use to gain inspiration for graphic design?
The options for this question were łLooking at photographs of real-world objectsž, łView
images of designs on the Internetž, łFind a collaboratorž, łOtherž, and łNonež.
During the study, when students digitally peek, they answer a question asking whether the
sketch they saw would cause them to alter their own sketch. During our pilot studies, we deliberated
about different ways to determine if a user gained value from peeking at a sketch. Simply asking if
the sketch provided value or inspiration was ill-defined and not specific enough for participants.
Automatic estimates of whether an action came as a result of peeking are also challenging to define
computationally. [64, 74]. Eventually, we decided to ask the user whether they intended to change
their sketch after they peeked. This operationalization of inspiration seemed more manageable for
users to judge quickly and serves as a meaningful proxy for inspiration as an outcome. So after
viewing a sketch, the user is prompted, łWill you change your sketch based on what you see in
this sketch?ž
We ran a pilot study to assess if participants should answer this question using a binary response
(Yes/No) versus a 5-point Likert scale. We found no differences comparing each question type.
Hence, we decided to use a simpler binary question for participants to answer when peeking.
After completing each sketching task, students rated how satisfied they were with their final
sketch using a 5-point Likert scale. Finally, after completing all tasks, in a the post-survey students
completed the Likert scale questions, assessed Sketchy by ranking the components for the Creativity
Support Index [10, 13], and answered the following questions:
(1) Students in Baseline (No Digital Peeking): How effective was viewing the sketches of people
sitting next to you for inspiration?
(2) Students who only used Peek: How effective was the Peek feature for finding inspirational
sketches?
(3) All students: How effective was viewing a sketch conceptually different from your own for
inspiration?
(4) All students: How effective was viewing a sketch conceptually similar to your own for
inspiration?
6

RESULTS

In this section we first evaluate the results of Study 1 to answer R1. Then, we present results from
the small and large classroom studies, Studies 1 and 2 respectively, to answer RQs 2 and 3. Finally,
to ensure a balanced sample, we evaluate the 2D stroke data from Study 2 to answer R3, since Study
2 had four times as many peeks as Study 1.
To investigate these research questions, t-tests were used to compare both the results between
conditions, including Likert-scale responses, and the 2D stroke data following the guidance provided
by past findings [4, 50, 63]. Unless otherwise specified, data passed both the Shapiro-Wilk test of
normality and Levene’s test of homogeneity of variances.
Our analysis is conducted per peek because different users are exposed to different stimuli at
different times. Students see a new sketch at every peek because sketches are continuously updated.
Each action (sketch, undo, redo, or clear) can cause a sketch to change while being peeked. Typically,
we would need to aggregate multiple peeks on a sketch if multiple users saw the same version of
that sketch at the same time. We conducted an analysis that shows this did not occur.
6.1 Data Overview
Overall, across the two studies, 149 students completed all requirements and performed 447 tasks,
sketching over 10,000 strokes, and peeking 3,631 times. Across all studies 61% of students used
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a mobile device (i.e. a phone or tablet). The next two sub-sections provide answers to possible
questions about participation and device usage in both studies.
6.1.1 Peeking Increased Completion Rates of Tasks. Students’ data was only used if they completed the entire study. Participation was voluntary, and they could leave at any time. In Study 1,
53% of students who had Peek disabled completed all tasks, compared to 68% of students who had
Peek enabled. This result shows that Peek can increase engagement across the same set of tasks. In
Study 2 (large classroom) all students had Peek enabled and 78% fully participated. A combination
of factors, such as timing, setting, and tasks, could influence this increase in participation.
6.1.2 Controlling for Mobile Devices. The device used (mobile versus non-mobile) did not affect
the timing or frequency of peeking, or the number of sketches that inspired a design change per
student in either study. Notably, peeking a sketch made on the same type of device did not affect if
a sketched inspired a design change. Hence, students can peek sketches made on any device. These
results show users can bring their own device when using Sketchy, and the distribution of mobile
versus non-mobile devices will not affect the perceived quality of sketches.
Task
Average Peeks per student
Total peeks

Study 1 (N=28)
1
2
3
6
166

10
273

10
289

Study 2 (N=90) Total
1
2
3
10
923

8
14
734 1,246

Peeks that led to an intention to change sketch 20% 22% 13% 16% 21%
Students who intended at least one sketch change 46% 75% 61% 36% 43%

14%
46%

31
3,631
17%
72%

Table 1. Summary statistics for Peeking in Study 1 (Peek Group) and Study 2 (Large Class). The Total column
summarizes both studies. Task 0 was a warm-up and therefore is not analyzed. Peeking was frequent across
all tasks, and students intended to change their design after peeking 18% of the time in Study 1 and 17% of
the time in Study 2. Students peeked more on average per task when there was a lower chance a peek would
lead to a design change, indicating students kept searching for an inspirational sketch.

6.2 Digitally Peeking Leads to Creativity
Study 1 was a between-groups study that compared a group of 28 students with the Peek feature
enabled to a group of 31 students without it. The students who did not have Peek enabled relied on
physically peeking in the social setting of the lounge. Students reported their perceptions from
peeking and responded to the Creativity Support Index survey in an end-to-study survey. Creativity
measures were higher in the group with Peek enabled, as seen in Figure 6, with the overall CSI
score and three individual component differences being statistically significant.
A higher CSI score indicates better creativity support [13]; in Study 1, the overall CSI score is 72.3
for students with Peek enabled, compared to 64.4 for students without it. A one-tailed t-test reveals
this 12% increase in CSI scores while using the Peek feature is statistically significant t(57) = 2.19,
p = 0.02, d = 0.57. This result shows that the Peek feature adds creative value to Sketchy, especially
when compared to similar tools such as AutoDesk SketchBook Express, which received a CSI score
of 64 [13].
6.2.1 Comparing the Creativity Support Index Components. The Creativity Support Index consists of six components, each rated on a 5-point Likert scale. The following three components
saw a significant increase when Peek was enabled: Collaboration, Effort/Reward Tradeoff, and
Expressiveness.
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Fig. 6. The CSI score from students who had Peek enabled in Study 1 was 12% higher than the baseline
(p = 0.02). Each of the average CSI component scores and their distributions were higher than the baseline.
Circles contain the mean per component ś an asterisk (*) indicates a significant difference between Peek and
the baseline. Colors per bar represent the percentage of participants who selected the Likert scale option.
These results show that adding the ability to digitally Peek increased creativity.

Collaboration: łI was able to work together with others easily while doing this task.ž
Students with Peek enabled rated the collaboration component 3.52 on average, while students
without Peek rated it 2.94. A one-tailed t-test shows this 19% increase in perceived collaboration is
statistically significant t(57) = 1.73, p = 0.04, d = 0.46. This result indicates peeking effectively
facilitates collaboration and shows Sketchy supports the idea by Ren et al. to create a collaborative
culture by adding functionality to empower the individual stakeholder group [55].
Effort/Reward Tradeoff: łWhat I was able to produce was worth the effort required to produce it.ž
Students with Peek enabled rated the effort/reward tradeoff component 3.71 on average, while
students without Peek rated it 3.13. A one-tailed t-test shows this 16% increase in perceived
effort/reward is statistically significant t(57) = 2.42, p = 0.01, d = 0.63, indicating that Peek reduces
the effort required to create a sketch. Since much of the effort involved in creating a sketch is
coming up with an idea, this result indicates that Sketchy can effectively help users find better
ways to integrate abstract concepts, see Figure 7.
Expressiveness: łI was able to be very expressive and creative while doing the task.ž
Students with Peek enabled rated the expressiveness component 3.43 on average, while students
without Peek rated it 2.84. A one-tailed t-test shows this 21% increase in perceived effort/reward is
statistically significant t(57) = 2.22, p = 0.02, d = 0.58, indicating that Peek, by freely exposing
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students to a wider variety of ideas, allows them to find and express their own concepts better than
physically peeking. This result supports the idea that the user should feel as much freedom for
creative expression as possible [5].
Before Peek

Sketch peeked at
(Voted Inspirational)

Changes after peek

Before Peek

Sketch peeked at
(Voted Inspirational)

Changes after peek

Stu
Ac

Fig. 7. Examples of students imitating a concept from a peeked sketch they voted as inspirational. The top
left sketch (Study 2, Task 1) imitates the smiley droplet. The top right sketch (Study 1, Task 3) imitates using
red lines with arrows to indicate the cursor direction. The bottom left sketch (Study 1, Task 2) imitates the
placement and inclusion of łEW.ž Lastly, the bottom right sketch (Study 1, Task 1) imitates the box’s 3D
dimensional shape.

6.2.2 Physical vs. Digital Peeking. Sketchy’s Peek feature seeks to digitally mimic the act of
physically peeking over one’s shoulder. Students who had Peek enabled were asked łHow effective
was the Peek feature for finding inspirational sketches?ž whereas students who did not use Peek
were asked łHow effective was viewing the sketches of people sitting next to you for inspiration?ž
Students from Study 1 found digitally peeking to be 40% more effective than physically looking
at their neighbor’s sketch for finding inspiration. A two-tailed t-test shows this increase was
statistically significant, t(57) = −4.3, p < 0.01, d = 1.13. This shows digitally peeking within a
classroom setting can expose students to more ideas in a shorter amount of time than relying on
finding ideas from the people sitting next to them.
After each task, students using the Peek feature were asked two separate 5-point Likert scale
questions about their experience seeing conceptually similar and different sketches. Generally,
students wanted to see sketches that were conceptually different from their own. In the post-survey,
students who had Peek enabled were asked: łHow effective was viewing a sketch conceptually
different from your own for inspiration?ž and łHow effective was viewing a sketch conceptually similar to your own for inspiration?ž Students from Study 1 believed that viewing a sketch
conceptually different from their own was around 15% more inspirational. A paired two-tailed
t-test shows this difference was statistically significant t(27) = 2.01, p = 0.03, d = 0.49. Also,
students from Study 2 believed that viewing a sketch conceptually different from their own was
around 11% more inspirational. A paired two-tailed t-test shows this difference was statistically
significant t(89) = 3.42, p < 0.01, d = 0.38. These results hold across both small and large settings
and across different tasks. A student might want to see a sketch conceptually similar or different
during different stages of the creative process. For example, maybe it is more important to view
conceptually different sketches during the ideation stage, but conceptually similar sketches during
the final stage in order to compare various implementations of ideas.
Students answered how satisfied they were with their final sketch on a 5-point Likert scale
after each task. In Study 1, students who had Peek enabled rated their satisfaction an average of
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3.60, while students without Peek rated their satisfaction an average of 3.11. A two-tailed t-test
shows this 16% increase in the level of satisfaction is statistically significant t(177) = 2.65, p < 0.01,
d = 0.46, indicating the inclusion of Peek led to students feeling more satisfied with their final
design for each task. This result shows Peek can increase individual satisfaction by supporting the
individual stakeholder, similar to Benedetti et al., instead of supporting the group’s final design,
such as C-Sketch and skWiki [5, 60, 76].
6.3 Peeking Occurred Often and Inspired Changes
The large classroom study (Study 2) offered additional observations of what happens with peeking
behavior in Sketchy at scale. This data combined with Study 1 yields insights across a wider variety
of sketching tasks. These quantitative insights focus on how often students peeked, when they
peeked, what happened when they peeked, and how often peeking inspired them to alter their own
sketch.
In the large scale study, 90 students completed every task and survey, while 28 did so in the
smaller setting. There were a total of 2,903 instances of peeking during the classroom study and
728 in the smaller setting. Overall, 58 students (64%) in the large classroom and 27 students (96%)
in the smaller setting were inspired to change their sketch at least once. As shown in Figure 7,
students took ideas back to their own sketches across a variety of tasks in both studies. Table 1
shows that peeking remained consistent across each task per study, demonstrating that students
stayed engaged and continued to use Peek to seek ideas. Peeks in the final task of each study had
the lowest chance of inspiring a design change. However, students peeked more frequently during
these tasks, indicating a possible relationship between increased peeking and task difficulty.
Table 1 summarizes peeking behavior of students using the Peek feature in Studies 1 and 2.
Multiple Peeks were possible during a task. In the classroom study, peeking led to an intentional
design change at some point during the task 17% of the time. In the subgroup in Study 1 that used
Sketchy with Peek, this happened 18% of the time. The proportion of Peeks leading to a design
change was similar between the two groups of users, for both sets of tasks were slightly different
in what they asked for but retained the same format.

Fig. 8. Distribution of peeks over time across both studies that lead to and did not lead to design changes.
Overall, students appear to sketch first and then peek later. While students peeked throughout each task
they most commonly peeked during the middle of each task, 68% of peeks occurred between 90ś150 seconds
after the task began.
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Digitally peeking occurred throughout both studies, with 68% of all peeks occurring around the
middle of each task, see Figure 8. During the first minute of a task, it was 42% more likely for a
sketch to be voted as non-inspirational. This indicates that a sketch might require more details
in order for someone to find it inspirational. This cold-start problem begins to dissipate after the
1-minute mark. Across both studies, peeks leading to a reported design change occurred 16 seconds
later than peeks that did not. A two-tailed t-test shows this 12% increase was statistically significant
t(3629) = 6.15, p < 0.01, d = 0.26. These results remain consistent when analyzing Study 1 and
Study 2 individually.
In Study 1, peeks resulting in an intended design change occurred 23 seconds later in the task. A
two-tailed t-test show this 13% increase was statistically significant t(726) = 2.93, p < 0.01, d = 0.28.
While in Study 2, peeks resulting in an intended design change occurred 13 seconds later in the task.
A two-tailed t-test shows this 11% increase was also statistically significant t(2901) = 5.84, p < 0.01,
d = 0.30. There is a cold start problem for finding sketches since Peek relies on sketches being
generated in real-time. Past research relied on prior examples and did not encounter this problem,
because they used completed sketches curated through pilot studies or online repositories [38, 61].
This idea is contrary to Sketchy’s goal to allow anyone to create and run a sketching task without
relying on prior sketches.
Sketchy allows students to see a peeked sketch update in real-time and the freedom to view the
sketch for an unlimited amount of time. In both studies, a sketch that was changing while being
peeked did not affect whether a student would indicate if they were going to change their design.
However, the length of time viewing a sketch while peeking did affect the student’s behavior. In
Study 1, students viewed sketches for 1.2 seconds longer when they indicated that they would make
a design change as a result. A two-tailed t-test shows this 35% increase was statistically significant
t(726) = 3.03, p < 0.01, d = 0.31. In Study 2, students viewed sketches that they said would change
their design for 0.4 seconds longer than a sketch they said would not. A two-tailed t-test shows
this 14% increase was statistically significant t(2901) = 2.32, p = 0.02, d = 0.11. Results show that
time spent viewing can predict whether someone will find a sketch inspirational. This discovery
aligns with non-sketching research that focuses on either viewing time and increased interest,
memorability, or attention [3, 7, 9]. This result could allow for the automatic rating of sketches as
inspirational in real-time, as we discuss later in Section 7.2.
6.4 Users Inspired by the More Experienced
In the pre-survey (see Section 5.3), students self-reported their sketching and design experience on
a 5-point Likert scale. These self-reported measures allow us to study whether the experience of
peekers and creators influences digital peeking.
Comparing the experience of students who said they would change their sketch versus those who
did not helps to answer R2, by understanding why some students found sketches inspirational based
on their self-reported experience. On average, students in Study 2 who said they would change
their sketch when peeking had 17% less design experience and 10% less sketching experience than
those who did not say they would change their sketch. A two-tailed t-test shows this decrease in
design experience was statistically significant t(2901) = −6.14, p < 0.01, d = 0.39. A two-tailed
t-test shows this decrease in sketching experience was statistically significant t(2901) = −3.47,
p < 0.01, d = 0.22. These results may be unsurprising from a pedagogical standpoint, but is a sign
that users can gauge their sketching and design confidence. These findings point to the possibility
of being able to recommend a sketch to less experienced participants automatically.
Comparing the experience of the student who peeked versus the creator of the sketch can help
answer R3, by understanding how differences between their self-reported experience measures
might influence proposed sketches changes. In Study 2, students who intended to change their
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sketch after peeking had 13% less design experience and 6% less sketching experience on average
than the creator of the peeked sketch. A paired two-tailed t-test shows this decrease in design
experience was statistically significant t(2902) = −3.62, p < 0.01, d = 0.31 but the difference in
sketching experience was not (p = 0.14).
While these findings show a possible beneficial relationship between a less experienced student
peeking and a more experienced creator, what about the more experienced students who peeked?
In Study 2, students who did not intend to change their sketch after peeking had 4% more design
experience and 5% more sketching experience on average than the creator of the sketch they viewed.
Separate paired two-tailed t-tests show these increases were statistically significant when comparing
design experience t(2902) = 3.33, p < 0.01, d = 0.10; and sketching experience t(2902) = 3.70,
p < 0.01, d = 0.11. These results show that sketchers when peeking could benefit from pre-filtering
sketches created by their similar or more experienced peers.
While we did not observe the same results in Study 1, future work could control for task, class size,
and distribution of sketching/design experience between groups to further study these occurrences.
Future work could also develop individuated metrics to understand better how Peek could make
recommendations that match a user’s in-the-moment needs.
6.5 Peeking Influenced Student’s Next Action
A student’s next action after digitally peeking can indicate how seeing a possible inspirational
sketch can influence their next action. This analysis can help answer R2. After finishing peeking
they could perform one of eight possible actions listed in Table 2.
To compare the proportions of students performing one of the eight possible next actions over
any of the other actions, we computed two-tailed McNemar’s tests with the continuity correction
for all proportions. This test is appropriate to assess binary outcomes of repeated measures (in this
case, the user actions).
Additive
Intended to change
design after peeking

Peek

View Change
Stats Color

Yes 73.8% 7.4%
No 82.9% 7.2%
Likelihood 0.9
1.0

10.8%
5.8%
1.9

Subtractive

Sketch

Redo Undo

5.3%
3.0%
1.7

0.0%
0.0%
0.0

1.1%
0.5%
2.3

Clear
1.6%
0.6%
2.8

Table 2. Likelihood to perform a specific action after digitally peeking, as observed in Study 1 (Peek Group)
and Study 2 (Large Class). McNemar tests show all relationships with reported effect sizes were statistically
significant p < 0.01. Notably, the largest differences were in actions that undid or cleared previous strokes,
indicating students who intended to change their design were more likely to remove strokes from their design
than those who did not.

Regardless of whether a student indicated they would change their sketch when peeking, the
most common action was to peek again, as shown in Table 2. However, students across both studies
who peeked and voted that they intended to change their sketch did not peek again 26% of the time,
and students who indicated they would not change their design did not peek again 17% of the time.
A McNemar test shows this 53% increase was statistically significant χ 2 (1) = 2169.12, p < 0.01.
While other actions were less common than peeking again, the differences in their occurrences
show how students are more likely to add or remove content from their sketch. If students added
something new immediately after peeking, they would sketch again, change the color of their next
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Fig. 9. In-progress peeked sketches from Tasks 1ś3 (top-bottom) from Study 2: The łmore inspirationalž
sketches were often voted as inspirational and scored higher on each of the seven features (box length, path
length, stroke entropy, number of points, number of strokes, sum point differences, and sine end angle) highlighted
in Table 3. The łless inspirationalž sketches on the right received little to no votes that a student would change
their sketching after peeking them. The inspirational sketches feature a variety of colors, well-spaced objects,
long smooth strokes, and extra non-overlapping small strokes that add detail and clarity to the concept of
the sketch.

stroke, or redo a previous action. After peeking, students who indicated they would change their
sketch were 1.7 times more likely to sketch again as their next action and 1.9 times more likely to
change the color of their next stroke than those who did not. Separate McNemar tests show these
increases were statistically significant for both sketching χ 2 (1) = 203.58, p < 0.01 and changing
the color of the next stroke χ 2 (1) = 81.63, p < 0.01.
If students removed something from their sketch immediately after peeking, they could undo
the last stroke or clear their canvas to start over from nothing. After peeking, students who
indicated they would change their sketch were 2.2 times more likely to undo their last stroke
and 2.8 times more likely to clear their canvas than those who did not. Separate McNemar tests
show these increases were statistically significant for undo χ 2 (1) = 385.16, p < 0.01; and clear
χ 2 (1) = 377.75, p < 0.01. These subtractive actions show the biggest differences between action
following inspirational and non-inspirational peeks.
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Students repeatedly peeking could indicate they want to explore different concepts. Streamlining
digital peeking would allow users to consume more ideas in a shorter period. With fewer repeated
peeks, it might be possible to observe more non-peeking actions. Maybe students would perform
more subtractive actions if Sketchy provided more sophisticated options to erase or undo specific
strokes. This could allow for the analysis of what makes specific strokes undesirable after choosing
to change their design. Alternatively, it might be quicker for someone to directly copy and paste
strokes from a peeked sketch instead of attempting to imitate others’ ideas.
6.6 Inspirational Sketches Seem More Complete, Detailed, and Carefully Drawn
We analyzed over 2,000 unique variations of sketches containing multiple possible features. We
deliberately ignore low-level features derived from deep learning models since we were interested
in the eventual interpretability of features. Therefore, we chose general-purpose features of sketches
informed by the research literature on stroke recognition and related areas [14, 21, 29, 30, 43, 44,
47, 52, 53, 57, 62, 65, 75].
We compiled a set of 26 (12 global and 14 local) features shown in Table 3. Global features
are features of the sketch that involve many strokes, while local features analyze the properties
on an individual stroke basis. The final feature set (bold typeface in Table 3) were features that
were statistically significant (pairwise two-tailed t-tests with p < α/26 = 0.002, with Bonferonni
correction) and had a noticeable effect (Cohen’s d > 0.2).
Global Features

Local Features

Aspect ratio
Bounding box angle
Bounding box area
Bounding box length (d = 0.26)
Convex hull area
Path length (d = 0.23)
Strokes entropy (d = 0.22)
Number strokes (d = 0.27)
Number fitted strokes
Number Points (d = 0.23)
Number fitted points
Number corners

Avg. point angles
Avg. point diff
Avg. point distances
Sum point angles
Sum point differences (d = 0.22)
Sum point distances
Sum squared point angles
Standard deviation point distances
Standard deviation point diff
Standard deviation point angles
Cosine initial angle
Sine initial angle
Cosine end angle
Sine end angle (d = 0.27)

Table 3. A list of features of 2D stroke data of Peeked sketches from Study 2 evaluated if they cause a
participant to change their design. The final feature set (bold) is determined where Cohen’s d > 0.20. Global
features, describing the image as a whole, feature more prominently than local features that focus on the
quality of the stroke.

6.6.1 What Makes a Peeked Sketch Inspirational? Based on the results from Study 2, we analyzed
the sketches from peeks made by students who completed all tasks, then compared the sketches
that made participants change their sketch versus the ones that did not.
In principle, the selected feature set suggests that global features determine the inspiration
gathered from a sketch more than local features; i.e. if it will cause the user to change their current
design. The 21% increase in path length of a sketch (M yes = 1, 251 px for inspirational sketches
vs M no = 1, 038 px for non-inspirational sketches), measured as the sum of point-wise distances,
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and the 25% increase in its bounding box length (M yes = 3, 268 px vs M no = 2, 606 px), measured
as the length of the bounding box diagonal, are indicators of the duration of the entire drawing.
Therefore, more complete sketches are more likely to be perceived as more inspirational, since
the user has more information to assess possible inspiration. The notion of completeness is also
reflected by the number of points and the number of strokes: a 19% increase in the number of
points (M yes = 1, 172 points vs M no = 986 points) and a 25% increase in the number of strokes
(M yes = 20.5 strokes vs M no = 16.4 strokes), the more likely a sketch is considered łcompletež. The
notion of łinformationž is also signaled by the strokes entropy, computed as the Shannon entropy
of a quantized points sequence in bits, as sketches with higher entropy, a 4.4% increase, usually
carry more information (M yes = 9.5 bits vs M no = 9.1 bits) and are correlated with more detailed
sketches.
Features that indicated the speed of sketching were also found to be important. Specifically,
the sum of point-wise differences (M yes = 870 px vs M no = 689 px) indicates a 26% increase in the
perceptible variation in the speed sketches were drawn, and the 37% increase in the sine of the end
angle (M yes = 6.7 rad vs M no = 4.9 rad) signals acute changes of direction of the writing strokes,
especially at the end of a stroke. Both features suggest that inspirational sketches are more carefully
drawn than non-inspirational sketches.
In summary, the final set of 7 features derived from the data from Study 2 suggest that inspirational
sketches are more complete, comprise more details, and are more carefully drawn than noninspirational sketches as seen in Figure 9. In fact, these observations are in line with previous work
that investigates 2D stroke features and overall sketch quality [19, 36].
The emphasis on global features points to the aesthetics of the image as a whole. It is less about
the actual quality of a stroke and more about the entire sketch. This finding is intuitive because
humans do not break down strokes into individual components but instead perceive and assess the
sketch as a whole.
Finally, we suspect the differences between inspirational and non-inspirational sketches may
vary per sketching task. For example, if students are creating wireframes, then it is likely that
inspirational sketches would have more corners and straight lines. Conversely, if the students are
drawing the intended movement of a gesture, the number of corners and lines might not be that
influential. This analysis, however, is left as an opportunity for future work.
7 DISCUSSION
Peek relies on users concurrently generating ideas in real-time in a virtual space. This setting
allows for these groups of users to simultaneously provide sketching examples to everyone else
while individually working on their designs. We believe our findings show Peek’s effectiveness in
real-time classroom activities and the potential for a more intelligent digitally peeking experience.
7.1 Sketchy in Real-Time Classroom Activities
Sketchy comprises several attributes making it particularly suited for real-time classroom activities:
flexibility, student-to-student learning, and equitable access. As a design consideration informed by
the preliminary observations, Peek’s real-time nature gives instructors flexibility to define new
tasks on an ad-hoc basis without additional preparation. No pre-selected inspirational content is
necessary, as learning occurs through observing peers. This same flexibility applies to instruction
during the task. The instructor can observe the students’ progress and intervene by guiding as
needed.
Our results reported that students sought conceptually different sketches for inspiration, which
is particularly suited for Sketchy, where students have independent canvases. This independence
allows students to continuously peek to find different concepts, without worrying that someone
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else might alter their design. Peeking in this way fosters student-to-student learning in the form of
imitation. As we found, less experienced users were more likely to plan changes when observing
more experienced users. Loksa et al. [46] similarly reported, łwe observed students peeking on
the canvases of other group members, even while still working on their own task.ž Unlike prior
work, Sketchy shows that retaining an independent canvas allows students to engage in studentto-student learning while making their own design decisions. Our results showed an increase
in creativity measures, including the feeling of collaboration (from 2.9 to 3.5 with peeking). This
shared progression is part of the educational experience, and as Loksa et al. [46] also noticed,
ł[...] some teams [look] in on the efforts of other groups, in effect checking up on their progress.ž
Without a single best way to complete the task, creativity has a greater effect on the sketch.
The Sketchy application is accessible to students’ attendance and devices, which is vital in a
changing educational environment. Its nature as a responsive web application allows for its use
in virtual classrooms, in-person classrooms, or a mix of both (a hybrid classroom). Rather than
physically peeking, students access that analogous feature as part of the application, offering
equitable access to this part of the classroom experience. Whether a student is at home or in
the classroom, the bring-your-own-device approach is simple to manage, with flexibility for users
sketching with their fingers on a touchscreen or with laptop touch-pads. Sketchy’s actual use in
multiple classes shows that these three attributesś flexibility, student-to-student learning, and
equitable accessś make Sketchy a practical tool for real-time classroom activities.
7.1.1 Selecting Tasks for Sketchy. In our work and prior pilot studies we observed a few characteristics that lead to a good task to use for Sketchy. The task’s goal must be defined broadly enough
for there to be multiple reasonable solutions. We found that the most engaging sketching tasks add
constraints to otherwise routine prompts. This constraint gives a mental challenge to overcome for
any artist, regardless of their prior sketching ability.
Our results report that students sought conceptually different sketches for inspiration, but this
can only occur if there is no single best way to complete the task. We observed that constraints
increased creativity by requiring students to create more abstract concepts to complete the task.
Because students use their device, it is important to create tasks suited for phones, tablets,
and computers. We found that icons, logos, typefaces, and gestures were appropriate for various
devices. Sophisticated interaction design tasks were challenging because it was hard to sketch
complex interactions with fingers or laptop touch-pads due to their limited precision. Hence, while
wireframes were possible, annotating them with interactions was unsatisfying as there was neither
space to portray what would happen during an interaction nor the fidelity to annotate it with text.
7.2 A Smarter, More Personalized Peek Feature
Currently, the Peek feature selects sketches at random. However, our results identify seven notable
features from 2D stroke data, the timing of peeks, and self-reported measures of design and sketching
experience that influence proposed sketch changesÐour proxy for inspiration. We also notice that
users want to see conceptually different-looking sketches, something we did not anticipate at
the beginning of our study. This initial evidence can inform the development of a smarter, more
personalized version of the Peek feature that can help answer the call to investigate łpersonalized
inspirationsž by Chan et al. [11] and Siangliulue et al. [61].
A personalized Peek feature could use several filters based on our results to pre-select candidate
sketches to show by comparing the peeker and the creator at the time of peeking. These personalized
and individuated metrics are dependent on directly comparing the sketches and self-reported
measures of the peeker and the creator of a candidate sketch. One filter could ensure the selfreported sketching experience of a candidate sketch’s creator is equal to or greater than the peeker’s.
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Alternatively, pre-filtered candidate sketches could have a higher number of strokes, points, or
entropy than the peeker’s sketch. This would indicate that the candidate sketch’s design has
progressed further than the peekers. In the future, sketches could be automatically rated based
on their conceptual differences to the user’s sketch, these concepts could have similar attributes,
but perhaps differences in style or geometry. Pre-filtering sketches based on these personalized
features could allow Peek to recommend inspirational sketches faster and at a higher rate than at
random. If successful, this personalized model would allow users to sketch more and peek less.
We found other results that could lead to a smarter Peek feature relying on non-personalized
metrics. We observed how users imitated ideas they repeatedly saw, despite never indicating an
intention to imitate a specific sketch they peeked. Although this is not currently captured by
the peek feature, this occurrence shows that viewing multiple sketches could be beneficial for
inspiration/creativity. To streamline this process, Peek could show multiple sketches at once or
allow users to quickly cycle through multiple sketches before returning to their canvas and asking
if they imitated any ideas. Also, a smarter Peek could select groups of conceptually similar sketches
to show together or in sequence. This will allow users to quickly consume more inspirational ideas
in a shorter time to speed up the creative process.
There are additional opportunities for when it might be predictable that a user would benefit
from peeking. If creation and sketching examples are co-occurring, could system intervention be
useful in this context? Peek could select the sketch through a combination of prior votes from
users or by selecting sketches that match the 2D stroke features we highlight in Table 3. Perhaps
there is a highly inspirational on-going sketch, and the system may prompt a user to observe this
sketch. Or, could the system only show on-going sketches from users which others have generally
found inspirational? This idea of a just-in-time inspiration tool where the system intervenes is
similar to past work by Siangliulue et al. [61]. In this manner, it is possible for future researchers to
build on our results by comparing personalized and non-personalized features to improve sketch
recommendations.
8

LIMITATIONS AND ADDITIONAL FUTURE WORK

Sketchy enables us to explore the concept of design inspiration in the context of viewing another
person’s sketch during co-occurring real-time design tasks. The participants in our studies had
exposure to Sketchy for a limited period of around 20 minutes. Despite evidence that creativity
measures increased with the Peek feature’s introduction, it is not clear if this was due to the novelty
of the feature at the time. Sketchy does not necessarily deliver a tangible approach to improving
users’ creativity over time, as this would require a consideration of what happens when someone
repeatedly uses a tool like Sketchy.
One area for practical, creative improvement is to determine which peeked sketches cause design
changes. It is exceptionally challenging to automatically quantify if a user copies specific strokes
from the peeked sketch. They might not have the skill to recreate a stroke, or they might only
imitate part of an idea, such as size, placement, or orientation. This is why our work relies on a
proxy question and studying their next action after peeking. In a more direct method, users could
copy-paste strokes directly from a peeked sketch. Then we could study how users integrate and
iterate these łcopiedž strokes through a task. Future analysis could also measure the proportion of
strokes or points users directly copy from other sketches.
9

CONCLUSION

In introducing Sketchy’s digital Peek functionality to group design settings, we found that collaboration, facilitated by the Peek feature, is key to increasing user’s overall creativity and satisfaction
with their final sketch. In our preliminary in-person sketching sessions, users exhibited in-person
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peeking behavior, but some even identified physically peeking as key to how they found inspiring
ideas. This collaborative behavior transferred to the digital classroom.
Users generally found sketches inspirational when they were more detailed, complete, carefully
drawn, or drawn by someone more experienced. Users drawing with the Peek feature enabled
displayed statistically significant increases in the overall CSI score and three of its components:
Collaboration, Expressiveness, and Effort/Reward Tradeoff. These results demonstrate that Peek
better supports individual creativity and fulfills its potential to increase collaboration by translating
a physical behavior into the digital realm.
While collaborative peeking behavior seems key to generating inspiration while sketching within
classrooms, it need not remain constrained by the physical boundaries of a class. With Sketchy,
we hope to move such collaboration into a virtual space, allowing users to peek at potentially
infinitely many other in-progress sketches from other users. Over time, the Peek feature could show
sketches better targeting the characteristics that each user finds personally inspiring. Additional
data could define when in a task to show certain types of sketches to maximize creative impact.
Whether Sketchy will help students to sketch better in the long run remains to be seen. However,
students’ positive reactions suggest that digitally Peeking helped increase creativity and facilitate
collaboration through in-the-moment inspiration.
Sketchy’s Peek feature could be used for more than just sketching tasks; it could prove useful,
for example, to mathematicians who use shared whiteboards to individually prove theorems, or
to schoolchildren who wish to practice their hand-writing. There is a vast amount of co-learning
opportunities available across a variety of disciplines that could each benefit from a digital form of
peeking.
10

ACKNOWLEDGMENTS

This work is supported by the National Science Foundation under Grant No. IIS-1552663. We
thank Jing Qian, Talie Massachi, Nediyana Daskalova, Tongyu Zhou, Diana Lee, Gabby Hoefer,
Sarah Bawabe, and James Tompkin for helping with editing and intellectual support. Thank you to
John Filmanowicz, Hanwen Ren, Mohamed Atia, and Christos Zambas for developing Sketchy’s
initial prototype within the CSCI 1320 course at Brown University. We also thank the teaching
assistants and students of the CSCI 1300 course at Brown University and the Brown University HCI
Research Group for participating in several prototyping sessions and pilot studies. Your feedback
was instrumental in developing the system and devising engaging sketching tasks.
REFERENCES
[1] Salvatore Andolina, Hendrik Schneider, Joel Chan, Khalil Klouche, Giulio Jacucci, and Steven Dow. 2017. Crowdboard:
augmenting in-person idea generation with real-time crowds. In Proceedings of the 2017 ACM SIGCHI Conference on
Creativity and Cognition. ACM, New York, NY, USA, 106ś118.
[2] Manuela Aparicio, Fernando Bacao, and Tiago Oliveira. 2016. An e-learning theoretical framework. Journal of
Educational Technology & Society 19, 1 (2016), 292ś307.
[3] Ioannis Arapakis, Mounia Lalmas, B Barla Cambazoglu, Mari-Carmen Marcos, and Joemon M Jose. 2014. User
engagement in online N ews: Under the scope of sentiment, interest, affect, and gaze. Journal of the Association for
Information Science and Technology 65, 10 (2014), 1988ś2005.
[4] Omer Awan and Farouk Dako. 2018. Reply: Use of parametric tests to analyze ordinal data. Journal of nuclear medicine
technology 46, 3 (2018), 318ś318.
[5] Luca Benedetti, Holger Winnemöller, Massimiliano Corsini, and Roberto Scopigno. 2014. Painting with Bob: assisted
creativity for novices. In Proceedings of the 27th annual ACM symposium on User interface software and technology.
ACM, New York, NY, USA, 419ś428.
[6] William Benjamin, Senthil Chandrasegaran, Devarajan Ramanujan, Niklas Elmqvist, SVN Vishwanathan, and Karthik
Ramani. 2014. Juxtapoze: supporting serendipity and creative expression in clipart compositions. In Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems. ACM, New York, NY, USA, 341ś350.
Proceedings of the ACM on Human-Computer Interaction, Vol. 4, No. CSCW2, Article 172. Publication date: October 2020.

This is a preprint for personal use only. The published paper may be subject to some form of copyright.

Sketchy: Drawing Inspiration from the Crowd

172:25

[7] Michelle A Borkin, Azalea A Vo, Zoya Bylinskii, Phillip Isola, Shashank Sunkavalli, Aude Oliva, and Hanspeter Pfister.
2013. What makes a visualization memorable? IEEE Transactions on Visualization and Computer Graphics 19, 12 (2013),
2306ś2315.
[8] Bill Buxton. 2010. Sketching user experiences: getting the design right and the right design. Morgan Kaufmann, Burlington,
MA, USA.
[9] Zoya Bylinskii, Nam Wook Kim, Peter O’Donovan, Sami Alsheikh, Spandan Madan, Hanspeter Pfister, Fredo Durand,
Bryan Russell, and Aaron Hertzmann. 2017. Learning visual importance for graphic designs and data visualizations. In
Proceedings of the 30th Annual ACM Symposium on User Interface Software and Technology. ACM, New York, NY, USA,
57ś69.
[10] Erin A Carroll, Celine Latulipe, Richard Fung, and Michael Terry. 2009. Creativity factor evaluation: towards a
standardized survey metric for creativity support. In Proceedings of the seventh ACM conference on Creativity and
cognition. ACM, New York, NY, USA, 127ś136.
[11] Joel Chan, Steven Dang, and Steven P Dow. 2016. Improving crowd innovation with expert facilitation. In Proceedings
of the 19th ACM Conference on Computer-Supported Cooperative Work & Social Computing. ACM, New York, NY, USA,
1223ś1235.
[12] Tatiana Chemi, Julie Borup Jensen, and Lone Hersted. 2015. Behind the scenes of artistic creativity: Processes of learning,
creating and organising. Peter Lang, Bern, Switzerland.
[13] Erin Cherry and Celine Latulipe. 2014. Quantifying the creativity support of digital tools through the creativity support
index. ACM Transactions on Computer-Human Interaction (TOCHI) 21, 4 (2014), 21.
[14] Gennaro Costagliola, Vincenzo Deufemia, Giuseppe Polese, and Michele Risi. 2004. A parsing technique for sketch
recognition systems. In 2004 IEEE Symposium on Visual Languages-Human Centric Computing. IEEE, Piscataway, NJ,
USA, 19ś26.
[15] Arthur J Cropley. 1997. Fostering creativity in the classroom: General principles. The creativity research handbook 1,
84.114 (1997), 1ś46.
[16] Nigel Cross. 2004. Expertise in design: an overview. Design studies 25, 5 (2004), 42ś441.
[17] Deanna P. Dannels and Kelly Norris Martin. 2008. Critiquing Critiques: A Genre Analysis of Feedback Across Novice
to Expert Design Studios. J. Business and Technical Communication 22, 2 (2008), 135ś159.
[18] Steven P. Dow, Alana Glassco, Jonathan Kass, Melissa Schwarz, Daniel L. Schwartz, and Scott R. Klemmer. 2010. Parallel
Prototyping Leads to Better Design Results, More Divergence, and Increased Self-efficacy. ACM TOCHI 17, 4 (2010),
18:1ś18:24.
[19] Mathias Eitz, James Hays, and Marc Alexa. 2012. How Do Humans Sketch Objects? ACM Trans. Graph. (Proc.
SIGGRAPH) 31, 4 (2012), 44:1ś44:10.
[20] Jennifer Fernquist, Tovi Grossman, and George Fitzmaurice. 2011. Sketch-Sketch Revolution: An Engaging Tutorial
System for Guided Sketching and Application Learning. In Proceedings of the 24th annual ACM symposium on User
interface software and technology. ACM, New York, NY, USA, 373ś382.
[21] Clive Frankish, Richard Hull, and Pam Morgan. 1995. Recognition accuracy and user acceptance of pen interfaces. In
CHI, Vol. 95. ACM, New York, NY, USA, 503ś510.
[22] Jonas Frich, Lindsay MacDonald Vermeulen, Christian Remy, Michael Mose Biskjaer, and Peter Dalsgaard. 2019.
Mapping the landscape of creativity support tools in HCI. In Proceedings of the 2019 CHI Conference on Human Factors
in Computing Systems. ACM, New York, NY, USA, 389.
[23] Yotam Gingold, Etienne Vouga, Eitan Grinspun, and Haym Hirsh. 2012. Diamonds from the rough: Improving drawing,
painting, and singing via crowdsourcing. In Workshops at the Twenty-Sixth AAAI Conference on Artificial Intelligence.
AAAI, Palo Alto, CA, USA.
[24] Kosa Goucher-Lambert and Jonathan Cagan. 2019. Crowdsourcing inspiration: Using crowd generated inspirational
stimuli to support designer ideation. Design Studies 61 (2019), 1ś29.
[25] Nitesh Goyal, Gilly Leshed, Dan Cosley, and Susan R Fussell. 2014. Effects of implicit sharing in collaborative analysis.
In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems. ACM, New York, NY, USA, 129ś138.
[26] Nitesh Goyal, Gilly Leshed, and Susan R Fussell. 2013. Leveraging partner’s insights for distributed collaborative
sensemaking. In Proceedings of the 2013 conference on Computer supported cooperative work companion. ACM, New
York, NY, USA, 15ś18.
[27] REM Harding. 1948. An Anatomy of Inspiration: And An Essay on the Creative Mood. W. Heffer. (1948).
[28] Jim Hewitt and Marlene Scardamalia. 1998. Design principles for distributed knowledge building processes. Educational
psychology review 10, 1 (1998), 75ś96.
[29] Jason I Hong and James A Landay. 2006. SATIN: a toolkit for informal ink-based applications. ACM, New York, NY,
USA.
[30] Bing Quan Huang, YB Zhang, and Mohand Tahar Kechadi. 2007. Preprocessing techniques for online handwriting
recognition. In Seventh International Conference on Intelligent Systems Design and Applications (ISDA 2007). IEEE,
Proceedings of the ACM on Human-Computer Interaction, Vol. 4, No. CSCW2, Article 172. Publication date: October 2020.

This is a preprint for personal use only. The published paper may be subject to some form of copyright.

172:26

Shaun Wallace et al.

Piscataway, NJ, USA, 793ś800.
[31] Emmanuel Iarussi, Adrien Bousseau, and Theophanis Tsandilas. 2013. The Drawing Assistant: Automated Drawing
Guidance and Feedback from Photographs. In Proceedings of the 26th annual ACM symposium on User interface software
and technology. ACM, New York, NY, USA, 183ś192.
[32] Chiaki Ishiguro and Takeshi Okada. 2018. How can inspiration be encouraged in art learning. River Publishers, Denmark.
205ś230 pages.
[33] David G. Jansson and Steven M. Smith. 1991. Design Fixation. Design Stud. 12, 1 (1991), 3ś11.
[34] Hyeonsu B. Kang, Gabriel Amoako, Neil Sengupta, and Steven P. Dow. 2018. Paragon: An Online Gallery for Enhancing
Design Feedback with Visual Examples. In Proceedings of the 2018 CHI Conference on Human Factors in Computing
Systems. ACM, New York, NY, USA, 606.
[35] James C Kaufman and Ronald A Beghetto. 2009. Beyond big and little: The four c model of creativity. Review of general
psychology 13, 1 (2009), 1ś12.
[36] Swarna Keshavabhotla, Blake Williford, Shalini Kumar, Ethan Hilton, Paul Taele, Wayne Li, Julie Linsey, and Tracy
Hammond. 2017. Conquering the cube: learning to sketch primitives in perspective with an intelligent tutoring system.
In Proceedings of the Symposium on Sketch-Based Interfaces and Modeling. ACM, New York, NY, USA, 2.
[37] Joy Kim, Maneesh Agrawala, and Michael S Bernstein. 2017. Mosaic: designing online creative communities for sharing
works-in-progress. In Proceedings of the 2017 ACM Conference on Computer Supported Cooperative Work and Social
Computing. ACM, New York, NY, USA, 246ś258.
[38] Chinmay Kulkarni, Steven P Dow, and Scott R Klemmer. 2014. Early and repeated exposure to examples improves
creative work. In Design thinking research. Springer, New York, NY, USA, 49ś62.
[39] Walter S. Lasecki, Juho Kim, Nicholas Rafter, Onkur Sen, Jeffrey P. Bigham, and Michael S. Bernstein. 2015. Apparition:
Crowdsourced User Interfaces That Come To Life As You Sketch Them. In Proceedings of the 33rd Annual ACM
Conference on Human Factors in Computing Systems. ACM, New York, NY, USA, 1925ś1934.
[40] Sang Won Lee. 2017. Hybrid Use of Asynchronous and Synchronous Interaction for Collaborative Creation. In Adjunct
Publication of the 30th Annual ACM Symposium on User Interface Software and Technology. ACM, New York, NY, USA,
95ś98.
[41] Yong Jae Lee, C. Lawrence Zitnick, and Michael F. Cohen. 2011. ShadowDraw: Real-Time User Guidance for Freehand
Drawing. ACM Transactions on Graphics (TOG) 30, 4 (2011), 27:1ś27:9.
[42] Alex Limpaecher, Nicolas Feltman, Adrien Treuille, and Michael Cohen. 2013. Real-time drawing assistance through
crowdsourcing. ACM Transactions on Graphics (TOG) 32, 4 (2013), 54:1ś54:8.
[43] James S. Lipscomb. 1991. A trainable gesture recognizer. Pattern Recogn. 24, 9 (1991), 895ś907.
[44] Wenyin Liu. 2003. On-line graphics recognition: State-of-the-art. In International Workshop on Graphics Recognition.
Springer, New York, NY, USA, 291ś304.
[45] Xueting Liu, Tien-Tsin Wong, and Pheng-Ann Heng. 2015. Closure-aware sketch simplification. ACM Transactions on
Graphics (TOG) 34, 6 (2015), 168:1ś168:10.
[46] Dastyni Loksa, Nicolas Mangano, Thomas D LaToza, and André van der Hoek. 2013. Enabling a classroom design
studio with a collaborative sketch design tool. In 2013 35th International Conference on Software Engineering (ICSE).
IEEE, Piscataway, NJ, USA, 1073ś1082.
[47] A Chris Long Jr, James A Landay, Lawrence A Rowe, and Joseph Michiels. 2000. Visual similarity of pen gestures. In
Proceedings of the SIGCHI conference on Human Factors in Computing Systems. ACM, New York, NY, USA, 360ś367.
[48] Felix Müller-Wienbergen, Oliver Müller, Stefan Seidel, and Jörg Becker. 2011. Leaving the beaten tracks in creative
workśA design theory for systems that support convergent and divergent thinking. Journal of the Association for
Information Systems 12, 11 (2011), 2.
[49] Tricia J Ngoon, C Ailie Fraser, Ariel S Weingarten, Mira Dontcheva, and Scott Klemmer. 2018. Interactive Guidance
Techniques for Improving Creative Feedback. In Proceedings of the 2018 CHI Conference on Human Factors in Computing
Systems. ACM, New York, NY, USA, 55.
[50] Geoff Norman. 2010. Likert scales, levels of measurement and the łlawsž of statistics. Advances in health sciences
education 15, 5 (2010), 625ś632.
[51] Victoria C Oleynick, Todd M Thrash, Michael C LeFew, Emil G Moldovan, and Paul D Kieffaber. 2014. The scientific
study of inspiration in the creative process: challenges and opportunities. Frontiers in human neuroscience 8 (2014),
436.
[52] Brandon Paulson and Tracy Hammond. 2008. Paleosketch: accurate primitive sketch recognition and beautification. In
Proceedings of the 13th international conference on Intelligent user interfaces. ACM, New York, NY, USA, 1ś10.
[53] Brandon Paulson, Pankaj Rajan, Pedro Davalos, Ricardo Gutierrez-Osuna, and Tracy Hammond. 2008. What!?! no
Rubine features?: using geometric-based features to produce normalized confidence values for sketch recognition. In
HCC Workshop: Sketch Tools for Diagramming. IEEE, Piscataway, NJ, USA, 57ś63.

Proceedings of the ACM on Human-Computer Interaction, Vol. 4, No. CSCW2, Article 172. Publication date: October 2020.

This is a preprint for personal use only. The published paper may be subject to some form of copyright.

Sketchy: Drawing Inspiration from the Crowd

172:27

[54] Cecil Piya, Senthil Chandrasegaran, Niklas Elmqvist, Karthik Ramani, et al. 2017. Co-3Deator: A Team-First Collaborative 3D Design Ideation Tool. In Proceedings of the 2017 CHI Conference on Human Factors in Computing Systems. ACM,
New York, NY, USA, 6581ś6592.
[55] Yuqing Ren, Sara Kiesler, and Susan R Fussell. 2008. Multiple group coordination in complex and dynamic task environments: Interruptions, coping mechanisms, and technology recommendations. Journal of Management Information
Systems 25, 1 (2008), 105ś130.
[56] B Rhorbach. 1969. Kreative nach Regeln: Methode 635, eine neue Technik zum Losen von Problemen. Absatzwirtschaft
12 (1969), 73ś75.
[57] Dean Rubine. 1991. Specifying Gestures by Example. Proc. SIGGRAPH 25, 4 (1991), 329ś337.
[58] Ugo Braga Sangiorgi, François Beuvens, and Jean Vanderdonckt. 2012. User interface design by collaborative sketching.
In Proceedings of the Designing Interactive Systems Conference. ACM, New York, NY, USA, 378ś387.
[59] Stefan Seidel, Felix Müller-Wienbergen, and Jörg Becker. 2010. The concept of creativity in the information systems
discipline: Past, present, and prospects. Cais 27, 2 (2010), 14.
[60] Jami J Shah, Noe Vargas-Hernandez, Joshua D Summers, and Santosh Kulkarni. 2001. Collaborative Sketching (CSketch)-An idea generation technique for engineering design. The Journal of Creative Behavior 35, 3 (2001), 168ś198.
[61] Pao Siangliulue, Joel Chan, Krzysztof Z Gajos, and Steven P Dow. 2015. Providing timely examples improves the
quantity and quality of generated ideas. In Proceedings of the 2015 ACM SIGCHI Conference on Creativity and Cognition.
ACM, New York, NY, USA, 83ś92.
[62] Beat Signer, Ueli Kurmann, and M Norrie. 2007. iGesture: a general gesture recognition framework. In Ninth International
Conference on Document Analysis and Recognition (ICDAR 2007), Vol. 2. IEEE, Piscataway, NJ, USA, 954ś958.
[63] Gail M Sullivan and Anthony R Artino Jr. 2013. Analyzing and interpreting data from Likert-type scales. Journal of
graduate medical education 5, 4 (2013), 541ś542.
[64] Lingyun Sun, Wei Xiang, Shi Chen, and Zhiyuan Yang. 2015. Collaborative sketching in crowdsourcing design: a new
method for idea generation. International Journal of Technology and Design Education 25, 3 (2015), 409ś427.
[65] Charles C. Tappert, Ching Y. Suen, and Toru Wakahara. 1990. The state of the art in online handwriting recognition.
IEEE Trans. Pattern Anal. Mach. Intell. 12 (1990), 787ś808.
[66] John Tchalenko. 2007. Eye movements in drawing simple lines. Perception 36, 8 (2007), 1152ś1167.
[67] Todd M Thrash, Laura A Maruskin, Scott E Cassidy, James W Fryer, and Richard M Ryan. 2010. Mediating between the
muse and the masses: Inspiration and the actualization of creative ideas. Journal of personality and social psychology
98, 3 (2010), 469.
[68] Huawei Tu, Xiangshi Ren, and Shumin Zhai. 2012. A comparative evaluation of finger and pen stroke gestures. In
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems. ACM, New York, NY, USA, 1287ś1296.
[69] Christopher W Tyler and Lora T Likova. 2012. The role of the visual arts in enhancing the learning process. Frontiers
in human neuroscience 6 (2012), 8.
[70] Greg Walsh and Eric Wronsky. 2019. AI+ Co-Design: Developing a Novel Computer-supported Approach to Inclusive
Design. In Conference Companion Publication of the 2019 on Computer Supported Cooperative Work and Social Computing.
ACM, New York, NY, USA, 408ś412.
[71] Hao-Chuan Wang, Dan Cosley, and Susan R Fussell. 2010. Idea expander: supporting group brainstorming with
conversationally triggered visual thinking stimuli. In Proceedings of the 2010 ACM conference on Computer supported
cooperative work. ACM, New York, NY, USA, 103ś106.
[72] Kai Wang and Jeffrey V Nickerson. 2017. A literature review on individual creativity support systems. Computers in
Human Behavior 74 (2017), 139ś151.
[73] Blake Williford. 2017. SketchTivity: Improving Creativity by Learning Sketching with an Intelligent Tutoring System.
In Proceedings of the 2017 ACM SIGCHI Conference on Creativity and Cognition. ACM, New York, NY, USA, 477ś483.
[74] Wei Xiang, Ling-yun Sun, Wei-tao You, and Chang-yuan Yang. 2018. Crowdsourcing intelligent design. Frontiers of
Information Technology & Electronic Engineering 19, 1 (2018), 126ś138.
[75] Jin Xiangyu, Liu Wenyin, Sun Jianyong, and Zhengxing Sun. 2002. On-line graphics recognition. In 10th Pacific
Conference on Computer Graphics and Applications, 2002. Proceedings. IEEE, Piscataway, NJ, USA, 256ś264.
[76] Zhenpeng Zhao, Sriram Karthik Badam, Senthil Chandrasegaran, Deok Gun Park, Niklas LE Elmqvist, Lorraine
Kisselburgh, and Karthik Ramani. 2014. skWiki: a multimedia sketching system for collaborative creativity. In
Proceedings of the 32nd annual ACM conference on Human factors in computing systems. ACM, New York, NY, USA,
1235ś1244.

Received January 2020; revised June 2020; accepted July 2020

Proceedings of the ACM on Human-Computer Interaction, Vol. 4, No. CSCW2, Article 172. Publication date: October 2020.

