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Abstract

In this Teachable Moment article, we demonstrate how Austin
Toombs uses a whiteboard drawing of an amoeba with chaotic
borders to help students understand the role of sketching and pro-
totyping as tools for thinking, rather than as polished representa-
tions of finalized ideas. Many HCI graduate students come from
disciplines where exploratory thinking through sketching or other
approaches was not emphasized. As a result, they often misinter-
pret requests for sketches and prototypes as calls for high-fidelity
mock-ups rather than as invitations to create provisional artifacts.
The amoeba metaphor provides a visual and conceptual scaffold
to illustrate how iterative sketching and prototyping help students
navigate and refine uncertain design spaces. We present classroom
examples, student reflections, and insights into how this approach
encourages greater comfort with ambiguity. Paul Parsons, Colin
Gray, Jennifer El-Shamy, and Anastasia Ostrowski, who also teach
students how to engage with uncertainty, describe how they would
adapt this technique for their own classrooms and share additional
metaphors they use to support students’ tolerance for ambiguity.
By sharing this approach, we hope to contribute to broader con-
versations about fostering flexible, exploratory mindsets in HCI
education.
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1 Introduction

The interdisciplinary nature of a field like Human-Computer Inter-
action (HCI) complicates the instructional goal of meeting students
where they are, particularly when encouraging self-directed learn-
ing and building on students’ prior experience. In graduate-level
HCI programs, learners often join from a wide range of disciplinary
backgrounds. While some fields train students to grapple with the
inherent ambiguity of wicked problems [3], others emphasize more
linear approaches to problem-solving. As a result, classroom or
project teams often include students who are hesitant to begin
sketching or prototyping until they have read enough literature or
conducted sufficient research to feel confident proposing an idea.
This hesitation frequently leaves little time for meaningful iteration
within a project cycle.

Students may resist sketching or prototyping for several reasons.
Some simply need more practice to feel comfortable. Others may not
yet understand that these practices are valuable tools for generating
and exploring ideas and are not just for representing ideas that are
already well-formed. They may, in other words, be misinterpreting
the project requirement to sketch and prototype as a requirement to
create high-fidelity mock-ups of ideas they have already designed
in their minds or through discussions with their team mates.

In this paper, we demonstrate how Austin Toombs uses an “am-
biguity amoeba” to describe the role that prototyping and sketching
can play in exploring a project’s problem space and design oppor-
tunities, particularly in helping students navigate their discomfort
with proposing initial ideas while their problem space is still am-
biguous or ill-defined. We include a step-by-step breakdown of how
the amoeba diagram is illustrated on the whiteboard and how it
is linked to broader conceptualization processes and relevant HCI
literature. We then present student reflections demonstrating how
this metaphor helped lower the perceived threshold for what counts
as a useful sketch or prototype. To support broader adoption, we
include insights from four HCI educators (Paul C. Parsons, Colin
M. Gray, Jennifer El-Shamy, and Anastasia K. Ostrowski) who reg-
ularly teach students to engage with ambiguity. These educators
offer perspectives on how they might adapt the ambiguity amoeba
metaphor for their own classrooms and share additional tools they
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use to support similar learning goals. Finally, we suggest ways
this metaphor can be modified or extended across educational con-
texts to help learners see ambiguity as not only normal, but also
productive.

2 Common Challenges When Teaching
Sketching and Prototyping to HCI Students

In HCI education, one of the most persistent challenges in teaching
sketching and prototyping is that students often equate “making”
with “refining” rather than “exploring” Particularly for those with
disciplinary backgrounds in engineering, computing, or other tech-
nical fields, there can be a strong tendency to view design as a
linear process: research leads to insights, which lead to well-formed
solutions, which are then documented in sketches or implemented
in prototypes. This assumption runs counter to the iterative, am-
biguous, and often messy nature of early-stage design work.

This misunderstanding has been explored at length in design re-
search and within HCI. In 1996, Maher and Poon used concepts and
strategies from genetic algorithms to describe (through pseudocode
and diagrams) how problem spaces and design spaces mutually
inform each other through iteration and intentional exploration in
search of ever-increasing “fit” between problem and solution [13].
While Dorst and Cross build on Maher and Poon’s description of
co-evolution in the design and problem spaces, they propose that
creativity in design comes from navigating “default” and “surprise”
problem frames [9], building on Schén’s descriptions of problem
framing [16].

More specific to HCI, Bill Buxton’s “Sketching User Experiences”
book emphasizes the exploratory power of sketching and its role
in design ideation [2]. While we do not draw such a strict line
between sketches and prototypes as Buxton does, we borrow from
this tradition in emphasizing that both can function as tools for
exploring uncertain design spaces. Similarly, Lewis and Sturdee
have documented numerous pedagogical strategies for teaching
sketching and visual thinking in HCI and UX curricula [11]. Their
work highlights how learning to sketch is not simply about acquir-
ing a technical skill, but about cultivating a mindset that embraces
ambiguity, iteration, and open-ended exploration, which are founda-
tional to the design process and central to the approach we describe
in this paper.

Compounding the challenge of encouraging students to adopt
these exploration-first mindsets is the diverse range of disciplinary
backgrounds that students bring to HCI classrooms. Some may
come from programs that emphasize interpretive or artistic inquiry,
while others have been trained in contexts that reward accuracy,
predictability, and prescriptive outcomes. In a previous EduCHI
publication, Toombs and Parsons describe an approach for helping
students from various backgrounds think through the ambiguously
overlapping concepts that HCI design and research work often
builds upon due to the field’s interdisciplinary nature [19]. Where
the Buckets and Lenses strategy in that paper focuses on helping
students approach conceptual ambiguity as an opportunity for
deeper engagement, the strategy in this paper describes an approach
for dealing with the processual complexity inherent in design work.
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For students with less experience in ambiguity-tolerant fields,
early design exercises that lack clear evaluative criteria can be par-
ticularly disorienting. This discomfort is not simply a pedagogical
inconvenience, but can limit creative potential. There is a docu-
mented relationship between one’s tolerance for ambiguity and
their ability to engage creatively and critically in design contexts
[10, 15, 20]. Paul Skaggs argues that students shaped by narrowly
prescribed educational outcomes often develop an “aversion to am-
biguity,” which impairs their ability to take the intellectual risks
necessary in creative problem-solving [18]. Although Skaggs dis-
cusses this tension in the context of industrial design education [17],
similar concerns with ambiguity have surfaced in HCI pedagogy,
particularly around teaching students to engage with methods as
flexible “tools to think with” [4-6] and encouraging flexible engage-
ment with the field’s interdisciplinary concepts [19].

In response to these challenges, HCI educators often draw from
metaphors and visualizations to help students reconceptualize what
design work looks like, particularly during the ambiguous early
stages [14]. Familiar visual frameworks such as the “fuzzy front
end” of the design process, diagrams depicting early-stage chaos
gradually resolving into form, or the “double diamond” diagram
showcasing multiple rounds of exploration and curation! are pow-
erful pedagogical devices. These depictions can help normalize the
messiness of design work and encourage students to view uncer-
tainty not as a barrier, but as a space of possibility.

The Ambiguity Amoeba is Austin’s contribution to this peda-
gogical toolkit, grounded in his attempts to encourage students to
treat sketching and prototyping as thinking practices, rather than
representation practices. Like the metaphors mentioned above, the
goal is to surface the often-invisible tensions of the design process:
exploration versus execution, uncertainty versus clarity, paralysis
versus momentum. Beyond its role as a conceptual illustration, the
Ambiguity Amoeba serves as a facilitation tool that instructors can
actively use during classroom discussions to normalize uncertainty
and prompt reflection when students appear stuck or overwhelmed.
In these moments, having accessible, repeatable metaphors is es-
pecially valuable for helping students reframe their discomfort as
a natural and expected part of the design process (rather than as
some kind of personal failure). As we will show through classroom
examples, student reflections, and insights from other HCI educa-
tors, the amoeba diagram offers one way to scaffold a mindset shift
in how students approach sketching, prototyping, and ambiguity
itself.

3 Implementing the Amoeba Metaphor

In this section, we provide a step-by-step guide for how Austin
implements the Ambiguity Amoeba during class. In this section, we
use “problem space” and “design space” somewhat interchangeably
when referring to what this metaphor helps students think about.
However, the metaphor is intentionally flexible and should be able
to help students explore both the scope of the problem they are
trying to understand and the potential solutions they might design.

1 Austin, personally, avoids the Double Diamond diagram in class, because it seems too
easy for students to latch onto it as a prescriptive framework that allows them to feel
confident in engaging with only two rounds of exploration or iteration, rather than
continuous iteration and exploration.



Teaching Students to Sketch and Prototype Through Uncertainty

[}
\A\@\"gw'

o

(a)

EduCHI 25, July 30-August 01, 2025, Bloomington, IN, USA

~ e
on
s o T,
[ e
o . o & owt &,
oonhusio
*AEP\;\V" L~
X
e ceprensd
“solobon* We.
Arind o das
=
Y peatnd laber
Voot oy oY
R m.“"ﬁ. Redom
T,

Figure 1: Amoeba diagrams drawn in Miro while remote teaching during the pandemic. The handwritten text from top left and
going clockwise reads: (a) ‘The whole scope of your idea”; The dimension’ of the idea that is exhibited or included in your
prototype”; (b) ‘Each of these arrows is an attempt to understand the boundaries of our problem space, where an attempt’ can

”, ¢

be ideation, research, evaluation, etc.”; ‘These represent solutions’ we tried to develop too early, and then realized later that
they didn’t fit into our problem frame.”; ‘These represent specific questions we have while working through this process.”;
Some ideas, we find out later, are outside of our problem space. That’s fine! It helps us understand the boundaries better”; and
The blue zig-zag is ideation to help explore, NOT an attempt to propose serious solutions.”

3.1 Drawing the Amoeba

Austin typically introduces the Ambiguity Amoeba after students
have completed one or two project cycles that involve sketching and
prototyping. Early in the semester, students often treat these activi-
ties as ways to represent well-developed ideas—ideas they’ve spent
many hours discussing and deliberating with their project teams.
Even though Austin encourages sketching as thinking throughout
these initial projects, it is understandable that the students have
not yet internalized or embraced sketching as a way of thinking
through their problem spaces.

When Austin draws the amoeba (some examples in Figure 1),
he starts by talking about how the amoeba’s wobbly and irregular
border represents the problem space the students are working with.
He explains that even though we can see these borders in the
sketch, we do not yet have a great way to measure or interpret
what they mean for our contexts, and we are not yet sure of what
the amoeba looks like on the inside. He draws a thin rectangle
that slices through the amoeba at an angle, extending beyond its
irregular borders, and says, “Each time we, as designers, create a
sketch or a prototype, we should be intentionally considering only a
very specific part of the problem or problem space. The sketches and
small or light-weight prototypes we create help us explore a specific
slice of the overall problem or opportunity space.” He will then provide
examples of these narrowed parts of the problem space that are
relevant to the current project the students are working on, such
as “How do we indicate system status while your smart fridge is
creating a menu?” or “What are our options for asking potential

users to sign up for more information in a way that still supports
our goal of building trust?”

He then draws a second rectangle that bisects the amoeba at a
different angle, intersecting with the first rectangle. While drawing
the second rectangle, he explains that creating specific sketches
and prototypes as a means of exploring within a constrained sub-
context or to answer specific design questions allows designers to
slowly learn about the amoeba’s borders as well as what is inside by
taking small slices of the overall shape and adding them together,
just like when preparing slides for a microscope in biology class.?
The third rectangle usually starts inside the amoeba and extends to
just a little outside of the border. While drawing that one, he em-
phasizes that our sketches and our prototypes can help us continue
to narrow down on our problem space as we learn more throughout
the project, and that a sketch does not need to represent the entire
problem space to help guide decisions that ultimately affect it. If
students ask about the intersections, Austin explains that an inter-
section could represent where different aspects of a specific part of
the design solution are explored, such as the micro-animations of
an element in one prototype versus the color contrast or copy or
size or interaction consistency of that same element in a different
prototype.

When using the Ambiguity Amoeba, he sometimes stops after the
three rectangles if the purpose was to either remind the students
about the role of sketching early and often or if he thinks the
students need more practice before engaging with the rest of the

2Depending on the mood of the room, he might then go on a small tangent about how
Calculus uses a very similar principle for understanding change over time.
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Figure 2: Whiteboard sketch using the amoeba diagram to explain how the concepts from Lim, Stolterman, and Tenenberg’s
“The Anatomy of Prototypes” [12] connect to the sketching and prototyping practice for their projects.

metaphor. If he is using the full metaphor, he will draw a fourth
rectangle that cuts through a different part of the amoeba and does
not intersect with any of the first three. This “slice” illustrates how
at any time during the project we can use sketching and prototyping
to explore other parts of the problem space that we are aware of,
even if we do not know exactly how it will connect to our initial
focus areas. We might find that those borders or those sections
of the amoeba are more promising or more interesting or more
aligned with an HCI-relevant solution to the problem space. When
he says that, he draws a circle somewhere inside the amoeba that
the fourth line cuts through, which represents the amoeba’s nucleus.
He says, “Maybe our first three sketches or prototypes were helping
us explore the amoeba’s borders and some things about what’s going
on inside from a big-picture point of view, but maybe we weren’t
really near the nucleus yet. This fourth concerted exploration helped
us find the nucleus or the core of our problem! This helps us understand
what areas we want to focus our attention on next.” Additional lines
are then added, which have starting and ending points within the
amoeba to demonstrate other kinds of problem space explorations.

Throughout the implementation, Austin reminds students that
every project should include many sketches and prototypes. These
are not just expressions of fully formed ideas; they are how we
actively learn about the shape and scope of the problem space
(the amoeba) and begin identifying which specific problems or
opportunities might be addressed through an HCI design approach.
The organelles inside the amoeba, representing these emerging
opportunities, are revealed through exploratory acts of sketching
and prototyping.

3.2 Integrating the Amoeba into Literature
Discussions

After introducing the Ambiguity Amoeba, Austin uses the metaphor
throughout the semester. Sometimes the metaphor comes up when
students need to be reminded that sketches and prototypes do not
have to be “comprehensive” or “high-fidelity” or “final” to be use-
ful. At other times, the metaphor is used to help contextualize a
reading for the class. When the class discusses the Lim, Stolterman,
and Tenenberg paper “The Anatomy of Prototypes” [12], Austin

describes how one slice through the problem space might be a pro-
totype that explores the appearance of the system as a “filter;” and
another slice might be a prototype that explores the interactivity,
data, functionality, or spatial structure of the group’s ideas (see
Figure 2 for an example of how that whiteboard discussion might
look). The metaphor helps clarify the filters and manifestations
concept from the article by showing how prototypes isolate specific
aspects of the design space like appearance, interactivity, and/or
data (filters) and materialize evolving ideas into a concrete instance
of a specific idea that addresses those filters (manifestations). Other
instructors could easily incorporate the Ambiguity Amoeba to talk
through other prototyping concepts, such as the “implementation,”
“look and feel,” “role,” and “integration” categories from Houde and
Hill [7] or any number of other concepts from frameworks for
sketching and prototyping.

4 Student Reflections about the Amoeba

In this section we present quotes that refer to the Ambiguity Amoeba
from the Weekly Reflections assignment in Austin’s class. These
quotes have been pulled from several courses across three years,
narrowed to the reflections that were submitted for the week the
Ambiguity Amoeba was introduced. The analysis of these quotes is
not presented as a complete evaluation of the Ambiguity Amoeba,
because the reflections were not collected for that purpose and they
would not be able to capture areas where the metaphor confused
students or led to an unproductive interpretation. Instead, this brief
analysis is presented only to demonstrate that the metaphor has
had some amount of impact, and that further research could be
done to understand how effective it is at contextualizing sketches
and prototypes as valuable tools for embracing ambiguity.

4.1 Sketching and Prototyping as Thinking

The first grouping of quotes from the Weekly Reflections relate
to how the students are shifting their mindsets to think about
sketching and prototyping as a way of thinking, rather than as a
way to represent thinking that has already happened. One student
reflected that the lowered barrier for what would “count” as a sketch
in Austin’s class enabled him to work faster than he expected:
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Figure 3: Amoeba diagrams used throughout the semester to re-emphasize that sketching is a way to accomplish thinking, not

just a way to represent thinking that has already happened.

This week, I discovered that traditional sketching on
paper served as a more efficient means of ideation
than directly designing it on Figma. Flexibility to
quickly iterate allowed me to sketch as many as 10
wireframes within an hour.

The next student quote continues the theme of “efficiency,” which
Austin does not intentionally point the students toward outside of
describing how much easier and faster it is to sketch when we have
a specific focus area:

While we are onto making all of these process sketches
for most or all of the subjects, it is interesting and in-
sightful to actually brainstorm or ideate in the most
efficient way possible, I am glad that I am getting to
practice the skill of it.

Outside of efficiency, this third quote shows how the class discus-
sion helped at least some of the students realize how much earlier
in their process sketching could begin:

Before this class, prototyping was something I would
go to after sketching and research and now I have a
completely different view about it. I find it exciting
to prototype early because it helps my design skills
flow really well and research side by side. I think my
project team has taken a different scope to work on it
which is really cool and I'm looking forward to put it
on my portfolio.

These reflection quotes show students beginning to internalize
sketching and prototyping not as polished outputs, but as tools
for advancing their thinking within a project. Whether they are
realizing how much faster they can work, how early they can begin
prototyping, or how these practices help integrate research and
design, the underlying shift is one of orientation: from communica-
tion to cognition, from product to process. However, this shift is not
necessarily smooth. As students move away from more linear or de-
terministic understandings of how to approach their projects from
a design perspective, they often encounter moments of personal
discomfort when things feel messy, unfinished, or uncertain.

4.2 Reframing Frustration, Anxiety, and Chaos

In the next set of reflection quotes, we see how some students
begin to reinterpret moments of chaos, anxiety, and frustration as
opportunities for creativity, self-confidence, and emotional growth.
It is possible that the amoeba metaphor plays a role in helping some
students find structure and validation in the very act of exploring
what is unknown.

The first quote is from a student experiencing technological fail-
ure during a prototyping assignment. Rather than shutting down or
disengaging, their frustration became the catalyst for an unexpected
moment of ideation:

The more frustrated I got thinking about why not a
single piece of technology was working for me, I had
an idea. I thought it would be so cool if I could keep
my phone on my chest and have it project its screen
onto the ceiling.

This kind of breakthrough, where frustration becomes a trigger
for novelty, shows how ambiguity and failure can be reinterpreted
as creative prompts. The next quote shows how the Ambiguity
Amoeba, in particular, helped a student manage the scope of an
ambiguous problem:

The amoeba diagram helped reinforce my understand-
ing of a problem space. The irregular, asymmetric
shape of an amoeba helps reduce my anxiety of miss-
ing out on something unknown about a problem and
gives me validation through an actual form. The or-
gans and sections of the amoeba diagram break down
the problem space into do-able chunks. This helps mo-
tivate designers like me to act efficiently to reduce pro-
crastination and stagnation caused by the overwhelm.
I find comfort in knowing that there will always be a
part of the amoeba that will remain unexplored.

In this interpretation, ambiguity isn’t erased but is bounded, shaped,
and made manageable. Another student describes how they have
started to see messiness, including literal and conceptual messiness,
as an indicator of productive work rather than disarray:
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As the week drew to a close, I found myself reflecting
on the past seven days with a sense of contentment
and clarity that I hadn’t experienced in a long time. It
was a week of intense work and long hours, but unlike
in the past, I didn’t feel the overwhelming weight of
the tasks at hand. What made this week different? It
was the acceptance of a little chaos, both in my work
environment and in my perspective on life. I used to
be someone who thrived on order and neatness. A
cluttered desk or a messy project would send me into
a frenzy. But this week, I noticed that I was okay with
things being a bit messy. Papers were strewn across
my desk, and my digital workspace resembled a beau-
tiful chaos. Instead of stressing about it, I embraced
it. I realized that the mess was a sign of productivity
and creativity.

In this final student quote, we see that some students grapple with
emotional hurdles when it comes to the act of sketching itself.
Breaking that barrier opens up a new, more open-ended relationship
with ambiguity and action:

I seldom draw sketches because I think I'm bad at
drawing. In this exercise I did five sketches, which I
think are not good, but they really break the barrier
and fear inside my mind when facing drawing. I really
appreciate it. And I think I will do better next time.

These quotes show that ambiguity and chaos in the design process
are both cognitive and emotional challenges. Helping students build
their tolerance for ambiguity sometimes means helping them re-
frame feelings of anxiety and disorder as essential stages of growth
and creativity, rather than as signs of failure.

5 Perspectives from Other Educators

To help contextualize the Ambiguity Amoeba among other ap-
proaches to engaging with ambiguity, Austin asked several experi-
enced HCI and design educators (Paul, Colin, Jenny, and Anastasia)
to review a description of the metaphor along with the accompany-
ing diagrams (Figures 3, 2, and 1). They were then invited to share:
descriptions of how they have addressed concerns about ambiguity
in their own classrooms, including similar metaphors, frameworks,
and techniques they use; challenges they could foresee with trying
to adopt the Ambiguity Amoeba as-is into their own classroom
contexts; changes they might make to the metaphor to adapt the
approach; and anything else the Ambiguity Amoeba reminds them
about. In this section, we leverage their diverse perspectives to
help demonstrate concrete ways the metaphor can be extended or
combined with other approaches.

5.1 Embracing Ambiguity in Structured
Environments

Jenny, who teaches visual design for students majoring in a pri-
marily STEM-focused field, described how she re-frames design
learning to emphasize exploration over outcomes by incorporat-
ing case studies from industry. She guides students toward this
mindset for navigating complexity because she recognizes that
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ambiguity can feel especially uncomfortable for students whose
primary training is through STEM courses. She said:

Teaching students to navigate ambiguity in design
is an ongoing challenge, particularly in a STEM pro-
gram where structured problem-solving is often em-
phasized over open-ended exploration. To help them
embrace uncertainty as an essential part of the design
process, I shift the focus from outcomes to process,
reinforcing the idea that “the journey is the destina-
tion” I encourage a mindset of risk-taking and itera-
tion through an “explore — iterate — refine” approach,
where perceived failure is not a setback but a valu-
able learning tool. By reframing uncertainty as an
opportunity rather than an obstacle, students develop
creative confidence and come to understand that not
having all the answers at the start is both natural and
essential to design thinking.

The case studies she employs throughout her course show her
students how experts approach unclear problems with curiosity,
experimentation, and continuous adaptation. A particularly com-
pelling case she incorporates into her class is about Kuja Kuja, a
platform that collects real-time feedback from refugees to improve
humanitarian services®. This project exemplifies how embracing
uncertainty and iterative learning leads to impactful, user-centered
solutions. While she does not currently use a formal visualization or
metaphor to surface ambiguity as a metacognitive concept, stories
like these help students gain a deeper appreciation for ambiguity as
a driver of innovation. In future discussions of such case studies, she
plans to explore incorporating a visualization technique (maybe the
Ambiguity Amoeba or something similar) to further emphasize the
role of uncertainty and to support deeper student reflection on how
designers think through ambiguity. Conversely, Austin plans to ex-
periment with incorporating brief case study narratives into future
uses of the Ambiguity Amoeba to help ground the metaphor in real-
world examples rather than abstract or worked design problems
alone.

5.2 Navigating Zoom Levels in Prototyping

Anastasia describes how ambiguity around prototyping is not just
about whether the students can build the prototypes, but also about
how they shift focus between parts and wholes. She connects the
Ambiguity Amoeba to complex systems thinking, highlighting the
need for students to ‘zoom in’ on individual prototypes and ‘zoom
out’ on the evolving design space.

Ambiguity is often the most uncomfortable aspect of
a design course for students. Many students want to
have a clearly prescribed answer and/or pathway for
how they will address a solution. In teaching design
courses, part of the instruction is learning how to
provide multiple concepts for students (such as the
Amoeba Diagram) to decide which concept, metaphor,
or example works best for them to understand the
topic.

Shttps://www.fastcompany.com/90365726/how-an-ideo- org- designer-created-a-
yelp-for-refugees
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When Anastasia’s students are prototyping using Arduinos,
some start with one component of the system and build the rest of
the system based on how that first component works. Others prefer
to have a mapped-out component sheet to help them understand
how all the systems relate together to inform their decision-making
process, including where they should start their prototyping. In-
structions can emphasize that all of these approaches can work in
the design process and support students in finding how they best
conceptualize the design space and their own process.

When providing instruction around prototyping, instructors
often fluctuate between various levels in the prototyping landscape.
Oftentimes, we zoom into one prototype or prototype aspect, such
as material; similar to how students may isolate their focus to one
part of an Arduino system. Then, other times, we need to zoom out
and think about the final design of the system and how multiple
components will work together; similar to how the students when
working with Arduino map the components of the whole system.
This aligns with principles of complex systems thinking, where the
goal is to understand how components of a system interrelate [1].

One of the challenges she has seen students face when engaging
in prototyping is how the individual prototype relates to the whole
design process and how to identify the insights from the current
prototype that can be translated into the next design iteration.
This challenge intersects with similar challenges with ambiguity as
students focus on the prototype that feels most defined at a given
stage in the project and might not take the next step with the design
(forecasting out the next design iteration and the larger meaning of
the prototype to the design process), since that might place them
in a more ambiguous space of the design process. When reflecting
specifically about how the Ambiguity Amoeba might address such
a challenge, Anastasia said:

The Amoeba diagram can serve as a playground for
students to explore the prototyping design space that
can support both “zoomed in” focus on one proto-
type design and “zoomed out” consideration of the
entire design space. It supports building a series of
prototypes that all provide different pieces of learning
and insight to support the overall design process. The
visualization of the “slices” in the amoeba also demon-
strates how by creating prototypes you can take an
ambiguous space and work to discover and define the
more open-ended spaces.

By exploring the ambiguous space, students can reach a higher
level of granularity and perspective of the design space that can
also increase their comfort with ambiguity in their problem area.
As ambiguity is inherent in the design process, it is critical for in-
structors to have tools to support students in learning how to piece
by piece build and construct their understanding of their design
through prototypes that can help guide their design decisions.

5.3 Framing the Problem Space as the Design
Work
Colin takes a complementary approach rooted in design cognition,

where ambiguity is embedded in the very act of framing (see Figures
4, 5, and 6). Their account reveals how students learn to define and
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redefine the problem space itself, echoing the amoeba metaphor as
a shifting, constraint-sensitive space for inquiry.

In my past classes, I normally introduce the concept
of problem framing during the second project cycle
as a way of encouraging students to recognize that
there is no ONE way of framing a problem (what
students often refer to as doing the project “correctly”)
but rather coming to the realization that traversing
the problem space and deciding where and how to
“shape” the problem space is a key and critical aspect
of doing design work. In other words, design is not
just about execution of the correct final deliverable
but also meaningfully shaping what design space is
even being conceived and traversed.

Colin uses the concept from the design cognition literature of
“problem framing” [8] to guide discussions with students about how
to navigate ambiguity and complexity. In reflecting on how the Am-
biguity Amoeba could play a role in such discussions, they said, “the
‘amoeba-like” qualities are critical to understanding what a prob-
lem frame is (a flexible, designer-defined space where a relevant
concept-space exists), that this space is change-able (by adding,
removing, or refining relevant constraints), and that navigation
through the space by defining potential concepts is a way to un-
derstand what the space is and means.” In their cloud-like version
of the amoeba there is a natural interplay between understanding
the scope of the overall problem frame, the limits introduced by
individual constraints, and the kinds of concepts that are inspired
at various points within the space that might promote reflection,
a change in approach, or a refinement of the frame boundaries
(re-shaping the amoeba).

5.4 Acting through Ambiguity

Paul’s perspective about how students should navigate ambiguity in
design projects is based on a challenge he has noticed with students
struggling to take action when it comes to prototyping, even if
they understand on a conceptual level that prototypes should be
about action. He pairs his approach to helping students grapple
with ambiguity with methods like rapid sketching exercises, mental
model diagramming, and brainstorming techniques. This approach
helps his students with both the underlying conceptual framing
and taking action.

I find that students learn best by facing ambiguity
head-on. Many students come from fields that value
clarity and predictability, so simply explaining ambi-
guity isn’t enough. They need to experience it first-
hand. I like to throw them right into projects with
uncertainty. This helps them realize that ambiguity
isn’t something to avoid, but a natural part of complex
design problems. I want them to learn that ambigu-
ity is normal and should be embraced, not feared. At
the same time, I teach them how to navigate uncer-
tainty, like identifying constraints, and externalizing
their thinking with brainstorming methods, sketch-
ing, and prototyping. The main lesson is that taking
action, even if it means going back and forth, is key
to managing ambiguity effectively.
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Figure 4: Colin uses these slides to describe the role of problem-framing in an ambiguous design space. The narrowed problem
spaces overlap or exist within the initial problem space.
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Figure 5: Colin uses these slides to show examples of problem-framing in an ambiguous design space, particularly when
multiple problem frames are introduced.
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Figure 6: Whiteboard drawings that describe the role of problem framing in design contexts.

To provide a conceptual framework for what prototypes should steps in that space. He asks the students to imagine they are at the
do and why students need to take action to make progress in the edge of a foggy pond and there is a design solution somewhere on
face of uncertainty, he uses a metaphor of stepping stones on a the other side that is shrouded in mist and out of reach. Each sketch
foggy pond (see Figure 7), illustrating how sketches and prototypes or prototype they make is like placing a stepping stone into the

not only help visualize the design space, but actively shape the next water. It moves them forward a little bit, but it also sets limits and
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Figure 7: A depiction of the stepping stones metaphor Paul
uses in his class.

guides their next steps. Without these stones, they would be stuck
on the shore, with no clear way forward. He emphasizes that the
constraints are not a burden; they are a tool that helps them move
down a particular path, even if they occasionally need to backtrack
and forge a new path.

In his teaching, he tries to convey how a sketch can help students
think through different aspects of the problem and solutions spaces,
such as the appearance and function of a tool or feature, the way
that it fits within a current workflow, and the interconnections
among different components in a sociotechnical system. When
asked how he would incorporate the Ambiguity Amoeba, he said,
“I might have the students identify a broad design opportunity, and
then we would work together on the whiteboard to map out the space,
slowly identifying features and boundaries at different intersection
points of the amoeba and the prototypes. I would facilitate the process
but have the students generating the ideas and discussion.” For a
separate project Paul interviewed a former student about how their
problem framing abilities changed throughout the program. In a
portion of the interview about tackling ambiguous problems, this
student said, “I think the biggest one [way] is that I try to embrace
the ambiguity or uncertainties during the process. And I will not stick
to the original project prompt [provided by the instructor]. So I tend
to consider the original project scope or the brief as a hypothesis, and
then try to use different kinds of methods to validate the hypothesis or
reframe the prompt, and try to find the root problem and to solve it.”

His approaches complement the Amoeba metaphor by focusing
on the forward momentum of sketching and prototyping, even
when the final destination is obscured. Likewise, both the amoeba
and pond metaphors highlight the importance of ambiguity and
exploration in the early design process. Sketches and prototypes are
described as tools for thinking and exploration, not as finished prod-
ucts. This helps students make progress even when they are not sure
what the final solution will be. However, the Ambiguity Amoeba
suggests exploring within an uncertain area, where sketches and
prototypes gradually define the boundaries and structure of a vague
design space. In contrast, the Stepping Stones metaphor emphasizes
moving forward through small, incremental steps, emphasizing the
idea that constraints generated by each sketch or prototype are
actively shaping and guiding the path forward, not just reveal-
ing information. Thus, while the amoeba metaphor highlights the
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exploratory and boundary-defining nature of sketching and pro-
totyping, the stepping stones metaphor underscores the proactive
role constraints play in guiding designers toward a clearer solution.

6 How to Adopt or Adapt the Amoeba: Practical
Implications and Guidance

The Ambiguity Amoeba is a flexible scaffold for facilitating class-
room conversations about the productive role of uncertainty in
design work. It can be introduced early in a course as a visual
anchor for what it means to “sketch to think,” or later in the se-
mester after students have experienced ambiguity firsthand and
are more receptive to tools for navigating it. The diagram is scal-
able and adaptable for a variety of instructional formats, including
seminar-style discussions, studio courses, and technical design labs.
Instructors might find it particularly useful when paired with other
metaphors or tools, such as problem-framing clouds, complex sys-
tems maps, or directional metaphors like stepping stones. These
combinations can reinforce the idea that ambiguity is not a singular
experience, but a multidimensional one that shifts depending on
the phase of the project and the design goals.

The diagram can also be tailored to specific instructional goals.
For example, it can be adapted to teach problem framing by en-
couraging students to experiment with overlapping or evolving
“edges” of the design space. When teaching systems thinking, the
organelles inside the amoeba might represent interacting compo-
nents or actors. When teaching iterative prototyping, each slice can
be used to isolate and examine one dimension of a design.

Ultimately, the value of this tool lies in its flexibility. Instructors
teaching HCI students from a wide range of disciplinary back-
grounds need pedagogical strategies that can be reinterpreted and
reshaped, just like the amoeba itself.

7 Conclusion

Sketching and prototyping are foundational practices in HCI educa-
tion, but students do not always arrive with a shared understanding
of what those practices are for. The Ambiguity Amoeba is a visual
and conversational tool that helps students reframe sketches and
prototypes as exploratory acts that reveal and reshape the bound-
aries of a design space (rather than as polished representations
of finished concepts). For instructors, it offers a way to normalize
discomfort, encourage iteration, and externalize the often invisible
experience of working through ambiguity. Metaphors and visual
thinking tools can play a powerful role in HCI pedagogy, especially
when teaching diverse cohorts of students who may not share com-
mon training in design methods. In this paper, we presented one
such metaphor, along with classroom examples, student reflections,
and complementary tools from fellow educators. We hope that shar-
ing this work encourages others to develop, adapt, and circulate
their own strategies for helping students engage with uncertainty
in thoughtful, creative ways.
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