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Figure 1: StoryEnsemble enables dynamic exploration and iteration in the design process by leveraging AI and supporting

forward and backward propagation of changes across interconnected stages—(A) personas, (B) problems, (C) solutions, and (D)

scenarios. Users can move fluidly between stages, revise earlier assumptions, and (E) propagate changes forward—enabling the

kind of iteration and exploration that design frameworks promote but is often difficult in practice. They can also begin from

later stages, such as solutions or scenarios, and (F) propagate changes backward to reframe upstream decisions.
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Abstract

Design processes involve exploration, iteration, and movement
across interconnected stages such as persona creation, problem
framing, solution ideation, and prototyping. However, time and
resource constraints often hinder designers from exploring broadly,
collecting feedback, and revisiting earlier assumptions—making it
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di�cult to uphold core design principles in practice. To better un-
derstand these challenges, we conducted a formative study with 15
participants�comprised of UX practitioners, students, and instruc-
tors. Based on the �ndings, we developed StoryEnsemble, a tool
that integrates AI into a node-link interface and leverages forward
and backward propagation to support dynamic exploration and
iteration across the design process. A user study with 10 partici-
pants showed that StoryEnsemble enables rapid, multi-directional
iteration and �exible navigation across design stages. This work
advances our understanding of how AI can foster more iterative
design practices by introducing novel interactions that make explo-
ration and iteration more �uid, accessible, and engaging.

CCS Concepts
ˆ Human-centered computing ! Interactive systems and
tools; User centered design.
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1 Introduction
�Few ideas work on the �rst try. Iteration is key to
innovation.� � Sebastian Thrun

Design frameworks such as design thinking [4], the Double Dia-
mond model [19], and scenario-based design [57] provide structured
approaches to addressing complex, open-ended problems. They
have had an enormous in�uence for the past few decades, driving
innovation across both academic and professional settings. Despite
their diverse formats and implementations, these frameworks share
core principles: iterative processes, divergent and convergent think-
ing, and user-centered storytelling [33, 48, 54, 77].

Unfortunately, despite their value, these principles can be dif-
�cult to apply in practice. From the initial persona creation to
the �nal high-�delity design storyboard, time and resource con-
straints often limit individuals' and teams' ability to iterate, explore
a broad range of ideas, or re�ne solutions through structured con-
vergence [31]. Collecting meaningful feedback requires signi�cant
time and e�ort [23, 25, 36, 81], and when that feedback prompts re-
visions�such as reframing the problem or rethinking solutions�it
can trigger a costly loop that requires revisiting earlier assumptions
and reworking previous design artifacts such as personas, problem
statements, scenarios, or storyboards. This overhead often deters
individuals and teams from iterating [28, 70, 79].

Moreover, because design stages are tightly interconnected, get-
ting stuck in one stage�such as struggling to generate diverse
ideas [76] or de�ne actionable problem statements�can stall the
entire process. Without a clear problem framing or a range of initial

directions, teams may struggle to develop meaningful prototypes or
gather useful feedback. Similarly, at later stages, while artifacts like
storyboards o�er powerful ways to visualize user experiences and
communicate design concepts, creating e�ective storyboards can
require signi�cant time and skills. This can result in oversimpli�ed
narratives that fail to capture nuanced interactions or encourage
re�ection and discussion [72]. When personas, problem statements,
or scenarios remain underdeveloped, it becomes di�cult to imag-
ine concrete use cases or evaluate solutions in context. In practice,
such bottlenecks often make it hard for teams to make meaningful
progress and move through the design process e�ectively.

In light of such challenges, AI is emerging as a promising solu-
tion [60]. Recent work has demonstrated AI's capability to support
various design tasks, including brainstorming [68, 69, 80], persona
generation [30, 62, 64, 83], and visual content creation [3, 74]. These
tools can signi�cantly reduce the labor required for key design
activities, helping teams work within tight resource constraints.
Notably, researchers have shown that large language models can
create synthetic user personas comparable to those based on real
user data [62], potentially valuable for contexts involving vulnera-
ble or hard-to-reach populations [30, 36].

However, current AI-supported design tools still fall short of
addressing the full complexity of design work�ows, particularly the
iterative nature of the process. Prior work has largely focused on
isolated stages of the design process [9, 30, 62, 64, 82], overlooking
the need to support the iterative and interconnected nature of
design, where changes in one part of the process often require
adjustments in others. As a result, the current landscape leaves
designers with no tools that enable them to manage dependencies
across stages and encourage re�ection and iteration throughout
the design process [21, 39, 54].

To address this gap and demonstrate how AI can facilitate key de-
sign principles across the design process, we developed StoryEnsem-
ble, a system that supports widely shared principles across de-
sign methodologies�such as structured iteration [7, 11, 23, 54, 56],
divergent and convergent thinking [68], and scenario-based de-
sign [53, 57, 72]. StoryEnsemble enables dynamic exploration and
�exible iteration by empowering users to explore diverse ideas,
re�ne through structured feedback, propagate changes seamlessly
across interconnected stages, and create easily editable storyboards.
Our contributions include:

� StoryEnsemble,1 an interactive system that leverages a node-
link interface and novel interaction techniques�such as forward
and back propagation�to enable rapid exploration and �exible
iteration.

� A formative study identifying challenges faced by students, in-
structors, and practitioners in applying iterative, exploratory, and
feedback-driven design principles in practice.

� A system evaluation study that advances our understanding of
how AI can support work�ows grounded in core design princi-
ples�such as iteration, divergence-convergence, and scenario
construction�particularly in design education and practice.

In the remainder of the paper, we review related work on design
frameworks and AI design tools, then present our formative study

1https://storyensemble-research.github.io/
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identifying key challenges that students, instructors, and practi-
tioners face when applying design principles. We then describe
StoryEnsemble and its features, followed by an evaluation with 10
participants that demonstrates how it enhances exploration, iter-
ation, and scenario development. We conclude with implications
for future AI-assisted design systems, as well as for other domains
involving interconnected, iterative work�ows.

2 Related Work
We �rst examine common principles across design methodologies,
then explore how generative AI is transforming creative work�ows,
and review existing AI design tools.

2.1 Principles Across Design Methodologies and
Practical Challenges

The landscape of design methodologies is diverse, with frameworks
varying signi�cantly in their structure, terminology, and speci�c
approaches [26, 48]. Research has documented well over a hundred
distinct design approaches across various domains [33]. From de-
sign thinking and the Double Diamond model to human-centered
design, participatory design, service design, and scenario-based
approaches, designers have numerous options for characterizing
and structuring their design processes. This diversity re�ects the
fact that no single approach is universally optimal and applicable.
Organizations and practitioners frequently adapt frameworks to
their speci�c contexts, leading to continuous evolution and cus-
tomization of design processes [26, 40].

Despite this variety, comparative analyses have shown that
the underlying principles transcend speci�c methodologies [33].
These shared principles include iterative re�nement, alternating
phases of divergent and convergent thinking, human-centered de-
sign, and user-centered storytelling [53]. While di�erent frame-
works visualize and structure these principles distinctly�some
making the divergent-convergent pattern explicit (e.g., Double Dia-
mond [19]), others emphasizing empathy and iteration (e.g., design
thinking [20]) or scenario-based design�the core approaches to
problem-solving remain consistent across methodologies. Many
frameworks that appear linear in representation are fundamen-
tally iterative in practice, incorporating feedback loops that enable
practitioners to revisit earlier stages as new insights emerge [20].

However, a notable gap exists between theoretical frameworks
and their practical application [5, 27, 51, 55, 67, 76]. Despite their
theoretical importance, these principles often prove challenging to
implement due to time constraints, resource limitations, and the
labor-intensive nature of key design tasks [40]. For instance, while
design thinking emphasizes the importance of multiple iterations to
re�ne ideas [56], time constraints frequently limit iteration cycles
to one or a few. Even in semester-long courses, the design cycle
may only be completed once, or iteration may be intentionally
minimized to avoid major changes to a project.

Practitioners across educational and professional settings face
several common challenges. Novice designers often gravitate to-
ward familiar problems, frequently addressing the same types of
design challenges and getting �xated [45]. Teams under deadline
pressure tend to implement theoretically non-linear processes in a
more linear, constrained manner [28]. Additionally, collecting and

incorporating meaningful feedback becomes di�cult within tight
project timelines [23, 61], further widening the gap between ideal
iterative re�nement and practical implementation.

Our work builds on decades of research on design by contributing
a system that addresses a longstanding challenge in design practice:
enabling easy, seamless iteration across interdependent stages. By
demonstrating how to lower the overhead of iteration, our work
aims to bridge the gap between theoretical ideals and the realities
of design processes.

2.2 Generative AI for Creative Processes
The recent advances in AI opened up new interaction possibilities
and are radically transforming creative work�ows across various
�elds [ 1, 15, 17, 66], ranging from creative writing [38, 41, 46]
to design [47, 76] and content creation [12, 75]. For example, in
TableBrush, users can generate stories based on a narrative arc
sketched by the user [18]. Liu et al. explored how text-to-image AI
can be incorporated into the 3D design work�ows, showing that
text-to-image models can assist with producing reference images,
preventing design �xation, and inspiring design considerations [43].
These advancements highlight the transformative potential of AI
in supporting more dynamic and �exible creative processes.

AI is increasingly being integrated into the creative process to
expand idea exploration. In Luminate, Suh et al. explored a novel
interaction paradigm where the system generates a range of ideas
designed to cover the design space instead of producing a single
response to a prompt [68]. Similarly, Wang et al. contributed Room-
Dreaming, a system that enables interior designers to co-design
with AI [ 76]. While both systems focus on supporting designers
in exploring diverse ideas and iterating on their designs, Room-
Dreaming does not address the interconnected nature of stages in
design thinking, where changes in one stage, such as problem de�-
nition, often require adjustments in subsequent stages like persona
development or solution generation.

Generative AI is also being explored for its potential to automate
feedback and enhance the iterative process. For instance, Duan et
al. developed a Figma plugin where LLMs generate feedback on UI
mockups, identifying subtle design errors and improving textual
elements [24]. Similarly, Xiang et al.'s SimUser system automates
usability feedback, producing insights that closely mirror those
generated by human users [79]. Assuming feedback will always be
accessible with the advances in AI, E et al. explored the tradeo�s of
providing access to feedback throughout a design task versus only
providing feedback after [25]. These systems demonstrate how
AI can facilitate rapid iteration by providing timely, automated
feedback, allowing designers to re�ne their work more e�ciently.

Our work builds on these e�orts by utilizing AI-generated feed-
back to facilitate transitions across various design processes, from
persona creation to design artifact creation, demonstrating the new
role that feedback can play in the AI-powered framework for itera-
tive design and creative exploration. While the traditional design
process has used feedback primarily for evaluation, our approach
highlights its potential as a generative tool�one that can be invoked
on demand and propagate changes forward and backward in the
design process, interconnecting di�erent design stages to stimulate
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Figure 2: Results from a formative study with students, instructors, and practitioners and their satisfaction with
ideation, iteration, and feedback collection.

new directions and support �exible iteration throughout the design
process.

2.3 AI Tools for Design
Generative AI has become increasingly important in supporting
individual stages within the design process, such as generating
persona [16, 62, 82] and prototyping [8, 9, 30, 59, 64]. He et al. pro-
posed Cinemassist, a system that supports creative exploration
of potential cinematic compositions for users creating 3D anima-
tions. For each keyframe in the animation, users are presented
with di�erent scene options and frame-level options [32]. Wang
et al. developed AIdeation to support search and combination of
reference images for visual concept designers [78]. The UIDEC
tool sca�olded the design brainstorming process by emphasizing
design under constraints and using AI to generate examples [65].
LLMs have also been used to generate user research data, providing
designers with fast, scalable tools for modeling user behaviors and
needs [34, 59, 62]. Other tools focus on AI-assisted novel artifact
generation, such as sketching [42], motion comics [13], or manipu-
lable design tokens [63]. These advancements suggest that AI can
reduce the manual e�ort involved in various design stages, allowing
designers to focus on more complex creative tasks.

While many AI tools have focused on supporting tasks within
speci�c stages of the design process, limited attention has been
paid to augmenting the overall process and bridging fragmentation
between stages. Our work contributes to the growing body of re-
search on AI-assisted design by addressing this gap, demonstrating
how AI can help manage interdependencies and support iteration
across related artifacts in a cohesive manner.

3 Formative Study: Understanding Challenges,
Opportunities, and Practices with Survey &
Interview

To understand how generative AI can enable new design work�ows,
we recruited 15 participants for two formative studies involving a
survey and interviews.

Survey. The survey study aimed to identify challenges related to
exploration, iteration, and feedback collection, along with potential
opportunities and concerns regarding AI integration. While we
intended to keep the scope open to various design processes, we
referenceddesign thinkingin questions about design practices to
provide a familiar reference point and facilitate discussion around
common activities such as problem framing, ideation, and iteration.

Interview. The interview study focused on understanding the
practices surrounding storyboarding for feedback collection among
UX designers. We concentrated our interviews on only UX profes-
sionals, since industry practices around storyboarding�compared
to academic settings�are less well-documented and o�er oppor-
tunities for new insights, such as how storyboards are used in
communicating with stakeholders.

3.1 Procedure & Participants for
Two Formative Studies

For the survey study, we recruited 8 participants (gender: 4M, 4F;
age: M = 30, SD = 7.7, range = [24, 46]; referred to as F1-8). Out
of the eight participants, �ve had design learning experience as
students (through HCI courses at universities or UX bootcamp),
four had experience teaching design process as instructors (M = 4.3
years of teaching experience, SD = 5.3, range: [1, 12]), and �ve had
experience as design practitioners (M = 4.6 years of design prac-
tice experience, SD = 3.2, range: [2, 10]). Participants completed an
online survey where they described challenges they faced during
the design process, particularly with respect to exploration, iter-
ation, and feedback collection. They were then asked how these
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challenges might be addressed and whether AI could support these
processes. Each participant received a $15 gift card.

In the interview study, we conducted 60-minute semi-structured
interviews with 7 professional UX designers (4M, 3F; F8-15) who
had an average of 7.1 years of experience (SD = 4.7, range: [2, 15])
in UX design and storyboarding. On average, they had received
feedback on their UX scenarios (in text) 12.6 times (SD: 7.9; range: [3,
25]) and storyboard 9.6 times (SD: 9.3; range: [3, 30]). Participants
discussed the types of storyboards they used�text-only scenarios,
visual storyboards, or photos�and how they collected feedback
from stakeholders. They also described the kinds of feedback they
typically sought. Each participant received a $25 gift card.

We provided participants with a de�nition and overview of de-
sign thinking principles during recruitment and again at the be-
ginning of both studies to ensure a shared understanding of the
terminology and process.

3.2 Identi�ed Needs (Ns) from Survey with
Students, Instructors, and Practitioners

3.2.1 Challenges in Applying Design Thinking in Projects.

N1 Support time-consuming tasks in design thinking
N2 Support ideation at any design phase
N3 Support translation of user needs to problem statement

F1 (UX designer) shared thattime and budget constraints of-
ten limited the full application of design thinking. F2 (practitioner)
and F6 (student) noted thatideation was di�cult, with initial ideas
often basic and better ones emerging later in the process. Inte-
grating diverse user perspectives was also a challenge, sometimes
leading to overlooked groups (F3, student). F4 (practitioner) and F5
(student) foundtranslating user needs and challenges into ac-
tionable problem statement challenging. Finally, F7 (instructor
& UX consultant), who has been teaching HCI and UX courses for
12 years, touched on thetheory-practice gap , explaining that the
widely taught �ve-stage design thinking model oversimpli�es the
process, saying:

�The process is described as linear, but in reality, it's
not that linear. Students should understand that not
every problem will require all the steps and that things
need to be customized on a per-problem basis.�

To address these challenges, participants suggested adapting
design thinking according to the stakeholders' needs, time con-
straints, and budget (F1) and using collaboration or AI for ideation
(F2). Other solutions included getting help from team members to
re�ne problem statements (F4), building systems to guide problem
de�nition, and using AI to generate feedback (F5).

3.2.2 Challenges in Transitioning Between Design Stages.

N4 Support divergent and convergent thinking
N5 Support synthesis and translation of ideas
N6 Support returning to previous design phases

F5 (student) stressed the value of thedouble diamond process,
which encourages both divergent and convergent thinking . F6
(student) pointed out the importance ofsynthesizing ideas , noting
that while generating ideas is commonly highlighted, the ability to

distill and translate those ideas is often overlooked yet crucial. F7
(instructor) mentioned the�exibility to revisit previous phases
of the design process, stressing that it is okay and it should be
encouraged to return to earlier stages if new insights emerge.

3.2.3 Challenges in Receiving Feedback and Iterating Design.

N7 Support more frequent design iteration via feedback
N8 Facilitate e�cient feedback collection at any design phase

With respect to ideation, student participants (F3, F5, F8) in-
dicated that the number of ideas they explored depended on the
course requirement and instructor. F3 said: �Theexploration was
driven by instructor feedback and collaborative discussions
with my peers , which encouraged me to think beyond the obvious.�
F2 and F3 (students) shared that while they �felt that the number
of ideas explored could have been greater,� �time constraint � is
always a problem.

Regarding iteration, except for F6, every student participants (F3,
F5, F7-8) mentioned they iterated at least once, while varying in
the number of iteration. For example, F2 had a chance to iterate
only once during a workshop, while F8 did not iterate �during
the workshop.� However, they all agreed on the feedback's role in
iteration. F8 said, �teacher feedback come in as a good `reason' for
team members to agree on going back.� F6, who said there was no
iteration in her class, attributed this to the absence of feedback,
saying �classes don't o�er enough time to engage in feedback.�
F2 and F3 both mentioned they iterated based on feedback from
�instructor and peers.� Students (F3, F5-6, F8) not satis�ed with the
number of iterations in the course noted that �the course's pace ...
pushed [them] to move forward without enough re�nement� (F3).
To address this problem, they suggested giving students �more
chances to [get] feedback � (F6) and teach the importance of
feedback and iteration to team members who �do not want to go
back and iterate and consider [iteration] very ine�cient� (F8).

While all instructor participants (F4, F6-7) strongly agreed thatit
is important to return to previous stage of the design process and iter-
ate, its time-consuming and laborious nature made it challeng-
ing. F7 said that even for �12-week courses, [he �nds] it hard for stu-
dents to go back to previous stages.� He added that the most he asks
the students to do is to iteratewithin speci�c stages��especially at
the stages of lo-�, mid-�, and evaluation.� F6 believed that �learning
how to iterate is a skill that requires time.�

Practitioner participants (F1, F6-8) alsoacknowledged the im-
portance of iteration . However, the number of times they iterate
varied depending on the project schedule (F7), client (F1), and feed-
back (F5). F1 and F5 noted that they �return to previous stages�
when there are new insights from formative studies, users' feed-
back, or stakeholders' requests to add or remove some features.

The practices and experiences surrounding collecting feedback
varied. Some (F3, F8) reported collecting feedback more frequently
than others (F2, F5-6). F3 collected feedback at every stage, F5 col-
lected feedback only on speci�c stages such as solution or testing
stages. As shown in Fig. 2, practitioner participants (F1, F5, F7-8)
were also generallydissatis�ed with the number of feedback
they collect . Several participants (F3, F5-6) expressed dissatisfac-
tion with the current status quo and suggested potential solutions.
F5 suggested using generative AI to generate �feedback... so that a
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Figure 3: A screenshot of (A) F15's storyboard, with the (B) title (redacted) at the top. (C) is a frame featuring an image that
shows the interface with (D) caption. This, along with general storyboard visuals [ 72], informed our storyboard design (Fig. 11).

more frequent feedback process can be easily realised.� F3 suggested
integrating �regular feedback checkpoints into the course structure,
ensuring that feedback is shared consistently at each stage of the
design process.�

3.2.4 Challenges with Using AI for Design Thinking.

N9 Reduce manual e�ort in requesting AI feedback
N10 Synergize human and AI capabilities for co-creation

Many participants (5 of 8) had experience using AI. The most
common use case was for generating �a wide range of ideas� (F3).
Several participants (F2, F3, F8) shared that they used it to explore
�diverse perspectives [to] spark new thoughts and directions on
a problem� and �get the divergent thinking going.� In addition to
ideation, F4 used it to create storyboard and �analyze feedback to
identify common themes.� All participants supported the idea of
integrating AI in their design process. F1 felt the current practice is
�still very manual� and that �there has to be a way tomake it more
automatic .� However, F3 and F4 also emphasized that it has to be
a co-creative process, saying �AI should complement human cre-
ativity and judgment, not replace it. The best outcomes often come
from asynergy between human insight and AI's capabilities �
(F4). Several participants (F5, F6, F7) mentioned using AI to generate
�feedback� (F5) �at every stage of the design� (F7) to help �break
free from design �xation� (F8). F7 shared that it can perhaps �help
with the iteration by suggesting more ideas/solutions.� F7 went
on to suggest that given that �the constrains of 10-weeks course
projects (while students take multiple courses) and the timelines
in industry often mean thatsteps have to be skipped and you
canonly do one full cycle (without much opportunities to go
back),� �we couldsub-contract some aspects to AI [to] free up
more time for designers to address these challenges.�

3.3 Identi�ed Needs (Ns) from Interview with
UX Designers on Storyboarding Practices

3.3.1 Storyboard is essential with many benefits but the costly nature
of producing it prevents its use.All the UX designers acknowledged
that the costly nature of storyboarding prevented them from using
them as much as they would like considering themany bene�ts
compared to alternatives such as text-based scenarios. F12 said:
�What's awesome about storyboards is that it just makes ideas
easier to discuss and gives you a fuller picture. A higher level view.�
However, she stated that sheuses storyboard sparingly , saying
�I've used storyboards when I've had a greater amount of time
which is unfortunate, or when I really needed help explaining a
beginning to end concept.� Several participants (F12, F13) working
as freelancers also mentioned that theclients who hire them
avoid requesting storyboarding as that would require them to
pay more for the time spent on creating storyboards, highlighting
the costly nature of storyboarding even in terms of �nance.

N11 Support image consistency across frames in storyboard

3.3.2 Ensuring image consistency in storyboard is challenging when
AI is used to generate images for storyboard.During the interview,
F15 showed storyboard (see Fig. 3) he created using ChatGPT's
image generation capability. While AI eased the process of creating
storyboard for e�cient communication with his clients, he noted
the challenges present in his current work�ow such asmaintain-
ing consistency across image frames in the storyboard . He
explained that he creates each frame separately, which led to incon-
sistency in the generated images. As shown in Fig. 3, images varied
in style and tone. For example, some images were in drawing style
(1st frame), while others were photo realistic.
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