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Abstract

User-centered design necessitates researchers deeply understand-
ing target users throughout the design process. However, during
early-stage user interviews, researchers may misinterpret users
due to time constraints, incorrect assumptions, and communication
barriers. To address this challenge, we introduce InsightBridge, a
tool that supports real-time, Al-assisted information synthesis and
visual-based verification. InsightBridge automatically organizes
relevant information from ongoing interview conversations into
an empathy map. It further allows researchers to specify elements
to generate visual abstracts depicting the selected information,
and then review these visuals with users to refine the visuals as
needed. We evaluated the effectiveness of InsightBridge through a
within-subject study (N=32) from both the researchers’ and users’
perspectives. Our findings indicate that InsightBridge can assist
researchers in note-taking and organization, as well as in-time vi-
sual checking, thereby enhancing mutual understanding with users.
Additionally, users’ discussions of visuals prompt them to recall
overlooked details and scenarios, leading to more insightful ideas.
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1 Introduction

User-centered design (UCD) is an iterative, empathetic, and con-
textualized design process that places the needs, preferences, and
requirements of target users at the forefront in every stage of the
design and development lifecycle [1, 22, 46, 71]. The typical steps
of the UCD process include understanding the user context, speci-
fying user requirements, ideating and prototyping potential design
solutions, and continuously evaluating and refining these solutions
based on user feedback [9, 22, 37]. This process is often resource-
intensive, necessitating significant time, effort, and financial invest-
ment [46, 71]. If designers fail to demystify diverse user contexts
and needs through thorough and comprehensive user research,
especially in domains where the design scenarios are highly per-
sonalized, their subsequent design solutions can lead to poor user
satisfaction, decreased usability, and ultimately, higher costs due
to redesigns and lost business opportunities. UCD practitioners
thus employ various methods to help externalize and articulate
knowledge gathered about a particular user or user group and re-
move bias in the process. Empathy mapping [49, 53, 66] is one such
method widely adopted from the early stages of UCD.

UCD practitioners typically conduct empathy mapping by syn-
thesizing their knowledge of users into a visual map [28]. Such
knowledge could be in the form of user data collected from ongo-
ing activities such as interviews and workshops or practitioners’
understanding of users [22, 36, 40]. It is typically represented as
sticky notes or digital equivalents, spatially arranged on a can-
vas according to pre-defined key themes, such as user thoughts,
feelings, behaviors, and pain points [28, 49, 66]. In this way, the
resulting empathy map intuitively visualizes the user perspective
and supports practitioners in immersing into the users’ view as well
as uncovering the design gaps [15, 40, 77]. However, developing
deep empathy by creating and communicating with an empathy
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map is not easy, especially during an interaction with target users.
Designers may fail to capture all relevant details and/or misinter-
pret users’ expressions and needs when summarizing them into
sticky notes organized on the empathy map, potentially due to
biases, incorrect assumptions, or miscommunication during user
interviews [2, 19, 69, 70, 78]. This can result in an empathy map
that superficially reflects the true user experience, leading to design
decisions that are misaligned with the actual user needs. A typical
solution to such an issue is to re-engage with the target users in
later design iterations. For example, Davidoff et al. proposed to
conduct speed dating sessions with intended users, during which
designers present visual artifacts such as storyboards that illus-
trate their understanding of usage scenarios and design concepts to
gather immediate feedback [22]. Despite the effectiveness of such a
re-engagement process in deepening the practitioner’s understand-
ing of users, this approach requires extra time and effort to develop
the design concepts and craft storyboards. If the interpretation of
user needs is wrong in the first place, significant efforts would be
wasted [20, 51, 60]. Thus, means to facilitate UCD practitioners’
empathy-building with users while creating an empathy map are
still desired.

In this paper, we introduce InsightBridge, an Al-empowered
tool that augments the process of empathizing with users during
interviews by real-time, automatic creation of single-user empathy
maps and generation of line drawing style visual abstracts of user
context to facilitate mutual understanding as shown effective in
prior work [32, 59]. To be more specific, InsightBridge can process
conversational speech between researchers! and users as their
interview goes on, extract and organize information relevant to
the themes on a given empathy map template into sticky notes.
Then, researchers could select the sticky notes that need further
confirmation or elaboration from users, and InsightBridge will
generate a visual abstract depicting the corresponding contextual
information for users to review. InsightBridge can update and refine
the visual abstracts instantly based on users’ feedback to support
further discussions.

We integrate InsightBridge into the Miro platform?, which is
widely used by UX researchers to collect and brainstorm design
ideas. To evaluate its efficacy on enhancing researchers’ empathy
with users, this work aims to explore the following two research
questions through a comparative user study:

RQ1 How well can InsightBridge assist researchers in synthesiz-
ing information from users’ responses into the empathy map and
generating contextualized visual abstracts for validation and com-
munication? Whether and how does each feature of InsightBridge
support these functions?

RQ2 How well can researchers trigger users to provide more
detailed and insightful user context by leveraging each feature
of InsightBridge to facilitate mutual understanding in empathy
development? How do they use each feature of InsightBridge?

To answer these questions, we recruited 16 pairs of researchers
and users to conduct regular user interviews. The study was car-
ried out in a within-subject manner, in which each researcher in-
terviewed with paired user with and without the assistance of

!In the following text, we use the term “researcher” to refer to researchers who conduct
user-centered design.
Zhttps://miro.com/
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InsightBridge regarding two design topics respectively. We coun-
terbalanced the order of these two conditions and the two design
topics by using Latin Square [31]. Based on the analysis of study
outcomes, we demonstrated that InsightBridge can synthesize mul-
tifaceted information into the empathy map reliably and accurately,
and generate contextualized visual abstracts efficiently. Meanwhile,
the process of visual checking and adjustment trigger users to recall
overlooked details, provide more insightful feedback, and further
facilitate researchers’ understanding and empathizing with users.
The main contribution of this work are threefold:

o InsightBridge, a novel system to enhance researcher’s em-
pathy with target users in the user interview.

e An experiment discovering the efficacy of InsightBridge in
real-time information synthesis and visual communication
to strength the mutual understanding between researchers
and user.

e Design implications on how to extend the use of Insight-
Bridge and how to involve convergent and divergent think-
ing into the development of empathy-enhancing tools.

2 Related Work
2.1 Empathy in User-Centered Design

UCD entails centering the design process around the user needs,
which generally starts from “knowing the users” and requires empa-
thy of designers towards the target users [1, 77]. Design researchers
have proposed various methods to facilitate researchers’ empathic
analysis of users [40, 77]. Wright and McCarthy [77] highlight three
groups of empathic techniques. The first group of methods involves
researchers having direct contact with the users. Researchers might
adopt ethnographic methods, immerse themselves into the detailed
contexts of the users, and perform observations to form an under-
standing of users [72, 77]. Conducting interviews with the users is
another direct-contact method to promote empathy [55].

The second group of methods is creating a narrative around
the target user group [77] (or communication techniques [40]).
For example, researchers can create a persona to characterize the
user group, specifying their goals, needs, and encountered chal-
lenges [8, 18]; or they can opt for scenario-based design [15], creat-
ing authentic usage scenarios to inspire the inquiry of user needs.
The creation of such narratives is often based on user raw data or
can be from direct contact with users. For example, the empathy
map, characterizing users’ thoughts, feelings, goals, etc. spatially on
canvas, typically results from a synthesis of researchers’ interviews
with the users [49, 53, 66]. Another group of methods facilitates
researchers’ imagination of the users through, for example, role-
playing. Experience prototyping introduced by Buchenau and Suri
[12] is a typical method of this group, which promotes researchers’
empathy by situating researchers themselves as the target users.

It is worth noting that promoting empathy does not mean “be-
coming the user”, but refers to understanding the user from re-
searchers’ own perspective [40, 77]. Kouprie and Visser [40] frame
the empathy process into a four-phrase model, including discovery,
immersion, connection, and detachment. While the first two phases
focus on embracing the users’ perspectives, the latter two phases
require researchers to reflect upon their own experiences to develop
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novel design knowledge and further guide design concept formula-
tion. In this process, the divergence of users’ and researchers’ views
could lead to challenges in empathy, such as loss of the nuances of
user experience [55] and incorrect assumptions by researchers [2].
To this end, this paper aims to bridge this gap by leveraging Al to
generate boundary objects (i.e., visual abstracts) to smooth the syn-
thesis and development of both researchers’ and users’ perspectives
during the interview.

2.2 Support Communication beyond Words

Speech is the main modality in human-human conversations. How-
ever, speech alone may limit the transmission of information and
understanding of each other [32, 59]. One of the most famous theo-
ries in the field of interpersonal communication, the media richness
theory [23], suggests that the richness of the medium’s message
affects the effectiveness of communication. Therefore, researchers
tried to adopt diverse materials and devices to support communi-
cation in different scenarios. For example, the card is a common
medium to foster communication between designers and target
users [75]. Beck et al. proposed the instant card technique for UCD
which enables formalized development of scenarios with target
users by editing and modifying instant cards [3]. Curtis et al. at-
tempted to use smartwatches to support the communication needs
of people with language impairment aphasia [21]. Wood et al. con-
ducted robot-mediated interviews to investigate the effect of hu-
manoid robot for supporting interview conversations [76]. Efficient
note-taking assistance can also support communication. Haliburton
et al. investigated the use of microphone, walking stick, and high-
lighting buttons to help people take notes during walking meetings
[33]. Among the vast possibilities beyond words, the most prevalent
choice of modality is visual. It is supported by the dual coding the-
ory [54], which suggests that there are two basic channels through
which humans process information: the verbal channel and the
visual channel. Through the combination of both verbal and visual
information, people can speed up the processing of information
and perceive the information more sufficiently and thoroughly [54].
Existing research has extensively explored the effectiveness of vi-
suals in supporting communication. The Visual Captions system
developed by Liu et al. helps audiences understand and remember
complex or unfamiliar concepts mentioned by the speakers [45].
It anticipates the “visual intent” of a conversation and proactively
suggests appropriate visual materials in real time. The effectiveness
of communication is especially important in an educational setting
because it can directly affect the effectiveness of learning. In teach-
ing tool operation skills, visual communication allows students to
better understand the instructor’s instructions and more accurately
replicate actions compared to verbal communication [65]. Visual’s
supportive role in communication is even hard to replace on some
special occasions. For people with language barriers, like nonverbal
autistic individuals, visual aids can be adjusted in elements like
button size and color to match their motor and cognitive skills,
making communication easier for users with varying needs [24].
The findings and design considerations in these previous work
inspire and support the design of InsightBridge s real-time informa-
tion synthesis (verbal channel) and visual communication (visual
channel) functions.
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2.3 Support Communication with AI

As an emerging field, a growing body of research is dedicated to
exploring the potential of Al to support interpersonal communica-
tion and improve the quality of communication. Existing research
suggests that Al has demonstrated positive effects in facilitating
communication in different scenarios and among different groups
[43, 44, 63, 81].

Al can help reduce the barriers of communication among people
with different backgrounds and contexts. To combat generation
gaps, Liu et al. leveraged generative Al to propose more expres-
sive, creative, and efficient family communication through arts
therapy [44]. Similarly, LegacySphere promotes more open and
inclusive dialog on life philosophies with Al-powered avatars, role-
playing, and storytelling designs [63]. In healthcare, a field with
substantial communication conflicts, Al interventions can help
caregivers and beneficiaries communicate their feelings and reach
mutual understanding [61]. AI’s automated symptom monitoring
and conversational agent system can also help cancer patients com-
municate with their doctors on a regular basis, which reduces lags
and barriers to information delivery [79].

User research is another area that desires communication sup-
port for researchers and users, but little research has been done to
apply the surging capability of generative Al to facilitating commu-
nication therein. Therefore, InsightBridge is developed to facilitate
user interviews during the UCD process. To keep a natural commu-
nication environment without a high burden of additional devices,
e.g., VR devices in LegacySphere [63], InsightBridge is integrated
into the Miro whiteboard platform which is widely used by UCD
researchers [25, 42, 47]. Meanwhile, to keep the fluency of on-going
interviews, InsightBridge provides real-time functions without long
delay and specific preparation of Al-generated contents [44, 63].
The flexible combination of the sticky notes in the empathy map
and the visual abstracts in the visual area of InsightBridge enhances
the verbal and visual communication channels at the same time,
which is essential of interpersonal communication but not real-
ized in previous work [54, 61, 79]. The APIs provided by OpenAl
can process and generate multi-modal data. However, it is only
developed for humans communicating and interacting with AL In
our case, InsightBridge is a tool designed for supporting human-
human communication by leveraging OpenAI APIs with special
mechanisms and design considerations.

3 System Design

In this section, we introduce our InsightBridge system, which lever-
ages Large Language Models (LLMs) to generate visuals that fa-
cilitate communication and understanding between researchers
and users during the completion of empathy maps. InsightBridge
is a plugin developed in Miro, a widely-used diagramming white-
board platform for empathy-building, due to the quick note-taking
and ease of information organization [25, 42, 47]. Miro enables col-
laboration through elements like text, sticky notes, and lines. Its
collaborative capability, developer-friendly architecture, and rich
set of elements and templates (including empathy map templates)
make it the ideal platform for developing InsightBridge.

Referring to previous research that shows real-time generation
of dialog-related visual content can enhance communication [45],
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Figure 1: The workflow of InsightBridge. We leverage LLMs to support the three main functions of InsightBridge, including
information extraction, visual generation, and visual feedback. The actions done by human or AI are annotated respectively.

we incorporate the generation and modification of visual abstracts
into the workflow of user interview and implement in InsightBridge
(Figure 1). We expect the generated visuals to serve as key boundary
objects [67], that aggregate perspectives from both researchers
and users, supporting focused discussion around them, and finally
augment and facilitate researcher-user communication. Specifically,
InsightBridge first helps researchers extract and organize key points
from users’ responses by generating sticky notes (Figure 1, 1). When
researchers identify key points they want to visualize, InsightBridge
enters the second stage: generating a visual abstract (Figure 1, 2).
After the visual is generated, InsightBridge gathers user feedback to
create new sticky notes and visual abstracts (Figure 1, 3). These three
stages cycle until the interview is finalized. Finally, InsightBridge
analyzes pain points and gain points from all sticky notes and
conversation history, again in the form of generating sticky notes.

3.1 Information Extraction

During typical user interviews, researchers must carefully listen to
user responses while quickly identifying and recording key infor-
mation. Following this, a best practice is to structure the collected
data into a summative representation (e.g., an empathy map) to val-
idate insights with users and identify design opportunities [7, 41].
However, manually noting down key information is already labor-
intensive, adding further complexity to the subsequent synthesis
and re-engagement with users during the interview. To address
these challenges and enhance communication with timely user
feedback, InsightBridge automatically extracts and organizes key
points from user responses, streamlining the process and reducing
the cognitive load on researchers.

When the user begins answering questions, the researcher presses
the “Record + Generate Sticky Notes” button to start recording.
The system automatically records the response and transcribes au-
dio files to text using OpenAI's API3. Then these texts are fed as

3https://platform.openai.com/docs/guides/speech-to-text

part of the prompts to ChatGPT 40 model, which has been provided
with the contexts on each dimensions of the empathy map. For
example, when the user says, “I am worried about whether remote
toys might have some sharp edges, as these sharp edges could harm
my cat”, InsightBridge generates a sticky note recording the user’s
feeling of worry and categorizes it under the Feels dimension. This
categorization can be expressed as dy = C(K), where dy stands for
the Feels dimension, C represents categorization, and K represents
the key points.

InsightBridge is highly flexible because the content of the gen-
erated sticky notes is fully editable, allowing researchers to adjust
as needed. Researchers can also delete unnecessary sticky notes,
or if none of the generated notes are satisfactory, they can add an
empty one from Miro’s toolbar. In other words, the sticky notes
are content-editable, removable, and addible, providing researchers
with ample flexibility to collaborate with the Al

3.2 Visual Abstract Generation

The key enhancement InsightBridge brings to researcher-user com-
munication is the real-time generation of highly relevant and thought-
provoking visual abstracts during the interview. Leveraging the
text-to-image capabilities of LLMs, InsightBridge creates visuals
based on the sticky notes from the synthesized empathy map (Fig-
ure 1, 1). Notably, InsightBridge does not generate images from all
the sticky notes but instead requires researchers to select specific
combinations. The timing of visual generation is also decided by
researchers based on the progress of interviews, to avoid their dis-
traction from irrelevant and unimportant visual abstracts. While
the selection and decision process may add some cognitive load, we
argue that it is essential as it allows researchers to emphasize their
priorities, ensuring the generated images are more aligned with
their interests — an important factor in the empathy process [40, 77].
InsightBridge uses the DALL-E 3 model [58] to generate images
from key points in selected sticky notes. While DALL-E 3 produces
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Figure 2: The user interface of InsightBridge, which includes three main views: manipulation panel (1), persona empathy
map area (2) for information synthesis, and visual area (3) for visual communication. Some sample sticky notes with key
information and generated visual abstracts are provided in the corresponding area.

high-fidelity, detail-rich images that enhance visual appeal, such im-
ages might consist of excessive details that diverge from the user’s
real experience and backfire to hinder user immersion. To address
this, our prompting strategy focuses on generating minimalist-style
images, primarily as black-and-white line drawings, ensuring the
visuals remain abstract and generalized. This process can be sum-
marized as Vs = D(K, S), where Vs is the visual abstract, D is the
DALL-E 3 model, and S defines the style which is black-and-white,
line-drawing-like, and minimalistic. For example, when a researcher
selects a sticky note with the content “My kitten likes to play with
plush toys” that needs alignment and presses the button of “Gen-
erate Images”, InsightBridge produces a simple black-and-white
sketch resembling a comic strip, using clean lines to depict the
kitten and the plush toy. This minimalist style allows users to build
their own mental context based on the visual.

Moreover, our prompting strategy employs the chain-of-thought
(CoT) technique [74] by instructing the LLMs to first describe the
user story with concrete scenes and relevant elements based on
the selected key points, then generate the visual abstracts from the
user story. The rationale behind this CoT design is to mimic and
align with the typical approach researchers use to create narratives
(e.g., scenarios, storyboards) from user data [15, 22, 41, 77]. We
anticipate that the narrative-centered images produced through
this prompting strategy will stimulate users with concrete scenes,
encouraging them to provide more meaningful feedback.

3.3 Visual Feedback

Even if researchers can ask follow-up questions to confirm with
users, it is challenging to ensure that researchers and users fully
align in their understanding of specific concepts and scenarios
[2, 48]. To minimize misunderstandings, InsightBridge incorpo-
rates users in the creation of visual abstracts by encouraging them
to provide feedback. After showing the visual abstract to users,
researchers can press the “Visual Feedback” button to immedi-
ately collect user feedback on the visual abstract. InsightBridge
transcribes the user’s feedback into text, which is simultaneously
used for generating new sticky notes and updating the visual ab-
stract. For example, in Figure 2, when discussing pet toys, the visual
abstract initially depicted a robot-shaped interactive toy based on
the user’s input. After checking it, the user suggested that “the toy
would be better shaped like a mouse, as it would attract the cat’s
interest more.” In response, InsightBridge generated a sticky note
with the suggestion, “I wish the toy was in the shape of a mouse”
and updated the visual abstract by changing the toy’s shape from
a robot to a mouse. The visual abstract provides a more intuitive
way of presenting the content of use than words. It acts as a bridge,
allowing researchers and users to quickly compare it with their own
internal understanding, guiding them towards a shared alignment.
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3.4 Interaction Flow

This section introduces the interaction flow of InsightBridge by
demonstrating how it helps researchers organize user interviews.
Alice, a user experience researcher, aims to understand pet owners’
opinions and needs regarding pet toys for remote interaction. She
finds a target user and begins the interview.

3.4.1 Recording and organizing the user’s responses. When the user
starts answering a question, Alice presses the “Record + Generate
Sticky Notes” button, and InsightBridge automatically records the
response. Once the user finishes, Alice presses the button again to
stop recording, and InsightBridge generates a sticky note contain-
ing the key points of the user’s response. The sticky note is then
automatically categorized into the relevant frames corresponding
to the four dimensions of the empathy map.

3.4.2 Generating and modifying visual abstract. After asking a few
questions, Alice notices three sticky notes capturing the user’s
product requirements: “want a pet toy that interacts with cats”,
“want to be able to control it remotely”, and “want to be able to
walk around”. Although Alice has a general idea of what the toy
might look like, she is unsure how closely her vision aligns with
the user’s. She selects these three sticky notes (or, if needed, clicks
the “Select All” button to select all the sticky notes) and then
clicks “Generate Images” to create a visual abstract. InsightBridge
generates a visual in the Visual Area, depicting a white cat and a
robot-shaped interactive toy. When the user begins commenting
on the visual abstract and suggesting modifications, Alice presses
the “Visual Feedback” button to record the feedback. Once the
user finishes, Alice presses the button again, and InsightBridge
generates feedback sticky notes, categorizes them into the empathy
map, and updates the visual abstract based on the feedback.

3.4.3 Analyzing the interview. After completing all the questions
on the interview outline, Alice faces an abundance of key points.
She wants to quickly analyze the gain points and pain points in
order to confirm them with the user on the spot. She clicks the
“GAIN + PAIN” button. InsightBridge selects all the sticky notes
and analyzes them to extract gain points and pain points. The points
are recorded on sticky notes, which are pasted in the corresponding
areas of the empathy map.

4 Evaluation

To evaluate the efficiency and usefulness of InsightBridge, we
recruited participants to conduct research-oriented interviews in a
within-subject design. In this section, we introduce the details of
experiment procedures and the corresponding measurements.

4.1 Study Procedures

In each session of our study, we invited one participant as the
researcher and the other as the user to conduct a user interview.
Following the requirements of our institution’s IRB, we recruited 16
participants as researchers (7 males, 7 females, and 2 non-binary/third
gender; age range 19-27, M=21.63, S.D.=1.93). These researchers
have backgrounds in Human-Computer Interaction, UI/UX, and
Product Design, and possess abundant experience in communicat-
ing and empathizing with target users during the UCD process. For
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the Baseline condition comparing with the use of InsightBridge,
we allow researchers to choose the tool they are most familiar
with, including paper and pen, tablet, or laptop. We install the orig-
inal Miro software on the tablet and laptop. Both the paper and
electronic empathy map template are provided. Researchers can
decide whether and how to take notes or sketch drafts based on
their common practice. In this within-subject study, we select the
following two design topics for each system condition: 1) Pet toy:
“Designing an Interactive Pet Toy with Remote Control to Facilitate
Human-Pet Communication”; 2) Fitness training: “Designing an In-
teractive Fitness Device with Daily Object Recognition to Enhance
Human-Environment Interaction for Physical Training”. Since these
two topics are highly related to users’ personal experiences and
preferences, it is important to empathize with users thoroughly as
the initial step of the UCD iteration. By adopting Latin Square, four
combinations are formed to counterbalance the experiment:

e Pet toy (Baseline) - Fitness training (InsightBridge)
o Fitness training (Baseline) - Pet toy (InsightBridge)
e Pet toy (InsightBridge) - Fitness training (Baseline)
o Fitness training (InsightBridge) - Pet toy (Baseline)

To pair with each researcher, we recruited 16 participants as target
users (5 males, 11 females; age range 21-31, M=25.25, 5.D.=2.88)
for the user interviews. All the users raise pets and have fitness
training habits.

During the onboarding phase of our study, we introduce the
study workflow to both the researchers and users. Specifically, we
provide researchers with a tutorial to familiarize them with Insight-
Bridge and its functions. To reduce the burden on researchers, keep
a smooth interview process and control the confounding factors,
we set up a list of 10 questions regarding each design topic for re-
searchers’ reference. The aim and focus of questions are: 1) Q1-Q2:
warm up and collect background information; 2) Q3-Q5: inquire
about current practice and challenges; 3) Q6-Q10: collect user needs
and requirements. Researchers can flexibly modify or add follow-
up questions based on their pace and interview habits. After each
researcher-user pair completes an experiment condition, they are
required to complete a questionnaire separately. Finally, we con-
duct semi-structured interviews by asking open-ended questions
to researchers and users independently to collect their feedback on
their interview experiences.

4.2 Measurements

We evaluate the performance of InsightBridge by analyzing par-
ticipants’ self-ratings in the questionnaires and their feedback to
the final semi-structured interviews. All questions in the question-
naire are rated with a 7-point Likert scale, with 1 denoting strongly
disagree and 7 denoting strongly agree.

4.2.1 Measurements for Researchers. In the questionnaires, we fo-
cus on the following four dimensions:

Task Load. Conducting user interviews is a complex process
that requires researchers to pay attention to the ongoing discussion
as well as user emotions and behavior while ensuring the fluency
and accuracy of question-asking. We hypothesize that InsightBridge
’s features, such as information extraction and visual abstract gener-
ation, could potentially help with the interview process and lower
the task load. We use the NASA Task Load Index [35]. It includes
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six dimensions: 1) mental demand; 2) physical demand; 3) temporal
demand; 4) task completeness; 5) effort to complete the task; and 6)
any frustration that occurred.

System Usability. We would like to explore the usability of the
features in InsightBridge in real interview contexts. We adopt the
standard System Usability Scale (SUS) tool to measure the system
usability in five aspects [11]: 1) easy to learn; 2) easy to use; 3)
compatible with the ongoing task; 4) overall usefulness; 5) future
use.

Researchers’ View of Mutual Understanding. The alignment
between researchers’ understanding and users’ actual thoughts and
feelings is a crucial factor for empathizing with users. We leverage
measurements of mutual understanding from previous work to
propose five aspects in our study [34, 80]: 1) the effectiveness of
communication with users, 2) the ease of asking users questions,
3) the ability of users to provide insightful feedback, and 4) the
accuracy of understanding user needs.

Assessment of InsightBridge ’s Features The above three
dimensions are measured by researchers using both the Baseline
system and InsightBridge for statistical comparison. Regarding the
specific functions of InsightBridge , we evaluate the quality of the
following five features: 1) extracting key information; 2) organizing
key information; 3) checking sticky notes carefully; 4) generation
of visual abstracts; 5) adjustment of visual abstracts.

4.2.2  Measurements for Users. Since most system interactions oc-
cur on the researcher side, the measurements of the users’ expe-
rience are mainly their self-report mutual understanding during
the interview in the following five dimensions: 1) the effectiveness
of communication with researchers, 2) the ease of answering ques-
tions, 3) the comfort in sharing ideas, 4) the impact of researchers’
operations on the device on communication, and 5) the accuracy of
understanding users’ needs.

4.2.3  Semi-structured Interviews. For the semi-structured inter-
views, we prepared open-ended questions to assess researchers’
views on InsightBridge’s performance (e.g., “Did you find many
manual edits necessary for the automatic note-taking and visual-
checking results? Why?”), its effectiveness in eliciting user feed-
back (e.g., “Was user feedback on the generated visuals insightful?
Why?”), and how it supports a better understanding of users (e.g.,
“Did any new understanding about users emerge from the inter-
views?”). Similar questions were posed to users, with language
tailored to their perspective (e.g., “What are your thoughts on the
generated visuals?” in relation to InsightBridge’s performance).

We conducted a thematic analysis [10] of the semi-structured
interview data. Two authors independently reviewed the interview
recordings and generated initial codes. They met frequently to
discuss and resolve any discrepancies, leading to the formation of
high-level themes. We triangulated the qualitative analysis with
participants’ self-rating scores to strengthen the qualitative analysis
quality.

5 Results

In this section, we present our findings on the impacts of imple-
menting InsightBridge in user interviews from the researchers’ and
users’ perspectives respectively.
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5.1 RQ1: InsightBridge for Information
Synthesis and Visual Communication

Extracting Key Info {

Organizing Key Info

Checking Carefully {

Visual Generation q

Visual Adjustment

Figure 3: Researchers’ self-ratings of the satisfaction degree
regarding each key feature of InsightBridge in 7-point Likert
scale. Score 7 denotes that researchers strongly agree on the
usefulness of each feature, and score 1 denotes that they
strongly disagree.

To analyze the effect and impact of each feature of InsightBridge,
we let researchers who mainly interact with InsightBridge rate their
satisfaction degree of each feature in a 7-point Likert scale, and the
result is shown in Figure 3. Overall, the researchers show a positive
attitude towards each feature. And in the following subsections,
we will represent and interpret detailed findings of whether and
how does each feature of InsightBridge support the information
synthesis and visual communication functions based on the analysis
of interaction data and qualitative feedback.

5.1.1 Efficient and Reliable Information Synthesis. During the re-
searchers’ use of InsightBridge, they need to check the automati-
cally generated sticky notes in each dimension of the empathy map
and possibly modify these notes when they found any discrepan-
cies with their own understanding. We summarized the number
of finalized sticky notes and researchers’ modification operations
in Table 1. Researchers’ self-rating results of the note-taking func-
tion are shown in Figure 3. While most researchers confirmed that
they checked the generated notes carefully (as shown in Figure 3
“Checking carefully”), we found that they made few modifications
in the dimensions of Does, Gains and Pains. This implies that they
are generally satisfied with the extracted key information in these
three dimensions, which also echos the relatively positive ratings
of “Extracting key information” and “Organizing key information”
in Figure 3.

Table 1: The note-taking results of each researcher in each
quadrant of the empathy map. We summarize the average
number of finalized sticky notes, the average number of mod-
ifications (editing and deleting), and the corresponding mod-
ification rate.

Dimension Avg. # Sticky Notes ~ Avg. # Modifications Modification Rate

Says 14.06 3.00 21.34%
Thinks 15.25 2.38 15.61%
Does 9.69 0.25 2.58%
Feels 5.44 0.81 14.89%
Gains 3.44 - -
Pains 4.19 - -
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On the other hand, for the dimensions of Thinks and Feels, re-
searchers have modified around 15% of the generated sticky notes.
The key points in Says were modified most, which accounts for
21.34% of all the sticky notes. Interestingly, researchers did not
consider the real-time modification a huge burden during the on-
going interview. For instance, researcher R6 mentioned that “Even
if there are errors [in the generated sticky notes], they are not the
kind of errors in the content that are misleading, but there may be
some pronunciation problems that lead to inaccurate voice recognition,
which is easy to pick out at a glance”. Meanwhile, the automatic
information extraction and organization features process all the
conversations between researchers and users, which prevents re-
searchers from omitting key information in particular aspects. For
example, researcher R3 mentioned that “Considering my personal
note-taking preferences, I tend to pay more attention to the dimension
of Thinks, and sometimes ignore the pieces of information in Feels
dimension. But this tool [InsightBridge | can remind me that users’
expression of emotions and feelings is equally important”.

5.1.2  Visual Checking Behavior. All the participating researchers
tried the visual generation and adjustment features during their
implementation of InsightBridge. On average, each researcher chose
to generate 6.25 visual abstracts, and for each checkpoint, they
generated 2.33 visuals. We also analyzed the temporal patterns
of researchers’ visual checking behavior by tracking when they
attempted to generate visual abstracts and how many visuals were
generated in each phase of the interview. As shown in Figure 4,
we discovered that most researchers preferred to generate visual
abstracts and check with users during the phase of asking and
collecting user needs, especially after finishing all the interview
questions. Researcher R4 said that “If the user mentions a more
scenario-based concept or a more difficult-to-imagine scenario, it
will make me want to generate a visual abstract. In addition, after
collecting enough information, I choose to make a final confirmation”.
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Figure 4: The timing of researchers to do visual checking,
and the number of generated visuals at each checkpoint. We
track the interview process through three phases, warm-up,
current practice and user needs.

Based on the researchers’ satisfaction degree of visual gener-
ation and adjustment features shown in Figure 3, we found that
most researchers confirmed the usefulness of these visual-related
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features for visual communication. It can broaden and enrich the
available medium when researchers communicate with users. As
researcher R7 shared, “Originally, I am not very good at sketching
and hand-drawing, so I rarely try the visual-based method to com-
municate with users. However, this tool [InsightBridge ] allows me to
overcome the limitations of my personal ability and use more diverse
mediums to promote our communication”. Regarding the timing and
procedure to trigger the visual generation feature, researcher R8
commented that “I think it is a good idea to let us [researchers] first
select some of the sticky notes that we want to further confirm and
discuss, and then generate the corresponding visuals, since this makes
the generated visuals representative and focused, without causing
many hallucination issues”. However, researcher R10 held an oppo-
site attitude and said that “To ensure the smoothness of the interview,
sometimes I may not have enough time to select the sticky notes which
want to align with users further, especially during the second half of
the interview”.

5.1.3  Overall Task Load and Usability Comparison. As described in
Section 4.2, the researchers rated the level of task load and overall
system usability. Before comparing the task load and usability be-
tween the Baseline system and InsightBridge, we firstly performed
a Mann-Whitney test to check if researchers’ ratings under each de-
sign topic have a significant difference. And there is no significant
difference (p > 0.050 for all the questions) detected, which excludes
the design topic as a confounding factor. Then, we conducted the
Wilcoxon signed-rank statistical test to explore whether the rating
difference between two systems is significant, which is presented
in Figure 5.

Regarding the task load, we found that researchers’ task load
while using InsightBridge is significantly lower than that while
using the Baseline system in the dimension of mental demand
(p = 0.002), physical demand (p = 0.001), temporal demand (p =
0.001), effort (p = 0.001), and frustration (p = 0.014). The feature
of automatic speech recognition and note-taking is considered as
an effective factor to lower the researchers’ burden and cognitive
load. For instance, researcher R4 commented that “If I take notes by
myself, I need to spend a lot of time typing, especially for recording
detailed expressions from users, and I also have to make a lot of
repetitive decisions [whether to record or not]. When using this system
[InsightBridge], I can save a lot of physical and mental energy, and
have more eye contact with users”. For the comparison of system
usability, there is no significant difference in the aspects of “easy to
learn”, “easy to use”, and compatibility. It reflects that even though
more features are designed in InsightBridge, researchers can still
learn and use InsightBridge easily and involve it in the interview
process smoothly. Moreover, researchers thought InsightBridge is
more useful (p = 0.009) and expressed more willingness to use
InsightBridge (p = 0.010) in the future significantly.

5.2 RQ2: InsightBridge for Facilitating Mutual
Understanding and Insightful Feedback

5.2.1 Mutual Understanding. As described in Section 4.2, both the
researchers and users rated the diverse aspects of mutual under-
standing. Similar to the analysis pipeline in Section 5.1.3, we firstly
excluded the design topic as a confounding factor after running
the Mann-Whitney test. And then the Wilcoxon signed-rank test
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Figure 5: Statistical comparison of researchers’ self-ratings of task load and usability between the Baseline system and
InsightBridge. Error bars indicate 95% confidence intervals around the mean values. We applied the Wilcoxon signed-rank test,

where the statistic value W and p-value (*:p <.050, **:p < .010,

also shown.

was conducted to measure the statistical difference of participants’
level of mutual understanding when using the Baseline system and
InsightBridge as shown in Figure 6.

From the researchers’ perspective, they consider using Insight-
Bridge can support higher effectiveness of communication (p =
0.045). Meanwhile, users’ feedback are more insightful (p = 0.013)
and the understanding of user needs is more accurate (p = 0.006)
with the assistance of InsightBridge. Nevertheless, there is no sig-
nificant difference shown in the aspect of ease of asking questions.
In general, InsightBridge can promote researcher’s communica-
tion with users and empathize with users better through correct
understanding of users’ expressions and ideas. As researcher R1
mentioned, “At that time, I did not quite understand what the user was
saying [about the potential usage scenario], and my understanding of
what he talked about was very vague. However, this tool [InsightBridge
] generated a pretty good and contextualized image. Based on the
discussion of the generated image, my understanding of what the user
was describing would be much clearer”. Moreover, the contextualized
environment depicted in the generated visual abstracts can trig-
ger researchers to confirm and discuss with users, which strength
the alignment of researchers’ perceived scenarios and users’ de-
scribed scenarios. For instance, Figure 7 represents two manually
created drafts, which mainly focus on the device without showing
the surrounding environments. Some researchers mentioned the

* %k
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importance of confirming user’s context. For example, researcher
R15 said that “[Under the design topic of fitness training] I originally
assumed that comfortable training only requires enough equipment,
but the generated images made me realize that the air conditioning,
lighting, and mirrors in the environment are all important. This made
me further inquire about the user’s needs for these environmental
factors which really enhances my understanding”.

5.2.2  Insightful Feedback. The checking and refinement of gener-
ated visual abstracts can facilitate users’ more insightful feedback.
Based on the analysis of user’s feedback and discussions triggered
by visual abstracts, we summarize three type of facilitation: contex-
tualization, instantiation, and brainstorming. The representative
visual samples under each design topic are shown in Figure 8.
Contextualization The concrete and contextualized scenario
presented in the visual abstract serves as a prompt for users to
think of the relation between the design target and the potential
surrounding people or objects in the environment. For instance,
user U7 mentioned that “The picture shows the environment of a
living room, so I thought, besides on the floor, where else can I use
such a pet toy? Then there are a lot of clutter on the floor, so I thought
that I should set aside an area for the cat to play with the toy without
messing up the whole room. Even if it [scenario shown in visual
abstracts] may be different from the actual settings in my house, the
process of checking it can actually help me come up with more needs”
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Researcher R10 Researcher R11

Figure 7: Researchers’ manually created visual abstracts
when using the Baseline system. (left: a protective gear for
real-time gesture feedback; right: a pair of glasses to play
teaching videos.)

(Figure 8 (2)). Similarly, user U3 recalled that “The gym I used to
go to is always crowded and noisy, so the audio-based feedback from
the device may be not applicable” (Figure 8 (1)). In some cases, the
personal traits of the character generated in visual abstracts may
not be fully consistent with users’. For example, there was a male
athlete generated in the visual abstract for the user U8, but U8
is a female user. Then, U8 said that “This reminds me that many
gym facilities are not female-friendly. For example, the weights of
some anaerobic equipment are too high and difficult to adjust them.
Also, the size of some equipment is not suitable for females to fix and
providing protection”.

*kk

:p <.001) are reported. The effect size calculated using

Instantiation When users refer to some particular design con-
cepts and ideas, InsightBridge can guide them to instantiate the
vague concepts to avoid the superficial expression of user needs and
requirements. For example, both the users U3 and U6 mentioned
that cell phone can be the possible device to support fitness train-
ing and communication with pets. However, they did not provide
enough details of how to interact with cell phones before checking
the generated visuals (Figure 8 (3) and (4)). Specifically, researcher
R6 mentioned that “Here, a mobile phone is plugged into the robot
vacuum cleaner. This seems a bit nonsense at first, but then the user
[U6] says that it can be possible. The user considers that she can hold a
replica of the phone remotely, and the state of the robot is the same as
the state of the phone. In this way, she can check her cat’s status and
control the robot remotely”. Another example is that the image (3) of
Figure 8 triggered the user U6 to think of the difficulty of operating
cell phones during exercise. Then the user U6 expressed the need
for a bigger interactive screen to display the real-time feedback of
the gesture and physical activity data.

Brainstorming Based on the users’ personalized information
provided and the discussions during the iteration of visual refine-
ments, InsightBridge can facilitate users’ divergent thinking to
brainstorm some novel applications. In Figure 8, image (5) is an
interactive human exoskeleton to monitor the fitness training pro-
cess, and image (6) is a Transformers toy with remote control for
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Figure 8: Samples of generated visual abstracts by InsightBridge from each type of facilitation under each design topic which
elicit users’ deep and insightful feedback. The researcher ID under each visual abstract indicates the corresponding image was

generated during the interview conducted by this researcher.

dogs. These brainstorming-oriented generated visuals not only as-
sist researchers in confirming the concrete format of novel concepts
but also encourage users to provide more insights. For instance,
researcher R5 mentioned that “When users refer to some creative
ideas, the tool [InsightBridge] can generate corresponding images with
high-quality. These images can help users further give more rationale
and details. It is also a promotion for the subsequent design process”.

6 Discussion

In this work, we aim to design a novel Al-powered system to en-
hance researchers’ understanding of user needs and trigger users
to provide insightful feedback during user interviews. Based on
the analysis of participants’ interaction data, questionnaire ratings,
and qualitative feedback in Section 5, we summarized our main
findings:

o The key point extraction and organization features can real-
ize reliable information synthesis through prompt and accu-
rate speech understanding, flexible editing, and comprehen-
sive organization.

o The visual generation and adjustment features can support
efficient visual communication due to the stable generation
constrained by human preferences, and convenient visual
refinement mechanisms.

e By leveraging the information synthesis and visual com-
munication functions, InsightBridge can facilitate mutual
understanding between researchers and users and trigger
users to provide more detailed and insightful user needs.

In this section, we further discuss how well InsightBridge achieves
our design goals, the generalizability of InsightBridge, design con-
siderations, limitations, and future work.

6.1 Common Ground Building Based on Visual
Abstracts

The visual abstract generated by InsightBridge can establish a com-
mon ground between researchers and users, aligning with the Com-
mon Ground Theory proposed by Clark and Brennan [17]. This
theory posits that shared understanding and knowledge in common
between communicators provide a basis for effective and collabora-
tive communication. By transforming verbal expressions into visual
representations, InsightBridge creates a tangible, shared reference
point for discussion, which allows both parties to literally “see” the
same thing, mitigating misinterpretations that typically arise from
purely verbal exchanges [48, 50, 56]. Moreover, the iterative visual
checking loop provides a series of shared references to reduce users’
burden of recalling details and recognizing misalignment, which
further elicits deeper, more insightful user feedback. Leveraging
visual abstracts to establish common ground can be adopted in
any scenario where abstract ideas need to be concretized for mu-
tual understanding. For instance, visual abstracts could facilitate
communication between medical professionals and patients about
patients’ physical status and living environment during the consul-
tation phase before treatment in the healthcare domain [52]. Due to
the hallucination of LLMs and potential biases in the generated con-
tents [39], the character in Al-generated visual abstracts may not
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reflect the true personal traits of users, especially for the marginal-
ized and minoritarian participants. On the one hand, InsightBridge
supports the loop of visual generation and adjustment to rectify
such inconsistency conveniently. On the other hand, such misalign-
ment of personal traits might remind participants of contrasting
personal experiences and needs, which echoes the “I know it when
I see it” phenomenon [57] and corresponds to the feedback given
by user U8 in Section 5.2.2. However, researchers need to carefully
balance participant comfort and the reliability of collected data
during the visual abstract checking process, especially in sensitive
settings [73].

6.2 InsightBridge Facilitating Convergent and
Divergent Thinking

The design and interaction flow of InsightBridge embodies both the
convergent and divergent thinking in UCD [27, 30, 62]. Specifically,
the note-taking function can be considered as a convergent process.
It synthesizes complex conversations into structured, categorized
insights, focusing the vast array of user responses into manageable
and intuitive data points as sticky notes. Similarly, the visual check-
ing phase, where researchers select specific sticky notes for visual
generation, further narrows the focus to significant and intricate
user scenarios, exemplifying convergent thinking. Conversely, the
subsequent visual feedback and refinement session introduces a
divergent thinking process. As users provide feedback and collabo-
ratively refine the visual abstracts with Al overlooked details and
ideas could emerge. In other words, the process of users reflecting
upon the visual abstract is essentially a form of divergent thinking,
which triggers them to express more and deeper needs. In this way,
the researcher’s understanding of the target user could be further
expanded. The hallucination issue of LLMs brings uncertainty to
the divergent thinking process. If the generated contents are contin-
uously unsatisfied after several rounds of iteration, the users may
feel distracted or even upset. On the contrary, some hallucinated or
irrelevant generated contents can also steer users to diverse aspects
and perspectives, which is shown in the Brainstorming type of
facilitation in Section 5.2.2. Finally, the prompted and brainstormed
user feedback is integrated into the empathy map again as another
convergent process to increase the depth and breadth of user needs
and context. To this end, we believe InsightBridge serves as a novel
yet effective boundary object in the researcher-user communica-
tion to facilitate both convergent and divergent thinking, as well
as iteration in these two ways of thinking [5].

6.3 Extend the Use of Generated Empathy Maps
and Visuals

While our user study has demonstrated the effectiveness and use-
fulness of InsightBridge in supporting user interviews in the early
stage of the design process, we believe it can also be extended
and utilized in more stages of the UCD process. The key lies in,
through generating visual abstracts, InsightBridge is capable of
establishing an empathetic channel in researcher-user communi-
cation, thus could potentially support the general “knowing the
users” activity in the UCD process. For example, during prototyp-
ing, the system could assist in creating quick visual mockups based
on verbal descriptions of the design concepts, allowing for rapid
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iteration and user feedback [13]. Meanwhile, InsightBridge’s ability
to facilitate communication between researchers and users could
be leveraged in co-design sessions, where visual abstracts could
serve as a common language for collaborative ideation [14, 68].
By extending InsightBridge’s capabilities across the user-centered
design lifecycle, designers could benefit from enhanced communi-
cation, visualization, and insight generation throughout the entire
process, potentially leading to more user-aligned and innovative
design outcomes.

Besides extending InsightBridge to support more researcher-user
communication scenarios, we also see opportunities to improve
communication within research teams through circulating the gen-
erated and confirmed empathy maps and visuals. In our experiment,
to shape a deep understanding of each target user initially, we adopt
the single-user empathy map as the template. However, Insight-
Bridge can be implemented to assist research teams in aggregating
separate one-user empathy maps into a comprehensive multiple-
user empathy map, representing a group perspective of multiple
users [6, 26]. Converged and synthesized information in the em-
pathy map provides a basis for diverging research team’s thinking
and collaboration.

6.4 Design Considerations

6.4.1 Overcoming researchers’ existing perspectives. Some previous
work indicate biases from researchers could be introduced in the
empathy-building process through, for example, legitimating re-
searchers’ inherent perspectives [38] or displacing the first-hand
experiences of minoritarian users [4]. The feature of automatically
synthesizing information into the empathy map can potentially
break researchers’ existing perspectives and biases, as reflected by
the feedback from researcher R3 in Section 5.1.1. Future designers
should consider leveraging AI's capability to synthesize diverse
perspectives, aiming to minimize bias. Additionally, while not in-
vestigated in this paper, potential bias inherent in Al should also be
carefully examined to ensure it does not replace users’ perspectives.

6.4.2 Balancing agency in human-Al collaboration. In the current
mechanism of visual abstract generation, the timing and the seeds
(i.e., selected sticky notes) are fully controlled by researchers. The
rationality of giving such an agency to researchers lies in allow-
ing researchers to lead the communication directions and avoiding
overwhelming researchers with too many Al-generated irrelevant
visuals. However, considering the researcher R10’s feedback in
Section 5.1.2, there is still room to increase Al's autonomy in vi-
sual generation for communication, such as automatically selecting
meaningful sticky notes based on the researchers’ preferences and
habits, users’ voice tone of expressed scenarios, and the progress
of the on-going interview. It might also help researchers overcome
the two critiques of empathy-building mentioned in Section 6.4.1.
In some cases, e.g., the conversation is stuck or users face commu-
nication barriers, Al could generate some visuals automatically to
inspire and prompt user thinking. Based on researcher R7’s feed-
back in Section 5.1.2, the Al-powered visual generation shows the
potential of overcoming the limitation of researchers’ personal abil-
ities and enriching researchers’ choice of methods for specific study
scenarios. At the same time, the priming effect introduced by AI
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intervention should be considered in designing the human-AI col-
laboration mode. For example, the Al-generated contents, i.e., sticky
notes and visual abstracts should keep a reasonable size to avoid
overly affecting researchers’ decision-making process. The confi-
dence level and other explainable factors could be further provided
for researchers’ reference and consideration [64].

6.4.3 Personalizing to different communication styles. User inter-
views or other design activities are highly unstructured, and re-
searchers may have different communication styles and strate-
gies [29]. AT’s intervention in the communication without con-
sidering the cultural and other demographic characteristics of the
user groups might lead to discomfort of researchers and users or
misunderstandings [16], potentially hindering effective collabora-
tion and empathy-building. Thus, the workflow of InsightBridge
should be fine-tuned to consider the cultural and other background
factors and to allow researchers to intervene in the Al-empowered
interview process promptly and flexibly. Meanwhile, the order and
layout of the sticky notes and visual abstracts in the corresponding
areas could also be tailored to researchers’ communication habits,
such as the bottom-up communication or the communication with
circular logic.

6.5 Limitations and Future Work

Our work has the following limitations. First, the researchers (aged
19-27) and users (aged 21-31) recruited in our experiment are young
adults, which may bring some potential bias into the findings. The
researchers’ familiarity with the operation of electronic devices,
and users’ perception of generated visuals vary across participants
from different age groups. In future work, exploring how Insight-
Bridge benefits researchers and users over 30 will be an effective
step to enhance its generalizability. Second, the two pre-selected
design topics may limit the generalizability of our findings in other
areas of design. The usability and efficacy of InsightBridge can be
tested more comprehensively in diverse design scenarios. Moreover,
in our experiment setting, each researcher only interviews one user
on each topic. The long-term observation of researchers’ interview
behaviours can further deepen the analysis of InsightBridge’s effec-
tiveness. Furthermore, as the design process may involve a group of
users, we aim to conduct a user study with a larger scale of partici-
pants in different scenarios in the future, e.g., online meetings, to
evaluate the InsightBridge’s performance and efficacy when many
more participants are engaged.

7 Conclusion

In our work, we introduce InsightBridge , a novel interactive sys-
tem to enhance researchers’ empathy with users during user inter-
views. Empowered by LLMs, InsightBridge can extract and orga-
nize key points from ongoing conversations into the empathy map.
Researchers can select elements in the empathy map to generate
corresponding visual abstracts. Then users check visuals, provide
insights, and refine visuals as needed. Compared to the Baseline
system, a within-subject study demonstrates that InsightBridge
can assist researchers in reliable information synthesis and useful
generated visual abstracts. The visual checking and refinement
session with users can trigger more detailed and insightful user
feedback and facilitate mutual understanding between two parties.

CHI ’25, April 26-May 01, 2025, Yokohama, Japan

We further sum up design implications and limitations to inspire
future study about empathy enhancement in user-centered design.
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