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Problem Reframing and Empathy Manifestation in the Innovation Process

Abstract
In the innovation process, design practice involves multiple iterations of framing and reframing
under high levels of uncertainty and ambiguity. Additionally, as user desirability is a significant
criterion for innovative design, designers' empathy in the framing and reframing process is
considered a critical user-centered design ability that engineering students should develop. In this
context, this study aims to discuss how problem framing and empathy manifestation interplay in
the innovation process. As an exploratory study, this study investigates biomedical engineering
(BME) students’ reframing processes and decisions in a one-semester design project involving
problem definition and concept identification. This investigation is guided by the following
research questions: 1) how do engineering students perceive the relationship between empathy
and reframing in the innovation process, 2) how and how often do they make reframing decisions
over the stages of problem definition and concept identification, and 3) how different are
reframing processes and decisions between teams with higher and lower empathetic design
tendency scores? This study was conducted in a junior-level design course of 76 BME students.
We collected and analyzed three data sources: students’ self-reflection reports about their
reframing processes, empathic design tendency scores, and interviews with selected teams and
instructors. The results demonstrated that more than half of the students perceived the connection
between empathy and their reframing decisions and that they usually had one reframing moment
in the stages of problem definition and concept identification. Also, the findings suggested the
triggers for their reframing moments, information sources guiding their reframing processes,
changes made through reframing, and influences of reframing decisions on team project
processes. Furthermore, the comparison of the selected two teams revealed two differences in
reframing processes between the high and low empathic design tendency-scoring teams. The
authors believe that the study expands engineering education research on engineering students’
empathy and problem-framing by illustrating students’ reframing processes throughout a design
project and exploring the interplay of empathy and reframing processes. Also, based on our study
findings, engineering design educators can promote student empathy development by including
more project activities and evaluation criteria related to empathic design and providing formative
feedback on their reframing processes.

Introduction

As framing and reframing is thought of as a core design principle, especially for innovative
design, design education research has studied how designers approach a design problem situation
in the framing and reframing process [1-5]. Engineering education research has also investigated
how engineering students frame and reframe a problem situation, emphasizing the importance of
students’ cognitive abilities to approach and structure an ill-structured design scenario.
Additionally, some studies examined how much time students spend exploring a given problem
situation and identifying design requirements and constraints [6-8]. On the other hand, there have
been studies that counted the numbers of critical issues or stakeholders that students identify in
the given problem situation [9-12]. Murray, Studer, Daly, McKilligan, and Seifert [13] explored
what strategies engineering students use in the process of exploring and framing a design
situation and identified a total of 27 strategies across different design problems. The strategies



include breaking down the primary user and stakeholder groups, stating the primary need, and
describing the setting and environmental conditions. Furthermore, Atman et al. [7] compared
freshmen and senior students with experts. Their study illustrated that compared to the students,
the experts allocated more effort for framing at the early stages of the design process, and
revisited and revised their frames multiple times throughout the design process. All of the studies
discussed above suggested that we need more studies on how students go through framing and
reframing processes and how to help them engage in the processes more effectively in
educational settings.

Meanwhile, engineering students’ empathy is increasingly considered to be a critical engineering
design aspect in innovation contexts. Engineering education also has discussed how students can
learn empathic design approaches in engineering design learning environments [14]. Some
studies illustrate how engineering students employ an empathic design process and techniques in
their course project [15-19]. Hess and Fila [14] explored how empathy functioned throughout
students’ design projects in a service-learning course, and Fila, Hess, Purzer, and Dringenberg
[20] examined how students develop and utilize their empathy towards users during a design task
without direct interaction with users. Furthermore, Beckman and Barry [21] discussed students’
empathy in problem framing. They explained that at the first stage of the design process,
empathizing with the students allows them to interpret a problem situation with users’
perspectives. It implies that empathy is essential in framing and reframing processes.

In consideration of the importance of engineering students’ framing and reframing processes and
empathic design abilities, there have been critical work surrounding their problem-framing and
empathy. However, there is still a gap in understanding of engineering students’ iterative
reframing processes and the role of empathy in these activities. To fill this gap, this study
explores biomedical engineering (BME) student teams’ one-semester journey to create the most
effective frame in a design project. This exploration will be guided by the following research
questions (RQs):

RQ 1. How do engineering students perceive the relationship between empathy

and reframing in the innovation process?

RQ 2. How and how often do they make reframing decisions over the stages of

problem definition and concept identification?

RQ 3. How different are their reframing processes and decisions between the

teams with higher and lower empathetic design tendency scores?

Literature Review

Design Problem Framing & Reframing

As a design situation is typically open-ended and ill-structured with a high degree of freedom in
its representations, processes, and solutions [22-23], a designer should interpret, transform, and
structure before solving the problem [2]. This process is referred to as framing [24]. It engages
the designer in outlining the current situation and desired outcomes, as well as identifying goals,
rules, critical issues, and relationships among them [25]. In a product design context, Bjorklund
[1] investigated how experts frame a design situation by interviewing 14 designers after asking
them to read and analyze a given design scenario in a limited time. Her investigation determined



that the experts drafted a frame of the situation by identifying important and missing
information, goals and sub-goals for the project, requirements and initial ideas for the product,
design processes, and potential challenges. These findings imply that the framing process
includes defining the boundaries of attention to the problem space and then going further to the
solution space.

The framing process also involves multiple iterations of reframing. At the initial stage of
framing, a designer only knows what is desired in the situation (End Value) but does not know
what is needed to achieve the value (Thing) and how they will operate together (Working
Principle) [24]. Also, there can be multiple ways to achieve the end value in the situation [5],
and the design situation can evolve while designers are engaged in the framing process [26].
Because of the open-ended, ambiguous, unstable nature of design situations, designers at the
initial stage of framing can merely predict and infer a frame based on their best guess and
assumptions [24]. Then, they explore the problem situation with the frame they created by
gathering more information, seeking new perspectives, and testing their hypotheses. In this
process, designers can encounter the moments when they need or want to make a change in their
initial frame or create a totally new frame [24], [27] based on their incremental knowledge of the
situation or any external changes in the situation. Stompff et al. [27] called this type of moment
as ‘surprise’ in design contexts. Thus, when designers encounter a ‘surprise’ moment, designers
evaluate and reflect on the current frame and attempt to recast it by synthesizing their previous
and new knowledge and perspectives [28]. The process is referred to as reframing [24]. Several
design studies determined that designers usually go through multiple iterations of reframing
throughout a design project [5], [27-29].

Empathy in User-Centered Design & Innovation

In engineering education research, empathy has been conceptualized in different ways. Among
them, the most common way is to define it as the ability to understand potential users’ situations
and emotions in design and innovation processes. In this context, several studies characterized
empathy as user-oriented design thinking [20], [30-31]. Those studies commonly emphasized
that engineering designers need to keep user needs at the center of the design and innovation
process. Fila et al. [20] and Bairaktarova et al. [30] discussed how students understand user
needs and apply their understanding to generating and evaluating solutions. Furthermore, Hess et
al. [31] demonstrated significant relationships between students’ empathic design tendency and
innovative behaviors. More specifically, some studies described empathizing with potential users
as the first stage of a design process [15-19]. They employed the design process model
developed and used at the Stanford University Institute of Design, which involves the phases of
empathize, define, ideate, prototype, and test. In this model, engineering designers listen to and
understand their potential user needs at the first stage to empathize with the users [18]. In a
similar sense, Beckman and Barry [21] connected students’ problem-framing skills with abilities
to emphasize with users. As design problems tend to be ill-structured and complex with a high
degree of freedom in their representations, processes, or solutions [23], designers are required to
frame a design problem before solving it [25]. Beckman and Barry [21] explained that at the first
stage of the design process, empathizing with users allows students to interpret a problem
situation with users’ perspectives and to identify and test assumptions in framing a design
problem.



Empathy has been one of the important topics in psychology, especially social psychology.
Although there are multiple ways to define empathy, the most frequently discussed definitions
involve cognitive and affective components of empathy. The cognitive component includes
cognitive abilities to understand others’ situations, experiences, thoughts, and emotional states,
which is based on the theory of the human mind [32]. On the other hand, the affective
component involves emotional response, such as sharing the emotions or sensory states of
another person [33]. Based on this psychological concept of empathy, some design education
studies developed frameworks of designers’ empathy in design contexts [14], [34]. In particular,
Hess and Fila’s [14] framework conceptualizes the interrelationship between different empathy
types. By adding the idea that empathy can be self-oriented as well as other-oriented into the
cognitive and affective components of empathy, they identified four empathy types: Imagine-
Other Perspective Taking, Imagine-Self Perspective Taking, Empathic Concern, and Empathic
Distress (Table 1).

Table 1. Four Aspects of Empathy

Imagine-Other Other-oriented cognitive process.
Perspective Taking Imagine how another thinks or feels.
Imagine-Self Self-oriented cognitive process.
Perspective Taking Imagine how oneself would think and feel if they were another.
Empathic Concern Other-oriented affective process.
Feel concerned or happy for another.
Empathic Distress Self-oriented affective process.

Experience distress as a result of feeling for another.

Methods

Setting & Participants

This study was conducted in a junior capstone design project course, a prerequisite to the senior
capstone design course. This junior-level, team-based course provided students with
opportunities to explore a design problem for innovation in the biomedical engineering field and
propose a prototypical design solution at the end of the semester (Spring 2019). Throughout the
one-semester course project, each student team had two presentations. The first one was a report
of the project progress and an initial version of the problem definition, and the next one was the
final report, including target user description, user need statement, market analysis findings,
existing and emerging solutions, gap finding, design specification, and solution identification. At
the end of the course, the instructors evaluated each team’s problem definition and proposed
design concept. They determined whether each team’s concept could be developed through a
capstone design project. A total of 76 students taking this course in Spring 2019 participated in
this study with each participant belonging to a team consisting of three to four members. In total
there were 19 teams.

In this course, the importance of empathy and user-centered problem reframing was emphasized
in multiple ways. First, student teams participated in two one-hour workshops about 1) empathic
design and 2) framing and reframing in innovation processes. The workshop on empathic design
occurred in Feb 2019, where the participants learned empathic design approaches and principles,
and engaged in a user-centered design thinking task. In this workshop, student teams were given



a design scenario about elderly population’s vision loss issue. They were asked to formulate a
design problem statement and generate 3-5 potential design ideas to solve the problem. To
facilitate empathizing with target users, student teams viewed a video clip about the limitations
of visually impaired people in their daily life and tested an artifact (translucency eyeglasses)
designed for empathic experience. The workshop on framing and reframing in innovation
processes occurred in April 2019. In this workshop, an instructor explained why reframing is
needed for innovative design and how to make reframing decisions. For user-centered reframing,
the instructor highlighted the importance of interacting with target users and various stakeholders
in course projects. Beyond the workshops, the importance of empathy and user-centered
reframing was stressed in the requirements of the course projects. In project final reports and
presentations, each team had to identify the numbers and types of interactions with target users
and various stakeholders and describe how their problem statements and design concepts are
supported by the feedback of target users and various stakeholders. In addition, at the end of the
course, students were given an individual assignment to reflect on their reframing process and
decisions.

Data Collection & Analysis

In this BME design course, we collected three data sources, including 1) students’ self-reflection
reports about their reframing process, 2) empathic design tendency score, and 3) interview with
selected teams and instructors. Figure 1 describes the process of collecting and analyzing each
data source.
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Figure 1. Data Collection and Analysis Process

Data 1. Students’ self-reflection on reframing process. For their reflections on the reframing
processes, we provided a list of reflective questions about the reframing decisions they had made
in their design project. The list consisted of six open-ended questions:

e Do you think that your team’s reframing decisions were associated with user-

centered, empathic design? Why or why not?

e How many times did your team make reframing decisions?

e When was each decision made?

¢ What information or activities guided your team in making reframing decisions?



e How did you feel during the reframing process?
e How did reframing decisions influence your team’s project process?

While participants engaged in the reframing processes of their team project, we asked them to
answer the questions individually in order to look into how they personally perceived and felt in
the reframing processes. The questions were distributed at the end of the workshop of framing
and reframing, and they were asked to submit their answers within the week.

The reflections were analyzed through two cycles of coding with multiple methods. In the first
cycle, we used Initial Coding with Values Coding and Process Coding. Initial Coding can be
used as a starting point to break down qualitative data into discrete parts and examine them [35].
Through this coding method, we first identified the contents related to our research questions
from the participants’ answers. Then, we re-coded the initial codes through Values Coding and
Process Coding. Value Coding assesses a participant’s integrated value, attitude, and belief, and
Process Coding focuses on actions intertwined with the dynamic of time in the data, using
gerunds [36]. Using these coding methods, we can explore participants’ actions, reasoning, and
perceptions in the process of recognizing a need for reframing and making reframing decisions.
In the second cycle, we organized the first-cycle codes into five categories, which is Code
Mapping [36]. These categories include Category 1) the perception of user-centered reframing,
Category 2) the triggers of reframing, Category 3) the information guiding their reframing
processes, Category 4) the changes made through reframing, and Category 5) the influence of
reframing on team project process. The coding results were used to answer Research Question 1
(RQ1) and Research Question 2 (RQ?2).

Data 2. Empathic design tendency score. For measuring participants’ empathic design tendency,
we designed the Empathic Design Tendency Survey that consists of a series of questions related
to their experiences in previous design projects. In the first part of this survey, we provided three
open-ended questions about what design solutions they made in a recent project and how they
learned from interacting with their target users. We intended to facilitate recall and reflection
upon their previous project experiences before answering the second part of the survey. Then, in
the second part, we provided 20 statements indicating how an engineering designer tends to
think, imagine, and feel about users in the process of learning about users and applying their
understandings into generating and evaluating design ideas on a scale of Not at All True of Me
(1) to Very True of Me (7). The statements were based on Hess and Fila’s (2016) framework of
empathy aspects, including empathic concern, imagine-self perspective-taking, imagine-other
perspective-taking, and empathic distress. However, considering that empathic distress is a
negative contributor (Hess et al., 2016), we did not measure empathic distress in the survey. We
also situated each statement in engineering design contexts and processes. Table 2 includes the
example statements used for measuring each of the three empathy types. This survey was
formatted and distributed by Qualtrics Survey Software, an online survey tool, and completed by
individual participants in the first 10 minutes of the workshop on empathic design.



Table 2. Empathic Design Tendency Survey Statement Examples

Statements used in this study

Empathic Concern Imagine-Self Imagine-Other

While reading &
listening to a design
scenario

I imagined the users’ everyday
activities within their real-life
context.

| felt sorry for the users I imagined how | would feel
experiencing the problem. if | experienced the problem.

| felt happy when generating | . . I imagined what design criteria

ideas that can be helpful to I imagined how | would feel would be the most important
if | were the user.

the users. the users

While generating
my design ideas

| felt concerned when my
ideas did not meet the needs
of the users.

While evaluating
my ideas

I imagined how | would use | imagined why the users
my ideas if | were the user.  would like my ideas.

The collected survey answers were used to identify the teams who had generally low or high
empathy design tendency score. As the survey was completed by individuals, we aggregated the
collective answers at the team level by calculating each team’s mean and standard deviation.
Then, in the order of team mean scores, we sorted the 19 teams into four groups and selected
teams having the lowest standard deviation in the first and last groups. Through this process, two
teams were identified: Team 5 with the lowest mean (mean = 4.09, standard deviation = 0.35)
and Team 15 with the highest mean (mean = 5.68, standard deviation = 0.88).

Data 3. Interviews with selected teams and instructors. We conducted interviews with selected
teams (Team 5 & Team 15) and instructors at the end of the course to get additional insight into
the differences between the teams with lower and higher empathic design tendency scores. The
interviews were semi-structured with questions asking for more details of the reframing
decisions each team had made in the project. The questions included: what triggered and
motivated each reframing decision, how they reached the consensus on each decision, and when
and how they involved users and stakeholders in the reframing process. The interviews with the
two teams happened separately, and their answers were audio-recorded. Additionally, we did
interviews with some of the course instructors over email. In this interview, we asked them to
describe how empathic design and problem reframing had been emphasized in this course and
how Team 5 and Team 15 approached the projects at early stages and went through empathic
design and reframing processes based on their observation and conversation with them over the
semester. The instructors’ answers included the advice each team asked the instructional team
and the teams’ performance in the course project. The collected interview answers from the
teams and instructors were reviewed along with the two teams’ reflection reports, which allowed
us to compare those teams’ reframing processes to answer Research Question 3 (RQ3).



Findings

Category 1. Students’ Perception of the Relationship Between Empathy and Reframing

The value codes mapped into Category 1 describe how students perceived their reframing
decisions in a user-centered, empathic design context. To the question regarding the association
between reframing decisions and user-centered empathic design, 59% of the students answered
that their reframing decisions were connected to user-centered empathic design in some form.
Forty-three percent stated that their reframing processes were initiated and guided by their
motivation to focus on more significant problems to the users. Thirty-three percent commented
that their reframing decisions were made in consideration of how users felt during product use
and aimed for better usability. Additionally, some students described that they considered more
user accessibility and affordability (10%), relied more on users’ feedback than others (5%), and
thought of social impact (2%) when making a reframing decision.

On the other hand, 41% of the students answered that their reframing decisions were not related
to user-centered empathic design. The reasons behind this answer included that their reframing
decisions were related to project feasibility, technology feasibility, or market viability rather than
the consideration of users and user situations.
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Figure 2. Students’ Perception of the Relationship between Empathy and Reframing Decisions

Reframing Processes at the Stages of Problem Definition & Concept Identification

The results of analyzing the participants’ self-reflection reports show how they went through
reframing processes and made reframing decisions. Figure 3 describes how many reframing
moments they had over the semester. Forty-nine percent had one reframing moment, and 41%
had multiple reframing moments: 15% (2 reframing moments), 9% (3) times, 11% (4), and 5%
(5). Six percent commented that they had not experienced any reframing moments, and two
participants answered that they could not count reframing moments.
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Figure 3. Numbers of Reframing Moments the Student Teams Experienced over the Semester.

Also, the coding results presented more details of their reframing processes beyond the numbers
of reframing moments. For a better representation of the coding results, we developed a diagram
organizing the codes of Category 2 through 5. In the following sub-sections, we will explain
each category and present a diagram representing the participant teams’ reframing processes in
the course projects by organizing the identified codes in each category. Figure 4 reflects the
relationships between categories and illustrates how and why students’ reframing processes were
triggered and how they made and were influenced by reframing decisions throughout the stages
of problem definition and concept identification.

Category 2: Triggers of reframing. The participants reported that their reframing moments were
initiated by the consideration of the significance of a problem, the feasibility of creating a
potential solution in a capstone project, the appropriate scope for a capstone project, and
current market conditions. First, 44% intended to focus on the problem that seemed a matter of
greater emergency or related to a larger population through reframing. In terms of this point,
some participants stated:

“We were originally focusing on how to redesign the speculum to reduce pain,

then realized that it’s not so much as pain for most people as general discomfort.

We also found out that HPV causes almost every case of cervical cancer, so it

may be better to focus on that.”

“[Reframing] allowed us to find a problem that is a little [closer] to home and

impacts a larger population.”
It can be considered that this type of motivation best reflects their empathy toward users and
stakeholders because they focused more on people’s difficulties and needs. Additionally, 29%
thought that it was important to ensure whether they would be able to develop their design
concepts in a capstone project. This thought was related to the course context where their
projects in this course were evaluated against the criteria related to how the proposed design
concepts can be realized in a capstone project next year. In this context, they had to consider how
feasible they would be able to create a solution with currently available technologies and other
resources within the given timeframe.

“We were also limited to having only mechanical and electrical supplies for our

solution, [so we had to do reframing].”

“Upon finding this to be technically challenging, and more importantly that it

would add too much time and difficulty to the measurement process, moved

toward designing a cuff accessory.”
Meanwhile, 21% of the students answered that they had to consider whether their project scope
was appropriate to a course project. This encouraged them to do reframing, and it can be
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connected to the consideration of feasibility. This motivation focused more on identifying a
problem that would be appropriate to a course project at an early stage, while the motivation
related to feasibility is more about generating a design concept that might be realized in a
capstone design project. In this junior design course, they usually had started a specific scope
and felt the need for narrowing or broadening the scope and specify their direction at some point.
“We originally were looking at the entire hip replacement but decided that was
beyond the scope of this class. ”
“He said our current diagnosing capabilities are too narrow, and we had to
broaden our diagnosing capabilities.”
Furthermore, 5% of the students described that their reframing was triggered by current market
conditions. They examined their target markets, potential competitors, and current solutions,
which made them conclude that they would better focus on another market or customer segment.
“We realized that even with a good product, it may not sell due to the competitive
market.”

Category 3: Information guiding their reframing processes. Regarding the information sources
used in reframing processes, students identified stakeholders’ feedback as the primary one
(62%). To gather this type of information, they interviewed various stakeholders and experts,
such as doctors, nurses, pharmacists, or manufacturers, depending on their design topics.
Additional sources used in their reframing processes were identified as follows: research
findings (16%), target users’ feedback (10%), and instructors or teaching assistants’ feedback
(9%). Research included searching and reviewing academic literature, news articles, or market
research reports, and users’ feedback was collected by interviews with potential users.
Furthermore, there was a team applying a specific decision analysis method (Pugh Analysis)
learned in a previous course. Out of those various information sources, the information gathered
through interviews with target users and stakeholders can be considered to promote their
empathy more effectively.

Category 4: Changes made through reframing. Through reframing, they made different types
of changes in their projects. Most of those changes were made related to problem scope (43%)
and target users (31%) at the stage of problem definition. In terms of modifying a problem
scope, they described that while maintaining a target user group, they changed the focus of the
users’ problem. A team who was focusing on new mothers’ concerns related to breastfeeding
stated:
“One of our main [reframing] points was switching from detecting opioids in to
caffeine and finally to bacteria in breast milk.”
Compared to this change, a modification related to target users could be more expansive as the
change usually led them to switch to a different design topic. For example:
“Our team originally aimed to find a better way to diagnose or monitor multiple
sclerosis but found out that it was not feasible. We then pivoted to a completely
different idea of a blood alcohol level detector.”
Beyond those two types of changes, they commented about the changes in design concepts
(19%) and target markets (5%) at the stage of concept identification. The change in a design
concept involved altering their product specifications or service processes, technologies or
materials for their solutions, and ways to use their solutions. Also, the change in a target market
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included expanding their markets (e.g., into online) or shifting from end-users (e.g., patients) to
healthcare providers (e.g., hospitals or companies).

Category 5: Influence of reframing on team project process. Any reframing decision required
students to revisit their previous decisions and do some work over again, which could speed up
or slow down their project process. They described that it required them to conduct more
research or interviews (29%). According to their description, a reframing decision provided
them with a new direction, sometimes with new user groups, which needed them to seek
different information. Also, they commented that a reframing decision allowed them to engage
more in the project with more confidence (15%), come up with more design ideas (14%),

and specifying actual users and stakeholders (12%). Especially in terms of defining users and
stakeholders more clearly, they described that before reframing, they felt difficulties with
identifying who they should talk with and how to contact them, but which became more explicit
after reframing. Furthermore, they reported that a reframing decision broadened their
perspectives of user problems (11%), made them feel more pressure by the shorten

timeline (11%), and facilitated more team discussion (8%). Their comments about increased
pressure on the timeline reflected their frustration caused by the situation where they had to
return to previous steps.
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Figure 4. Student Teams ’ Reframing Processes in the Course Projects.
Differences Between the High- and Low-Empathy-Scoring Teams

To further explore how each student’s empathy can be manifested in reframing process, we
identified and compared Team 5 and Team 15 (Team 5 with the lowest score and Team 15 with
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the highest score of the Empathic Design Tendency Survey). We analyzed the teams’ reflection
reports about reframing along with the interviews with the teams and instructors. As a result of
the analysis, we found two major differences between them.

First, the high-empathy-score team (Team 15) prioritized users’ needs and stakeholders’ opinions
while the low-empathy-score team (Team 5) prioritized the feasibility of their project. In the self-
reflection report, the most significant difference in their descriptions of their reframing decisions
was associated with user-centered empathic design. Team 15 described that their reframing was
based on their understandings of users and stakeholders, but Team 5 commented that their
reframing was related to the requirements of the course project rather than users. Their interview
answers support this difference. In the interview with the teams, one member of Team 15 told:

“Once we talked to customers, we slightly shifted [our idea] to meet customer

needs. We did not completely change the project, but pivoted our focus... We also

talked with professionals in the field we tried to focus on, doctors or

psychologists, to know what they thought of our project and [whether] they

thought that this is actually useful or needed and they might buy this product or

recommend it to other people.”
When asked whether their reframing was usually triggered by internal or external input, Team 15
answered that their reframing moments were initiated by external persons and information on
user needs and market conditions. Team 5, on the other hand, described that an internal
conversation about feasibility initiated their reframing. One member of Team 5 said:

“We thought about our project for senior design, and a big challenge for us was

we didn’t have access to blood samples to do a lot of testing with. It would

become quite expensive to create mock solutions, so we thought about budgeting

on that... I think, that forced us to think about [reframing].”
About this team, the instructors whom we interviewed stated that although the team
seemed confident that the problem they were focusing on was really important, they did
not have clear evidence on user needs.

Second, the high-empathy-scoring team (Team 15) tended to rely on more diverse information
sources than the low-empathy-scoring team (Team 5). In the self-reflection on reframing
processes, Team 15 members reported that they sought for various information and opinions
from professionals, stakeholders, potential users, and instructors. One of the instructors also
mentioned that this team constantly communicated with, not only an online group involving
target users, but also various stakeholders and experts about their problem and design concept.
The instructor also mentioned that he remembered much more about this team than the other
team because this team approached him with questions more frequently. On the other hand,
Team 5 reported that to gather information needed for reframing, they mainly asked
stakeholders, such as doctors and nurses. One of the instructors corroborated this, stating they
interviewed lots of frontline nurses and used the nurses’ language in their project reports and
presentations. However, related to interactions with end-users, one of the team members said that
their interaction with users was not constant:

“We had more discontinuous communication with end-users. They did come into

our class... We had a number of ideas. | remember pitching each of them to [the

users] and asking them ‘what is your experience with this’. The one we had
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anticipated the best feedback gave us confirmation and then [took] a few of [the

ideas] to the nurses.”
This answer implies that they relied more on nurses than target users even though they had the
opportunity to interact with users in the course.

Discussion

This study provides some implications on engineering design education research and instruction.
First, in this study, we explored BME students’ one-semester journey to create the most effective
frame in a design project. There have been multiple studies on students’ cognitive abilities for
problem-framing. Those studies usually examined how much time they spent on problem-
framing during a design task [6-8] or how many design factors they identified for framing a
problem [9-12]. However, only a few studies have focused on how students frame and iteratively
reframe a design situation over a design project. Our findings illustrate how and why students’
reframing processes were triggered and how they made and were influenced by reframing
decisions throughout the stages of problem definition and concept identification (Figure 4). We
believe that the qualitative findings gave engineering design researchers more in-depth insight
into engineering students’ framing and iterative reframing practice in design and innovation
contexts. In addition, with a better understanding on students’ approach and reasoning in their
reframing processes, engineering design educators should give students more formative
feedback.

Second, selecting and comparing two teams based on their empathic design tendency scores, we
investigated how differently they approached and went through reframing processes. Both
empathy and iterative framing and reframing have been discussed in engineering design
education research [21]. However, there has been a lack of studies focusing on the interplay
between empathy and reframing. Although our investigation of the two teams did not involve a
statistical comparison test, it suggests that students’ empathy influences their reframing
processes and decisions. Based on our findings, students’ empathy guided them to prioritize
more users’ needs and stakeholders’ opinions and rely on more diverse information sources. In
consideration of the importance of empathy and reframing practice in design and innovation
contexts, we believe that there may be a need for more research on the role of empathy in
framing and reframing practice. The findings also imply that engineering design educators can
encourage students to have more interactions with users and stakeholders and to seek and use
various information sources in their reframing processes. Considering that students’ reframing
processes were initiated and influenced by course project requirements, we believe that it would
be effective to include more project activities and evaluation criteria related to empathic design
approaches to promote students’ empathy in engineering design curricula.

This study has some limitation and may require further research. The findings did not explain the
relationship between students’ reframing processes and empathic design abilities, which can be a
limitation of this study. However, as explorative research, this study aimed at examining the
nature of students’ reframing processes and perceptions between empathic design and reframing
decisions by collecting and analyzing qualitative data. For further investigation of the association
between reframing processes and empathic design abilities, we would need to collect and analyze
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more various types of data through mixed-methods research design. Also, we could share the
collected data with instructors and incorporate their feedback into explaining the association.
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