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Abstract: Co-design increases the number of voices in a design project, which enhances the experience
for all co-creators and produces a better product. A case study is presented of a ten-month co-design
project-based learning experience between two engineering design students and two community
partners during a first-year engineering design course, which resulted in the implementation of the
device across campus. This paper evaluates the elements of co-design in the design process that was
employed, documents the design product that was produced, and examines the experience of the
community partners through a qualitative study. Through a retrospective examination of artifacts and
files, the design process demonstrated an increase in the amount of collaboration between co-creators
as the project progressed and identified 15 iterations of the design. Comparing the experience of
community partners throughout the design process, five themes emerged from the semi-structured
interviews: (1) emotional effects, (2) physical and mental effects, (3) productivity, (4) safety, and (5) job
satisfaction. Documenting the experience of community partners throughout the design project can
encourage educators to adopt co-design practices in project-based learning.

Keywords: co-design; co-creators; project-based learning; end-users; community partners; first-year
design; design

1. Introduction

Project-based learning is found in numerous pedagogies within engineering education,
particularly in design courses wherein students follow the design process to solve a specific
problem. Often, design projects pair students with community partners who have authentic
problems to solve. In co-design, one form of human-centered design, the circle of designers
is widened to invite people affected by the design into the development process. The
co-design mindset shifts from designing for a user to designing with the people who are
affected by the design [1], thus increasing the number of voices in the design process.
This inclusive practice ensures the desires, opinions, and concerns of people who are
affected by the design are incorporated [2], which improves both the final design and
the experience for all participants [3]. Incorporating community partners early in the
design process has been shown to produce more novel ideas and ergonomic products [4].
Additionally, communities tend to embrace the solution more and support its long-term
maintenance if they are involved in the decision-making [5]. Reynante [6] advocates
for participatory design as a matter of social justice to help shift student mindsets from
accepting passive community involvement to more inclusive participatory design, shifting
from a design-for-charity mindset, which connotes inherent power structures, to a more
inclusive design-for-justice approach, empowering all stakeholders within a project and
producing more equitable outcomes. However, Harrington et al. [7] warn that there is the
potential to marginalize community partners (despite good intentions), particularly when
working with systematically underserved populations. Additionally, though there are
many benefits to engaging community partners in the design process, the barriers include
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additional planning for interactions, which is more time consuming for instructors and
community partners [8,9], and a potential geographic divide between community partners
and students [10].

Additionally, while much of engineering pedagogy documents the student and in-
structor perspectives, such as in [4,11], research is needed to document the experience
for the missing co-designers: the end-users or community partners. For example, in [12],
community partners are described as essential during project definition to ensure their
expectations align with the project definition, but their participation or perspectives are not
mentioned again throughout the rest of the paper. The study documented the perception
of the students but not the perception of the community partners. While an understanding
of students” and instructors’ perspectives is an important element of engineering pedagogy
(and one article is not representative of all pedagogical literature), the perspective of the
person who will be using the design is vital to fully capture the design experience.

A lack of input from community partners was also documented in a literature review
of 38 engineering community-based design projects, in which only five of the papers (13%)
included evaluations from community members [5]. Similarly, a systematic literature
review of projects with community engagement found that only 14 out of 120 articles (12%)
mentioned the perspective of the community partners [13]. Thus, more consultation on the
impact of the projects on communities is needed [5].

Welcoming the community partners to participate in the assessment and evaluation of
a project offers a more inclusive and effective implementation of co-design. In a literature
review of 49 papers, Mazzurco and Jesiek [14] developed five elements that lead to a
successful community design project, two of which are: collaborating with local champions
and harnessing local resources and expertise. These recommendations should extend to
documenting the design process as well. For example, researchers documented the experi-
ence of co-designers in health service [15], and similar accounts are needed in engineering
education. What do community partners experience during a project-based learning course?
Do they feel like end-users or co-designers? By excluding the community partners from
research, we are effectively silencing them, which does not build trusting relationships or
integrate social justice (two of Mazzurco and Jesiek’s [14] recommendations).

Recorded accounts from community partners can aid to inform and adapt practice and
future implementations. Additionally, documented experiences are vital data points, which
can be synthesized to develop models and praxes for further research. To document the
community partners’ perspective during a design project, two engineering students and their
first-year design-course instructor performed a qualitative study on one of the projects from
that design course. The design consisted of a clip mounted on a mop bucket to secure the mop
to the bucket to facilitate navigation and safer transportation. The project was selected as a
case study because the engagement of the two community partners (who work as custodians
in the engineering building) and the empathy of the two first-year engineering students
extended the two-week design assignment into a 10-month iterative co-design experience,
resulting in the implementation of the product to multiple users across campus. This project
began by employing the design process for end-users, but it concluded as a co-design process
between co-creators. This case study presents an opportunity for the engineering students
and course instructor to apply a retrospective lens [2] to examine how the project developed
into a co-design experience and to perform a qualitative research project documenting the
experiences and perspectives of community partners through semi-structured interviews
(approved by the institutional research ethics board).

The two research questions are: (1) Which stakeholders were involved in each step of
the design process? (2) What was the experience for the community partners throughout
the design project? Becoming aware of how each stakeholder was engaged throughout
the previous design process (question 1) is the first step towards adopting co-design in
future projects. Then, we explore the experience of the community partners (question 2) to
understand the impact the project had on them. The first research question is necessary to
establish and understand how each stakeholder was involved, particularly because this
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is a reflective exercise. This will also inform and shape the interpretation of data from
the second question. The first question can encourage educators to engage in reflective
activities to evaluate whether they are encouraging co-design in their courses, and it can
model one evaluative approach.

This paper provides background on co-design and empathy, examines the design
process, presents the resulting product, and discusses insights gained from community
partners’ experiences. It is hoped that the community partners’ perspective will encourage
engineering educators to promote co-design in their project-based learning pedagogical
practices and researchers to welcome the input of stakeholders throughout the design
process, building towards more inclusive design, research, and educational practices.

2. Background

To provide context for this paper, the background section contains descriptions of
two foundational concepts for this research: co-design and empathetic design. Upon
reflecting on the experience, the students recognized that empathy for the community
partner motivated their involvement to continue beyond the two-week conceptual design
to a co-design project that resulted in numerous prototypes designed by four co-creators.
Therefore, it is necessary to document the role of empathy in the design process and un-
derstand co-design as a design pedagogy. A note on terminology: though sometimes used
synonymously, co-design and co-creation have varying meanings throughout the literature.
In one instance, co-creation is a single act, whereas co-design occurs throughout the design
process [16]. Thus, co-creation occurs throughout a co-design. However, in another in-
stance, co-creation is described as the process by which co-design and co-production occur,
inverting which is the overarching term: co-design or co-creation [17]. This paper uses the
terms interchangeably.

Co-design is an umbrella term for collaborative design methodologies [17], such as
participatory design, community design, and social design. Co-design is defined as “a
methodology for actively engaging a broad range of people directly involved in an issue,
place or process in its design and sometimes also in its implementation” [18] (p. 6). Co-design
is essentially working alongside each other instead of in a vertical top-down or bottom-
up model [18]. Often used to address complex problems, it is because of their differences
(experience, skills, knowledge, and needs) that people collaborate through co-design [19],
bringing their individual expertise and experience together to improve the design. A review
of case studies conclude that co-design projects have improved project outcomes, long
term effects, and creativity throughout the process [3]. Wallisch and Paetzold [20] credit
the creation of safer, efficient, and more enjoyable products to designers who possess a
better understanding of the characteristics of end-users. Collaborating with the end-user
throughout the design process provides more opportunities to develop understanding.

Next, empathy was found to be a determining factor in engineers’ abilities to succeed
in complex global and intercultural environments [21]. According to Walther et al., empathy
in design presents an alternative to designer-centered design, as designers focus on under-
standing the experiences and emotions of end-users [22]. Empathy helps designers to better
understand the problem instead of jumping to a solution or fixating on the design itself. In
empathetic design, everyday experiences and emotions can be turned into inspiration [23],
which enhances the creativity of the design. Using a case study, Tuomala et al. [24] propose
a process that incorporates empathy into design, including steps to identify empathy gaps
and consider the consequence of the gaps. Through co-design, designers further develop
empathy through regular interaction with end-users, which increases their design skills.

In co-design, the ultimate goal of product desirability goes beyond pure practicality
and usability to encompass the entire user experience [25]. To better understand and
improve their experience, the user must be involved in the design of the product itself. The
roles of designers, researchers, and end-users are no longer distinct and separate. End-users
may become designers during the co-design process, depending on their level of effort,
interest, creativity, and expertise [16]. Scott and Mazzurco [26] compared five participation
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frameworks from the humanitarian engineering literature and identified decision-making,
collective action, initiating action, and partnership as descriptors of more inclusive projects.
Despite the implied participatory nature of co-design, in practice, not all participants are
automatically converted into designers, as there are varying levels of involvement in each
project. Thus, a reflective examination of a design experience can consider whether the
desired level of collaboration was achieved.

3. Methods

To document which stakeholders were involved in each step of the design process
(question 1), the engineering design students and course instructor employed a retrospec-
tive lens [2] of design artifacts with consultation from the community partners. The design
experience was reconstructed as a case study and then deconstructed into design steps.
First, design artifacts and documents including logbook entries, emails, CAD model dates,
design reports, and interview transcripts were examined to chronologically define the
steps taken throughout the design process, as well as to document the evolution of the
design. Next, the role of each stakeholder was identified for each step, and the data were
summarized in two ways: (1) as a case study narrative and (2) as a figure to document the
design process and stakeholder involvement at each step. The level of decision-making,
collective action, and partnership (as indicated by Scott and Muzzurco [26]) of stakeholders
throughout the process is highlighted throughout the case study. To document the perspec-
tives of the two community partners (question 2), semi-structured individual interviews
were conducted by one of the engineering design students and the course instructor using
a protocol approved by the institutional research ethics board. The two participants have
four and twenty years of experience, respectively, and vary in physical stature and gender.
They were asked about their experience before the design was implemented, after its imple-
mentation, and during the design project itself, using a pre-defined interview guide with
prompts, which is available in the Appendix A. The questions were open-ended to allow
the community partners to share their experience and allow for exploratory data analysis.
They were not asked directly about how participative the process was, as this is one of the
themes that was cultivated from the interview rather than prompted.

The interviews were recorded, transcribed, and lasted 45-60 min in duration. Field
notes were recorded, and member checking was employed to give the participants the
opportunity to review the transcripts. Thematic data analysis was performed as per the
process outlined by Braun and Clarke [27], entailing independent coding by two of the
authors, an inter-coder comparison, a discussion of the emergent themes, and a verifying
review of the transcripts to ensure the themes match the community partners’ experiences.
Thematic analysis was employed due to the exploratory nature of the study to document
the community partners’ experiences. There were 23 codes produced during data analysis,
which were grouped into five themes that contrasted the community partners’ experiences
before and after the design was implemented. The five themes were further categorized into
eight sub-themes to elucidate the distinctions between pre- and post-design experiences.

Lastly, a table was produced to document whether the positive impacts of the design
process on the community partners could have been achieved through traditional design
practices or were only the result of a co-design experience. Though the level of co-design
was not an initial research question, elements of co-design are present in the interview data
and flow from the first question to document the roles of the stakeholders. Thus, the level
of participatory co-design is included in the discussion.

4. Case Study Results: The Mop Prop

During the Fall 2020 semester, students in a first-year design course were assigned a
two-week project-based learning opportunity to ‘redesign an existing product’ in teams
of two. The pedagogical goals were to expose students to a short design process, practice
user-centered design, develop CAD modelling skills, and communicate their designs
through a presentation. The two engineering students for this case study initially chose to
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redesign a household product. Then, after a discussion with one of the community partners,
a custodian working in the engineering building, the students changed their project to
address the custodian’s concerns. While the students were in the ‘understand the problem’
phase of the design process, the second community partner was recruited to participate in
the project.

The basis for the design project is that the community partners use a mop and bucket
system wherein the circular mop handle both loosely rests in a square groove in the bucket
and is used to steer the bucket. The community partner identified that a device is required
to restrain the mop handle more securely to the bucket to ensure the mop does not fall
out of the groove while it is in motion. When transporting the bucket, travelling over
tiles, hitting a small bump, or entering the elevator, the mop handle would often become
displaced from the groove and fall to the ground. When this occurred, water would spill,
and the handle could strike people as it fell, potentially causing multiple hazards due to a
manufacturing flaw in the bucket.

At the end of the two-week period, the students produced a CAD model and presented
their solution to the class. Because the students were emotionally invested in helping the
community partners, the two community partners and two design students continued the
project throughout 2021, working together as co-creators. Note that though the course
instructor was involved in the design project, she is not considered a co-creator, because
her role was primarily to create the scaffolding for the project and mentor the students
through the design process.

After numerous iterations, the finalized device, “the Mop Prop”, was 3D-printed using
PLA polymer, which was selected because it is inexpensive, allows for rapid prototyping,
and can withstand the harsh cleaning agents contained in the bucket. The device is attached
to the bucket through two pre-drilled holes on the bar on the wringer assembly and is
fastened using steel bolts, nuts, and washers. An early iteration of the device that utilized a
90° angle to hold the mop is shown in Figure 1, which displays how the device was affixed
to the wringer assembly on the bucket during experimentation.

Mop handle

Device

Figure 1. Image of early iteration of the device on the mop bucket.

The final design is shown in Figure 2 and incorporates an angled stem (34° from the
horizontal plane and 4.6 cm long) to secure the handle. Because the handle is used for
steering, an angled device allows for greater surface area between the handle and the
fixture, allowing the mop head to naturally rest in the front of the bucket and providing a
more comfortable position of the handle for the end-user. Overall, the device is 6.7 cm wide
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(maximized to fit the bar) and contains fillets to match the shape of the bar. The infill, inner
diameter (2.9 cm), and opening (2.5 cm) were optimized to determine the ideal flexibility
and strength to insert, secure, and remove the mop.

Figure 2. CAD model showing the final design of the device.

The influence of the community partners is apparent in numerous elements of the
design and through decisions made in each design meeting throughout the project timeline.
For example, early in the design process, the suggested edits were primarily focused on the
ease with which the mop’s shaft could enter and exit the device. This included widening the
opening while adding ridges that secure the mop in place once inserted. The community
partners expressed the need for simple retrieval of the mop with minimal force, so the
device flexes to release the shaft.

Another design iteration initiated by the community partners pertained to how the
mop naturally sits in the bucket. Initially, the device was designed with a purely vertical
mount, as seen in Figure 1. However, this configuration was found to be impractical, as
testing revealed that it was awkward and caused strain for the user when inserting the shaft.
The re-design involved angling the mop’s shaft, resulting in a more natural resting position
within the bucket. Furthermore, adding angled, extruded cuts from the top of the opening
enabled a tapered entry. This modification yielded several benefits, including reduced
user strain during shaft insertion, improved stability, and enhanced maneuverability while
holding the mop during movement around the building.

As the community partners gained more experience using the prototypes, they were
able to stress-test the prototypes for long periods of time. Consequently, the four co-creators
developed newer and more resilient models. To improve durability, a structural gusset was
integrated into the back of the device, which improved the distribution of shear stress along
the device’s shaft. Additionally, the infill density of the 3D-printed design was increased
from 20% (which was initially selected to reduce the cost of each iterated prototype) to
40% for increased structural integrity. Finally, as the community partners observed that
the prototypes consistently sheared at a specific location, the orientation of the 3D-print
was altered to distribute stress more evenly along the device. This modification allowed
for stress to be applied across the layer lines as opposed to along them, resulting in more
uniform stress distribution.

The duration of the project was ten months, during which time an iterative trial-and-
error process occurred, as shown in Figure 3. The steps derive from the iterative co-design
process documented in [28] and were adapted as follows: (1) for a local setting instead
of global, (2) by moving the ‘evaluate’ step to allow for iterative prototyping, and (3) by
splitting up the final step into ‘implementation” and ‘scale up’ steps to reflect how the
design was adopted across campus. Note: the scholarly contribution of Figure 3 is both to
address question 1 and to encourage researchers to engage in a similar reflective activity to
visually document how collaborative a design process is.
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Figure 3. Design process. Steps taken throughout the iterative process delineated by co-creator.

As shown in Figure 3, after the initial two-week design project in October, the first
large gap in the design process occurred while the students finished their fall courses.
In January, the project resumed, and—over the next four months—15 CAD models were
produced, and 10 prototypes were 3D-printed. The time between design cycles decreased
in April once the students completed their classes. In May, the device was implemented for
the community partners, and in June, production was scaled up to install the Mop Prop in
20 campus locations. The second large gap in the design process occurred from June until
August, when a fracture in the part necessitated a final iteration.

Note that while ‘Design co-evaluation’ is defined as a distinct step, realistically evalua-
tion was performed as micro-steps throughout the process. Ongoing evaluation is evident
in Figure 3 where some CAD models were not 3D-printed, and some prototypes were not
acceptable for experimentation. The ‘Design co-evaluation’ step was formally defined as the
period when all co-creators were present to make decisions. These informal, unstructured
meetings occurred when a design decision was required and lasted approximately 30 min.
All co-creators contributed to the conversation, experimented with new prototypes, and
proposed iterations.

This highly iterative process was possible due to the inexpensive prototyping costs.
Numerous iterations were necessary to ensure that the device was strong enough to hold
the mop and steer the bucket while also allowing the mop to pop out easily when pulled.
Additional iterations were necessary to refine the thickness of the walls, the location of
holes, and the angle of the shape.
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The students were involved in all of the steps except for the initial ‘problem awareness’
step, which was identified by one of the community partners five years before the project
began (denoted with a blue square). The level of collaboration of the community partners
increased throughout the project, as initially most of the ideation was completed by the
students (denoted with a red diamond) with community partners providing the bucket for
testing. The steps quickly became more participative to include all co-creators (denoted with
a green circle), as community partners started suggesting ideas such as changing the angle
and strengthening walls. Not only did the community partners’ participation in decision-
making increase but they also began to initiate action (two key actions for participatory
design as defined in [26]). Co-design began to occur because the students became more
collaborative, inviting feedback and design ideas, and the community partners became
more invested in the design.

5. Interview Results: Community Partners” Perspectives

The experience of the community partners throughout the design process is presented
in their own words from the recorded accounts before and after the design was imple-
mented. Rather than presenting these accounts in a narrative form, a thematic analysis was
performed to highlight the commonalties and differences in their experiences. During the
two interviews with community partners, five themes emerged from the coded transcript
data: (1) emotional effects, (2) physical and mental effects, (3) productivity, (4) safety, and
(5) job satisfaction. These themes are present in the data before and after the device was
installed. The results are presented first as the perspectives from before the device was
installed, then as experiences after the device was installed, and lastly as an examination of
the impacts throughout the design.

Table 1 documents excerpts linked to the five themes about the community partners’
experiences before the device was installed. Regarding the emotional effects on the com-
munity partners before the device was installed, both community partners reported feeling
anxious and worried due to the unpredictability of the mop handle. One community
partner (B) described the problem as initially a pet-peeve that turned into a large frus-
tration that they experienced for many years. The second community partner (A) was
not consciously aware of the problem until the project was proposed, at which point they
realized they were unconsciously worried while moving the bucket. Community partner
B disclosed having bodily pain connected to the problem, while community partner A
theorized that such pain might develop in the future through the repetitive motion of
lifting the bucket with their foot to travel over bumps. In the interviews, both community
partners demonstrated the physical maneuvers that each developed to move the bucket
over thresholds and bumps. They both expressed their concern for the safety of the people
who use the building, as they were worried that students and staff might be struck with
an errant mop. They both described a range of emotions such as frustration, anger, stress,
and anxiety towards the situation, and they both reported that an elevated degree of focus
was required to use the mop bucket assembly. They both feared that the mop handle could
damage equipment in the labs or hurt someone passing by, thus acknowledging a safety
concern. Both community partners expressed a desire to perform their jobs well and felt
they were inhibited from completing their job as efficiently, safely, and effectively as they
would have liked to because when the mop would fall, water would spill out, and the
community partners would have to clean up a new spill. Accordingly, their productivity
was diminished. Community partner B compared the situation to a ticking time bomb
that could explode at any moment due to any wrong movement. Before the community
partners were asked to participate in the co-design experience, there was a mutual feeling
of being belittled, either because the problem continued for a long time despite requests to
resolve it or because they felt like they had to apologize to people walking by for simply
doing their job.
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Table 1. Community partners’ experience before the device was installed. The table is dived into
major themes, subthemes, and corresponding community partner excerpts.

Themes

Subthemes Excerpts

Emotional effects

“I think every time [I used the mop bucket] was the worst
Low-confidence and anxiety = memory because it was it’s a product that I should be working
at ease.”

“I felt it was something that should have been in place during
the manufacturing of the bucket to alleviate all this frustration
and anxiety of having to be reaching for a mop handle and
reaching over again for a mop handle.”

Anger

Physical and mental effects

“Yeah, it’s just frustrating by the time you're reaching three or
four times a day or during the week, then I was going home

Annoyance and physical pain  yyith neck pain and shoulder pain.”

“Before, it was always on my mind”

“It wasn’t something like you're like losing sleep over this, [or]

naware and unaff p i i i
U e and unaffected like there’s an issue with this.”

“I can’t push the bucket as fast [as now]”

“You lose more time because you're missing out on the job

Productivity Slow process you're doing and it’s a make work project [to clean up the water
you spilled when the handle fell].”
Safety Dangerous It could be a mess for safety if somebody came and slipped on

it ”

Job satisfaction

“1 did it over the years with different supervisors that it was a
problem and asked if there could be some attachment or
something that could be made or attached to the ringer and I
was told it would cost too much money ... to the university to
have one on all the buckets on the campus, and it was
dropped.”

Feeling of being unheard

False guilt “We would find ourselves apologizing for doing our job”

After the device was added to the bucket, the community partners reported a high
degree of satisfaction, as shown in the excerpts in Table 2. Community partner A (who
was not aware of the problem beforehand) said it was a remarkable change that they were
able to help create and were now able to reap the benefits. The anxiety and fear of hitting
someone or something with the mop was alleviated. Both community partners expressed
an increase in overall confidence and job satisfaction. The physical effects and mental stress
of the problem subsided, and the community partners reported being able to complete their
tasks faster and safely. Their efficiency improved because in order to clean spills quickly,
the community partners are required to keep the mop bucket close while performing other
tasks; the ability to move the bucket faster (without fear of dropping the mop) results in a
faster completion of other tasks.

The community partners reported that the design process brought enjoyment and
excitement to their jobs as they keenly anticipated each new iteration and working together
with students. Community partner B provided the following account: “I was excited every
time you guys came in and as we’re working with these new prototypes.” The partner
includes themselves in the design with the term “we’re” and later compliments the students
on their professionalism and transparency throughout the process. Community partner A
described how they influenced the design: “I like to be able to say the angle or when you
were going to put it on the top of the bucket.” They also described how their feedback was
regularly elicited.

The community partners expressed positive impacts of the design experience, includ-
ing the creation of a safer environment, a reduction in stress due to injuring someone, and
satisfaction from being involved in the design process. Additionally, they explained how
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they now felt empowered to bring up other job-related problems that they experienced with
peers and supervisors because the Mop Prop project originated with one of the community
partners and the problem was effectively solved. They also demonstrated pride in being
partners in the design, specifically when pointing out the design to students and staff
walking by, describing how they were involved. The improved bucket design positively
impacted the community partners, and the experience of becoming co-creators in the design
process was additionally impactful.

Table 2. Community partners’ experiences after the device was installed. The table is dived into
major themes, subthemes, and corresponding community partner excerpts.

Themes

Subthemes Excerpts

Emotional effects

“Once I put [the device] on it, you don’t have to worry about it
again.”

Decrease in anxiety Just the worry of it [mop falling], having to be focused on it.

“I don’t gotta worry about running into a screw or nut or bolt
and if the bucket jolts, the handle’s not going to flop over the
place so with having the Mop Prop [device].”

“You realize the anxiety that you might not have shown or

- o ;
ecrease In fear spoke about after you put it on.”

“We can eliminate this problem”

. . “But if something does arise, I would bring it to your attention”
Increase in confidence

“[Be]cause you're a little bit more confident where you can
move around right”

Physical and mental effects

“I got no neck pain, I got no shoulder pain, I got no stress, no

No additional physical pain anxiety.”

Productivity

“So, it’s a little bit easier now to zip around and not worry

Ability to work faster about hitting the dean on the head”

Safety

“It could be a mess for safety if somebody came and slipped on

Safer than before it

Job satisfaction

“I don’t have to be thinking of coming to work and thinking, oh
Less stressful my goodness, I wonder how many times today the mop handle
is gonna hit somebody or flop it in the bucket on me”

“I was excited every time you guys came in and as we're

Excit: t and t . .
xcriement and engagemen working with these new prototypes”

Table 3 lists the positive impacts that the community partners discussed during their
interviews, such as solving a problem that was identified by one of the community partners.
The table also differentiates whether each impact could be achieved through traditional
designer/end-user methodologies or through more inclusive co-design methodologies.
For example, the community partners’ feelings of empowerment are primarily the result
of contributing to the design in a co-design process, but an increase in speed and effi-
ciency could result from any effective design methodology. Arguably, however, the design
achieved through co-design is better suited for the community partners than a design
created without the input of the co-creators, so the level of impact could be increased
through co-design. The assessment as to whether each impact is unique to co-design was
determined by the authors.
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Table 3. Impact of co-design for community partners. Table distinguishes between whether the
impacts identified by community partners are unique to co-design or could have been achieved using
traditional design methodologies.

Traditional Co-Design
Impact Designer/End-User Metho doli
Methodology 8y

1. Solving a problem they identified in

X X
the workplace
2. Increase in speed and efficiency in job activities X X
3. Decrease in emotional and physical anxiety X X
4. Decrease in fear of breaking objects or « «
hitting people
5. Empowered to discuss other problems pertaining N
to position
6. Passion towards job X
7. Confidence in job X
8. Pride in participating in co-design experience X

6. Discussion

The first research question to document which stakeholders were involved in each step
of the design process was addressed through the case study and Figure 3, and a growing
level of collaborative partnership was evident in the data. The second research question to
relay the community partners” experience throughout the design process resulted in five
themes with distinct experiences before and after the device was implemented. From the
interview data, it is clear that the device had a positive impact on the community partners.
This section: (1) discusses how both the level of co-design found in the case study and
the experience of the co-creators align with the literature, (2) documents insights gained
from the students, (3) offers suggestions for similar pedagogical implementations, and
(4) provides potential limitations of this research.

Through the interviews, the community partners discussed the ideas they provided,
how frequently they gave feedback, and their appreciation for being integrated into the
design process. Throughout the design process, the traditional design model quickly
became more participatory through co-design as the students recognized the contributions
of the community partners and the community partners began to feel like partners and
co-creators in the design process. Comparing the participation of co-creators to Scott
and Mazzurco’s [26] framework, all co-creators were involved in decision making and
collective action, but eventually the community partners began to initiate action and act
as partners rather than end-users, mirroring the collaborative approach found in [18] as
opposed to a vertical approach. The community partners were empowered to increase their
role as designers through regular interaction with students, which was likely because the
community partners saw the potential for a real solution and an openness to their feedback,
as documented in [5]. Because the students came back after the initial design course ended
and continued to iterate the design, the community partners were able to trust that the
engagement of the students would result in a design, and thus, it was worth their time and
energy to participate in the process. It was apparent in the interviews that the community
partners trusted the students” determination to work towards a solution and openness to
work together.

As documented in the literature, empathy helped the designers to better understand
the problem [7], but what is unique to this co-design experience is that the four co-designers
demonstrated empathy for each other. The students better understood the emotions and
needs of the community partners, and the community partners empathized with the
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students’ desires to produce a functional design and further their design skills. Engaging
in empathetic design resulted in a better design.

For the students, an insight from the experience is that co-creators can be found
everywhere. The community partners were working in the engineering building for years,
experiencing this problem and waiting for someone to help them solve it. When the
students initiated a conversation with one of the community partners about their job
experience, this problem was immediately raised, and the co-design process began. As
found in the literature [23], an everyday experience was turned into inspiration for a project.
Projects can be found anywhere, especially locally. The first step to encourage co-design is
to ask questions and empathize with the person.

The second insight that the students had is that they are able to help others, even with
their limited experience. They were only two months into their degree program when the
project began, and though they were only beginning to develop technical skills, after inter-
acting with the community partners, they felt compelled to participate. Community partner
B stated the following: “I really think that [for] engineering students, it’s an obligation.”
This community partner was waiting to be asked to participate, hoping students would
ask. As demonstrated in the literature, it is because of their differing experiences, skills,
knowledge, and needs that the co-creators worked effectively together [19] and the students
realized that they could provide support, even with their limited technical abilities.

The third insight of the students is that frequent and respectful communication is key
in co-design. Weekly meetings became essential to ensure the co-creators were equally
included in the process to provide their opinions, design ideas, and evaluations. While
the project began as a designer/user methodology, it became apparent that in order to
produce the most effective design and to incorporate the experience and knowledge of
the community partners, a co-design process was required, thus transforming end-users
into co-creators. The increased time commitment confirms one of the barriers related to
engaging community partners in the design process [8,9], but because all co-creators were
willing to spend the time, the result was a successful design [20].

From the instructor’s perspective, first, to ensure similar co-design experiences are
possible for future student design projects, commitment, trust, and collective partnership
are necessary for both students and community partners, and these aspects are built over
time. Realistically, in a class environment, it is difficult to build a relationship during the
structured time allotted for a particular project [8,9]. However, long-term engagement
with regular deliverables can be used to build trust and show engagement between both
students and community partners. To ensure a successful partnership, the expectations of
community partners should align with what the project can reasonably produce [12]. Exer-
cises coaching students on how to invite and incorporate feedback can aid the development
of more inclusive design. At a minimum, encouraging students to work with community
partners as opposed to developing hypothetical problems will allow them to empathize
with the end-user [22], which can help them to engage with the project until a solution can
be found. Engaging in participatory design can also challenge traditional power structures
through social justice discussions and empowering community partners [6].

Second, educators and researchers can work to address the lack of research document-
ing community partners’ perspectives in design projects (as found in [5,13,14]). While a full
research study may be excessive for all projects that include community partners, inviting
community partners to complete project evaluations throughout the design process can
shift a project from passive to participatory design [6]. While being considerate of the entire
user experience (as in [25]), the act of soliciting feedback can also improve future projects
and help educators and students to understand how the design experience could have
been optimized.

Third, although the case study focused on a particular design experience, commu-
nity partners can be integrated into many forms of project-based learning. A homework
assignment to demonstrate a particular skill that has been gained can be enlivened with
the participation of a community partner presenting the real-world problem. For example,
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a statics course focused on equilibrium equations could have a community partner who
has a certain piece of equipment that keeps falling over. Students could calculate an aspect
of the device that should be changed (larger base or shorter height) and be expected to
provide calculations to support their decision.

One limitation of this study is that the community partners were the participants in
question 2 rather than the co-authors of the paper. For a more holistic co-design experience
which extended through the research, the co-designers could have interviewed each other.
Out of respect for the community partners’ time and in recognition of differing areas of
expertise, the students and instructor took an initial step to document the community
partners’ experience, though we acknowledge that future steps can be taken for a more
inclusive design and research experience. Lastly, the hierarchical structure of a university
could have compelled the community partners to provide responses that they perceived
the students and instructor wanted to hear rather than their actual beliefs, similar to the
imbalanced power structures documented in [7]. It is clear in the interview data that at
least one of the participants demonstrated an eagerness to praise the students and the
design, however, that participant also proactively showcases the device to anyone who
enquires about their mop bucket, demonstrating a genuine pride in participating in the
design process. Additionally, the interview questions were open-ended to avoid leading
the participants towards a specific answer.

7. Conclusions

Utilizing a co-design methodology, two students and two community partners de-
signed a device that improved the community partners’ job performance, confidence, and
emotional, mental, and physical health. One community partner commented, “I got no
neck pain, I got no shoulder pain, I got no stress, no anxiety.” Through a review of design
artifacts and files, an iterative design process was documented and revealed an increasing
level of collaboration between co-creators. The community partners’ experiences were
documented through a qualitative study to provide data for future design research. The
community partners felt empowered to be included in the co-design process, which is
evident each time they demonstrate the device to people in the building.

By empathizing with the community partners, the engineering design students en-
gaged beyond the initial course requirements to design a product that was implemented
in 20 locations across campus. The community partners’ passion and willingness to share
their time and expertise through a collaborative project captured the attention of the stu-
dents and provided ongoing motivation, which, in turn, helped the community partners
to become more invested in the design. For this project, employing a co-design process
resulted in a better product and a more enjoyable experience for the co-creators.

Project-based learning helped the students to practice their presentation, CAD mod-
elling, and design skills and develop empathy, determination, and collaborative skills.
These findings can inspire engineering educators to incorporate project-based learning into
their courses with community partners and can encourage researchers to document the
perceptions of community partners in design projects.
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Appendix A
The semi-structured interview protocol is as follows:
Part 1: Data/Demographics:

Name:

Years at UPEL

Years as a custodian (anywhere):

Has Mop Prop been attached to your bucket

Roughly How long has the Mop Prop been attached to your bucket:

G LN

Interview:

6. Please describe your experience using the mop bucket before the Mop Prop was
added. (Potential prompts as follows):

Do you have a specific memory regarding using the mop bucket?
How did that make you feel?

Did it fall frequently?

Do you think other custodians share this view?

How big of a problem was it?

7. Has the Mop Prop changed your experience with the mop bucket?

e Ifso, how?
e Does the mop still fall?
e Are there new issues with it?
e Does it change how you feel when you using it?
e  Specific advantages/disadvantages
8. Do you prefer the bucket/wringer with or without the Mop Prop?
9. Are there any changes you would make to the Mop Prop?
What would you like to see changed?
Are there other aspects of mopping that could be addressed?
Do you have any other issues with custodial equipment that you’d like to see
changed /improved upon? (or the introduction of an accessory to fix such an
issue)
10. What has been your experience overall with custodial equipment?
11.  Is there anything else you would like to tell us?
12. Do you mind telling us how tall you are?
References
1. Sanders, E.B.-N.; Stappers, P.J. Probes, toolkits and prototypes: Three approaches to making in codesigning. CoDesign 2014, 10,
5-14. [CrossRef]
2. Saad-Sulonen, J.; Eriksson, E.; Halskov, K.; Karasti, H.; Vines, J. Unfolding participation over time: Temporal lenses in participatory
design. CoDesign 2018, 14, 4-16. [CrossRef]
3.  Steen, M.; Manschot, M.; De Koning, N. Benefits of co-design in service design projects. Int. |. Des. 2011, 5, 1-8. Available online:
http:/ /www.ijdesign.org/index.php/IJDesign/article /view /890 (accessed on 9 February 2023).
4.  Mohedas, I.; Sienko, K.H.; Daly, S.R.; Cravens, G.L. Students’ perceptions of the value of stakeholder engagement during
engineering design. J. Eng. Educ. 2020, 109, 760-779. [CrossRef]
5. Armstrong, A.G.; Mattson, C.A.; Lewis, R.S. Factors leading to sustainable social impact on the affected communities of
engineering service learning projects. Dev. Eng. 2021, 6, 100066. [CrossRef]
6. Reynante, B. Learning to design for social justice in community-engaged engineering. J. Eng. Educ. 2021, 111, 338-356. [CrossRef]


https://doi.org/10.1080/15710882.2014.888183
https://doi.org/10.1080/15710882.2018.1426773
http://www.ijdesign.org/index.php/IJDesign/article/view/890
https://doi.org/10.1002/jee.20356
https://doi.org/10.1016/j.deveng.2021.100066
https://doi.org/10.1002/jee.20444

Educ. Sci. 2023,13, 492 150f 15

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.
28.

Harrington, C.; Erete, S.; Piper, A.M. Deconstructing Community-Based Collaborative Design: Towards More Equitable Participa-
tory Design Engagements. In Proceedings of the ACM on Human-Computer Interaction, Paphos, Cyprus, 2-6 September 2019;
Volume 3, pp. 1-25. [CrossRef]

Reynaud, E.; Duffy, ].J.; Barrington, L.; Kazmer, D.O.; Tucker, B.G.; Rhoads, J.L. Engineering Faculty Attitudes Towards Service-
Learning. In Proceedings of the 119th American Society for Engineering Education Annual Conference and Exposition, San
Antonio, TX, USA, 10-13 June 2012; Available online: https://sftp.asee.org/collections/23 (accessed on 9 February 2023).
Pierrakos, O.; Bielefeldt, A.R.; Duffy, ].].; Mcvay, S.; Paterson, K.; Swan, C.W.; Zilberberg, A. Faculty Survey on Learning Through
Service: Development and Initial Findings. In Proceedings of the 119th American Society for Engineering Education Annual
Conference and Exposition, San Antonio, TX, USA, 10-13 June 2012; Available online: https://peer.asee.org/21392 (accessed on
9 February 2023).

Downey, G.L.; Lucena, J.C.; Moskal, B.M.; Parkhurst, R.; Bigley, T.; Hays, C.; Jesiek, B.K.; Kelly, L.; Miller, J.; Ruff, S. The globally
competent engineer: Working effectively with people who define problems differently. J. Eng. Educ. 2006, 95, 107-122. [CrossRef]
Camus, RM.; Lam, C.H.Y.; Ngai, G.; Chan, S.C.E. Service-learning exchange in developed cities: Dissonances and civic outcomes.
J. Exp. Educ. 2021, 45, 453-476. [CrossRef]

Budny, D.; Lund, L.; Khanna, R. Designing service learning projects for freshman engineering students. Int. ]. Eng. Pedagog. 2013,
3, 31-38. [CrossRef]

Natarajarathinam, M.; Qiu, S.; Lu, W. Community engagement in engineering education: A systematic literature review. J. Eng.
Educ. 2021, 110, 1049-1077. [CrossRef]

Mazzurco, A.; Jesiek, B.K. Five guiding principles to enhance community participation in humanitarian engineering projects. J.
Humanit. Eng. 2017, 5, 1-9. [CrossRef]

Bowen, S.; McSeveny, K.; Lockely, E.; Wolstenholme, D.; Cobb, M.; Dearden, A. How was it for you? Experiences of participatory
design in the UK Health Service. CoDesign 2013, 9, 230-246. [CrossRef]

Sanders, E.B.-N.; Stappers, P.J. Co-creation and the new landscapes of design. CoDesign 2008, 4, 5-18. [CrossRef]

Kang, X.; Kang, J.; Chen, W. Conceptualization and research progress on web-based product co-design. Informatics 2020, 7, 30.
[CrossRef]

Burkett, I. An Introduction to Co-Design; Centre for Social Impact: Sydney, WA, Australia, 2012; p. 4. Available online: https:/ /www.
yacwa.org.au/wp-content/uploads/2016/09/ An-Introduction-to-Co-Design-by-Ingrid-Burkett.pdf (accessed on 9 February
2023).

Zamenopoulos, T.; Alexiou, K. Co-Design as Collaborative Research; Connected Communities Foundation Series Bristol University:
Bristol, England, 2018; Available online: https://connected-communities.org/wp-content/uploads/2018/07/Co-Design_SP.pdf
(accessed on 9 February 2023).

Wallisch, A.; Paetzold, K. Methodological foundations of user involvement research: A contribution to user-centred design theory.
In Proceedings of the Design Society: DESIGN Conference, Cavtat, Croatia, 2629 October 2020; pp. 71-80. [CrossRef]

Walther, J.; Miller, S.E.; Sochacka, N.W. A model of empathy in engineering as a core skill, practice orientation, and professional
way of being. . Eng. Educ. 2017, 106, 123-148. [CrossRef]

Walther, J.; Brewer, M.A.; Sochacka, N.W.; Miller, S.E. Empathy and engineering formation. J. Eng. Educ. 2019, 109, 11-33.
[CrossRef]

Mattelmadki, T.; Vaajakallio, K.; Koskinen, I. What happened to empathic design? Des. Issues 2014, 30, 67-77. [CrossRef]
Tuomala, E.-K.S.E.; Baxter, W.L. Design for Empathy: A co-design case study with the Finnish parliament. In Proceedings of the
Design Society: International Conference on Engineering Design, Delft, The Netherlands, 5-8 August 2019; pp. 99-108. [CrossRef]
Garrett, J.J. The Elements of User Experience: User-Centered Design for the Web and Beyond, 2nd ed.; New Riders, Pearson Education:
Indianapolis, IN, USA, 2011.

Scott, D.; Mazzurco, A. Development of a scenario-based instrument to assess co-design expertise in humanitarian engineering.
Eur. J. Eng. Educ. 2020, 45, 654—674. [CrossRef]

Braun, V.; Clarke, V. Using thematic analysis in psychology. Qual. Res. Psychol. 2006, 3, 77-101. [CrossRef]

Murcott, S. Co-evolutionary design for development: Influences shaping engineering design and implementation in Nepal and
the Global Village. J. Int. Dev. 2007, 19, 123-144. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1145/3359318
https://sftp.asee.org/collections/23
https://peer.asee.org/21392
https://doi.org/10.1002/j.2168-9830.2006.tb00883.x
https://doi.org/10.1177/10538259211065971
https://doi.org/10.3991/ijep.v3iS1.2371
https://doi.org/10.1002/jee.20424
https://doi.org/10.36479/jhe.v5i2.80
https://doi.org/10.1080/15710882.2013.846384
https://doi.org/10.1080/15710880701875068
https://doi.org/10.3390/informatics7030030
https://www.yacwa.org.au/wp-content/uploads/2016/09/An-Introduction-to-Co-Design-by-Ingrid-Burkett.pdf
https://www.yacwa.org.au/wp-content/uploads/2016/09/An-Introduction-to-Co-Design-by-Ingrid-Burkett.pdf
https://connected-communities.org/wp-content/uploads/2018/07/Co-Design_SP.pdf
https://doi.org/10.1017/dsd.2020.265
https://doi.org/10.1002/jee.20159
https://doi.org/10.1002/jee.20301
https://doi.org/10.1162/DESI_a_00249
https://doi.org/10.1017/dsi.2019.13
https://doi.org/10.1080/03043797.2019.1704689
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1002/jid.1353

	Introduction 
	Background 
	Methods 
	Case Study Results: The Mop Prop 
	Interview Results: Community Partners’ Perspectives 
	Discussion 
	Conclusions 
	Appendix A
	References

