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Abstract

With the rapid development of educational tools, co-design has been on the rise. Co-design is instrumental in
successful product development as it merges two key perspectives, namely consumers’ insights and professionals’
knowledge. The roles of users, designers, and developers are now blurred as educators have begun to construct
their own tools for teaching based on problems and ideas conceived in their classrooms, thereby assuming roles
as designers and to some extent, as developers. A more common practice in recent days is educators’
co-designing of tools with system developers to achieve their targeted goal. This study attempted to explore the
process of co-designing an augmented reality (AR) mobile application and the role of a system developer in
mediating the design process with non-designers, namely academic members of the Faculty of Medicine and
Health Sciences, Universiti Putra Malaysia. This study further aimed to delineate the nuances of the AR mobile
application co-design experience from the perspective of the system developer. Semi-structured interviews,
observations, and document analyses were conducted to examine the detailed process of co-designing and
developing the AR application as well as to understand the developer’s interaction with the consumers. The main
findings of this study suggest that the waterfall model of the Software Development Life Cycle was in use during
the co-design process. This cycle generally involves five stages, namely (i) planning, (ii) analysis, (iii) design,
(iv) implementation, and (v) maintenance, which are iterative in nature. The designer’s role in mediating the
co-design process encompassed balancing their knowledge and experience with the needs of consumers that do
not necessarily match the designer’s expectations. This was achieved through (i) precise communication, (ii)
commitment to the delivery and quality of the AR mobile application, as well as to building cohesive working
relationships, and (iii) motivation to work with co-designers during the development process. The findings shed
light on the value of co-design and the complex role of designers in mediating the design process with
non-designers, which when accounted for, can lead to more feasible project development.

Keywords: augmented reality mobile application, co-design experience, Software Development Life Cycle,
Waterfall Model, communication, commitment, motivation

1. Introduction

Exponentially emerging technologies have brought significant changes to classrooms, transforming the
landscape of education and teaching and learning practices. Several educational tools have been built from the
ground up as a result of classroom research carried out by educators to optimize technologies in response to their
learners’ needs. Consequently, the role of users, designers, and developers have blurred as educators are now
constructing their own tools for teaching based on problems and ideas conceived in their classrooms, thereby
assuming roles as designers and to some extent, as developers.

This study presents the scenario of a designer who, with a group of academicians from the Faculty of Medicine
and Health Sciences (FMHS), Universiti Putra Malaysia (UPM), co-designed and developed an augmented
reality (AR) mobile application for the teaching and learning of the Central Nervous System. Medical education
nowadays leverages three-dimensional visualization software, mobile applications, and virtual cadavers for the
teaching and learning of medical courses, especially those that involve human anatomy (Darras et al., 2019; Van
Dijck, 2000). These technologies do not only provide a more realistic and advanced representation of the human
body but can also be used and reused without limitations. In tandem with efforts to integrate digital technologies
in the teaching and learning process, using AR technology benefits instructors and learners in understanding core
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concepts via three-dimensional visualization. To successfully develop this AR mobile application, the system
developer and academicians came together to co-design the system.

Co-design is instrumental in successful product development as it merges two key perspectives, namely
consumers’ insights and professionals’ knowledge (Trischler et al., 2017). According to Sanders and Stappers
(2014), co-design is the collective creativity of collaborating parties (who comprise designers and non-designers)
in a design development process. Co-design has become a more common practice in recent days as designers are
moving towards human-centric design (Sanders & Stappers, 2014). This shift has opened up opportunities for
educators to co-design their tools with system developers to achieve their targeted goals. Some have suggested
that such collaborative work can beget myriad innovative solutions for complex issues, reduce the duplication of
efforts through the concerted initiatives of multiple individuals, and promote the efficient management of
financial resources (Boyd & Peters, 2009; Brown et al., 2012). The study by Warburton et al. (2008) further
confirmed that the benefits of collaborative work extend to the creation of a higher quality program and a more
comprehensive system.

Even though Trischler et al. (2017) suggested that co-design teams that work collaboratively to develop design
concepts can achieve higher user benefit and novelty, they also found that such teams can result in lower
feasibility. This means that the designer may have to compromise the feasibility of the system to fulfill the needs
of consumers. Conflicting insights and values are also common during co-design. Having pointed this out some
time ago, Ceraulo (2005) mentioned that unresolved issues caused by differences between designers and their
consumers may affect the quality and function of a system. Thus, finding harmony within dissonance is the
major challenge of the co-design practice (Molnar & Palmas, 2021; Mulvale et al., 2020).

Molnar and Palmas (2021) identified the co-design process as a negotiation-based search for settlements in a
way that may not necessarily solve conflicts but may suspend the potential effects of a conflict should it happen
between the system developer and the consumers. Negotiations and diplomacy are key to the success of
co-design; as such, the process of co-design is typically conducted within a “designerly peacemaking” setting
(Molnar & Palmas, 2021, p. 1). To ensure co-design success, Trischelr et al. (2018) recommended system
developers to carefully select customers, assemble designer teams, and manage intra-team dynamics.

It is evident in the literature that the cohesive relationship between co-designers (i.e., system developers and
consumers) must be understood, as the co-design process faces several challenges in this regard. A study by
Marek et al. (2015) indicated that although collaboration can be seen as an effective means of improving work
culture issues, successful collaboration is still difficult to achieve; rather, failure is more prevalent. In a more
recent study by Dimopoulos-Bick et al. (2018), it was found that challenges in co-design usually revolve around
power and equity for equal say, commitment to the process, methods of gathering experiences that are usually
not interpreted or contextualized collaboratively, design improvements, and implementation. The authors added
that limited resources, such as time and money, and a traditional hierarchical decision-making process may
impact co-design projects as well, to the extent that they can stall implementation efforts.

Adding to these findings, Jones et al. (2020) outlined several forms of consumer participation in co-design,
including survey questionnaires, interviews (face-to-face, over-the-phone, or digital), interactive workshops or
meetings (face-to-face or digital), design charrettes (face-to-face or digital with bigger groups), design jams
(face-to-face or digital with smaller groups), crowdsourcing (open calls to a larger group), hackathon (digital
events with large groups), and ethnographic approaches like observations. Although several studies have
reported the many benefits of collaborative work in fostering effective co-design practice, the aforesaid forms of
participation in co-design come with their own challenges. Among others, an approach may be intrusive and
make consumers reluctant to give feedback. Some techniques may also be unable to appropriately measure the
breadth and depth of the problem, subject to social biases, or lack harmony when there is dissonance between
designers’ knowledge and consumers’ insights and needs (Jones et al., 2020; Molnar & Palmas, 2021; Mulvale et
al., 2020).

Despite these issues, Ashkenas (2015) highlighted that well-meaning cooperation is the key to collaborative
behavior. Marek et al. (2015) echoed that successful collaboration can still be achieved if the factors of
communication, function, leadership, process, members, resource, and context are fulfilled. Furthermore, Keys et
al. (2016) concluded that organizational dynamics and a variety of communication strategies are the most
common elements of successful inter-profession collaboration. Molnar and Palmas (2021) also recommended
negotiation and diplomacy as essential elements of successful co-design collaboration between system
developers and consumers.

In another study, a clear understanding of roles and information design were identified as success factors in
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easing into the culture of co-operating and providing solutions to common communication problems (Waller et
al., 2016). This has long been recommended by Yousuf et al. (2008), who asserted that more effort needs to be
focused on communication and organization in team meetings to ensure individuals are aware of their roles and
responsibilities and improve their commitment towards achieving expected goals.

Saraiva and Iglesias (2016) revealed evidence that time constraints and time-related variables may affect
people’s roles in terms of whether they want to cooperate or compete in organizations. This is due to the social
dilemma that forces individuals to choose between a personal need and group goals; often, they need to sacrifice
one for the other. This is consistent with the study by Van Lange et al. (2013) that examined social dilemmas, the
need for people to cooperate, and how such cooperation can be improved and maintained in groups.

One of the most significant current discussions within the field of co-design is team motivation. Team motivation
can be defined as the coordination of collective efforts with high intensity to achieve team goals (Grant & Shin,
2012). The growth of literature on team motivation is not surprising considering the vast amount of extant
research on team organization and work teams (Hollenbeck et al., 2012). For example, Zhu et al. (2016) focused
on the effects of intrinsic and extrinsic motivation on the creativity of employees. They suggested that
collaborative and competitive climates influence employees’ creativity and improve their motivation.

From another perspective, Dent-Spargo et al. (2018) highlighted the importance of the self-determination theory
in supporting co-design activities. They proposed that the participants of a co-design process are motivated to
contribute more and even work outside their comfort zone if their psychological needs for autonomy,
competence, and relatedness are met. This finding was supported by Lindblom et al.'s (2021) work which
demonstrated that acknowledgement of participants’ insights motivates them to contribute more, even if they do
not fully understand their role as co-designers.

Based on the aforementioned studies, we found it imperative to understand how interpersonal experiences
between the designer and his co-designers affect the development process. The questions that drove this study
were: (i) what does the process of co-designing an AR mobile application look like? and (ii) what are the
experiences of a system designer in mediating the co-design process with non-designers?

2. Method

Because a system developer plays a vital role in translating ideas into viable concepts, this study focused on the
experiences and roles of Riz, a system developer who was involved in the co-design and development of an AR
mobile application for the study of the Central Nervous System. The co-design involved academic members of
FMHS UPM, whom we regard as non-designers in this paper. Eliciting his experiences may offer insights into
the value of co-design and the complex role of designers in mediating the design process with non-designers, all
of which can lead to feasible project development.

As proposed by Merriam and Tisdell (2015), we adopted the qualitative research approach to gain an in-depth
understanding of Riz’s interpretation and meaning ascription surrounding his experiences in mediating the
co-design process. Semi-structured interviews and observations were conducted while documents were analyzed
to provide rich and descriptive findings (Fraenkel et al., 2011). Prior to data collection, the system developer
gave his consent to participate; the name ‘Riz’ is a pseudonym to safeguard and protect his anonymity.

A total of three audio-recorded interviews with Riz, each lasting between 60 and 90 minutes, were transcribed.
We read and re-read the transcripts to familiarize ourselves with the data (Creswell & Poth, 2016). Meanwhile,
observations were carried out each time Riz had meetings with the academic members of the FMHS. We
observed a total of four meetings utilizing the non-participatory technique (Patton, 2002), as we wished to keep
the co-design process as organic as possible without tampering with it. Field notes were taken during the
observations. Finally, the documents we collected were screenshots of the AR mobile application, flowcharts,
wireframes, and user interfaces provided by Riz, the system developer. Numerous memos were written as a
pre-analysis of the interview transcripts, field notes, and documents before we began open coding (Charmaz,
2006).

3. Results and Discussions

We picture Riz as a fully dedicated and inspiring young man. He is knowledgeable and had over three years of
experience in software development at the time of this study. He was the only system developer involved in the
co-design process for the AR mobile application project. Having no medical education background, Riz
depended on the insights of the FMHS academic members to understand latent users’ needs.
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3.1 The Process of Co-designing an AR Mobile Application

In this section, we discuss our findings for the first question — what does the process of co-designing an AR
mobile application look like? The themes that emerged suggest five phases in the process of developing an AR
mobile application: i) planning, (ii) analysis, (iii) design, (iv) implementation, and (v) maintenance. These phases
mimic the Waterfall Model, which is one of the Software Development Life Cycle (SDLC) models commonly
used in the process of creating computer systems and software in the industrial and engineering fields (Thayer &
Yourdon, 1997). This is evidence that the system developer adhered to a specific SDLC model to work
systematically towards the targeted output.

3.1.1 Planning Phase

The co-design process commenced when the system developer received requests from the academic members of
the FMHS to design and develop an AR mobile application for the teaching and learning of the Central Nervous
System. This phase set the foundation for the mobile app to be developed. At this point, Riz gathered input from
his co-design partners, namely the FMHS academic members, specifically in identifying and analyzing the
problems that occur in the medical classroom. The forthcoming excerpt explains the process:

At this phase, the stated problem was that the medical students need a model of the human brain when they want
to study about the central nervous system. Because of the limited availability of this model, they could only use
the model in the laboratory. They could not learn outside the laboratory as the model was not there. The purpose
of this app is to provide them access to a model of the brain when they want to learn anytime. (Interview 1)

In this phase, Riz highlighted the importance of identifying the requirements of the user. He added that the
dynamics of user requirements have a follow-up impact on learners’ and educators’ intuition when using the
application. Therefore, both parties involved in the co-design process had to resolve any discrepancies that may
arise:

In the planning phase, for me, user requirements are very important. The requirements show what the problem is,
what learners’ needs must be addressed, and what educators want. This is why I held several meetings with the
FMHS team to clarify the requirements. They also required my expertise to explain the available technology and
how to integrate it with the proposed application. (Interview 2)

System feasibility is the first phase of the Waterfall Model (Boehm et al., 1976). Focusing on the development
proposal, this phase included the project’s timeline, estimation plan, and communication plan. As it is the most
crucial part of a system’s development, it necessitated creating Gantt charts and flow charts from the beginning
of the development until the implementation phase. Riz also utilized an instant group-messaging platform to
facilitate swift communication between him and his non-designer co-design partners. Unanimous understanding
and approval of all the co-designers ensured time efficiency. Figure 1 illustrates the flow chart of the AR mobile
application project’s planning.

3.1.2 Analysis Phase

The system developer then proceeded to the second phase — analysis. In this phase, Riz had to guide his
co-designers in determining the necessary requirements for development. From the design jams he had with the
academic members of the FMHS, they managed to consolidate a detailed outline on how the system should
function along with its objectives, specifications, and application requirements. At the end of the final design jam,
he collected the requirements from his co-design partners, as described in the following excerpt:

The FMHS academic members provided me with the user requirements, where the objective of the app, the
justification for its development, and the required function of the app were consolidated in a single
document. They also provided a draft interface on how the app should look and function (Interview 1)

A market search was deemed important at this stage to prevent redundancy in application functionality as well as
to add novelty to the proposed mobile application. The following excerpt explains this step:

In this phase, | was required to explore various types of articles and journals. | also reviewed some
applications in the current market. This gave me more information on how the proposed app should be,
[such as] its design interface and content. (Interview 1)

Additionally, Riz emphasized other areas that needed equal attention, which were user scope, content scope, and
system scope. Interestingly, his co-design partners were involved only in the user and content scope. The
forthcoming interview excerpt explains this:

Based on my previous experience, when | need to design a new system, | normally divide it into three
scopes. First is the user scope, then content scope and system scope. For the user scope, | need to analyze

201



ass.ccsenet.org Asian Social Science Vol. 17, No. 11 2021

the user requirements given by the medical faculty. Then in the content scope, | look at the storyboard
provided, and the system scope is where | prepare a design for the system and later present it to the
stakeholder. (Interview 2)

- Discussion with Medical
Lecturer

Notes and Story Board
from Medical Lecturer

Proof of Concept |
=
3D digitizer/Production of
Experiment 3D human brain model

Develop initial AR platform
using Unity 3D

Figure 1. Flowchart of the AR mobile application project development plan

Riz also emphasized the technique used to ascertain the requirements given by his co-design partners. In this
project, Riz employed an observational ethnographic approach to examine the current learning process and
existing software system using AR technology. He stated that:

[...] traditional method is when I observed the current learning process in the classroom, and for
application review, | analyzed and compared the strengths and weaknesses of each app related to this
project. For example, the applications that I reviewed were Chemistry 101, AR flashcards, and the Octagon
humanoid. Based on these apps, | looked into the system, interface, and function of the app. (Interview 3)

3.1.3 Design Phase

In the design phase, Riz worked on the storyboard to translate the requirements outlined by the academic
members of the FMHS into a viable document. The storyboard served as their point of reference in
understanding the architecture of the AR mobile application and its fulfillment of his co-design partners’
requirements. Although Riz worked on the storyboard by himself, collaboration in this scenario took the form of
sharing the storyboard with the academic members, who then verified or rectified the storyboard.

In the design phase, | created a storyboard like a blueprint which follows the requirements outlined by the
medical faculty members. From their complex requirements, I simplified it into a storyboard. | also made a
draft interface for the design application — around 20 pictures of the application interface that represents
how the application looks, its specific buttons, and how they interact with the content — then | presented it
to the faculty members. (Interview 1)

3.1.4 Implementation Phase

The implementation phase focused on translating the abstract concepts into a tangible product. In this phase, Riz
played three important roles, namely programmer, interface designer, and tester specialist. Apart from this, the
co-designer partners and Riz collaboratively worked on six key activities to complete the AR mobile application.
The activities were modelling through the digitalization process, coding, video recording, testing, re-testing, and
documentation. With the academic members, Riz took a digital photo of the real brain model from several angles
to build a digital three-dimensional model for the AR experience. He worked on anchoring each picture, symbol,
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button, and model to specific actions; his co-design partners were not involved in this activity. He later
proceeded to the video recording activity, about which he commented:

Based on the requirements agreed with the academic members, | was given a task to develop a video
specifically for this app. | needed to set up a schedule with the medical academic members and do a video
recording of an academic giving a lecture on the central nervous system.” (Interview 3)

Testing was then conducted to confirm if the application adheres to the users’ needs and follows their plan. For
this purpose, a series of validation sessions were conducted with the FMHS academic members who are
subject-matter experts on the Central Nervous System. The participants contributed their feedback on ways to
improve the mobile application, as explained below:

In the testing phase, | had to do a validation process to confirm the function of the app tallied with the
requirements of the stakeholders. The first step in the testing phase was validation with medical experts.
They tried the app and then gave feedback on the function and content used. (Interview 3)

Additionally, a re-validation was carried out with medical students as they are the targeted users of the
application. The interview excerpt below explains the activity:

After the testing process with the medical experts, | had to make some improvements. After one week of
improvements, | did re-testing with 12 students from FMHS to get feedback from their perspective.
(Interview 3)

Feedback from both sessions was then consolidated and taken into account when finalizing the AR mobile
application. According to Riz, the implementation phase involved the most work compared to other phases:

For me, this phase was the longest and most difficult compared to other phases, because | took a longer
time to find the right technique for the digitization process. | should have completed it in week 10; however,
due to the difficulty in the digitization process, | completed it in week 13 as | only discovered the right
technique then. (Interview 1)

3.1.5 Maintenance Phase

Maintenance is the final phase after the application was finalized. This phase is important in sustaining the
optimum use of the application. However, the designer mentioned that the maintenance for the AR application
was borne by his co-design partners, namely the academic members of the FMHS as he was engaged only as a
freelancer and did not directly belong to the team.

3.2 The System Developer s Experience in Mediating the Process of Co-design with Non-designers

This section discusses the findings of the second research question — what are the experiences of a system
developer in mediating the process of co-design with non-designers? The findings for this question echo the
findings for the first one. Through our analysis, we found that Riz played an instrumental role throughout the
process of mediating the designer and co-designers’ (i) communication, (ii) commitment to building a cohesive
working relationship as well as to the delivery and quality of the AR mobile application, and (iii) motivation in
working together.

3.2.1 Communication

Communication was one of the main factors behind the successful AR mobile app co-design process that led to
its feasible project development. Without effective communication, Riz mentioned that several conflicts would
have arisen, such as misunderstandings about the responsibility of each co-designer’s role. His effort in creating
a communication platform via an instant messaging system accessible on each member’s smartphone made the
process swift. According to Riz, the positive impact of well-managed communication did not only create a
meaningful co-design experience, but more importantly, led to the success of the AR mobile application’s
development. This aligns with Waller et al.’s (2016) assertion that the clear understanding of roles,
responsibilities, and information design is a key success factor in shaping a culture of cooperation and providing
solutions to common communication problems.

3.2.2 Commitment to Building a Cohesive Working Relationship and to the Delivery and Quality of the AR
Mobile Application

The aggregated comments given by Riz gave a clear message that every member of the co-designer team had to
fully commit to ensuring the project was delivered on time. Each person’s commitment to success was essential
during the development process. The system developer mentioned that following best practices to manage
delivery time was just as important as preserving the quality of the AR mobile application. This demonstrates the
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level of professionalism and commitment necessary for creating a quality product. Riz further underscored that
maintaining healthy and robust bonds with his co-designers was vital in building a working relationship, despite
some disagreements along the way. By doing so, he initiated a higher level of volition among his co-designers,
which led to their increased engagement and quality contributions (Dent-Spargo, 2018; Lindblom et al., 2021).

3.2.3 Motivation in Working with Co-designers

Through the memos garnered from the observations, we detected a sense of pride and accomplishment among
the co-designers when the AR mobile application was completed. In some instances, it was evident that the
co-designers had genuine affection for one another; this sense of friendship is what made their working
relationship stronger. According to Dent-Spargo (2018), participants in a co-design process are usually motivated
to contribute above and beyond their duties when their psychological needs for autonomy, competence, and
relatedness are met. Recent work by Lindblom et al. (2021) resonates with these findings by adding that although
participants may not fully understand their participatory role, they are more motivated to contribute when their
insights are valued. Indeed, Riz said that the moral support, affection, and kindness shown by his co-designer
partners made him enjoy his work more.

The system developer’s experience and roles in mediating the process of co-design with non-designers are
explained in Figure 2.

Planning f\
Analysis
c oot Commitment to
ommunication delivery and quality
Design ,-\

. . . . Implementation o
Commitment to working relationship Motivation

Maintenance

Figure 2. System developer’s role in mediating the co-design process through the Waterfall Model.
4. Concluding Remarks

This research found that it is imperative for a system developer to adhere to a certain SDLC model to develop an
AR mobile application. In this study, the system developer followed the Waterfall Model to assist him
throughout the co-design process that he mediated with his non-designer co-design partners, namely the
academic members of the FMHS. We found that the phases of the Waterfall Model reciprocated one another in a
non-linear method throughout the co-design process, as the process involved several negotiations between the
system developer and his co-designers. This led to several revisitations to the phases of the model, namely
planning, analysis, design, implementation, and maintenance. Because the system developer had non-designer
counterparts in the co-design process, his role was vital in ensuring the success of the AR mobile application.
Consequently, communication, commitment, work enjoyment, and satisfaction emerged as important factors that
he needed to mediate in ensuring the feasibility of the project. This was embodied by the co-designers’
motivation and willingness to contribute during the sessions and sustain their involvement throughout the
process. Since the co-designers were also users of the AR mobile application, they showed great responsibility in
expressing themselves creatively as they had a sense of ownership over their contributions. Listening to,
understanding, and valuing the non-designers was important for the system developer in mediating the co-design
process as well, so that the co-design partners knew that they had control over what they envisioned to achieve.
Overall, since system developers possess more design knowledge, their role in finding the right balance and
mediating the co-design process with their non-designer partners is instrumental in ensuring the success of any
system development. We conclude that system development through co-design is a concerted effort that involves
dynamics of power between system developers and their non-designer counterparts. In this regard, this study has
shed light on the roles of the system developer in the co-design process in each phase of the Waterfall Model
under the SDLC.
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