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Abstract: Human-centered design (HCD) has been identified in the literature
as a useful problem-solving approach for learners. However, learning and
applying HCD poses several challenges for students who are unfamiliar with
this form of learning. In this paper, we analyse how a novice design team
worked on a HCD class project to examine how non-designers learn about and
integrate HCD practices into their project. We introduce the HCD taxonomy to
define the processes and practices that students engage in. The team’s design
work is triangulated across multiple data sources and revealed three challenges
for engaging non-designers in HCD: 1) the need for further scaffolding to
support connecting practices; 2) complexity engaging in the Understand space
to support empathy building and reflection; and 3) navigating tensions between
the instructor as a teacher rather than a stakeholder. Our contributions include a
taxonomy for teaching HCD containing processes and practices within each
space and a case study application.
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1 Introduction

Human-centered design (HCD) is a problem-solving approach that uses design thinking
processes and practices to identify the unmet needs of a population to develop solutions
collaboratively and iteratively (Brown, 2008). In education, HCD is a design-based
pedagogy that provides students with opportunities to implement processes and apply
content knowledge to explore and identify problems with stakeholders (Razzouk and
Schute, 2012). Empathy is at the centre of HCD. In courses students reflect on
their audience to come up with human-centered solutions to real-world problems
(Micheli et al., 2019; Scheer et al., 2012). There is a growing interest in the integration of
HCD in education (Oehlberg et al., 2012; Peyton et al., 2019) and research shows that
teaching design to non-designers is an impactful form of education (Kolodner et al.,
1998). Yet, one limitation of this approach is that HCD is often taught to novices through
accelerated pedagogical models in courses or workshops (Schell, 2016), and less is
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known about how to teach and engage non-designers in the nuanced practices of HCD
(Royalty et al., 2015).

In this paper, we build on the existing definitions and models on teaching HCD to
non-designers to outline a taxonomy for teaching and learning HCD that delineates
specific processes and practices. Then, we describe how the taxonomy can be used as a
pedagogical model to structure and teach a course that aims to engage non-designers
from multiple disciplines in learning about and implementing HCD. We use a case study
approach to examine how a novice design team in this course learned about and
implemented HCD processes into their design project. In this paper, we share the initial
investigation of the interactions that lead to integrated processes. To understand how the
students engaged in HCD and integrated processes, we examined the following two
research questions:

1  How did a novice design team and their instructor use HCD taxonomy during their
design project?

2 How did their level of HCD integration change over time?

2  Human-centered design

Human-centered design (HCD) is a problem-solving approach that uses design thinking
processes and practices to identify the unmet needs of a population in order to
collaboratively and iteratively develop meaningful and innovative solutions (Brown,
2008). HCD is often focused on ‘wicked problems’ that are ill-defined and not conducive
to conventional or incremental problem-solving methods (Buchanan, 1992). Researchers
have studied important components situated in this approach, including iteration
(Rees Lewis et al., 2018), sketching (Harkki et al., 2018), risk analysis (Carlson et al.,
2020), and design failure (Yan and Borge, 2020), leaving unexamined how students
navigate the overarching approach. While there are well-known models that theorise the
processes of HCD (Brown, 2008; IDEO, 2015), they do not provide the necessary
pedagogical guidance articulating how to bring this approach to learning environments
such as K-12 and higher education classrooms.

There is no simple formula for teaching HCD, and the necessary processes, practices,
and mindsets are complex to enact in the classroom. To make matters more challenging,
existing models and definitions of HCD are simplified representations, leaving open to
interpretation how different processes are integrated in classrooms (Cross, 2011; Brown,
2008; Razzouk and Schute, 2012). Researchers have described this approach (Koh et al.,
2015; Noweski et al., 2012; Pande and Bharathi, 2020), its relationship to standards
(Goldman and Zielezinski, 2016), ways to measure its learning outcomes (Aflatoony
et al., 2018; Goldman et al., 2012; Owen, 2007; Royalty et al., 2019) and explored the
mechanisms of instruction (Royalty et al., 2015). However, researchers have yet to
examine how a more granular specification of the HCD processes can

1 empower teachers to integrate HCD in their classes and their existing learning goals

2 engage non-designers in learning about the HCD processes to eventually develop
expertise in implementing them over time and thus begin to use them to address and
solve problems in new contexts.
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This paper presents an HCD taxonomy describing the major processes that can be used
by teachers to teach about and integrate HCD in their classes. The taxonomy is developed
in collaboration with teachers and researchers and is the product of several rounds of
revision and critique from teachers implementing the taxonomy (Lawrence et al., 2021;
Shehab et al., 2021) and insights from experts in the field. The paper also describes how a
group of non-designers learn about and engage in the HCD processes that are listed in the
taxonomy.

3 Human-centered design taxonomy

Building on existing design thinking models, our taxonomy is a three-tiered model that
outlines the complex mechanisms of the HCD approach. Within the taxonomy, we
outline the three tiers as design

1  spaces
2 processes
3 practices.

Each design space is a unique, stand-alone component where students engage with
different processes of HCD. The taxonomy consists of five spaces: Understand,
Synthesise, Ideate, Prototype, and Implement and four processes per each space
(Figure 1). While there is a general sense of linearity to this representation, it was
designed intentionally to be flexible, wherein the triangles can be rearranged and
duplicated to illustrate the reality of the emergent approach (Boling and Smith, 2010;
Teal, 2010). As an instructional tool, spaces can be presented as a series or isolated and
taught individually.

Figure 1 A representation of the HCD taxonomy and the five design spaces including
understand, synthesise, ideate, prototype, and implement (see online version
for colours)

SYNTHESIZE IDEATE PROTOTYPE

The key contribution of this work is the pedagogical practices themselves. In other
words, ways in which students operationalise specific spaces and processes. Descriptions
of practices outline why they are important for students’ learning and using HCD. While
the taxonomy describes the importance of each practice, this does not mean that all HCD
projects should include all practices. The taxonomy is meant as a flexible tool for
introducing the overall spaces or diving into one specific process; teachers may introduce
practices over time based on their teaching goals and experience of their students.

As described by Dorst (2011), expert designers do not use practices in a prescriptive
way, rather they fluidly and dynamically apply them as the problem and solution emerge.
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However, to get to this high level of integration, where designers are drawing
connections between practices and fluidly using them without prompt, requires a full
understanding of the taxonomy and vast expertise that novice designers do not yet have.
While the presumed goal is to get students to this high level, in this paper we only outline
the practices and why they are important to student learning. Future work will explore
how practices are used in different disciplines, what they look like in context, and how
they are assessed. Below we provide our description of each space, their constituent
processes, and practices (Figure 2), and the literature that informed our practices,
described by the individual spaces.

Figure 2 A representation of the HCD taxonomy, including the five spaces and four practices
within each space (see online version for colours)

UNDERSTAND IDEATE IMPLEMENT
DEBRIEF ‘m (RE)CREATE
SYNTHESIZE PROTOTYPE

3.1 Understand

The Understand space is a foundational component of HCD, where students investigate
the design project by first addressing the unmet needs of a population (Brown, 2008). The
Understand space includes exploration of a problem with users that leads to a plan of
action. Within this space we define four core processes, Explore, Observe, Empathise,
and Reflect with corresponding example practices (Table 1).

Table 1 The processes and practices of the understand space
Processes Definition Practices
Explore Exploring a design project by defining Establish a common problem space

what the problem is, researching it,
hypothesising how it works, or discussing ) o
biases about it Document biases and predictions

Review current landscape or context

Observe Planning to collect, gathering, or sharing ~ Conduct observations
already collected observations of a space

. . . . Immerse oneself within an
or immersion with environments

environment

Empathise  Planning to collect, gathering, or sharing ~ Conduct interviews
already collected information of
experiences from stakeholders, including
interviews, user resources, and information Identify extreme users
from extreme users

Locate user resources

Reflect Reflecting on the goals, context, or planto Revisit project context

explore the design project Modify research plan as needed
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Explore includes three practices or ways students operationalise this process during
learning, including establishing a common problem space, reviewing the current
landscape or context, and documenting biases and predictions. Establishing a common
problem space is important so that students have a common understanding of the design
project that is trying to be solved and understand that a problem space should be iterated
and revised based on new information (Noel and Liub, 2017). The second practice,
reviewing the current landscape or context, has students research existing information
relevant to the design project. A challenge in doing HCD is grappling with the needs of
others over the needs of the designer. To mitigate this, asking students to explicitly
document their biases and predictions can prompt them to reflect on how and why their
own experiences and biases can affect their designs (Papantonopoulos, 2004).

Observe includes two practices, conduct real work observations and immersion with
the environment. Observations allow students to unobtrusively observe a situation or
experience without interacting. This practice can shed light on users’ natural interactions
that inform what users do and how. Immersion with the environment goes beyond
observation, where students become a participant observer and experience the
interactions that users do, providing students with the experience of walking in a users’
shoes and living the challenges or benefits they may have (Stock et al., 2017).

The Empathise process includes three practices, conduct interviews, locate resources
and identify extreme users. The Empathise process prompts students to plan, collect, or
share information from and with stakeholders. Conducting interviews is a critical
component of HCD involving listening and acknowledging the needs of others
throughout the entire design process (Brown, 2008; Siu, 2002; Twal, 2018). Locate
resources allows students to explore existing information about users before and after
talking to them, providing additional content to help describe what users need or how
they interact. Identifying extreme users allows students to understand the boundaries of
the design space and probe deeper into the needs of those who have contrasting
experiences.

Finally, Reflection is a key component in HCD, wherein students reflect on the goals,
context, or plan for the project (Lawson, 2006). There are two practices within this
process, including revising the project context and modifying the research plan.
Reflection is critical to employ practices from other spaces to inform the overall direction
of the project and identify how new and changing information can inform the overall
context and goals (Shambaugh, 2004; Welsh and Dehler, 2013).

3.2 Synthesise

The Synthesise space is where students synthesise what they know in new patterns or
themes to develop insights, identify opportunities, and decide on the next steps (Owen,
2007; Noweski et al., 2012). In the Synthesise space, students use the information they
have collected through the processes of the Understand space to converge to a common
point of view to generate ideas to address the design project (Noweski et al., 2012).
Within this space we define four core processes, Debrief, Organise, Define, and Interpret
with corresponding example practices (Table 2).

The Debrief process includes two practices, filtering content for relevance and
prioritising information (Pressman, 2019). The Debrief process allows students to share
and interact with the information they have collected when they implemented the
processes of the Understand space (Lee et al., 2015). Students filter content for relevance
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by examining the collected information and making decisions on what may be relevant to
their design project. They prioritise information based on the consistencies that emerge
from what the students thought is relevant to their design project.

The Organise process includes three practices, collapsing content, finding themes,
and developing insights (IDEO, 2015). The Organise process allows students to combine
information from multiple sources and generate themes and insights from these resources
that can direct them towards design and research opportunities (Razzouk and Schute,
2012). Students collapse content by comparing and contrasting prioritised information
from multiple resources. They find themes through identifying and examining emerging
patterns. Based on these themes, students will develop insights about the users or their
needs that will help them progress towards identifying design opportunities.

Table 2 The processes and practices of the synthesis space

Processes  Definition Practices

Debrief Sharing raw information collected from the Filter content for relevance
understand space to stakeholders or team Prioritise information

members

Organise  Developing themes from data collected during ~ Collapse content
the Understand space or ideas shared within the
group, drawing comparisons across ideas, or
developing insights about the project that draw ~ Develop insights
multiple ideas together

Find themes

Define Identify design opportunities through creating  Identify design opportunities
‘how might we’ (HMW) questions or discussing Develop HMW .
possible threads for the project to focus the evelop ) queshons
scope of the design project Define the project scope

Interpret Using themes, collected data, and/or opportunity Identify further research
areas to discuss how to move the project opportunities

forward or what the next steps are Building questions to inspire

ideation

The Define process includes three practices, identifying design opportunities, developing
how might we (HMW) questions, and defining the project scope. The Define process
allows students to transform their insights into design opportunities that help them better
frame their directions. Guided by their insights, students can identify design and research
opportunities by developing HMW questions that can frame innovative thinking and
suggest that a variety of solutions are possible (Brown and Wyatt, 2010; IDEO, 2015).
Considering preferred HMW questions, students can start defining the project scope
through discussing possible threads and trajectories for the project.

The Interpret process includes identifying further research opportunities and building
questions to inspire ideation. The Interpret process allows students to think about and
reflect on their next steps in light of their prioritised information, themes, insights, design
opportunities, and project scope (Taboada and Coombs, 2013). Students may identify
future research opportunities or gaps that require them to revisit the Understand space
and implement its processes to pursue these opportunities or address the gaps. This can
end up enriching their themes and insights resulting in more robust or even new design
opportunities. Students may also build questions to inspire ideation by breaking down
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HMW questions into simpler open-ended questions that can better guide the
brainstorming process and set team members up for effective participation in ideation.

3.3 Ideate

The Ideate space is where designers identify, entertain, and propose possible ideas that
may lead to a solution for the design project (Brown and Katz, 2011; Noweski et al.,
2012). In the Ideate space, students use the HMW questions and any other questions they
built to inspire ideation during the Interpret process to brainstorm, propose, narrow
concepts, and develop a plan of action. Table 3 shows these processes with their
corresponding example practices.

Table 3 The processes and practices of the ideate space
Process Definition Practices
Brainstorm Planning how to structure ideation Ideation of potential solutions
session and proposing ideas or solutions Collapse ideas
to the problem, and developing themes )
of proposed ideas from the Defer judgement
brainstorming session Chunk and find themes
Propose Communicate the proposed idea(s) to ~ Communicate suggested ideas
users or stakeholders to collect and Iterate in response to new information
integrate feedback ] o
Come up with alternative ideas
Narrow Identifying which concepts are the most Revisit users and stakeholders needs
concepts viable to move forward Examine available resources
Make decisions on the most viable
concepts
Plan Using developed concepts, discuss how Develop a plan of action

to move the project forward or what the
next steps are

The Brainstorm process includes three practices: generating and discussing potential
ideas that can lead to solutions, chunking and finding themes using the generated ideas,
and deferring judgement. These practices foster an effective collaborative “search for
new solutions that might not be possible through individual ideation” (Seidel and Fixson,
2013, p.21). The Brainstorm process allows students to generate diverse and wild ideas
and to bundle these ideas together before selecting favourites to propose them to
stakeholders for feedback. As students brainstorm, they need to defer judgement and
encourage each other and stakeholders to suggest any idea that comes to mind (IDEO,
2015).

The Propose process includes three practices: communicating the suggested ideas,
iterating in response to new information and feedback, and coming up with alternative
ideas. These practices urge students to share the generated ideas or bundle of ideas with
stakeholders or users for feedback (Gray, 2013). Based on the collected feedback,
students can modify ideas or even come up with alternative ideas. Propose as a process
allows for the inclusion of users and stakeholders in ideation before converging into
concepts that can lead to prototyping potential solutions.
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The process of Narrowing Concepts includes three practices: revisiting users’ needs,
examining available resources, and making decisions on the most viable concepts. After
generating lots of ideas and proposing favourites, students revisit users’ and stakeholders’
needs and examine the resources they have to start converging on certain ideas that can
combine to form viable and feasible concepts (Hutchinson and Tracey, 2015; IDEO,
2015).

The Plan process includes the practice of developing a plan of action that prepares for
prototyping the developed concepts. Students need to decide what and how to prototype
(IDEO, 2015; Biffi et al., 2017). Students may also decide to revisit certain processes in
the Understand, Synthesise, and Ideate spaces to collect more information or generate
more ideas.

3.4 Prototype

The Prototype space is where students transform selected concepts into something
tangible, they can use to test and collect feedback from users and stakeholders (Brown,
2008; Noweski et al., 2012). The goal of this space is not to finish the project but to learn
the strengths and weaknesses of a concept to identify directions for future prototyping
efforts (Brown, 2008). Table 4 shows the Prototype space processes and example
practices.

Table 4 The processes and practices of the prototype space

Process Definition Practices

(Re)Create Construct prototypes of their proposed physical, Create prototypes of the
digital, or experiential concept through preliminary proposed physical, digital, or

model (e.g., physical model, sketch, etc.) experiential concept
Engage Communicate the created prototype to users, Engage users, stakeholders

stakeholders and/or teammates and collect and/or teammates in the

feedback created prototype
Evaluate Diagnose problems and describe behaviours. Evaluate the engagement

process with users,

Reflect on feedback to propose iteration
prop stakeholders and/or teammates

Iterate Explore multiple variations of the concept Use feedback from users,
teammates or stakeholders to
revise prototypes to build more
effective or usable design

The Create process includes the construction of a prototype of a proposed physical,
digital, or experiential concept. A prototype can be anything that has a physical form that
someone can interact with (Carroll, 2015, p.62). They do not have to be detailed or
perfect (Noweski et al., 2012), and can take different forms, such as sketches,
storyboards, role-plays, physical objects, or services.

The Engage process includes the communication of the created prototype(s) to users,
stakeholders, or teammates. A major characteristic of HCD is the inclusion of all project
players in the different stages of identifying the problem and developing a solution. In the
Prototype space, students use the created prototypes to engage users, stakeholders, or
teammates, explain it to them, and test it with them (Chu et al., 2017; Noweski et al.,
2012). Students closely collect feedback from all project players. The feedback includes
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all commentary about the prototype such as describing interactions, diagnosing problems,
or affirming or corrective comments.

The Evaluate process includes three practices: diagnosing problems and describing
behaviours and reflecting on feedback to propose iteration. After engaging all project
players with the created prototype, students need to diagnose problems in their prototype
and describe the behaviour of all project players when they encounter the prototype
(Cassim, 2013). Students need to reflect on their findings and propose an iteration plan
(Rees Lewis et al., 2018) through thinking about and prioritising the different ways to
integrate the collected feedback as they revise or recreate their prototype.

The lterate process includes the exploration of multiple variations of the concept in
light of the findings from the Engage and Evaluate processes (Gal and Lewis, 2018).
Students implement their iteration plan to explore the multiple variations of the concept
and start converging into a final prototype that can act as a possible solution that can be
implemented in the market.

3.5 Implement

The Implement space is where students prepare to take the project to the market by
Developing their idea, Evolving the concept, identifying a plan to ensure solutions are
Sustainable, and FExecuting their design into the hands of users (Table 5). The
Implementation space is a culmination of the preceding iterative spaces, to test how a
design will function in practice, with the expectation that further iterations will be
necessary to sustain and evolve the idea over time.

Table 5 The processes and practices of the implement space
Process Definition Practices
Develop Develop a plan for execution to make Communicate design

the idea or concept a reality;
communicate the solution to
stakeholders and investors

Develop a plan for execution

Evolve Plan for, collect, and implement user Continue to evolve and improve the
feedback to ensure implementation is solution based on user feedback
successful

Sustain Ensure the implementation is Plan for sustainability (e.g.,

sustainable in the context by monitoring environmental, societal, business)

and evaluating social and environmental ¢ onitoring and evaluation

contexts
Execute Execute functional version of the Creating functional iteration of the
implementation to users design concept

The Develop process includes two practices, communicating design and developing an
execution plan. This process includes the initial steps for planning how to bring a design
idea to fruition. Students must share their design with stakeholders and funders to explore
how it might be useful with users and develop a plan for how to polish and execute the
idea.

Implementing a design is not a one-time event but requires students to continuously
evolve and improve the solution based on user feedback. The Evolve process specifically
prompts students to return to the previous spaces, because to create a successful
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implementation, students must ensure that all decisions are meeting users’ needs (Brown,
2008; Twal, 2018). This process is especially important for teachers and students to
emphasise the iterative nature of this work; even when a solution has been identified does
not mean that the design work is complete.

The Sustain process includes two practices, plan for sustainability and monitor and
evaluate. During the implementation space, students must ensure that their design is
sustainable by monitoring and evaluating its social impacts and its potential (Kuijer and
De Jong, 2011). This can take many forms including discussions with users (Understand
space), developing ideas for sustainability (/deate space), or prototyping features or ideas
to make a design more sustainable (Prototype space).

Finally, students must Execute the design so that users can interact with it; this
process includes creating a functional iteration of the design concept. This process builds
on the assumption that students have iteratively engaged in Prototyping and received
feedback from users to inform their Implementation (Gal and Lewis, 2018). Execution of
a design does not mean the process is over, as designs often go through multiple rounds
of iteration based on insights that are learned when a design is implemented in its
intended context.

4 Theoretical framework

While it is necessary to outline specific HCD practices that illustrate how students
operationalise HCD processes in their learning, it is not enough to simply say that
students have become proficient with these practices. Theoretically, research tells that
novice designers typically follow instructions as presented (Cross, 2004), with some
degree of flexibility as unprompted students naturally move between processes depending
on their problem-solving approach (Welch, 1999). Expert designers do not use practices
in a prescriptive way, rather they fluidly and dynamically apply them as the problem and
solution emerge. However, to get to this high level of integration, where designers are
drawing connections between practices and fluidly using them without prompt, requires a
full understanding of the taxonomy and vast expertise that novice designers do not yet
have. Accomplishing the goal of solving complex problems for novice designers while
moving fluidly and making connections, takes a vast amount of time learning, applying,
and reflecting on each of these practices and what they mean for design.

Our paper demonstrates one metric for assessing the quality of students’ integration
of HCD. Linn et al.’s (2013) theoretical perspective on knowledge integration informs
our understanding of integrating HCD. They theorise knowledge integration as a learning
process of making connections across an existing repertoire of ideas and new
information. Well defined instructional support and ample time aid students as they
create, refine, and strengthen learning connections (Linn et al., 2002). Time is especially
important for novices who have less experience making connections and lack the
mechanisms to untangle the necessary conditions of learning (Linn et al., 2013).
Similarly, novice designers enact HCD differently than experts, often spending little time
framing the problem, engaging in fewer iterations, and jumping quickly from problem to
solution (Cross, 2011; Kali et al., 2011). Building connections across practices and spaces
requires extensive expertise in HCD (Dorst and Cross, 2001; Guindon, 1990). Applying
practices and design reasoning to problems in an effective way requires a level of
‘designerly ability’ (Dorst, 2011, p.531) that comes with experience. The differences
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between novice and expert designers, like that of knowledge integration, can be attributed
to a lack of connections across the HCD spaces and limited scaffolding that explicitly
connects practices. Therefore, how, and when practices are enacted by novice designers
remains important to enable them to derive these connections across spaces and improve
their learning about HCD.

5 Methods

5.1 Design

We applied a case study design (Stake, 1995) to study the interactions of students in one
group to closely examine and understand how these students engaged in the different
HCD processes that were outlined by the taxonomy and how their understanding and
implementation of these processes changed over time. The study was approved by the
Institutional Review Board and all participants consented to be a part of the research.

5.2 Participants

In Fall 2019, 9 students (3 Males, 6 Females) participated in an Introduction to Design
Thinking course that was offered by a Design Center at a Midwestern University. The
course was taught by an instructor who held a graduate degree in design and had been
teaching design for several years. In addition to her design background, she was involved
in the co-design process of building the taxonomy and designed its integration into the
course. In this study, we analyse the interactions of one group of three students and their
instructor who all consented to be a part of the research. The three students comprised
one design team, including a first-year graduate student in education (Mary), a senior
undergraduate student in civil engineering (Justin), and a first-year graduate student in
architecture (Mae).

5.3 Context

The course integrated the HCD taxonomy in its content and was designed to engage
students from non-design disciplines in HCD processes through three sequential projects
over a 16-week semester. Each week, the instructor and the students met for an hour and
50 min. This time was used by the instructor to

1  present the different spaces, processes, practices of the taxonomy
2 introduce the design projects

3 3 run workshops

4 allow groups to share their progress on the projects for feedback.

This case study reports on one four-week design project, which is the second project of
the semester. The design team was asked to select a subculture of which they did not
identify, explore the landscape, identify a problem, and come up with potential solutions
using insights from users. The group reported in this paper chose to explore coffee
fanatics, in this case, their clients were coffee drinkers. Over the four-week project, the
teacher prompted the students to work within the first four spaces. In the first week, the
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teacher asked the groups to focus on the Understand space, exploring the needs of coffee
drinkers; during the second week, the group was prompted to continue their user research
and begin synthesising data, continuing in the Understand space and bridge to the
Synthesis space. After the students had collected data and defined themes, the instructor
advised students to move their insights from the Synthesis space into opportunity areas
and design concepts. During the fourth week, the groups were asked to refine these
concepts based on user feedback and create initial prototypes of these concepts,
practicing both the Ideate and Prototype spaces.

5.4 Data collection

We collected multiple data sources to understand how the group integrated the HCD
processes in their project. We collected video and audio recordings of the groups when
they presented their progress on the design projects during class time, including feedback
from the instructor. Additionally, one student from the group audio recorded the out-of-
class working sessions that they held to make progress as a team. To understand how the
instructor interacted with the HCD taxonomy, one researcher attended all class meetings.
During the meetings, the researcher collected classroom observations on how the
instructor communicated the taxonomy to the students. We also collected instructional
materials including the slides the instructor presented during class and the project
description. Finally, we collected students’ self-reflections on their perceptions of their
HCD knowledge and group project. In the reflections, each team member was asked to
reflect on the design spaces they engaged in, challenges they had, what they would
improve, and how their team worked together.

5.5 Analysis

To analyse our data, we first transcribed audio and video data in playscript form (Sullivan
and Forrester, 2018) and applied the taxonomy processes as a coding scheme to the
group’s working sessions and presentations (see Table 1; Cohen’s Kappa: 0.84).
We analysed the working sessions by turns of talk and the presentations at the slide level.
These codes were not mutually exclusive, wherein a group member could reference or
use multiple processes within one unit of analysis. To further explore the depth the group
integrated HCD processes, we developed a coding scheme (Table 6; Cohen’s Kappa:
0.81) building on Linn et al.’s (2002) knowledge integration theory, to identify how the
group connected processes within their conversations and presentations. Next, using the
HCD taxonomy, we content-logged the observations and the instructional materials for
presence of processes, which were used to confirm and elaborate on audio and video data
collected in class and working meetings. We conducted content analysis to describe the
contents of each team members’ reflection.

We analysed this case study using the taxonomy and integration framework to
demonstrate both how a novice team applied the taxonomy in their learning and the
utility of these components in deconstructing and understanding how HCD is taught in an
interdisciplinary context. Therefore, we triangulate data across all data sources to provide
a rich description of how the team and instructor used the processes during the project
and how the team integrated processes together. We identified that this novice design
team went through the processes as expected based on the framing of the assigned
project, however, we also revealed that their application of these processes held some
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limitations and lacked connections desired in this design-based approach. In the sections
below we describe the analysis of each data source, followed by triangulation of data
sources by research question.

Table 6 HCD integration coding scheme

Code Definition Example

Low-integration ~Simply stating that a “I think we need to interview people.”
process exists or needs to

“W d a plan for thi h.”
be completed or has been ¢ need a pian for This feseate

completed

Mid-integration ~ Explaining or describing “I went to Café Benne, a coffee shop on Green
how a process was used Street and saw people sitting in small groups.”

High-integration Explaining or describing “It would be interesting to see if the two groups
how a process was used and that we found here align with what was in our
elaborating on what it first framework, we can see if our findings align
means or why it matters for and then figure out if we want to ask different
the project questions in our next interviews.”

6 Results

6.1 Instructional materials and observation notes

The instructor presented twice to the class, both in the first two weeks of the project. The
first presentation was a quick seven slide introduction to the project. She first shared the
goal for the project of understanding and designing for a population of which they did not
belong. She went over the first taxonomy space, Understand, to recap what the class had
learned and applied in the first project and how they would be leveraging those practices
in the next project. The instructor shared examples of how in the previous project, groups
had conducted interviews and observations and discussed how teams in the second
project would be practicing similar practices and adding on new taxonomy spaces.
To wrap up the presentation the instructor shared the timeline for this project, the
presentations the groups would be giving every week, and separated the class into teams.
Through content logging, we found that the presentation covered three taxonomy spaces:
Understand, Synthesis, and Ideation. The instructor walked through every practice in the
Understand space, and only lightly introduced Synthesis and Ideation, since her next
presentation would dive into these spaces more thoroughly.

In the second class, the instructor gave a longer presentation about the taxonomy,
specifically the Synthesis and Ideation spaces. The instructor did an overview of the full
taxonomy and highlighted where the Synthesis and Ideation spaces fell in the larger
process. The focus of the presentation was describing the practices of these spaces and
showing examples of what they look like in practice. The instructor gave many examples
for how to tell a story about your user, look for patterns in the data, extract insights,
communicate them in frameworks, and generate ideas from this process. Examples
ranged from user experiences of cancer patients, Lyft drivers, and people saving for
retirement. She described how these example design cases moved through practices to
generate ideas to support their users. After describing the examples, she revisited the
timeline for the project and answered questions about deliverables.
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6.2 Group work and presentation video data taxonomy use

To explore how the team used the taxonomy throughout their project, we coded group
work and presentations for presence of the taxonomy. Throughout the project, the team
engaged the most with the Understand space (50%), followed by the Synthesis (37%),
Ideate (9%), and Prototype (4%) spaces. Across the project, Mary contributed the most
during group work sessions (57% of all turns of talk) and in the presentations (40% of all
slides), followed by Mae (24% of turns of talk, 34% of slides) and Justin (19% of turns of
talk, 26% of slides). While Mary contributed most to the groups’ conversations, all three
members’ engagement with the taxonomy was similar. Table 7 shows that all three group
members spent a comparable proportion of their turns of talk and presented slides in the
same spaces. For example, each participant spent roughly half their time in the
Understand space. This shows that even though Mary had significantly more opportunity
to practice these processes with the group, all team members moved through the spaces in
a way that aligned with the teacher’s instruction (e.g., most work in the Understand and
Synthesis spaces, with introduction to Ideate and Prototype).

Table 7 Proportion of taxonomy spaces used by group member

Space Mae Mary Justin
Understand 47% 51% 53%
Synthesis 42% 37% 31%
Ideate 8% 8% 9%
Prototype 3% 3% 7%
Implement 0% 0% 0%
Total 100% 100% 100%

6.3 Group work and presentation video data taxonomy use

To explore how the team used the taxonomy throughout their project, we coded group
work and presentations for presence of the taxonomy. Throughout the project, the team
engaged the most with the Understand space (50%), followed by the Synthesis (37%),
Ideate (9%), and Prototype (4%) spaces. Across the project, Mary contributed the most
during group work sessions (57% of all turns of talk) and in the presentations (40% of all
slides), followed by Mae (24% of turns of talk, 34% of slides) and Justin (19% of turns of
talk, 26% of slides). While Mary contributed most to the groups’ conversations, all three
members’ engagement with the taxonomy was similar. Table 7 shows that all three group
members spent a comparable proportion of their turns of talk and presented slides in the
same spaces. For example, each participant spent roughly half their time in the
Understand space. This shows that even though Mary had significantly more opportunity
to practice these processes with the group, all team members moved through the spaces in
a way that aligned with the teacher’s instruction (e.g., most work in the Understand and
Synthesis spaces, with introduction to Ideate and Prototype).

6.4 Group work and presentation video data taxonomy use

To understand how the group made connections across spaces, we coded each turn of talk
and presentation slide to identify how the group connected processes using low-, mid-,
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and high-integration categories. While each group members’ engagement with the
taxonomy spaces was similar, there were differences regarding the level of integration
each group member was able to achieve. Mary engaged in the most instances of high
integration in both group work and presentations with a total of 19 instances of high
integration, whereas Justin and Mae were only able to achieve high integration three and
two times respectively (Table 8). When compared to the contribution to the discussion
and presentations, Mary contributed the most to the group, which means she also had the
most opportunities to vocalise the high integration she was able to achieve.

Table 8 Proportion of group members’ level of engagement by format type

Level of

integration Format Mary Justin Mae Total

Low Group work (turns of talk) 54 (59%) 19(21%) 19(21%) 92 (100%)
Presentation (slides) 5 (50%) 3 (30%) 2 (20%) 10 (100%)

Mid Group work (turns of talk) 37 (49%) 14 (19%) 24 (32%) 75 (100%)
Presentation (slides) 12(32%) 10(27%) 15(41%) 37 (100%)

High Group work (turns of talk) 15(83%) 2 (11%) 1 (6%) 18 (100%)
Presentation (slides) 4 (67%) 1 (17%) 1 (17%) 6 (100%)

Table 9 outlines the frequency and percentage of low-, mid-, and high-integration during
group work and presentations. Most of the turns of talk during group work were low-
integration where the group was stating what was done and needed to be completed,
followed by mid-integration where they were explaining how the process was used. In
presentations, however, the majority of the slides they presented on were mid-integration.
This is not surprising as during presentations the group was describing what they did and
how they did it. In both group work and the presentations, there were few instances of
high-integration, especially considering the majority of the high-integration connections
that were made were from Mary.

Table 9 Percent integration code by group work and presentation

Low-integration Mid-integration — High-integration Total
Group work 92 (50%) 75 (40%) 18 (10%) 185 (100%)
Presentation 10 (19%) 37 (70%) 6 (11%) 53 (100%)

Each instance of the talk was coded for the presence of the taxonomy processes. These
processes were not mutually exclusive, meaning more than one process could be coded in
a single turn of talk or presentation slide (e.g., discussing an observation that led to a
HMW question). Each turn of talk or slide had a range of one to six processes each
(Figure 3). 45% of all instances had only one process coded, whereas 1% had six
processes.

To further understand the relationship between the number of processes per turn and
the level of integration, we analysed their frequency within their group work and
presentations. Figure 4 visualises the level of integration by the number of processes per
turn. All turns and slides where the group used five or six processes, were also coded as
high-integration. Meaning students who used five or six processes also described the
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processes and made connections to why it mattered for the project. Suggesting that as
members of the team incorporated more processes together, they were more likely to
achieve high-integration of HCD processes. Across group work there was a trend; the
more processes present in a turn of talk, the more likely it was to be high-integration. In
the groups’ presentations, this trend does not appear as strongly, as there are fewer
instances of low-integration. During presentations the teams did more synthesising across
processes and describing why they did specific tasks, as was presented by the teachers as
a requirement for the course.

Figure 3 Number of processes coded per turn (see online version for colours)
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Figure 4 Level of integration by the number of processes per turn by group work and
presentation (see online version for colours)
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6.5 Reflections

All three students completed a reflection at the end of the project to reflect on their
project, the design spaces they worked within, challenges they experienced, and how
their team worked together. Each student wrote a one-page reflection with bulleted points
in response to the probing questions that were provided. The whole group found the
project to be interesting and enjoyable and described that they learned more about how
HCD can be useful for designing for a population that you do not belong to.

Regarding challenges during the project, Mary described the tension between her
training in the engineering design process and HCD. She explained that she had
previously thought about design as creating the most optimal performance for the final
design rather than the specialised experience of a user, but that including users in the
process helped to improve their ideation. Mae wrote that the most challenging aspect of
the project for her was conducting the interviews. Delivering interview questions
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appropriately is challenging, she explained, “Sometimes people may feel uncomfortable
when we [only] deliver our interests”. Justin elaborated on this challenge of focusing on
what the designer wants compared to the user.

“I had to be very intentional that my ideas weren’t based off of what I wanted
but were off of what my research pointed to. Regardless of the results, I wanted
to display a concept that pertained and met the needs of the research.”

He discussed that even when research insights differed from what he wanted he tried to
focus on what the users were saying. Overall, all three group members shared that they
found their collaboration to go well and that the team worked well together to create their
own prototypes.

6.6 Triangulation by research question

To answer our first question, how did a novice design team and their instructor use HCD
spaces during their design project, we describe the group’s use of the taxonomy over
time across data sources. Throughout the project, the group continued to iteratively move
through the taxonomy spaces. To kick start the project, the instructor gave a short
presentation at the end of the first project introducing the scope and reviewing the
taxonomy spaces. In the presentation she primarily covered the Understand space, but
also reiterated the Synthesis and Ideate spaces, and how they will be using them in the
project (Figure 5).

Figure 5 Frequency of taxonomy spaces in project introduction (see online version for colours)
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After the instructor’s introduction the group had a short working session, followed by an
in-class presentation of the progress they made (Figure 6). In week one, the group
predominantly used the Understand space, with some Synthesis during their group work
session. Each group member shared findings from their observations from two locations
including coffee shops, libraries, bus stops, and areas where students on campus were
moving between buildings and drinking coffee. The focus of their discussions centered
around what they found and observed (Understand) and discussed some emerging
similarities (Synthesise). In the class presentation, the group shared the work they had
done with users and provided some emergent insights. Each member of the team
described the location that they observed and what they found. After their presentation,
the instructor provided feedback from the Understand and Synthesis spaces and outlined
potential areas the group could dive into deeper and how they might do so. After the
group presented and received feedback, they touched base as a group and decided to start
interviewing and conduct more observations based on the feedback provided by the
instructor. In this first week, the group spent most of their time in the Understand space,
but the instructor split her time between providing feedback on their Understand
space while also sharing potential areas to explore in both the Understand and Synthesis
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space. This was reiterated in the instructor’s presentation where she focused mostly on
Synthesis to move students into this space in the next week.

Figure 6 Frequency of taxonomy spaces in week 1 (see online version for colours)
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During their working session in week two, the group focused primarily on the
Understand and Synthesis spaces (Figure 7), where they again shared their findings from
their observations and interviews and briefly started generating ideas in the Ideate space
based on their insights. Each member of the group interviewed at least one person who
they identified as a coffee fanatic, mainly focusing on people that they knew. Mary
specifically had ideas about how she might develop an app to connect coffee drinkers and
help them track their consumption, and Mae and Justin both supported the idea and
provided brief feedback encouraging her idea. In their presentation, each group member
presented their work in the Understand and Synthesis spaces to further describe the
additional work they had done to engage with the users. While the group discussed
ideation briefly in their meeting, the focus on this meeting was sharing insights from their
interviews and observations. After the presentation, the instructor provided feedback on
the Understand and Synthesis spaces and demonstrated how the group could transition
into the Ideate space.

Figure 7 Frequency of taxonomy spaces in week 2 (see online version for colours)
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In both their group work and presentation in week three, the group continued to use the
Understand, Synthesis, Ideation spaces (Figure 8). During this week, each group member
had identified a project idea that they were interested in based on their insights from users
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and started to generate ideas around the three topic areas. Mae focused on the concept of
pop-up coffee events, Mary focused on a community centered coffee tracking app, and
Justin focused on locations that let you make your own coffee alone or with support.
While the group described how they got their ideas from talking with users, all three
ideas came to them during conversations with users but were not directly tied to things
that users brought up. In the class presentation, the group presented their user research,
insights from the Synthesis space, and individually presented their three initial directions.
During the feedback portion, the teacher provided feedback and again introduced how the
group might move their ideas from the Ideate space to the Prototype space. During her
feedback the instructor applauded the groups’ extensive user research and insights, and
shared ideas for additional research and users that they might dig into to inform their
process.

Figure 8 Frequency of taxonomy spaces in week 3 (see online version for colours)
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In the final week, the group worked mostly in the Prototype space but also integrated
processes from the Understand, Synthesis, and Ideate spaces to discuss how their work
with users and insights lead to their prototypes (Figure 9). Their fourth group working
session was the shortest of all sessions, as the group described their project ideas and
decided to work on them separately. During their presentation, the group covered the
entirety of their project, spending a lot of time discussing their work in the Understand
space, but also describing their work in the Synthesis and Ideation spaces, while briefly
presenting their prototypes at the end. In their final presentation, each group member
shared their concept and prototype that would meet the needs of the users they had
interviewed and observed.

Figure 9 Frequency of taxonomy spaces in week 4 (see online version for colours)
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After the presentation, the instructor provided feedback on the groups’ prototypes and
elaborated on how the group might revisit the Understand space to iterate on their
prototypes by receiving feedback from their users, illustrating how the HCD process
would continue if they were to carry on with the project.

To answer our second research question, how did the group’s level of HCD
integration change over time, we look at their use of the taxonomy spaces over time.
Over the four weeks, the students continued to iterate on the taxonomy spaces over time,
revisiting spaces to introduce new information and reflect on past data and insights they
had generated. From the instructor’s perspective, she provided feedback to the students
on the spaces they presented during their presentation, while also modelling what the next
phase of the process might look like. In group working sessions, the group members
explicitly picked up and applied the feedback or suggestions that were presented by the
instructor. In these instances, the group often used the teacher as a reason to move
forward with ideas rather than information collected from the users. For instance, in one
work session, the group was discussing the framework and what information they should
include from their users when one group member justified using one piece of data over
another because “I think that’s the kind of thing [the instructor] wants to see.” In other
cases, the group changed the questions they were asking users in interviews because
“[the instructor] likes when we ask things like that”. This shows that feedback and the
modelling that the instructor provided in presentation feedback was directly applied in
their group working sessions and helped to progress their HCD process forward.

Next, we analysed the group’s integration over the four weeks by group work
sessions and presentations (Table 10). During group work, the most high-integration
occurred in week three of the project, with no high-integration in week four. The lack of
high-integration in week four is likely because the group was using processes in the
Ideate and Prototype spaces they had not yet used. Across group members, Justin’s two
instances and Mae’s single instance of high-integration were from week three, indicating
that all of the high-integration achieved in week one and two were from Mary.

Table 10  Level of integration during group work by week

Low-Integration Mid-Integration High-Integration
Week 1 55% 37% 8%
Week 2 47% 41% 12%
Week 3 42% 38% 19%
Week 4 46% 54% 0%

In the class presentations, the group displayed more mid-integration and less low-
integration across all weeks (Table 11). During presentations, the group was explicitly
prompted by the instructor to describe what they had done and why, meaning they were
explicitly instructed to use more mid- and high-integration by the teacher. While
instruction from the teacher to provide more explanations does not guarantee that
students will enact that strategy, or enact it well, these results show that the teacher’s
instructions may have played a role. The group did not engage in high-integration during
week one or two, but had more in the last two weeks of the project, reiterating that the
group improved on their use of the processes with more practice. While week 4 of group
work had no high-integration, where the students were demonstrating the use of
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processes they had not yet used, their week 4 presentation had the most high-integration.
This is because during the fourth-week presentation the group achieved high-integration
by presenting previously used processes into their descriptions of new processes.

Table 11  Level of integration during presentations by week

Low-Integration Mid-Integration High-Integration
Week 1 20% 80% 0%
Week 2 15% 85% 0%
Week 3 17% 67% 15%
Week 4 22% 56% 22%

7 Discussion

While previous literature acknowledges the importance of teaching and learning HCD,
few studies unpack how the overarching approach is used by students. Using knowledge
integration theory (Linn et al., 2013) and our taxonomy, we sought to understand how
HCD processes were used by a novice design team and to what extent they made
connections across spaces and processes. From this case study we share three key
challenges, including

1 the need for further scaffolding to support more connections across spaces

2 engaging in the understand space is a critical yet challenging staple for empathy
building and reflection

3 novice designers struggle to navigate the tensions between the instructor as a teacher
and facilitator rather than a stakeholder.

Need for further scaffolding to support connection across spaces. Across the four
weeks, the group was able to engage in some high-integration, wherein they elaborated
on why they were doing what they were and how it was leading to the process and often
included the use of many spaces together. However, these instances were few across the
board and the majority of these were from one team member. Yet, all four were able to
achieve some high integration. Looking across weeks we found that most of the high
integration took place in the presentations, showing that the presentation format prompted
them to reflect and share their work in this way. While this approach was effective in
getting team members to elaborate on their ideas and build connections, additional
scaffolds could make this process more explicit.

Challenges in engaging in the understand space to support empathy building and
reflection. Regarding the needs of the user, novice designers often have problems
grappling with others’ needs, desires, and goals (Carlson et al., 2020). In this case, the
team moved rapidly from exploring the users’ needs to ideating, one member of the team
proposed the idea that became her final project in the second week of the semester with
little iteration or revision based on new data being collected (Noel and Liub, 2017).
Additionally, rather than building one solution that was best for the user, this team
developed three separate ideas that each team member found most interesting. The team
decided to move forward with ideas and prototypes that were most interesting to
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themselves, rather than coming together to create something that was most useful for the
user. While the individual project ideas did stem from user research, in reflections, the
group emphasised the challenges of fore fronting their own ideas rather than users.
Additional scaffolds and reflections within the process to prompt students to explicitly
draw connections between their research and ideas may support high-integration thinking
and build empathetic design processes among students.

Importance of the role of the instructor. Similar to findings in the literature, novice
designers follow instructions and feedback provided by the instructor of the course
(Cross, 2004). In our case, many of the ideas the group moved forward were tied
explicitly to needs or ideas from the teacher rather than from users — showcasing issues of
power dynamics in teaching HCD (and teaching generally). While the team reflect on the
challenges of moving forward with users’ ideas vs. their own, no one reflected on picking
up ideas from their instructor. In this case, the instructor modelled how they might move
forward with ideas, revisit user insights, and collect more data. Week to week students
discussed this feedback and make direct changes or decisions to follow it exactly. In any
classroom, it’s hard to move past traditional classroom dynamics, making it more
challenging in design courses to account for someone else’s needs rather than their own
or their teacher’s. This calls for reflection of how teachers might reinforce the goals of
this process with students by centering the needs of users rather than the students’ or
teacher’s and reiterates the need for scaffolds to support students in documenting where
their ideas are coming from and how they do or do not map to users’ needs.

7.1 Theoretical implications

We build on knowledge integration theory and describe the first exploration of HCD
integration. Through our adaptation of Linn et al.’s knowledge integration theory (2013),
we highlight that to achieve higher levels of integration, students need to make
connections across spaces. This theoretical contribution broadens existing models of
HCD by examining not only if students engaged in taxonomy spaces, but the extent that
students can build across these spaces to create connections that reinforce learning of
HCD. Our analysis highlights those processes are interrelated across spaces, meaning
connections that are created are not limited to spaces, but span multiple, and when
students were able to integrate many processes, they were, in turn, achieving high-
integration.

To support high-integration of HCD requires students to have an in-depth
understanding of the overarching process that novice designers often lack (Dorst, 2011;
Dorst and Cross, 2001; Guindon, 1990). To build and support these connections across
spaces, scaffolding is needed to assist novice designs to build and sustain these
connections. The usefulness of scaffolding is illustrated in the presentations, where
students were able to achieve high-integration because the instructor set the expectation
that the group was to present their ideas and describe why and how they made decisions
based on the progress of their project. Suggesting that by presenting guidelines regarding
expectations, the group was able to achieve more high-integration. Future work around
the taxonomy outlined in this paper needs to outline how these processes can be
scaffolded to help students move from novice human-centered designers to experts in
ways that are equitable and inclusive. Questions to explore include,
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e How might students build and improve their repertoire of HCD skills over time?
e  How might teachers scaffold how students build this repertoire?

e  How might students reflect on and learn about their role in power dynamics and
ethics in HCD?

e How might teachers support students in not only recognising that these issues of
power and ethics exist in HCD but also reflect on ways to mitigate and eliminate
them?

Finally, while the purpose of this paper is to investigate a fine-grain analysis of what this
learning process looks like in a case study design, additional exploration is needed to
examine a larger sample size to further understand the relationship between integration
levels and HCD learning outcomes.

8 Conclusions

While this group highlights the challenges of teaching HCD, these findings are not
surprising for a novice design team (Dorst, 2011). Teaching HCD to novice designers is
not an easy endeavour. To be done well takes time to get to higher integration of learning,
applying, and reflecting on each of these processes and what they mean for design,
requiring more than one introductory course. These findings are important to reinforce
the idea that HCD is not a simple process as suggested by other simplified models
(Brown, 2008; IDEO, 2015). Rather, HCD is a complex, messy form of design that
cannot be taught quickly or conveniently. Specifically in this paper, we build on existing
literature on HCD and present a taxonomy that delineates specific practices of what it
means for students to learn and apply HCD. We then presented an analysis of one group’s
use of the taxonomy and described their integration of HCD over time to explore what it
looks like when the taxonomy is used by a novice interdisciplinary team. Our findings
support the idea of nonlinearity within the HCD (Boling and Smith, 2010; Brown, 2008)
and show that students follow instructors and go through the motions of the design
process, mirroring findings in the literature (Cross, 2004; Welch, 1999). However, the
depth and connections to which they engaged with the HCD approach is limited. Existing
models of HCD simplify the process and reinforce the expectation that while HCD is a
complex process, it can be simply learned and applied by anyone. In theory, this is an
inclusive approach, as it reinforces the idea that simply attending a workshop, seeing a
talk, or taking a class, can allow you to become an expert in applying these tools. Our
findings illustrate the complexity of using and integrating these practices for novices.
While HCD is a valuable problem-solving approach, open questions remain about how to
support novice designers to practice the reflection and depth we aim to see in this
approach.
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