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Abstract. Human-centered design (HCD) is a design-based pedagogy that provides
students with opportunities to empathize with views that are unlike their own.
While this has been identified as a useful design approach, learning and applying
HCD is challenging for students without design expertise. In response to the
current lack of consensus on how to teach HCD, we developed an HCD taxonomy
that outlines five design spaces and practices of students engaging in this form of
learning. In the case study described herein, we analyzed a novice,
multidisciplinary design team’s HCD process to examine the efficacy of the
taxonomy. Our findings indicate that students build HCD practices over time and
that these practices should be interconnected to achieve higher levels of
integration.
Objectives
Human-centered design (HCD) is a design-based pedagogy that provides students with
opportunities to apply content knowledge to complete meaningful tasks and solve complex
problems (Razzouk & Schute, 2012). HCD emphasizes the need to support interdisciplinary
learning and 21st century skills by centering the focus on empathy toward others so that students
come up with human-centered solutions to real-world problems (Micheli et al., 2019; Scheer,
Noweski, & Meinel, 2012). One limitation of this approach is that HCD is often taught to
novices through accelerated pedagogical models, leaving the expectation that HCD can be
learned quickly and conveniently (Schell, 2016). With the growing interest in the integration of
HCD processes in education (National Research Council, 2012) and the increase of industry
models to market learning HCD (Brown, 2008), it is necessary to outline and research what it
means for students to engage with this approach. Therefore, in this paper we outline a taxonomy
for learning and teaching HCD that delineates specific practices that identify what it looks like
for students engaged in design and present a case study of a multidisciplinary group’s process
and outcomes to identify how these practices were integrated into their project.
Perspectives and Theoretical Framework
HCD is an interdisciplinary, problem-solving approach that identifies the unmet need of a
population in order to collaboratively and iteratively develop solutions (Brown, 2008). Problems
in this work are often described as wicked, indicating they are ill-defined and open ended
(Buchanan, 1992). Researchers have studied important components situated in this approach,
including iteration (Lewis et al., 2018), sketching (Härkki et al., 2018), risk analysis (Carlson et
al., 2018), and design failure (Yan & Borge, 2020), leaving unexamined how students navigate
the overarching approach. While there are well known models that theorize the processes of
HCD (Brown, 2008), they do not provide pedagogical guidance that articulates what this
learning looks like and how to support it.
Leveraging existing models and definitions of HCD (Cross, 2011; Brown, 2008; Razzouk
& Schute, 2012), we created a taxonomy that outlines five design spaces (see Figure 1). These
spaces, Understand, Synthesize, Ideate, Prototype, and Implement, have been conveyed by
preceding models; however, our taxonomy goes beyond similar models by defining both

processes embedded within these spaces and practices that outline what it means for students to
operationalize them (see Table 1). The goal of these practices is for teachers and designers to
develop curricula, learning objectives, and assessments based on what space they are teaching
and the practices they want their students to achieve. As a first iteration of the taxonomy, in this
paper we present results from a case study where we analyze how the taxonomy emerged during
a novice team’s HCD process. Toward this end, we aim to understand if and how the group
integrated the practices and what factors supported them in achieving higher levels of
integration.
Linn, Eylon, and Davis’ (2013) perspective on knowledge integration informs our
understanding of integrating HCD. They theorize knowledge integration as a learning process of
making connections across an existing repertoire of ideas and information. Well defined
instructional support and ample time aids students as they create, refine, and strengthen learning
connections (Linn, Clark, & Slotta, 2003). Time is especially important for novices who have
less experience making connections and lack the mechanisms to untangle the necessary
conditions of learning (Linn, Eylon, & Davis, 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, Goodyear, &
Markauskaite, 2011). These differences, like that of knowledge integration, can be attributed to
lack of connections across the HCD spaces and limited scaffolding that explicitly connects
practices to each other.
To understand how a group of students engaged in HCD, we posit the questions: how did
an interdisciplinary design team use HCD practices during their design project and how did
their level of integration change over time?
Methods
Context
This case study reports on a four-week design project from an Introduction to Design
Thinking course. The course was designed to engage students from non-design disciplines in
HCD practices through three sequential projects over a 16-week semester. In this paper we
present analysis of the second project of the semester, where the students built on their
knowledge of the Understand and Synthesize spaces from the first project to learn about the
Ideate and Prototype spaces. The focus of the project was for each group of three or four students
to select a subculture of which they did not identify and explore a problem for this group of
people.
Participants
In this study we analyze the interactions of one group of three students and their
instructor who consented to be a part of the research. The three students comprised one
multidisciplinary design team, including a first-year graduate student in education, a senior
undergraduate student in civil engineering, and a first-year graduate student in architecture. The
instructor of the course had been teaching design for four years and was involved in the codesign process to build the taxonomy.
Data collection
To understand how the taxonomy was used by one group over time, data was collected
from their presentations and design process. One member of the research team video-recorded

the in-class presentations, including feedback provided by the instructor. Outside of the class,
one participant audio recorded the team’s working sessions.
Analysis
To analyze this group’s HCD process we applied a case study design (Stake, 1995) to
understand how they integrated taxonomy practices throughout their project. We transcribed the
data in playscript form (Forrester & Sullivan, 2018) and conducted interaction analysis (Jordan
& Henderson, 1995) on the group’s work sessions and presentations with the taxonomy as a
coding scheme (see Table 1). Work sessions were analyzed by turns of talk and presentations
were analyzed at the slide level. These codes were not mutually exclusive; a group member
could reference or use multiple practices within one turn or slide.
To identify the level of integration of each process, we created a coding scheme
leveraging the insights from Linn, Clark, & Slotta (2002) to identify how deeply processes were
integrated into the group’s interactions (see Table 2; Cohen’s Kappa: .81). We then conducted
thematic analysis to explore how the groups level of integration changed.
Results
There are two main findings from our analysis. The first finding focuses on how the
taxonomy was used across the project by the students; the second describes how their level of
integration changed over time and themes during instances of high integration.
Taxonomy Use Over Time
Throughout the project, this group engaged in the first four spaces of the taxonomy,
which were the focus of the project as outlined by the instructor. Figure 2 shows the engagement
with each HCD space across data sources (group session, presentation, and instructor feedback).
As the group work and presentations progress forward, the group incorporated the Ideate and
Prototype spaces while also making connections to preceding spaces. In the last week of their
presentation, the group continued to reference decisions they made in the Understand space and
proposed revisiting some Understand space methods to improve their ideas. For example, one
group member articulated why decisions were made using multiple spaces,
“I got the feedback from some of our user interviews that said ‘I would love to
have an app that’s like Waze but for coffee’... [explains what Waze is] ... So we
are proposing having an app like that but for coffee. Where you could share your
experience like that with other people and learn from that.”
Here we see evidence of students using previous spaces to justify decisions that they made
throughout the project. This example illustrates that this novice design team explicitly
implemented an idea from a user rather than synthesizing across multiple data sources as we
might see in more expert groups; however, it also shows that novice designers are able to bridge
multiple spaces to make decisions and support their ideas.
Level of Integration
To further understand how the group used practices within the HCD taxonomy, we
present preliminary analysis of the level of integration (see Table 2). Per AERA guidelines,

current analysis of the group’s work sessions is underway; our complete results will be shared in
the final proposal.
Across all four presentations, each slide had a range of two to seven practices each; the
majority of slides that contained high levels of integration had more than four practices. This
finding suggests that when students are engaged in higher levels of integration, they are
synthesizing several practices. Analysis of high integration practices indicates that a high level of
integration never occurs alone.
35% of the practices used in the presentations were low integration, meaning the group
stated that a practice was or needs to be completed (e.g., “We collected interviews and
observations.” or “ Next week we will revisit our research plan.”). Across all weeks, the group
engaged in mid integration of the HCD practices, where they described what they did and how
they did it but did not further elaborate as to why. In weeks one and two the group did not exhibit
any instances of high integration (see Figure 3); they spent the presentation sharing what they
did, what they found, and what they planned to do next. During the presentations in weeks three
and four the group began to build to higher levels of integration. In these instances the group
often shared details about their project and elaborated on what it meant, why it was important,
and overall implications for the project.
“I’ve graphed this into some really rough data (see Figure 4 for slide). I talked to
these people during interviews. The tick marks show when they drank the caffeine
... [continues describing graph] ... The people who consumed the coffee right
away had steady levels and larger crashes, whereas the people who spread it out
over time had a steady decline after. So we see that caffeine intake likely matters
based on how long it took to consume it which could affect how we design for
them.”
In this example, three practices emerge: empathize, debrief, and organize. Empathize was coded
because the group member talks about interviews conducted and the data that came from them;
debrief was identified when she described the raw data within the graph; organize was coded
when she shared the themes that emerged from the data. This example illustrates how the group
drew connections across practices and was able to achieve a higher level of integration by
building those connections and also elaborating on why those connections were important.
Significance
While previous literature acknowledges the importance of teaching and learning HCD,
there are few studies that unpack how the overarching approach is used by students. Using the
knowledge integration framework (Linn, Eylon, & Davis, 2013) and our taxonomy, we sought
out to understand how HCD practices were used by a novice design team and to what extent they
made connections to deepen their use of these practices.
Our findings support the idea of nonlinearity within the HCD process. We found that this
group built on their uses of the spaces but fluctuate between spaces through the project. From our
analysis we also found that practices are interrelated across spaces. As outlined in Linn’s
knowledge integration theory, to achieve higher levels of integration students need to build
connections. However, this requires students to have an in-depth understanding of the
overarching process which novice designers often lack. To build and support these connections

across spaces, scaffolding is needed to assist novice designers to build and sustain these
connections.
Future studies need to look at how different scaffolds can support students in drawing
connections across the data and achieving higher integration with HCD practices. While
knowledge integration theory suggests that deeper connections across a project can lead to better
learning, research is needed to validate that higher integration of HCD practices leads to
improved understanding of HCD.
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Figure 1. HCD approach.

Table 1. HCD Taxonomy, including spaces, processes, practices, and code definitions for each
process.
Space

Process

Practices

Code definition of each process

Establish a common
problem space
Review current landscape
or context
Document biases and
predictions

Exploring a new idea by defining what the
problem is, researching it, hypothesizing
how it works, or discussing biases you may
have about it

Observe

Observations
Immersion within
environment

Planning to collect, collecting, or sharing
already collected observations of a space or
immersion with environments

Empathize

Interview
Locate resources
Identify extreme users

Planning to collect, collecting, or sharing
already collected information of
experiences from users, including
interviews, user resources, and information
from extreme users

Reflect

Revisit project context
Modify research plan as
needed

Reflecting on the goals, context, or plan to
explore the project

Understand Explore

Syntheses

Ideate

Debrief

Filter content for
relevance and prioritize
information
Communicate content

Sharing raw information collected from the
understand space to stakeholders or team
members

Organize

Collapse content
Chunk & find themes
Develop insights
Develop frameworks

Developing themes from data collected
during the understand space or ideas shared
within the group, drawing comparisons
across ideas, or developing insights about
the project that draw multiple ideas
together

Define

Identify design and
research opportunities
Define the project scope
Develop how might we
statements

Identify design or research opportunities
that can include focusing the scope of the
project, creating HMW statements, or
discussing possible threads for the project

Interpret

Identify what else you
might need to
understand moving
forward
Build questions to inspire
ideation

Using themes, collected data, and/or
opportunity areas to discuss how to move
the project forward or what the next steps
are

Brainstorm

Set goals for the ideation
session
Defer judgement
Ideation of potential
solutions
Collapse ideas
Chunk & find themes

Planning how to structure ideation session
and proposing ideas or solutions to the
problem, developing themes of proposed
ideas from the brainstorming session, and
documenting ideas

Propose

Communicate proposed
solutions
Iterate in response to new
information
Come up with alternative
solutions

Communicate the proposed idea(s) to users
or stakeholders to get feedback

Prototype

Implement

Narrow
Concepts

Identify which concepts
are the most viable

Identifying ideas to move forward with
considering the feedback from others;
explore the viability of the idea including
identifying gaps and iterating based on
feedback

Plan

Develop a plan of action

Using brainstormed ideas to discuss how to
move the project forward or what the next
steps are (in previous or future spaces)

(Re)Create

Create prototypes of their
proposed physical,
digital, or experiential
concept

Create prototypes of the proposed physical,
digital, or experiential concept through a
preliminary model (e.g., physical model,
sketch, etc.)

Engage

Communicate their
proposed product or
concept to users,
teammates, or design
team

Explain prototype to teammate or other
stakeholders

Evaluate

Get feedback from
stakeholders,
teammates, or outsiders
Diagnose problems and
describe behaviors
Reflect on feedback to
propose iteration
Provide others with
feedback

Provide and reflect on feedback about the
prototype; feedback includes all
commentary about the prototype including
describing interactions, diagnosing
problems, or affirming or corrective
comments

Iterate

Explore multiple
variations of your
solution

Use feedback from teammates or
stakeholders to revise prototypes to build
more sustainable or usable design

Develop

Communicate design
Develop a plan for
execution

Develop a plan for execution to make the
idea or concept a reality; communicate the
solution to stakeholders and investors

Evolve

Continue to evolve and
improve the solution
based on user feedback

Plan for, collect, and implement user
feedback to ensure implementation is
successful

Sustain

Plan for sustainability
(e.g., environmental,
societal, business, etc.)
Monitoring and
evaluation

Ensure the implementation is sustainable in
the context by monitoring and evaluating
social, environmental, and business
contexts

Execute

Creating functional
iteration of the concept

Execute functional version of the
implementation to users

Table 2. HCD integration coding scheme.
Code

Definition

Example

Low
integration

Stating that a practice exists, needs “I think we need to interview people.”
to be completed or planning how
“We need a plan for this research.”
to do it

Mid
integration

Using a practice or explaining how “I went to Café Benne, a coffee shop on
a practice was used
Green Street and saw people sitting in small
groups.”

High
integration

Using a practice or explaining how
a practice was used and
elaborating on what it means, why
it's important, what can be done
with it, or implications for the
project

“It would be interesting to see if the two
groups that we found here align with what
was in our first framework, we can see if
our findings align and then figure out if we
want to ask different questions in our next
interviews.”

Figure 2. Spaces identified in group work sessions (GW), presentations (P), and instructor
feedback (IF) over the four week project.

Figure 3. Percentage of the level of integration for the group presentations.

Figure 4. Presentation slide.

