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The purpose of this research is to describe the development of a survey that can be used to measure
the impact of integrating Human-Centered Design (HCD) on students’ knowledge of performing its
processes in existing higher education courses. The survey was developed based on a research-based
HCD taxonomy that outlines the design spaces, the processes, and practices that define what it
means for students to implement HCD within the context of k-12 or higher education settings. The
survey consisted of 23 items and was pilot tested with 46 students. Validity and reliability analyses
were conducted, and the survey items were revised in light of the findings. More items were also
added to the existing survey. The development and use of this survey can promote efforts of scaling
the integration of HCD in existing higher education courses.
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Introduction
Human-Centered Design (HCD) is a problem-solving approach that identifies the unmet needs of a population
in order to collaboratively and iteratively develop solutions (Brown, 2008). In the past decade, there has been
an increasing trend of teaching and learning HCD in higher education settings (Ching, 2014; Kumar et al., 2020;
Lin et al., 2020) given its promising potential to prepare students for engaging effectively in future learning
endeavours and participating actively in solving todays’ global challenges.
Several research studies show that when students engage in learning and implementing HCD processes, they
develop 21st century skills such as solving complex problems and working in multidisciplinary teams (Koh et
al., 2015; Noweski et al., 2012). Eventually, as students practice these skills, they develop critical mindsets,
such as human-centeredness, metacognition, collaboration, experimentation, communication, and creativity
(Goldman et al., 2012; Razzouk & Shute, 2012). These mindsets are essential for design and non-design
students to become lifelong learners and successfully solve personal and work problems. However, providing
students with opportunities to learn and implement HCD processes within the context of higher education
courses is challenging (Kumar et al., 2020; Shehab et al., 2021a). One reason for that is our lack of the
knowledge of how to effectively integrate HCD in existing higher education courses that are usually subject to
many curricular and time constraints. Specifically, little is known about evaluating the impact of integrating
HCD on students’ knowledge of performing the HCD processes in these courses.
To address this gap, we report how a newly established design center continued to integrate HCD in existing
higher education courses at a large Midwestern university. Specifically, in this paper, we describe how we built
on the evaluation of our first iteration of integrating HCD in three existing courses (Shehab et al., 2021a) to
design a survey that can measure the impact of integrating HCD on students’ knowledge of performing the
HCD processes. Findings from this work can promote efforts of scaling the integration of HCD in higher
education courses by enriching our knowledge of how to effectively measure the impact of HCD activities on
students’ knowledge of performing its processes in existing higher education courses.
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What is Human-Centered Design?
Human-Centered Design is a problem-solving approach that identifies the unmet need of a population in order
to collaboratively and iteratively develop solutions (Brown, 2008). HCD puts humans at the center of the
design processes and seeks to establish empathy with them, understand them, collaborate with them in order
to identify their problems and figure out solutions (Brown & Katz, 2011; Dorst, 2011; Zhang & Dong, 2008).
Then, HCD relies on iterative cycles that engage humans in prototyping, testing, and refinement of solutions
(Brown, 2008). HCD provides a flexible structure that can guide the processes of solving wicked problems
(Buchanan, 1992; von Thienen et al., 2014) and generate creative and meaningful solutions (Meinel et al.,
2020). HCD should not be viewed as a predefined sequential series of processes that one initiates to solve a
problem; nevertheless, it is best described as “a system of spaces” (Brown, 2008, p.4). Each space consists of
processes such as empathize, organize, brainstorm, create, and develop which can be executed by learning
and implementing practices such as interviewing people, identifying themes, communicating ideas, creating
prototypes and developing plans to bring final designs to the market (IDEO, 2015). Figure 1 shows the HCD
taxonomy that summarizes the human-centered design spaces and processes (Lawrence et al., 2021). The
definitions and the practices associated with each process are defined in Lawrence et al. (2021).

Figure 1. The Human-Centered Design Taxonomy spaces and processes (Lawrence et al., 2021)

Human-Centered Design in higher education settings
Given that HCD is an approach for solving wicked problems and generating innovative solutions, researchers
argue it is not only for designers (Johansson-Sköldberg et al., 2013; Wrigley & Straker, 2017). Non-designers
can also benefit from implementing and acquiring these processes and practices as they help them develop
skills that make them lifelong learners and prepare them to solve complex problems in different contexts
(Goldman et al., 2012; Meinel et al., 2020; Razzouk & Shute, 2012). For example, HCD processes and practices
engage individuals in finding, discerning and analyzing resources, creating arguments, problem-solving,
building and testing models, storytelling, managing time, persisting, and working in teams (JohanssonSköldberg et al., 2013; Panke, 2019). As individuals learn and practice these skills, they may eventually develop
human-centered, metacognitive, collaborative, experimental, creative, and communicative mindsets
(Crismond & Adams, 2012; Culén & Gasparini, 2019; Goldman et al., 2012; Razzouk & Shute, 2012; Royalty,
2018). These mindsets match with what employers seek in 21st century employees (Jang, 2016; Prinsley &
Baranyai, 2015). In light of that, universities are increasingly investing in integrating HCD in their programs as
means for students to experience and develop these mindsets in addition to disciplinary knowledge (Lake et
al., 2021; Wrigley & Straker, 2017).
One way to bring HCD to university programs is through integrating it in the content of existing courses,
especially those that require students to complete a research or design project over the duration of the
semester. In such courses, HCD can serve as a tool for students to complete the project while learning and
implementing processes that assist them to a) identify real problems and figure out meaningful solutions that
are directly connected to their experiences beyond the course b) learn and practice skills that are essential for
developing 21st century mindsets such as collaboration and communication, and c) acquire an understanding
of the underlying disciplinary concepts associated with the course. The integration of HCD in these courses is
supported by the constructivism learning theory that emphasizes the fundamental roles of prior knowledge,
experiences, and social interactions in students’ learning processes and outcomes (Bada & Olusegun, 2015;
Sjøberg, 2010). Researchers argue that learning and implementing HCD processes enhances students’
engagement in constructing knowledge and thought processes using their prior knowledge and experiences
and through social interactions which can result in better learning outcomes (Luka, 2020; Pande & Bharathi,
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2020; Scheer et al., 2012). Nevertheless, only few studies report on how to effectively integrate HCD in existing
higher education courses (Ching, 2014, Pagano, Shehab, & Liebenberg 2020, Shehab et al., 2021a). In addition,
little is known about measuring the impact of integrating HCD on students’ knowledge of performing its
processes in these courses.

The purpose of the current research
The purpose of this research is to describe how a newly established design center at a large Midwestern
University developed a survey that can be used to measure the impact of integrating HCD on students’
knowledge of performing its processes in existing higher education courses. This survey can be useful for
researchers to evaluate the impact of an HCD intervention on students’ knowledge of performing HCD
processes. Moreover, the survey can be useful for teachers, especially those teaching classes with large
number of students, to assess how integrating HCD activities assisted students (or not) in acquiring HCD
processes that they may find useful to solve problems beyond the course.

Methods
This research is part of a broader design-based research (McKenney & Reeves, 2012) initiative led by a newly
established design center at a Midwestern University. Members from the Center collaborate with instructors
across disciplines to explore and harness opportunities of integrating HCD activities into their courses.

Survey development
In the Spring 2019 semester, members from the center collaborated with three instructors to integrate HCD in
three different existing courses. The evaluation of integrating HCD in these courses from the students’ and
instructors’ perspectives indicated the need for tools that can assist instructors in communicating what HCD is
and ways to measure students’ performance and acquisition of the HCD processes (Shehab et al., 2021a). In
response, research members form the center developed a research based HCD taxonomy that is shown in
Figure 1 (Lawrence et al., 2021). Drawing from the HCD literature, the taxonomy outlines five design spaces,
the processes, and practices that define what it means for students to implement HCD within the context of a
k-12 or higher education setting. For example, in the Understand space, students try to identify the problem
through connecting with the users and thinking about their assumptions and biases. The Understand space is
composed of four core processes: Explore, Observe, Empathize, and Reflect. Therefore, for students to
Understand the problem, they need to learn and implement the practices associated with each of the four
core processes. For example, to Empathize, students need to learn about locating resources, conducting
interviews and identifying extreme users; then, they need to implement these practices to make progress on
their research or design project.
In the Fall 2019 semester, members from the center collaborated with two instructors to integrate HCD in two
different existing courses. The duration of both courses was 16 weeks and they both included a design project
that students needed to complete by the end of the course. One course was a technological entrepreneurship
course and the other was a food science course. In both courses, the taxonomy was used as a tool for teaching
and learning about HCD as a problem-solving approach with processes and practices that students can
implement to complete the design project over the duration of the course. The members from the center and
each of the instructors co-designed and engaged students in activities to acquire the HCD processes and
practices outlined by the taxonomy and implement them to make progress on their design project. The
research members from the center needed an instrument to measure the impact of these activities on
students’ knowledge of performing HCD processes in these courses. They developed a self-administered
survey that can be used prior and post any existing course that integrates HCD.
The survey was a 5-points Likert Scale with 1=Strongly Disagree and 5 = Strongly Agree. The items of the survey
were developed based on the definitions and practices that are associated with each of the 20 processes that
were outlined by the HCD taxonomy based on the HCD literature. The survey had 23 items. Nine items were
associated with the processes of the Understand space, three items were associated with the processes of the
Synthesize space, four items were associated with the processes of the Ideate space, three items were
associated with the processes of the Prototype space, and four items were associated with the processes of
the Implement space. The items of the survey are shown later in Table 1.

Participants
A pilot test of the survey was conducted with the students of the two courses. A total of 46 students
completed the survey as a pre and post survey prior to and at the end of the course respectively. Using data
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from the pilot test, we conducted paired sample t-tests to measure the impact of integrating HCD activities on
students’ knowledge of performing its processes. We ran a paired sample t-test for each item and for all items
associated with the processes of each of the five HCD spaces.

Survey validation
To ensure content validity, experts in HCD were consulted and their input was used to modify some items. We
also used data from the pilot test to assess two important qualities of surveys, accuracy and consistency, by
considering the survey’s construct validity and reliability. Construct validity refers to the extent the survey
items measure what they were designed to measure (O’Leary-Kelly & Vokurka, 1998). There are two types of
factor analysis to measure the construct validity: exploratory factor analysis (EFA) and confirmatory factor
analysis (CFA). Because we intent to test whether items could measure students’ knowledge of performing
processes associated with pre-determined spaces, we conducted confirmatory factor analysis for each item of
the pre- and post-survey to examine the construct validity of the survey. To do so, we used lavaan in the R
statistical programming language. When testing the model fit, lavaan outputs different fit statistics, we only
focused on two commonly used measures: Root Mean Square Error of Approximation (RMSEA) and
Confirmatory Factor Index (CFI). As a rule of thumb, a model indicates a good fit when the RMSEA is close to
0.05 but smaller than 0.1 and CFI is greater than 0.90. Reliability refers to the extent the survey items
associated with the processes in each space are consistent (Tavakol & Dennick, 2011). We examined the
reliability of the survey by computing Cronbach’s alpha per each HCD space of the pre- and post-survey. A
general acceptable Cronbach’s alpha value is from 0.45 to 0.98, and 0.7 or larger indicates a good level (Taber,
2018).

Results
Paired sample t-tests results
To measure the impact of integrating HCD activities on students’ knowledge of performing its processes in the
two existing higher education courses, we used R to conduct paired sample t-tests. The null hypothesis
assumes the mean difference between two sets of observations is zero. When the p-value from the result was
smaller than 0.05, we concluded that the difference in the response to an item between pre- and post-survey
was significant. Table 1 shows the result of the paired sample t-test for each survey item. All p-values are
smaller than 0.05 indicating a significant improvement in students’ knowledge of performing the HCD
processes.
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Table 1. Paired sample t-test per item
Space

Pair

Understand

Synthesize

Ideate

Prototype

Implement

Item

t-value

Sig. (2-tailed)

1

I know how to develop goals for the project.

-6.75

.000

2

I know how to review information that is related to the context of the project.

-7.164

.000

3

I know how to document biases and predictions.

-4.388

.000

4

I know how to conduct interviews with users.

-8.871

.000

5

I know how to conduct observations that can inform my understandings of the
users' needs.

-7.485

.000

6

I know how to locate resources that are associated with the project.

-2.979

.005

7

I know how to identify extreme users.

-9.513

.000

8
9
10

I know how to reflect on my biases.
I know how to reflect on the projects' motivations and stakeholders' needs.
I know how to filter content for relevance and prioritize information.

-3.392
-5.051
-4.463

.001
.000
.000

11

I know how to find themes and develop insights.

-5.745

.000

12

I know how to identify design and research opportunities.

-4.676

.000

13

I know how to come up with ideas for potential solutions to a problem.

-3.341

.002

14

I know how to break down a problem into smaller actionable parts.

-3.747

.001

15

I know how to develop a plan of action to solve a problem.

-4.505

.000

16

I know how to come up with alternative solutions to a problem.

-4.129

.000

17

I know how to create a prototype.

-5.521

.000

18

I know how to communicate a proposed prototype to others.

-5.896

.000

19

I know how to evaluate a prototype.

-4.638

.000

20

I know how to communicate a final design.

-6.556

.000

21

I know how to develop a plan to execute a final design.

-5.874

.000

22

I know how to create a functional iteration of a concept.

-6.627

.000

23

I know how to plan for the sustainability of a final design.

-7.101

.000

Following the same analysis procedures, Table 2 shows the result of the paired sample t- test for each HCD
space. All p-values are also smaller than 0.05 indicating significant improvement in students’ knowledge of
performing the HCD processes associated with each of the five HCD spaces.
Table 2. Paired t-test for each space
Pair

Space

t-value

Sig. (2-tailed)

1

Understand

-10.277

.000

2

Synthesize

-6.281

.000

3
4
5

Ideate
Prototype
Implement

-5.534
-5.990
-8.75

.000
.000
.000

Validity and reliability test results
To assess validity, we calculated the confirmatory factor index (CFI) and the Root Mean Square Error of
Approximation (RMSEA) for the pre and post surveys (see Table 3). For pre-survey, both the CFI and RMSEA
values indicated that the model was not fit. For post-survey, the CFI and RMSEA values were better than the
pre-survey, however, the model was still not fit. This indicated that the items of different spaces may need
further modifications, so they measure exactly what we want them to measure.
Table 3. Assessment of survey validity
Survey

CFI

RMSEA

Pre
Post

0.693
0.827

0.13
0.095

To assess reliability, we used Cronbach’s Alpha to measure the consistency of the survey items per each of the
five spaces. Based on the values of Cronbach’s Alpha shown in Table 4, both the pre- and post- survey have a
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significant Cronbach’s alpha for items associated with the processes of the Understand, Ideate, Prototype and
Implement spaces. However, for the Synthesize space, Cronbach’s alpha for post-survey was lower than 0.6,
which is not significant.
Table 4. Cronbach’s Alpha for pre- and post-survey by space
Survey

Space

Pre

Post

Cronbach’s Alpha Number of items

Understand
Synthesize

0.756
0.58

9
3

Ideate

0.684

4

Prototype
Implement
Understand
Synthesize
Ideate

0.854
0.766
0.754
0.577
0.784

3
4
9
3
4

Prototype
Implement

0.861
0.729

3
4

To figure out the reason behind the lack of reliability of the items associated with the processes of the
Synthesize space (items 10-12), we checked Item-Total Statistics. Tables 5 shows the corresponding Cronbach’s
alpha value when each of the items was deleted. Typically, if this value is larger than the original alpha value,
the corresponding item should be deleted to increase the overall Cronbach’s alpha. However, results showed
that the Cronbach’s alpha is lower after removing any of the items associated with the processes of the
Synthesize space. Therefore, the low reliability of items associated with the processes of the Synthesize space
is not because of one specific item, but all items need further adjustments.
Table 5. Item – Total Statistics
Item

Corrected Item-Total Correlation

Cronbach’s alpha value when item is deleted

10

0.412

0.434

11

0.366

0.505

12

0.381

0.485

Discussion
The purpose of this research was to describe how a newly established design center at a large Midwestern
University developed a survey that can be used to measure the impact of integrating HCD on students’
knowledge of performing its processes in existing higher education courses. The survey was developed based
on a research-based HCD taxonomy (Lawrence et al., 2021) that outlines the design spaces, the processes, and
practices that define what it means for students to implement HCD within the context of a k-12 or higher
education setting.
The survey was pilot tested as a pre- and post-survey with 46 students from two courses that integrated HCD
in Fall 2019 semester. The overall results from paired sample t-tests indicated a significant improvement in
students’ knowledge of performing the HCD processes and practices. This suggests that the integration of HCD
in the content of these two existing higher education courses was effective at least in providing students with
opportunities to practice skills that are essential for developing 21st century mindsets such as collaboration
and communication. These mindsets align with what employers of today’s workforce seek in their employers.
This makes teaching about and through HCD a powerful pedagogical approach that can better prepare higher
education students to successfully participate in their future workspaces. Findings from our work add to
empirical evidence from other studies that indicates the effectiveness of integrating HCD in higher education
courses (Lake et al., 2021; Shehab et al., 2021a, Withell & Haigh, 2013).
In addition, the results indicated low reliability in items associated with the processes of only the Synthesize
space. One reason behind low reliability of items associated with the Synthesize space is the poor correlation
between the items. We checked the correlation of each test item with the total score test and found that all
three items have correlation below 0.45. Therefore, to improve the reliability of items associated with the
processes of the Synthesize space, we enriched the content of each item and we increased the number of
items from three to seven. Further testing is needed to verify the increase in the reliability in items associated
with the processes of the Synthesize space.
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The results also indicated a relatively low construct validity. We expect that increasing reliability by changing
some items associated with the processes of the Synthesize space will improve the validity of the survey.
Nevertheless, one potential reason behind the low validity is that some items of the survey were broad and
addressed multiple HCD practices. To address this, we revisited the HCD processes and practices as defined by
the HCD taxonomy and broke down some items of the existing survey into items that are associated with
specific HCD practices related to the HCD processes per space. Having more specific and targeted items is one
direction for improving construct validity in future survey iterations.
Finally, the current survey analysis relied on a small sample size of only 46 responses. This small sample size
could have also undermined the validity of the survey. In the future, it is necessary to collect more responses
from students to ensure more accurate and stronger survey analysis.
The work presented in this paper is on the assessment of HCD which is a critical dimension that influences the
effective implementation of HCD in higher education classrooms (Gómez Puente et al., 2013). Assessing
students’ learning outcomes as they engage in HCD experiences is a major step towards bringing HCD into K-12
and higher education classrooms (Shehab et al., 2021b). Given that surveys are self-reporting tools that may
be subject to students’ bias, more research is needed to test other assessment tools that can be used to
measure the effectiveness of integrating HCD in existing higher education courses (Melton et al., 2012; Royalty
et al., 2019). In addition, more research is needed to develop and test assessment tools that can be used to
measure the impact of integrating HCD in existing higher education courses on students’ understanding of the
underlying disciplinary concepts associated with the course and transfer of knowledge to perform HCD
processes and practices to solve other problems in new contexts.

Conclusion
In light of our analysis and suggestions, we revised our survey items. Table 6 shows the items of our revised
survey. We are planning to pilot the revised survey in existing courses that integrate HCD in Fall 2021. We are
aiming to pilot test the revised survey with a bigger sample size and in other higher education courses that
integrate HCD. Using the collected responses, we will run validity and reliability tests to inform our progress
towards developing a valid and reliable survey that can measure the impact of integrating HCD in existing
higher education courses which, in turn, will promote our efforts of scaling the integration of HCD in existing
higher education courses.
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Table 6. The revised survey
Space

No

Item

Understand

1

I know how to develop goals for the project.

2
3
4
5
6
7
8
9
10
11
Synthesize

12
13
14
15
16

Ideate

17
18
19
20
21

Prototype

Implement

22
23
24
25
26
27

28

29

Very Poor
(not sure/don't
know)
1

Poor

Fair

Good

Excellent

2

3

4

5

I know how to review the current landscape or
context of the project.
I know how to document my biases,
assumptions, and predictions during the project.
I know how to conduct observations that can
inform my understanding of the users' needs.
I know how to document my observations.
I know how to run interviews with users.
I know how to locate resources that are
associated with the project.
I know how to identify extreme users.
I know how to reflect on my assumptions and
biases.
I know how to reflect on the projects'
motivations and stakeholders’ needs.
I know how to filter content for relevance and
prioritize information.
I know how to communicate collected data to
others during the project.
I know how to find themes and develop insights.

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1
1
1

2
2
2

3
3
3

4
4
4

5
5
5

1
1

2
2

3
3

4
4

5
5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

I know how to identify design and research
opportunities.
I know how to define the project scope.
I know how to build on themes and design
opportunities to determine what next steps are.
I know how to come up with ideas of potential
solutions to a problem.
I know how to communicate proposed ideas of
potential solutions to others to get feedback.
I know how to come up with alternative ideas of
potential solutions.
I know how to identify concepts that are most
viable.
I know how to develop a plan of action that
outlines next steps and possible challenges.
I know how to create a prototype.
I know how to communicate a proposed
prototype to others to get feedback.
I know how to evaluate a prototype.
I know how to revise prototypes to build more
sustainable or usable design.
I know how to develop a plan for executing a
final design.
I know how to plan for, collect, and implement
user feedback to ensure successful
implementation of a final design.

1

2

3

4

5

1
1

2
2

3
3

4
4

5
5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1
1

2
2

3
3

4
4

5
5

1
1

2
2

3
3

4
4

5
5

1

2

3

4

5

I know how to monitor and evaluate social and
environmental contexts to ensure the
sustainability of the final design.
I know how to execute functional iterations of a
final design.

1

2

3

4

5

1

2

3

4

5
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