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Abstract: Human centred design approaches aim to generate better solutions
through understanding people’s social, emotional, and physical needs. But how
can designers ‘centre humans’ in their design thinking? We propose a method
for centring people during early idea generation: When creating design ideas
and sketches, explicitly representing people may help designers think more
deeply about how their designs impact people. We tested this method in two
empirical studies using a short, solo idea generation task. Using a think-aloud
protocol, student designers generated ideas for a presented problem both
without instructions and then with an instruction to depict people in sketches.
When people were represented in sketches, student designers reflected more
about how people were impacted by their designs. These findings were
replicated in a between-subjects experiment with mechanical engineering
students. Results showed that representing people within design ideas led to
considering more physical interactions, emotions, contexts, and stakeholder
roles.
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1 Introduction

Over several decades, designers have increasingly emphasised human-centred design
processes to better meet people’s complex needs. ‘Centring’ people during design
involves exploring how people may be impacted by design decisions (Zoltowski et al.,
2012) through design activities like problem definition and scoping; idea generation,
selection, development and prototyping; and evaluation (Atman et al., 2007; Dym and
Little, 2004). The people of interest include all who could impact or be impacted by
designed solutions, often called ‘stakeholders’ (Freeman, 2010). Centring people in
design includes the primary users as well as those impacted through its implementation,
such as community members, manufacturers, policymakers, or government entities.

One opportunity to centre users occurs in the early stages of conceptual design (Hay
et al., 2017; McNeill et al., 1998; Suwa et al., 1998) when designers explore alternative
solution ideas (Cross, 2008; Daly et al., 2016; Khurana and Rosenthal, 1998). Design
concepts have been defined as identifying primary functions and ‘working principles’ to
be integrated into a principal solution (Cross, 2021; Pahl et al., 2007; Roozenburg and
Eekels, 1995). Idea generation is a first step toward building a design concept through
conceptualisation of a new design (Hay et al., 2017; Yang, 2009), with an outcome best
described as a ‘design idea’ rather than “design concept”.

A design idea contributes toward a possible solution to a design problem through
further iteration, synthesis and articulation. Because early ideas can significantly impact
the ultimate success of a design process (Khurana and Rosenthal, 1998; National
Research Council, 1991), idea generation is a critical moment for incorporating people
within design. The co-design method, where designers invite people to jointly develop
potential solutions to a problem, is a successful method for including people and their
needs during idea generation (Sanders and Stappers, 2008). However, other methods are
needed to help designers centre people’s needs during idea generation.

In two studies, we explored how design students consider people during idea
generation. Our research goals were to identify whether and how student designers
choose to consider people during idea generation, and whether their design thinking
changes when explicitly representing people within their design ideas. In a first study,
undergraduate student designers in three disciplines followed a think-aloud protocol (c.f.
Hay et al., 2017) as they generated design ideas for a problem on their own, and then
repeated the task following explicit instruction to represent a person within each of their
sketches. A second experimental study with engineering design students directly
compared the impact of instructions to represent people in design ideas to a control
group. Because sketches are important in visualising design ideas, the reminder to include
people at this early stage may enhance designers’ thinking about how their designs
address people and their needs.

2 Background

2.1 Human-centred design

The need for human-centred design is emphasised across interdisciplinary design
literature and industry standards. Several people-focused design approaches outline
methods to place people at the centre of design development, such as Human-Centred
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Design (IDEO, 2015, 2019; Norman, 2013), participatory design (DiSalvo et al., 2013),
design thinking (Institute of Design at Stanford, n.d.), ergonomics (Singleton, 1971),
user-centred design (Norman and Draper, 1986), and inclusive design (Inclusive Design
Research Centre, n.d.; Shum et al., 2016). Work in human-computer interaction (HCI)
emphasises an ‘embodied embedded cognition’ perspective to enhance attention to
physical interaction (Van Dijk, 2009). These people-focused design approaches seek to
close the gap between human needs and design outcomes and understand peoples’ needs
and their contexts holistically (Zhang and Dong, 2009; Zoltowski et al., 2012).

In HCI design (Carroll, 1997), Bgdker (2015) described a first wave focused on
human factors within a more rigid approach to studying humans’ physical and cognitive
abilities; a second wave investigated more practical and situated human actions; and a
recent third wave delved deeper into people’s everyday lives for a more holistic
understanding of the interaction between people and technology. The International
Organization for Standardization (ISO) has published guidance recommending that “the
design is based upon an explicit understanding of users, tasks, and environments”
(International Organization of Standardization, 2019). Centring people in a design
process engages all stages of design to consider human needs as valuable throughout.

2.2 ldea generation within conceptual design

Within conceptual design, idea generation is defined as an initial stage for exploring
potential ways to solve a problem (Atman et al., 2007; Centre for Socially Engaged
Design, 2020; Cross, 2021; Institute of Design at Stanford, n.d.; Yock et al., 2015). Best
practices in generating design ideas include coming up with as many ideas as possible in
ordered to consider many different alternative solutions (Shah et al., 2000; Yilmaz and
Daly, 2016). Idea generation is an early step in conceptual design, yet it plays a key role
in guiding the development of successful outcomes (Yang, 2009).

Some methods have been identified across design fields to help designers centre
people during idea generation with varying levels of success. Co-design or participatory
design methods bring people such as potential users into the design process to partner
with designers (Bannon and Ehn, 2013; Sanders and Stappers, 2008). These methods can
also involve stakeholders such as community members who may be affected by a project,
advancing justice, inclusion, and equity by directly incorporating the affected
communities’ perspectives (Costanza-Chock, 2020; Design Justice Network, 2018;
Francis, 1983) Artificial intelligence (Al) prompts have been explored to mimic
co-creation (Karimi et al., 2020). The ethical implications of leveraging Al in this way
have not been studied, although it is well-documented that Al implementation can have
complex ethical ramifications (Jobin et al., 2019). In many cases, adding people to the
design team during idea generation adds logistical complexity to the early design process.

More typically, designers work on their own to centre people by identifying user
needs to serve as requirements or specifications for ideas (Dieter and Schmidt, 2013;
Dym and Little, 2004; Nuseibeh and Easterbrook, 2000). One commonly used method is
persona development where aggregated user data is combined into a specific user profile
to guide design (Miaskiewicz and Kozar, 2011). Using personas to capture users’
perspectives may inadvertently amplify inaccurate or stereotypical assumptions about
users (Costanza-Chock, 2020, p.81), leading to potential serious harm. Other methods
help designers gain insight into people’s needs through exercises where they engage in
user experiences, such as empathy-building simulations (Bearman et al., 2015), role-
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playing (Alzheimer’s Association, 2018), and ‘experience prototyping’ (Buchenau and
Suri, 2000). However, the use of experiential exercises by designers has been criticised as
missing the benefits of direct engagement with users (Bennett and Rosner, 2019; Flower
et al., 2007; Kafer, 2013; Siebers, 2008). These identified methods for considering people
during idea generation also lack empirical support for their efficacy.

2.3 Visualising people within design ideas

Mental visualisation is another proposed method to advance idea generation (Athavankar,
1997; Macfie et al., 2023). Dahl et al. (2001) examined the use of mental visualisation for
centring people in idea generation through several empirical studies. Engineering
students working alone generated one solution for a presented design problem (“a car
jack for seniors™). Students were given either no instructions or told to imagine visual
images as they created their design. Some received guided visualisation training, and
some were explicitly directed to imagine, “an elderly person interacting with the
proposed design”. After generating their idea, the students described the mental imagery
they had formed during the process. Those given no instructions rarely reported a mental
image including people; however, the group told to imagine people interacting with their
design (as well as those given guided visualisation training) more often reported images
including people. However, how people were included in designs was not directly
observable in these studies.

More often, designers use visualisation in their free-hand sketches describing their
design ideas (Ullman et al., 1990). While sketches are used for different purposes
throughout design processes (Akin and Lin, 1995), the act of sketching is considered
critical to generating ideas for concepts (Goel, 1995; Goldschmidt, 1994; Purcell and
Gero, 1998; Suwa and Tversky, 1997). Sketching during idea generation creates an
external representation in a concrete artefact (Buxton, 2007; Cross, 2008; Daly et al.,
2016), Sketches can offer a concise representation of the design problem, constraints,
ideas, and objects with related information grouped spatially (Shah et al., 2001),
facilitating the processing of information (Larkin and Simon, 1987). Through their
sketches, designers may see unanticipated relationships suggesting how to build on their
ideas (Goldschmidt, 1994; Suwa and Tversky, 1997), providing access for designers’
reflection (Schén, 1983; Valkenburg and Dorst, 1998), communication with co-designers
(Stompff et al., 2016), and iteration (Goldschmidt, 1992) towards a complete design
concept. While evidence is limited, designers allowed to sketch during the design process
produced higher quality solutions (Schitze et al., 2003).

Individual designers may benefit to different degrees from the use of sketches in idea
generation. Effective representations useful in design (Larkin and Simon, 1987) may
arise through practice and experience with sketching (Suwa and Tversky, 1997) as well
as individual preferences. However, sketching is promising as a method to deepen
designers’ consideration of people during idea generation. Sketching deepens
examination of potential design ideas (Suwa and Tversky, 1997), and sketches that
include people interacting with a design may allow reflection on the effects and
unintended impacts of design ideas. This suggests sketches with people explicitly
included may assist designers in more deeply considering people during idea generation,
potentially improving design ideas to better meet people’s needs.
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3 Study 1: Does design thinking change when people are represented
in design ideas?

Our research investigated the potential for visualising people within design idea sketches
as a means of promoting centring people in designs. The following research questions
guided the studies:

e Do student designers represent people within design ideas on their own, and does
that representation influence their idea generation?

e How are students’ design ideas and thinking impacted when they are specifically
asked to include people within their sketches?

Following the procedure from Dahl et al. (2001), we observed student designers working
alone in a single, brief session as they generated design ideas for a provided design
problem. In practice, designers often generate initial design ideas on their own before
joining collaborative brainstorming sessions (Osborn, 1963; Wilson, 2006) to enhance
idea generation. Empirical studies of idea generation often use brief, solo design
exercises in order to limit confounds (such as differences in project scope, complexity,
teamwork, and timeline) while identifying factors affecting outcomes (number and
differences in ideas generated) (e.g., Daly et al., 2016; Hay et al., 2017; Murphy et al.,
2022; Shah et al., 2003; Yilmaz and Daly, 2016). In addition, studies of idea generation
have often collected ‘think aloud” protocols to capture subjective verbal reports during a
design task (Ericsson and Simon, 1993; Gero and Tang, 2001; van Someren et al., 1994)
along with associated sketches and movements (Suwa et al., 1998).

3.1 Method

In this first study, we followed a think-aloud protocol (Cross, 2001; Hay et al., 2017)
during idea generation sessions with design students before and after instruction to
represent people. We used a within-subjects, single-case AB design where each
participant generated design ideas first before and again after an instruction to include
people in the sketches. We examined qualitative changes in design thinking through
identification of patterns across design ideas guided by inductive qualitative analysis
(Creswell, 2013).

3.1.1 Participants

Participants included 15 fourth-year undergraduate students in 3 design disciplines:
mechanical engineering (Participants 2, 10, 11, 12, 14), art and design (Participants 4, 5,
7, 8, and 9), and user experience design (Participants 1, 3, 6, 13, and 15). Nine reported
their gender as female, five as male, and one did not indicate. Students identified
their race and/or ethnicity as Indian American (1), Asian American (2), white (3),
Hispanic (1), Latina (1), Latine (1), Indian (1), and Asian (3), and multi-racial (2).
Students were recruited through program email lists and received $25 as compensation
for their time.
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3.1.2 Procedure

Each participant engaged individually in a single 1-h session including two idea
generation sessions. The study followed a ‘think aloud’ protocol where participants were
asked to speak aloud any thoughts coming to mind as they generated design ideas, as
described in Atman and Bursic (1998). Verbalising thoughts may affect design processes;
however, evidence shows speaking thoughts that come to mind (rather than explaining
thoughts) does not influence cognitive task outcomes (Ericsson and Simon, 1980, 1993).
Following the prescribed protocol, participants first practiced thinking aloud using a
simple word problem. During the study, participants who stopped talking were prompted
by the facilitator to, “please keep talking”.

For Session 1, we instructed participants to generate as many design ideas as possible
to solve the provided design problem, as shown in Figure 1. We developed a problem
intended to be accessible and appropriate for undergraduates with design training in
mechanical engineering design, user experience design, or art and design. We
intentionally described the problem without specific solution requirements so that a wide
range of approaches (e.g., digital, physical, informational, computational, service-based,
organisational) across design disciplines were applicable.

Following Shah et al.’s (2000) idea generation metrics, a ‘design idea’ in this study
was defined as a completed sketch and written description. A design idea could represent
any idea (whole or partial) that contributes toward a possible version of a solution to the
provided problem. Participants recorded each design idea on separate worksheets with
instruction to include any information they wished in enough detail to allow
comprehension by others.

Figure 1 Design problem provided to students for both idea generation sessions

Design Problem: Helping people move
Moving is considered one of the top stressors in life. When people move, they experience
multiple challenges. For example:

o lifting heavy furniture
navigating through small spaces (door frames, corners, narrow hallways, stairs)
keeping belongings organized
finding other people to help them move
continuing living (and even working) while belongings are in transit
moving in extreme weather (snow, heat, rain)

e and many others...
Imagine you are asked to design for this problem. Considering one or more challenges on
moving day, design a way to help people move households. Make sure to consider the
physical setting in your solution.

After 15 min, the first idea generation session ended. We then introduced verbal and
written instructions to represent “people, a person, or part of a person” within each design
idea sketch in a second session. This specific language encouraged drawing people as
appropriate for the design idea (e.g., a hand operating a phone app or group moving a
couch). We provided five example sketches with people (shown in Figure 2) to suggest
that rough sketches such as stick figures are adequate. In this second session, participants
again generated as many design ideas as possible for the same design problem. The entire
study lasted about 60 min.
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Figure 2 Five example sketches including representations of people provided to participants with
the instructions. Images (a), (b), and (e) include depictions of one or more people, while
images (c) and (d) depict a portion of a person (see online version for colours)

d. l , e. —_—
Source: Image C by courtesy of Laut design (2023); images D and E with
permission from Trucchia (2020)

3.2 Results

Fifteen participants produced a total of 106 design ideas over two generation sessions.
Each design idea sketch, written description, and related protocol transcript portion was
scored for the presence of a depiction of a person or body part (see Figure 3). Sketch
quality was quite basic, with ‘stick’ figures often used to indicate a person.

3.2.1 Representations of people in sketches

In the first session, 30% (n = 17) of design ideas depicted at least one person, while 90%
(n=46) of design ideas in Session 2 did so (see Table 1). This result indicates
participants successfully followed instructions in the second session to include
representations of people within their design idea sketches.

Table 1 Number of design ideas generated by session and number depicting people

Generated All design ideas Design ideas with people
design ideas Session1  Session 2 Total Session1  Session2  Total
Total 56 50 106 17 46 63
Mean 3.7 3.3 7.1 11 3.1 4.2
SD 1.8 15 31 14 1.8 2.6
Percentage 53% 47% 100% 30% 92% 59%

Then, following practices of thematic analysis (Creswell, 2013), two authors identified
qualities of the sketches through an iterative process. Five independent themes (shown in
Table 2) described representing people through emotion, communication, physical
interaction, a full body, or multiple people. Two authors scored for each theme in each
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design idea and discussed discrepancies to consensus following Landis and Koch (1977).
Table 3 shows satisfactory rater agreement and reliability for each category (Cohen,

1960).

Figure 3 Examples of design ideas from two participants, including sketch, written description,
and think-aloud transcript during idea generation tasks

v

vy

\\;;'L

]
/i

vy fﬂ}i ;ﬁ

Written Design
Idea Description:
1. App/online
organize resources
and requires

2. Robot/Machine

Think-Aloud Transcription: “The user requirement can be finding
other people to help them to move. So I think first, maybe an app to
clearly... No, to organize resources, such as moving companies, and the
users who want some people to help them to move. An app, or some
simply online website, or tools, that help people to move.”

Concept 2-1

95 _Q("CDM

o

Written Design
Idea Description:
Bike style pedals to
push slider under
heavy objects and
move objects
around

Think-Aloud Transcription: So the first one | would say, | still want
to focus on is lifting heavy furniture or lifting heavy boxes. So I might
say... Bicycle. You would get...Let's say you have a heavy box and...
You need something to lift it up. So you just have like a wedge. Oh,
this is not really well drawn. Oh well. A wedge. And there's a crank or
a screw of some sort, and it's powered by this chair that has a bicycle.
And there is a person, his feet on that bicycle. And as they peddle, it
pushes the wedge under the box and... or it pushes the pad under the
box. Pad for easy pushing or for less friction. So the pad gets pushed
under the box, and then once the pad is under the box, they can just
move... or the stop will hit the box and then they can essentially just
bicycle their way over... that's how you draw a bicycle. So, it's actually
this pad goes under the box. So, bike-style pedals to push slider under
heavy objects and move objects around. It works. Somehow the
steering gets figured out and let that happened.
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Table 2 Thematic codes capturing representations of people in participants’ sketches

Depicts emotion

Example:
Smiling at
message

80 milés Qe 7“’ Bob,

Shows physical interaction with design

Example: [

PeOpIE g««w A ?w‘*’«a"ﬁ
stacking
materials

NCEN 4

7 4 (\hl’eo b

Depicts a person’s full body

Example: Lol )irgde 3 gly it b e ree] rester-
i

Alternative
removal j ;17,]
steps %D f]

iifl'

op

f: e Text  peecter
.; o lowr bl .
Descripfion: Py et

Depicts multiple people

Example:
Second floor
moves

Example:
Posting on
webpage
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Table 3 Rater agreement and reliability for coded themes in depictions of people

Physical Multiple
Theme Emotion interaction Full body people Communication
Percent 100% 88% 94% 88% 88%
agreement
Cohen’s 1.000 - 0.534 - 0.765 — 0.768 — 0.602 —
kappa perfect moderate substantial substantial moderate

Of 106 design idea sketches, 59% included depictions of people, and 90% included
people after the instruction to draw people. Figure 4 shows the proportion of sketches in
five identified themes: emotion, physical interaction, full body depiction, multiple people,
and communication between people by session. The number of sketches depicting people
increased following the instruction, with physical interaction, full body depictions, and
multiple people increasing significantly following the instruction (see Table 4). Too few
instances of emotion and communication occurred for analysis.

Figure 4 Distribution of sketches from session 1 (n = 56) and session 2 (with the instruction to
draw people) (n = 50) observed for five identified themes: physical interaction, full
body depiction, multiple people, communication, and emotion

0.9
0.8

m Session 1
0.7

# Session 2
06
0.5
04

0.3

Proportion of Ideas

0.2

0.1

Physical Full Body Multiple Communication Emotion
Interaction Depiction People

Reference Categories

0.0

Table 4 Proportion of sketches by session observed for five identified themes: physical
interaction, full body depiction, multiple people, communication, and emotion

Proportion Count Chi
Session 1 Session2 Session1l Session2  square  Significance
Physical interaction 0.25 0.80 14 40 31.9 p <0.001
Full body 0.27 0.74 15 37 23.6 p <0.001
Multiple people 0.11 0.38 6 19 10.9 p <0.001
Communication 0.07 0.08 4 4 undefined
Emotion 0.07 0.18 4 9 undefined

Total 0.53 0.47 56 50
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3.2.2 Generality of references to people in think-aloud protocols

The references to people in the think-aloud protocols were evaluated for their generality.
Two researchers independently coded the protocol segments by design idea for the
presence of any reference in four categories: general level (“everyone”™), type of person,
specific individual, and the designer (“me” or “I”). Table 5 shows two raters’ percent
agreement and Cohen’s kappa for each category, with satisfactory agreement for each
and differences discussed to consensus.

Table 5 Results of coding for generality of references to people in think aloud protocols

Percent  Reliability

References Definition Example agreement  (Cohen’s kappa)
General No specific person:  “The user requirement can 100% 1 — perfect
‘everyone,” generic  be finding other people to
“you” help them to move”
Types of  Groups with “T will draw a muscular 92% 0.821 — almost
people qualifications or person with little bulges on perfect
contexts: “tall the arms to show that he’s a
people” mover”
Specific  Particular “So I’ve a younger sister, 97% Too few
individual individuals: “this but she’s a lot stronger than occurrences
friend of mine” Iam”
Self Self as person (not  ““l wouldn’t want my boxes 92% 0.719 -
as designer): “When getting stuck in the rain or substantial
1did this” anything especially while |
was moving”.

Think-aloud protocols revealed explicit references to people in almost all design idea
transcript segments. Only one design idea -- generated before the instruction to draw
people -- had no direct reference to people. References to specific individuals were rare,
while most references to people across both idea generation tasks were generic (e.g.,
‘people,” ‘they,” “everyone™). The small differences observed in the generality of
references to people by session indicate little change after the instruction to draw people
(see Table 6).

Table 6 Proportions of reference categories observed in think-aloud protocol design ideas
(n =106) by sessions (before and after instruction) show little differences before and
after the instruction

Reference categories Examples Session 1 (n)  Session 2 (n) Difference (n)
General “people”, “they” 0.66 (53) 0.61 (49) 0.05 (4)
Type of person “tall people” 0.18 (14) 0.21(17) 0.03(3)
Specific individuals “my brother” 0.04 (3) 0.04 (3) 0.00 (0)
Self “me”, “I” 0.12 (10) 0.14 (11) 0.02 (1)
Total 1.00 (80) 1.00 (80)

Total design ideas 56 50
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3.2.3 Changes in consideration of people before and after instruction

Changes in how participants talked about people in think-aloud protocols were compared
in the first and second sessions. Two authors independently compared think-aloud
protocols using memoing (Charmaz, 2006) to record differentiating characteristics. Six
patterns were identified by consensus in the 15 participant’s protocols, with three patterns
occurring in multiple protocols.

Participants often shifted consideration of context and stakeholders in several ways
following the instruction, as shown in Table 7. While we did not detect consistent
differences across disciplinary training, we included reference to participants’ training for
added context: User Experience Design (UX), Art and Design (AD), and Mechanical
Engineering (ME).

Table 7 Description of prominent qualitative changes in considering people following the
instruction for each of 15 participants (training: UX = user experience design;
AD = art and design; ME = mechanical engineering)

Prominent change in

Session 2 Participants (n = 15)  Description of change with instruction
Centre people P10 (ME), P12 (ME) Places users at the centre of designs

Add emotions P3 (UX), P5 (AD) Considers user’s emotional needs
Physical interactions P2 (ME), P6 (UX) Considers physical contexts of users

Add community context P7 (AD) Considers a community impacted by idea
Others’ experiences P13 (UX) Considers others’ life experiences

Build on experiences P14 (ME) Reflects on past life experiences

Centring as a practice P4 (AD), P11 (ME) No change: centred people before and after

No detected change P1 (UX), P8 (AD), P9  No change evident across sessions
(AD), P15 (UX)

Centre people. One observed change spurred by the instruction for two participants was
adding people at the centre of design ideas they created. For example, Participant 12
(ME) made only generic references to people in Session 1 (“Light containers can be
moved by a person”); but in Session 2, they included people throughout their description:
“If [1] give [furniture] to the next renter, | only have to talk with them and I can keep all
my furniture in the house so | don’t have to move them... So | have to talk with the guy,
with the leasing office to ask [for the] contact of [the] next renter if they have one”.

Add emotions. Another observed change in two participants’ protocols was moving from
no discussion of emotion in Session 1 to discussing emotional context of potential users
in Session 2. For example, Participant 3 (UX) addressed only physical context of use
before the instruction to draw people, but after the instruction, they introduced emotional
stress from moving and incorporated it in design decisions: “They’re helping her take the
boxes into the new house to ease heavy lifting and maybe emotional stress to have her
friends there with her”.

Consider physical interactions. Two other participants shifted from considering user
emotions to a focus on specific physical contexts after the instruction. Participant 2 (ME)
discussed “the emotional stresses... not being in control of the situation™ first, but after
the instruction, focused on physical engagement with their design: “The user will
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assemble this mechanism on the armchair...they put the handle here and then they take
their other hand and they put the backing inside...then they can use this magnet handle to
change the way that they’re holding the different items without damaging the items”.

Add community context: One participant moved from focusing on a single person to
understanding how a community of people interact with a design. Participant 7 (AD) first
identified what a ‘generic’ user needs: “These materials have to be lightweight because
you don’t want heavy boxes...” After the instruction, they discussed different people
with differing motivations engaging with a design idea: “This is the person who wants to
move...Needs help, physical help...that would be these people. But these people need
incentive to help. Let’s draw, these are drawing household items. And then their
incentive, receive unwanted household items. And they also are giving away items in
moving”.

Consider others’ experiences: Another participant was moved by the instruction to
focus on other people’s experiences rather than solely their own. Participant 13’s (UX)
Session 1 design ideas were related to their experiences in college dorms: “One problem
that stands out to me from moving around dorms to apartments... would be the idea of
having to pack up everything in such a short time while still living in the space and
wanting to continue living there before you move into your new space”. In the second
session, Participant 13 spoke about a situation they had not personally experienced: “So
he goes into the store, and maybe it’s a moving store that also does this, | don’t know.
Part of the store is that they help you move your things, so you go into the store and you
chat with this guy and he says, ‘Okay, I’ll handle it for you.””

Build on past experiences: Participant 14 (ME) moved from discussing people in general
terms to adding specific personal experiences. They spoke generically about people
before the instruction: “The user requirement can be finding other people to help them to
move”. After the instruction to draw people, they pulled inspiration from real experience:
“When 1 first moved to [City], | spent a couple of days going to buy furnitures (sic), and
take them back to my home. It’s painful to move the Ikea furniture, even though they are
broken to pieces, | still have to carry it from the first floor to the third”.

Centring is already a practice. Participants 4 (AD) and 11 (ME) included people in all
sketches in both sessions with equally detailed, involved, and user-engaged designs.
These participants appeared to already incorporate explicit representations of people in
their thinking and sketches. This suggests that employing explicit representations of
people in design ideas and sketches occurs across design disciplines.

No detected change. Four participants (27%) showed little change following the
instruction to include people in sketches. For example, Participant 9 (AD) discussed
people minimally before and after instruction to draw people, expressing discomfort with
sketching people: “For lifting heavy weights, for people like me, who are freaking weak,
we are going to make an arm. First, we’re going to draw a person and that’s believable
(sarcastic)”. Difficulties with sketching people may distract from the aim of design.
Inexpert sketches of physical objects appeared to be more tolerated.

Multiple changes between the sessions indicate greater consideration of community by
participants. One participant explicitly incorporated community context into their
designs, and several others explicitly centred a variety of people in ideas. Explicitly
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exploring and centring a variety of people in design ideas are building blocks for
designing for communities impacted by designs.

The simple instruction to include people in design idea sketches introduced new foci
(emotional, physical), potential users (community, self), and user needs to consider in
designs. The changes observed following the instruction identified different designers’
approaches to centring people, suggesting the same instruction allowed customised
application to each designers’ idea generation process.

3.3 Discussion

In this first study, we found the prompt to represent people explicitly in sketches led to
changes in students’ design thinking about people. Students rarely included
representations of people in their sketches on their own, but all students represented
people in sketches and showed improvements in considering people following the
instruction to draw people. Applying the instruction in the second session may incur
some cost: Students generated slightly fewer design ideas (10%) in the second session,
though this may be due to creative exhaustion (Gray et al., 2019).

After the instruction to draw people, more design ideas considered how people would
physically interact with a design. Considering physical integration is critical for designs
requiring direct interactions with users’ bodies; for example, one study found positive
impacts of practicing somaesthetic reflection during ideation, a practice where the
designer mindfully brings attention to interactions between their body and the designed
object (Wonjun et al., 2014). Design ideas after the instruction also included a full
person’s body more often. Depicting people in design idea sketches enhanced awareness
of physical interactions with the human body.

The instruction also spurred an expansion of considering multiple people beyond the
primary user. More attention went to multiple stakeholders, such as movers, landlords,
and neighbours. Students’ expanded attention shows awareness of social roles and
reflects a more accurate understanding of the interdependence upon which many
communities are built (e.g., Piepzna-Samarasinha, 2018). Further, the exploration of
varied roles shows greater awareness of the context of use, a practice essential in
implementing human-centred designs (Burleson et al., 2020; Holtzblatt et al., 2004).
Inclusion of people’s emotions in design ideas may be expected to aid empathy
development (Kouprie and Visser, 2009), and depicting communications between people
may suggest thinking more deeply about complex social contexts (Zoltowski et al.,
2012).

Qualitative analyses revealed multi-faceted effects of the instruction for individual
designers. The changes after instruction included moving to integral descriptions of
people in designs and highlighting physical or emotional context with individuals moving
in both directions. It is reported that emotions can impact the success of designs (Artacho
et al., 2010; McDonagh et al., 2009). Further work is needed to understand how the
instruction to draw people is adapted by individual designers, and how disciplinary
training may support specific directions.

Designers often design for themselves (Duquenoy and Thimbleby, 1999) and use
generic language to extend their own experiences onto others as a way of meaning-
making (Orvell et al., 2017). However, human-centred design approaches emphasise the
importance of understanding the variety of potential users beyond oneself (Costanza-
Chock, 2020; Molenbroek and de Bruin, 2005; Shum et al., 2016). The instruction to
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depict people in designs requires more specific descriptions of people, moving away from
generic or self-inspired designs. Design ideas in the second session were often inspired
by more complex scenarios grounded in richer descriptions of experiences. The
instruction to represent people in design sketches helped students across disciplines think
differently about people impacted by their designs.

4 Study 2: does instruction to draw people in sketches change design
ideas?

In a second study, we tested whether the observed within-subject differences occur in an
experimental design with a larger sample, focusing on the changes to design idea
sketches.

4.1 Method

4.1.1 Participants

Participants included 42 undergraduate university students studying mechanical
engineering in their second to fourth years of study. All previously completed at least one
project-based engineering design course. Students self-identified their gender, with 27
men, 14 women, and 1 non-binary person, and their race/ethnicity as Asian (21), white
(11), multi-racial (9), and Hispanic/Latinx (1). Students were recruited through email lists
in a mechanical engineering department. Each student received $30 as compensation for
their time in completing the study.

4.1.2 Materials

To make direct comparisons between the first and second studies, we employed the same
design problem, ‘help people move households,” described in Figure 1. We provided
participants with design idea worksheets to record as many design idea sketches and
written descriptions as possible within a single 30-min session.

4.1.3 Procedure

The stand-alone design sessions were conducted with small groups of participants in the
same room. Participants performed the individual design task from Study 1 working only
on paper without any think-aloud protocol. Participants were assigned at random to
receive the instructions to draw people (n = 20) or were given no instructions as a control
group (n=22). In both contexts, students worked alone on the same design problem to
generate design ideas. The facilitator instructed participants to include any information
they wished in their design idea sketches and to add written details for each design idea to
allow someone else to understand it. The experimental group received the additional
instructions and example sketches from the first study (shown in Figure 2): “Represent
people, a person, or parts of a person” in their design idea sketches.
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4.1.4 Data analysis

For each design idea, we analysed all participants’ design idea sketches using themes
from Study 1 to compare the sketches on emotion, communication, physical integration,
multiple people, and full body depiction (see Table 2). Given the previously established
high inter-rater reliability, a single trained researcher completed all coding for this study
while blind to condition (experimental or control).

4.2 Results

Participants generated between 2 and 9 design ideas, with the control group (n=22)
generating 106 design ideas with an average of 4.8 (SD = 1.7) and the experimental
group (n = 20) generating 89 design ideas with an average of 4.5 design ideas (SD = 1.6)
(see Table 8). Of the 195 total design idea sketches, 107 (54.9%) included depictions of
people, with most (80, or 75%) generated by the experimental group. Figure 5 shows the
proportion of sketches identified by themes, with all revealing significant differences by
group (see Table 9).

Table 8 Number of design ideas generated by session and number depicting people

Control group (n = 22) Experimental Group (n = 20)
Generated design Design ideas Design ideas
ideas All design ideas with people All design ideas with people
Total 106 23 89 80
Mean 4.8 1.2 45 4.0
SD 1.7 1.1 1.6 2.0
Percentage 54% 12% 46% 41%

Figure 5 Proportion of sketches from the control (n = 107) vs. experimental group (n = 89)
identified in five themes: depicting physical interaction, a full body, multiple people,
communication between people, and emotion
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Table 9 Proportion of sketches by session observed for five identified themes: physical
interaction, full body depiction, multiple people, communication, and emotion

Proportion Count
Control Instructed Control Instructed Chi-Square Significance

Physical interaction 0.23 0.85 24 76 76.2 p <0.001
Full body 0.26 0.72 27 64 41.9 p <0.001
Multiple people 0.13 0.25 14 22 4.3 p <0.05
Communication 0.01 0.14 1 13 135 p <0.001
Emotion 0.11 0.30 12 27 10.9 p <0.001
Total 0.55 0.45 107 89

The proportion of all theme categories was significantly higher in the experimental group
than in the control group, with design ideas depicting physical interaction and a people’s
full bodies occurring most often. The greatest change after the instruction occurred with
the physical interaction category, indicating that the instruction particularly supported
participants in increasing their consideration of how stakeholders interact with the
designed solution. Almost no ideas in the control group considered communication
between stakeholders, indicating that the instruction to draw people was an important tool
in eliciting that consideration for more of the ideas in the experimental group.

4.3 Discussion

In this second study, we found the instruction for mechanical engineering students to
represent people explicitly in sketches generated important differences in design idea
sketches. Students in the experimental group showed significantly more representations
of people across all five categories of interest: stakeholder physical interaction, showing
full bodies, drawing multiple people, representing communication between stakeholders,
and showing stakeholder emotion. Students generated slightly fewer design ideas in the
experimental group than the control group, indicating that the instruction may take
students more time to implement than their natural, unaided idea generation process.

5 General discussion

Overall, the instruction to represent people in sketches during idea generation led to many
improvements in students’ considerations of interactions of people within their design
ideas. The findings from the first study were supported across a greater number of
students in the second study. By analysing the sketches from both studies using the same
categorisation scheme, we found the effects identified in Study 1 were replicated in Study
2. Additionally, in the second study, we found the instruction to draw people prompted a
significant increase in students’ consideration of communication between people within
their design ideas. The two studies differed: the first study examined 15 design students
across mechanical engineering, user experience, and art and design programs; the second
study examined 42 mechanical engineering students. The variation in training may lead
to different effects by the instruction. Alternatively, the difference could indicate a trend
that simply was not evident in the smaller sample in Study 1.
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We aimed to determine whether a simple instruction to represent people in sketches
may help student designers to centre people during idea generation. This instruction on its
own may not produce nuanced empathy comparable to co-design research methods, but it
appears to be a method promoting incorporation of nuanced and complex information
about people during idea generation. Educators and designers can combine this
instruction to represent people in idea sketches with other strategies to deepen
consideration of people.

The findings from the present studies support many of the same conclusions about
mental visualisations by Dahl et al. (2001). Working without instructions, student
designers rarely showed evidence of visualisations of user interactions within their design
idea sketches. With a simple instruction to depict people in sketches, resulting designs
showed varied ways for people to interact with proposed designs. Our findings are
consistent with those of Dahl et al. (2001) in showing that imagining people within
design ideas increased consideration of users. In Dahl et al.’s (2001) experiments, they
prescribed a specific type of customer to visualise (a senior citizen). In our studies, we
allowed students to define the qualities of people they wanted to represent. This approach
not only allowed for more flexibility in designed solutions, but also provided insight in
the qualities students naturally considered when attempting to centre people in design.

An advantage of the simple ‘represent people’ instruction in the present studies is that
it avoids specifying how the process of mental visualisation is to take place; instead, the
instruction only specifies the presence of people in the design sketch. This approach may
produce more variation among individuals about how they generated their design ideas
and the representations of people within them; however, Dahl and colleagues (2001) also
noted a lack of consistency in applying their instructions across students. While our
instruction about depicting people is much simpler, it is effective in producing design
outcomes with desirable features of deeper consideration of centring people. In further
analyses of students’ reflections on their design ideas from this dataset, we examined
more closely what types of people students selected to describe as their end user
(Makhlouf et al., 2023). We found that with the instruction to draw people, students
focused more on people’s social and physical context of use as well as their personal
preferences and values. We also found that depicting people decreased students’ claims
that their designs worked for ‘everyone,’ suggesting a more nuanced understanding of the
ways design decisions impact different people differently.

Our findings go beyond earlier studies by demonstrating that sketches and
descriptions of design ideas during the design task capture differences in how people are
considered depending on adding an instruction to include people in the design idea
sketches. The present research establishes a method for assessing what designers consider
about people and how their design thinking changes with a prompt to represent people in
their design idea sketches.

Expanding focus beyond a singular user and exploring communication between
stakeholders demonstrate increased attention to people in a community. Bradshaw (2008)
described community in part as built on social relations — namely, community structure
and interactions between people. We additionally follow the guidance of disabled, queer,
and nonbinary scholar Leah Lakshmi Piepzna-Samarasinha, who defined present and
future communities as networks of people giving and receiving to one another. They
envisioned futures of collective responsibility, the building blocks of which are thinking
beyond the individual and imagining various relationships between people. While we did
not measure the diversity of people students considered, we saw evidence of multiple
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shifts that indicate steps towards the community-centred practices recommended by
design justice, human centred design, and other socially-engaged practices (Costanza-
Chock, 2020; Design Justice Network, 2018; IDEO, 2019).

Both studies show that an instruction aimed at the physical interaction of people and
designs promotes richer understanding of humans within design ideas. The simple
instruction in our study increased the number and variety of people designers considered
in the implications of their designs, essential skills identified by systems thinking
literature (Frank, 2000; McKay et al., 2018). An additional related student survey
demonstrated that drawing people during idea generation helped students consider social
community and a variety of people beyond themselves (Makhlouf et al., 2023). Drawing
people in designs supports Design Justice practices engaging with the many diverse
people comprising communities potentially affected by design implementations
(Costanza-Chock, 2020; Design Justice Network, 2018). Our studies provide an ‘easy to
implement’ step towards considering impact on people more deeply and intentionally
early in design processes.

5.1 Limitations

Our goal was to identify a method to support designers in considering people more
deeply as they generated design ideas. However, we did not attempt to directly measure
the overall ‘human-centredness’ of the design ideas. Comparing designs on this
dimension presents challenges because ‘human-centredness’ is not unidimensional and
may be evident through different qualitative features within designs. In addition, the
qualities designers addressed in their design thinking (Study 1) and design idea
descriptions (Studies 1 and 2) showed richer considerations of people following the
instruction to depict people in design sketches. Observation of how designers represented
people in their sketches and discussed people’s needs identified differences in kinds of
human-centred thinking produced by following the instruction to represent people in
designs.

In the AB design of Study 1, the instruction always occurred in the second session.
This complicates assessing design idea quality because early and late design ideas also
differ due to serial order. It is not possible to introduce the instruction to represent people
within the first session and then ask participants to ignore it in a second session because
they are already informed by the earlier session. In addition, verbalising thoughts through
a think-aloud protocol in Study 1 may affect design processes; however, evidence shows
speaking thoughts that come to mind (talking aloud concurrently rather than explaining
thoughts) does not influence cognitive task outcomes (Ericsson and Simon, 1980; 1993).
Think-aloud protocols have contributed important findings to better understanding idea
generation (Atman and Bursic, 1998; Cross, 2001; Hay et al., 2017).

The generalisability of our results to practicing designers is limited by the study
design using a single design problem, a brief session of solo design, and the participation
of student designers. These choices improved experimental control in Study 2, but it also
included only mechanical engineering design students. The proposed method of
instruction about representing people in concepts is limited in applying only to parts of
the design process where sketching occurs. Later stages such as prototyping, for example,
do not afford the same opportunities for representing people. It is important to identify
methods to support human-centred orientations across design processes. Further work
may explore the value of explicit representations of people in promoting centring people
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with more advanced designers, other design problems, teams of designers, and other
design contexts. Though we did not observe differences between fields of design,
disciplines differ in their approaches to centring people, and training materials, methods,
and experiences by discipline may identify other methods for facilitating consideration of
people during design.

5.2 Implications

The findings from this study show thinking about people when generating design ideas
can be enhanced by sketching them interacting with designs. Student designers reported
considering more, and more varied, potential end users as well as more diverse needs
when asked to include people within design idea sketches. Drawing people within design
ideas drew attention to who may use a design and how people may interact with it.
Explicitly representing people within design ideas is an easy strategy to implement, and it
successfully promoted deeper consideration of people during design, the key definition of
human-centred design approaches. Further, making people a focus across design work
can support designs more appropriate for the people and contexts in which the design is
intended to be situated.

Another implication is to focus attention more specifically on who designers intend as
end users of their designs. During idea generation, designers could be asked to clarify
which experiences are informing design ideas to prevent perpetuation of their own biases
and assumptions. In the absence of explicit experiences and broader perspectives from
others, students may unconsciously pull from their own life experiences rather than those
of potential users and other stakeholders. Another strategy could be to avoid the use of
gendered terms (e.g., “he”) that may unconsciously promote limited views of people.
Explicit consideration of varied social contexts (e.g., students living in dorms, families
with children, international moves, senior centres) may encourage more diverse
consideration of people in designs. ldentifying people to consider may help designers
better describe who their design is for and who it is not for, promoting more rich
considerations of how people are impacted by designs.

6 Conclusion

To promote considering people during idea generation, we introduced an instruction to
represent people in design idea sketches in two studies with student designers. The
findings suggest that drawing people within idea sketches can help designers think more
deeply about who may interact with their designs and how people may be impacted. The
think-aloud protocols revealed changes in design thinking following the instruction, such
as including emotional or physical contexts, a wider variety of stakeholders, and more
specific experiences. Across both studies, we observed that including people in design
idea sketches promoted considering people’s physical, emotional, and experiential
interactions within designs. The simple intention to include representations of people
interacting with design ideas can assist designers in centring humans in design processes.
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