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Abstract 
Human-centered design is a prominent approach to engineering design. However, research has 
documented multiple engineering student challenges in considering the people who will use their 
designs. To investigate ways to support the consideration of users during early ideation, we 
conducted an intervention study that specifically asked engineering students to represent people 
in their concept sketches. This exploratory study asked engineering students to follow a “think 
aloud” protocol during early idea generation. First, students generated ideas in the form of 
labelled concept sketches. Then, we intervened by asking students to generate more ideas that 
include representations of people in their concept sketches. Finally, we interviewed students 
about each of their concepts to see how they had considered people in their designs. Through a 
single case analysis, we present the study methodology and intervention, and illustrate potential 
findings. For this case, the intervention led to a change in the sketches as well as in how the 
student was talking about people who would use the designs. This case study suggests that a 
change to instructions during conceptual sketching—requiring representations of people—may 
foster engineering students’ engagement in human-centered design practices. 
 
Introduction 
 
Human-centered design (HCD) requires a deep understanding of people in the design context 
[1]–[3]; however, research documents that engineering students have struggled to consider the 
people who will use their designs [4]–[9]. Empathy is a key mindset in human-centered design in 
order to effectively understand people’s experiences and incorporate them into design decisions 
[10]–[12]. Empathy requires more than knowing about the user; further, the designer has to relate 
to the user and understand their feelings, experiences, and perspectives [13]. While studies have 
demonstrated that engagement with users can help engineering students to incorporate user 
context into their designs (e.g., [14], [15]), and co-creation approaches engage users during 
ideation ([16], [17]), limited research has explored strategies to support keeping the user in mind 
during ideation that happens independently.  
 
The freehand sketch has traditionally been seen as the primary conceptual tool during early 
concept generation [18]. Sketching is important because it allows the visual expression of 
imaginative ideas, iterations through trial and error, and a playful, “what if?” consideration of 
alternative designs [19]. Hand sketching skills remain an important part of design practice, and 
are “an essential asset for brainstorming and other ideation activities” [20]. While sketching can 
support successful ideation ([21], [22]), sketching with regard to the principles of HCD has 



received little attention in the literature. Designs are formed—and informed—by sketching, yet 
there is little support available to encourage engineering designers to maintain a focus on people 
within those sketches. 
 
In this paper, we describe in depth one case of an engineering student who participated in a 
design protocol aimed at exploring relationships between sketching in idea generation and the 
consideration of potential human users. We asked the engineering student to sketch design ideas, 
without and then with the prompt to include people in the created design concepts. Our goal is to 
develop ways of scaffolding engineers’ consideration of human users during conceptual design. 
We hope this will support more varied perspectives on human variability and diversity.  
 
Background  
There are multiple design philosophies focusing on people, such as human-centered design 
(HCD) [11], user-centered design (UCD) [23], and inclusive design [24]. How engineers 
consider people while designing is relevant to all people-focused design philosophies. User-
centered design focuses on how people engage in direct interaction with physical objects 
including computer systems [23].  Human-centered design incorporates a larger contextual 
understanding beyond an individual user to the sociocultural context of use [3], [11]. Inclusive 
design supports considering human diversity and designing for the largest range of people [24]. 
However, a recent review of user-centered design strategies does not report sketches or other 
visual representations of the human user [25]. For example, in two studies of engineering 
students creating inclusive designs, visual representations and sketching were not described as 
part of their design process [26], [27]. While these design philosophies emphasize thinking 
about humans as the focus of design [12], there is little guidance available about how to 
consider humans in concepts during early idea generation. 
 
In engineering and product design, sketching serves as a conceptual tool in forming early ideas 
[18]. Previous studies show design thinking is heavily dependent upon visual representations of 
physical objects [28]. Furthermore, designers’ interpretations and uses of objects depend heavily 
on this representation activity [29], [30]. In fact, studies show that engineers depend on physical 
objects as a means of communicating and thinking through designs [29]. Do (2002) suggested 
sketches and the reactions to them are potentially important to the reasoning process in design 
[31]. 
 
Additionally, engineering designers have been shown to discover new properties and relations 
emerging from their own sketches (e.g., [32]–[36]). Actively reconfiguring sketches and finding 
new meanings in them promotes forming new design ideas [37]. Goldschmidt (2003) identified 
this function as the “backtalk” [36] of interpretations formed through sketches in progress, 
helping engineers in generating and strengthening their ideas [38]. As Barbara Tversky (2002) 
noted, “Sketches are a useful tool for checking and conveying ideas, for self and others. They 
also serve as an external display to facilitate inference and discovery, to go from the intended to 
the unintended, to go from the seen to the unseen [39].” 
 
In practice, hand sketching skills are an important part of engineering and product design, aiding 
discussions in meetings and in idea generation [20], [40]. Studies show that the frequency and 
activity in sketching supports successful design outcomes [41] and guidebooks for sketching 



skills ([40], [42]) are available; in fact, the quality of the sketches was not found to be a factor. 
Further, a series of studies have shown that sketching frequency can be improved through 
interventions affecting motivation, learning, and use of technology [43]. In one of their studies, 
students were required to produce sketches, and this increased students’ reporting of sketching as 
important in design [43].  In a study of training and art interventions, engineering students given 
practical training on basic sketching showed improvement in the short term, but needed 
reinforcement for longer-term improvement [44]. These studies suggest engineering students can 
benefit from training on sketching, and it need not be an impediment during the design process. 
 
In psychology, sketching and drawing has long been thought to reflect how individuals think. 
Children’s sketches of human figures (the Draw-A-Person Test) have been considered to reflect 
their developing intelligence [45], [46]. Cognitive milestones have been tied to features 
reflecting the complexity of spontaneous drawings, with older children including articulated 
parts such as fingers [47]. Research has also identified drawing as a cognitive aid, showing it is 
helpful in organizing and remembering information [48]. Because sketches reveal designers’ 
thinking [49], we reason that designers’ mindset about HCD may be similarly evident in their 
sketches.   
 
Method 
Research Goal  
The goal of our research was to explore the relationship between sketching in idea generation 
and the consideration of potential human users. Specifically, we asked: 

• How, if at all, are human users represented in engineering students’ concepts, and how 
does that representation reveal and influence students’ envisioning of potential concepts? 

• What happens to concepts -- and engineering students’ perceptions of their concepts -- 
when students are asked to represent the users of their ideas within their sketches? 
 

We hypothesized that conceptual sketches that include representations of people would prompt 
engineering students to more fully consider users of their ideas during idea generation. Through 
a case example of one engineering student participant, we investigated the impact of an 
intervention requiring the participant to represent people in their generated concepts. 
 
Participant 
Volunteers for the study were recruited through an email list of mechanical engineering students 
at a large midwestern university, and were given a $25 gift card to compensate for their time. For 
this works-in-progress report, we examine the design study with one senior-level student 
majoring in Mechanical Engineering. The participant reported he identified as male with Indian 
ethnicity.  
 
Procedure 
We conducted the study over one hour following the procedure outlined in Figure 1.  
 

 

Ideation 
Session 1 Intervention Ideation 

Session 2
Retrospective 

Interview



Figure 1: Flow chart of experimental procedure. 
 
We asked the participant to generate design solutions through sketches and thinking aloud. As 
training, we started the participant with a practice problem (“How many windows are there in your 
home?”). Once the participant understood the process, we presented the main design problem: the 
moving scenario (Figure 2).  
 

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

• 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) 
• 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. 

Figure 2: Design problem provided to participants. 
 
Then, we instructed the participant to generate as many ideas as possible during two 15-minute 
sessions. In Ideation Session 1, we collected data about the participant's natural design process. 
Before Ideation Session 2, we introduced our intervention. We explicitly prompted the participant to 
represent “people, a person, or parts of a person” in their sketches. We provided several simple 
example sketches representing people as illustrations. After the participant completed the design 
tasks, we interviewed the participant to reflect on any changes perceived between the Ideation 
Sessions 1 and 2 (Figure 3).  
 

Spread out all of your ideas on the table.  
1. What was your experience like in the first ideation session vs the second? 
2. Can you talk about your approach to generating ideas in the first session vs. the second? 
3. How do you think your ideas changed from the first ideation session to the second? 

Figure 3: Retrospective interview protocol and questions. We asked additional questions of the 
participants but these data are not included in the analysis. 
 
A complete description of the Study Protocol, including prompts and questions, is presented in 
Table 1. 
 
Table 1: Study protocol including script for facilitator. 

Step Time 
allocation 

Activity Description Outputs  

1 3 minutes Welcome, 
consent, 
overview of 
session 

Start audio recording. “Thank you for coming. 
We really appreciate your participation. In this 
session, you’ll be doing a series of tasks which 
will take about an hour. To start, I’d like you to 
read this consent form and sign it at the bottom. 
If you have any questions, let me know.” 

Signed 
consent 
 



2 2 minutes Review 
protocol for 
think-aloud 
process 

“In this study, we are interested in what you 
think about when you design. So I want you to 
THINK ALOUD as you work on the design 
problem. That is, I want you to TELL ME 
EVERYTHING you are thinking from the time I 
present the problem until you have finished your 
answers. Just act as if you are alone in the room 
speaking to yourself. Most important, keep 
talking – if you are silent, I will remind you to 
keep talking. It might feel weird, but we’ll 
practice to get you comfortable with it. Do you 
understand? Let’s try a practice question: How 
many windows are there in your home? < “please 
keep talking” > Great job. Let’s start!” 

Verbal 
confirmation 
of 
understanding 

3 2 minutes Read 
problem 
aloud 

“Read the given problem statement and ensure 
your understanding of the task.” 

Brief 
explanation in 
their own 
words 

4 15 
minutes 

Talk-aloud 
design task 
(1) 

“On these sheets of paper, sketch, label, and 
describe solutions to the problem during the 
allotted time [15 minutes]. Be sure to draw your 
ideas, label them, and create a written 
description. Place each design concept on a new 
concept sheet. I printed more sheets than you’ll 
likely need, but feel free to use as many as you 
want. Each concept should be able to stand alone 
just by looking at it, so include details and text as 
needed. Please keep working for the whole 15 
minutes. Remember to think aloud as you work 
on this task.” 

Multiple 
concepts; 
audio, and 
writing 
recordings 

5 2 minutes Introduce 
intervention 

“Now, we would like you to focus on including 
depictions of people, a person, or parts of a 
person in your sketches. Here are some 
examples.” 
 

Confirmed 
understanding 
of intervention 

6 15 
minutes 

Talk-aloud 
design task 
(2) with 
intervention 

Direct participants: “On these sheets of paper, 
sketch, label, and describe solutions to the 
problem during the allotted time [15 minutes]. 
Be sure to draw your ideas, label them, and 
create a written description. Place each design 
concept on a new concept sheet. I printed more 
sheets than you’ll likely need, but feel free to use 
as many as you want. Each concept should be 
able to stand alone just by looking at it, so 
include details and text as needed. Please keep 
working for the whole 15 minutes. Remember to 
think aloud as you work on this task. Remember 
to include representations of people, person, or 
parts of a person in your sketches.” 

Multiple 
concepts; 
audio,  and 
writing 
recordings 



7 20 
minutes 

Retrospective 
Interview 

“We’re now finished with the design task and 
think aloud. Now, I want to ask you some 
questions about your designs” Discuss answers 
to questions. Prompt if needed: “in the interest of 
time we have to move on.” 

Recording 

8 1 minute Thanks and 
debrief 

Stop audio recording. None 

Total 60 
minutes 

 

 
We used a think-aloud protocol to collect information on the participant’s thought process while 
working on generating ideas. We instructed the participant to say everything he was thinking 
throughout the study, and if he stopped talking, the researcher prompted to “please keep talking.” 
We used a Livescribe Echo pen to record the participant’s writing and drawing on the concepts 
sheets and to capture audio during the study.  
 
We expected that the intervention—the requirement to “depict people, a person, or parts of a 
person within conceptual sketches”—would impact both the types of ideas generated by the 
participant and his perspective of the user of his design ideas. 
 
Data Analysis 
The researcher took notes during the session documenting observations based on what the 
participant said in his think-aloud processing. These notes guided analysis of the concept 
drawings by bringing attention to main differences perceived between the first and second 
ideation sessions. When evaluating concept drawings, we isolated portions of the think-aloud 
transcript which corresponded to each drawing. This separation of portions allowed us to 
compare what the participant documented in the concept drawing and description with how they 
talked about their design during the session. We evaluated the written and transcribed concept 
descriptions by identifying references to concept aspects and potential users. We evaluated 
concept drawings by identifying and comparing main aspects of each idea, similar to Murphy, et 
al. 2017 [50]. These two analyses allowed us to identify how the participant described users in 
both their drawings and descriptions for each concept. We also isolated key insights from the 
participant reflections during the post-task interview capturing the participant’s overall 
perceptions on the differences prompted by the intervention.  
 
Results 
The participant generated six ideas during the first session. The ideas the participant generated 
are shown in Figure 3. Concept numbers indicate the ideation session (first or second) and the 
order in which concepts were generated, i.e. Concept 2-3 is the second ideation session and the 
third idea within that session. 
 

Concept Drawing Written Concept 
Description 



 

Jack to lift furniture off 
the ground. Pads to 
slide under table to 
prevent scratching 
floors. 

 

Furniture parts list to 
keep parts together. 

 

Plastic bag inside box – 
weather proofing. Pre-
manufactured plastic 
lining – biodegradable. 

 

Excel sheet to manage 
all of the different 
aspects of moving. 

 

An essentials box that 
you can use to pack all 
of the last minute items 
– the last items to be 
packed but the first to 
be unpacked. 

Concept 1-6: [No drawing] Keeping assembly 
documents on hand. 



Figure 3: Participant’s drawings and descriptions during the first ideation session (before intervention). 
 
In the first ideation session, the participant began by reviewing the design problem prompt and 
focused primarily on the functional considerations of moving. The participant noted, “going 
down on the list, the first big issue is moving stuff that maybe you're not used to moving.” All but 
one of the ideas were in a similar vein: moving furniture, assembling furniture, packing furniture.  
 
The participant cited materials to use in the concepts like cardboard, plastic, soft sliding fabrics, 
and biodegradables throughout the session. Citing materials led to a tangent on manufacturing 
the box (Concept 1-3): “Boxes are made from big pieces of cardboard, so it's easy to have 
maybe coat the entire side of the box and then cut it out rather than put a plastic bag in after 
making the box.” 
 
Post-intervention, the participant generated four ideas in the second ideation session (Figure 4). 
 

Concept Drawing Written Concept 
Description 

 

Bike style pedals to push 
slider under heavy 
objects and move 
objects around. 

 

AR goggles to create a 
live feed of info to aid in 
communication of what 
needs to be done and 
what has been done. 
Allows users to see 
what’s inside a box 
without opening it. 

Concept 2-3 

 

Backpack w[ith] labels 
for everything so user 
does not have to worry 
about remember[ing] 
anything. 



 

Table with adjustable 
height that facilitates 
packing to alleviate back 
pack. 

Figure 4: Participant’s drawings and descriptions during the second ideation session (with the intervention 
with an instruction to depict “people, a person, or parts of a person” in each concept). 
 
Post-intervention, there was a noticeable shift in focus towards human needs. Each idea began 
with the human’s physicality, and developed from there. While the participant went back to the 
initial design problem prompt for inspiration, every idea was related to human capability. Two of 
the ideas (Concepts 2-2 and 2-3) were wearables, and Concept 2-4 began from mitigating back 
pain: “I guess loading stuff into boxes can be a pain because you're doing lot of the same motion 
and you always want to try and prevent that. So, a lot of bending and at the back.”  
 
The ideas in the second session involved more unique or unusual technology. Concept 2-1 
leveraged a bicycle mechanism in a new context of moving heavy objects; Concept 2-2 brought 
in developing augmented reality (AR) technology: “And you put a holo lens on that head or 
some sort of just awesome Tony Stark style AR…” The “Ironman” movie reference further 
indicates that these concepts are less obviously realistic.  
 
The ideas specified the user input required for the concept to function, in contrast to the first 
session. When thinking through Concept 2-2, the participant said: “You could also make this a 
tablet, but I think it'd be easier to just have goggles because now you have your hands free when 
you're packing stuff or moving stuff, it makes that a lot easier.” This reference to the impact of 
the user’s hands being free indicates that the participant was considering the larger context in 
which this product would be used, rather than developing it as a singular technology. 
 
Concept 2-3 is the first time that the participant discussed the emotional considerations of 
moving rather than purely the physical demands: “So, comes in a backpack, with labels for 
everything so that if you're in a rush, you don't have to worry about forgetting anything. So user 
does not have to worry about... buying or remembering because high-stress situations, my 
experience with that, you always forget stuff.” The participant described the purpose of the 
concept was to help mitigate the emotional toll of moving, an aspect of the design problem not 
addressed in the first session. 
 
Discussion 
The intervention for the second session was intended to draw attention to including depictions of 
people, a person, or parts of a person in design sketches; otherwise, the task of generating ideas 
for the presented design problem remained the same. The intervention appeared to change the 
way the participant thought about people when generating ideas. For example, in the second 
(prompted) session, the participant considered the emotional stress of moving and incorporated 



that into his ideas. This observation suggests the intervention may have potential to increase 
attention to empathy. Because empathy is a key principle in human centered design [3], this 
greater reference to emotion and context in designs may indicate a desirable outcome. In the 
second session, the participant appeared to understand their user’s feelings, demonstrating they 
are building empathy for their context and user [13]. 
 
These preliminary findings indicate that a simple intervention—adding an instruction to depict 
people in concept sketches—may prompt engineering students to design outcomes with more 
user-centered and contextual concerns. Without the requirement to represent people, in this case 
example, the participant’s designs appeared to reflect typical concepts by engineering students in 
focusing on material selection and manufacturing processes. In contrast, the second session 
prompted more examination of emotional stresses and the experiential circumstances that might 
motivate new and different designs. In the second ideation session, the participant considered 
human traits like emotional stress and back pain that were absent in the first session. The 
participant did not name a specific demographic or persona for these designs, but they 
incorporated references to human users in a new way after the intervention. 

The think-aloud protocol was helpful in understanding the participant’s mindset as he was 
generating specific ideas, and allowing the pairing of thinking to the sketch. It led to insights on 
why the participant thought of specific concepts and what he was considering (or not 
considering) about people as he was generating ideas. The retrospective interview question, “Did 
this change from design task (1) to design task (2)?” was answered, “I would pursue an idea in 
the second half more because I think that they’re... it's easier to see how people would use them, 
which is why you design a product at the end of the day.” This comment suggests value in 
adding person-representations to sketching. Ideas generated in this context may more easily 
answer questions like, “Who might use this?” and, “How does it work?” Representations of 
people may make it easier for an engineer to visualize how those ideas will become a reality for 
users. 

The intent behind the intervention is to encourage student engineers to think more deeply about 
the people that will ultimately use their ideas. A simple instruction during sketching may not 
affect engineers’ empathetic understanding of users, but may prompt an initial set of questions: 
“Who is my user? Who is not my user? What do I need to know about the user to work on this 
design?” To answer these questions, the engineer has to further investigate users and their 
contexts of use, potentially leading to more empathic designs. Other research argues that 
sketches are essential in brainstorming and ideation [20]; if so, it appears important that key 
design concerns -- such as centering design on the human – are also thoughtfully embedded in 
sketching. 
 
As a case study with a single participant, the observations are limited in scope and 
generalizability. In creating this study protocol, we hope to expand the works-in-progress to 
consider multiple studies with student engineers. We hope to work with advanced (senior-level) 
engineering students in order to capture their current thinking about sketching as a design 
activity and the representation of people in ideas generated. If consistent findings are uncovered 
across students, this study plan may provide compelling evidence towards curricular needs in 
both sketching skills and in human-centered design. If changes in considering humans in design 



can be motivated by a simple instruction, further studies will be required to examine how to 
promote such thinking over time during engineering education.  
 
Conclusion 
This works-in-progress study protocol presents a plan for the exploration of considering people 
in early idea generation for engineering design. Our overarching goal is to develop scaffolding 
that supports engineering students’ human-centered design practices. We are investigating 
whether a simple intervention to represent people during conceptual sketching will prompt 
students to consider human users and all their potential variability. To date, we examined a 
single case to observe whether this intervention changed how the engineering student thought 
about people during idea generation. Analysis of this first participant demonstrated that the 
intervention prompted a change, and we need to analyze further participants to further 
understand the quality of that change and if other participants will experience a cognitive shift. 
The study protocol provided the observations necessary to understand how students think about 
people during their design process. Over future sessions, we hope to explore how simple changes 
in the way students sketch concepts can help them think more deeply about the people who may 
ultimately use their designs. 
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	In practice, hand sketching skills are an important part of engineering and product design, aiding discussions in meetings and in idea generation [20], [40]. Studies show that the frequency and activity in sketching supports successful design outcomes...

