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Teaching Engineers to Draw People: Enhancing User-Centered Thinking in 

Conceptual Sketching 

Abstract 

Considering diverse perspectives is crucial for advancing inclusive engineering design. 

This Research Paper investigates how teaching different human figure sketching methods 

influences engineering students’ user consideration, idea generation outcomes, sketching 

preferences, design self-efficacy, and sense of belonging. Ten sketching workshops were 

conducted across Summer and Fall 2025. Participants received instruction in one of three figure 

sketching methods seen in Figure 1 or a control condition with no figure sketching instruction. 

Students then completed an idea generation task where figure sketching conditions were 

prompted to include representations of people in their ideas and the control group was not. In 

Fall, an additional control group was added that prompted to include figures during idea 

generation with no figure sketching instruction. Finally, pre- and post- surveys were 

administered with self-efficacy, sense of belonging and preference questions. Results indicate 

that figure sketching instruction may support more specific user consideration during ideation 

instead of creating solutions for generic users. Fall workshop results showed differences in idea 

quantity across conditions, with the fewest observed when students were prompted to include 

people without figure sketching instruction. Students generally preferred the figure sketching 

method they were trained on. However, preference did not always align with intended future use. 

Small but directionally consistent pre–post self-efficacy score increases were observed across 

conditions and no meaningful changes were observed for sense of belonging. This work aims to 

further the work on visual communication in engineering design and has implications on how 

design education is structured, highlighting the importance of including user-centric methods 

early in the curriculum to shape the next generation of human-centered engineers and designers. 

 
Figure 1. Three different approaches for quick and easy methods to incorporate people into 

sketches. (a) Box Figure (b) Stick Figure (c) Jointed Figure 

Introduction 

Design Thinking and Human-Centered Design revolutionized the way design was 

approached through creating strategies that prioritize user needs and directly involve the 

customer in the design process. Although these strategies have been implemented across many 

different phases of the design process, there are generally no explicit strategies to center people 

during conceptual sketching in the early idea generation stages. Simply asking mechanical 

engineers to include people during idea generation improved the specificity of user needs 



considered, leading to more inclusive designs that recognize unique needs of different 

stakeholders. However, a major drawback was that those who included people in their 

conceptual sketches produced fewer ideas [1]. We hypothesize that teaching engineers fast and 

easy person sketching techniques may mitigate these negative effects. This study examines the 

effects of learning figure sketching techniques on engineering students’ design self-efficacy, 

sense of belonging, and design outcomes, including idea quantity and their consideration of 

specific user needs. We address the following research questions: 

RQ1. Which human figure sketching method has the greatest impact on students’ ability to 

consider a diverse range of users during the idea generation? 

H1: The jointed figure may promote consideration of diverse users as the details in this particular 

figure sketching technique allow differentiation of genders (i.e. men drawn with square hips and 

women with trapezoidal hips). 

RQ2. Does learning different human sketching methods impact the quantity of design ideas 

generated by students during an idea generation session?  

H2: Prior work indicates that telling engineering students to include representations of people, a 

person, or parts of a person significantly decreased the total number of ideas generated [1]. 

Teaching quick figure sketching methods may prevent this. It is anticipated that the Stick Figure 

will be the most preferred among engineers and have the greatest impact on the quantity of ideas 

as observed in the Summer 2025 pilot [2]. This method is the simplest and allows easy 

manipulation of the figure. 

RQ3. To what extent do students’ sketching style preferences align with their likelihood to use a 

particular style in the future, and does this relationship differ by instructional condition (e.g. Stick 

Figure or Box Figure)? 

H3: It is hypothesized that students who had figure sketching instruction will prefer and will 

intend to use the figure sketching style that they were trained on. Control groups will show less 

alignment between preferences and perceived future use.  

RQ4. Does learning human figure sketching influence students’ engineering design self-efficacy 

and sense of belonging in engineering?  

H4: Students may exhibit increased engineering design self-efficacy especially for factors 

involving customer needs identification, visualization and creativity, specifically factors 

Identifying Customer Needs and Describe the Problem. Women may exhibit increased feelings 

of belonging in engineering, supporting the idea that empathy-focused activities and spatial 

visualization skills like sketching can appeal to women and impact retention of women in 

engineering [3, 4].  

 

Background 

Figure sketching and Conceptual Sketches 

Incorporating representations of people into conceptual design sketches has been shown 

to promote attention toward the individuals who will ultimately interact with a system, 



supporting more user-centered approaches to design [1, 5]. User-centered design focuses on 

developing solutions that consider the needs, preferences, and experiences of specific end users 

[6]. We build on this framework by integrating human figure sketching techniques - an approach 

not currently included in engineering education - to better understand the user and operationalize 

user-centered design principles. Prior studies demonstrate that when engineers are encouraged to 

include people or parts of the human body in their sketches, they are more likely to differentiate 

among user groups and attend to specific stakeholder needs, rather than defaulting to broadly 

applicable but potentially ineffective “one-size-fits-all” solutions [1, 5]. Representing people in 

sketches can also prompt consideration of the social, physical, and environmental contexts in 

which designs will be used [1, 5]. Beyond engineering research, authors in visual communication 

books have similarly argued that drawing human figures can increase empathy, clarity, and 

engagement in design work [7, 8]. However, as a drawback, engineers who included human 

figures generated fewer concepts which has implications on creativity of ideas [1]. One proposed 

solution to mitigate these drawbacks is to teach fast, low-fidelity figure sketching strategies to 

equip engineers with the skills and confidence to incorporate people into their conceptual 

sketches without compromising idea quantity. A range of quick human figure representations 

exists. Figure 1 shows three quick and effective methods to incorporate people into sketches [8] 

that were investigated in this study. The existing literature provides no further guidance on which 

specific forms should be taught to engineers.  

Self-Efficacy and Sense of Belonging  

Bandura’s Social Cognitive Theory explains how people learn and behave in social 

contexts [9] with a specific emphasis on promoting self-efficacy [10], and cognitive and 

behavioral skills [9, 11]. Self-efficacy refers to an individual’s belief in their ability to perform 

specific tasks and is a key determinant of motivation, persistence, and learning. Students with 

higher self-efficacy beliefs are more likely to engage with learning activities and seek challenges 

and opportunities to develop new skills [10]. These beliefs are shaped through knowledge 

acquisition and mastery experiences, in which individuals apply their knowledge and skills to 

accomplish a task [11]. Bandura identifies mastery experience as the most powerful source of 

self-efficacy [10]. Without adequate knowledge and practiced skills, even highly motivated 

individuals may struggle to perform a behavior [9, 11]. Self-efficacy in engineering design has 

been measured using the Engineering Design Self-Efficacy (EDSE) scale which includes 

targeted items that measure confidence in design-related activities such as concept generation 

and evaluation [12]. Recently, the Self Efficacy Engineering Design (SEED) instrument was 

developed to improve on the EDSE scale and has been validated in an undergraduate engineering 

population to correlate with students’ confidence in completing various design phases [23]. 

Alongside self-efficacy, sense of belonging has been widely recognized as a critical factor 

influencing engineering students’ engagement [13] and retention [14]. Undergraduate 

engineering students often report lower levels of belonging compared to graduate students and 

faculty, suggesting that early academic stages may be particularly vulnerable periods [15]. 

Additionally, women and students from underrepresented minority groups often experience 

lower sense of belonging and alienation in engineering compared to men [16, 17], leading to 

higher dropout rates [18]. These patterns highlight the need for educational interventions that 



address not only skill development, but also students’ perceptions of inclusion and support. 

Belonging is influenced by a complex interplay of factors such as academic environment [16], 

self-efficacy [19], prior engineering experience [20], math skill and readiness [21], and diverse 

representation among peers and mentors [17]. The Psychological Sense of School Membership 

(PSSM) scale has been validated [22] and has been revised for undergraduate engineering 

students’ sense of belonging within their engineering program [21]. The revised PSSM includes 

6 items to assess the extent to which students feel accepted, respected, included and supported in 

their academic setting and has been validated for use in an undergraduate engineering education 

context to measure sense of belonging related to math readiness in under-represented minorities 

[21]. 

Methods  

The classroom, quasi-experimental design investigates the impact of teaching different 

figure sketching methods (Stick, Jointed, Box) on engineering students’ user consideration and 

design outcomes during idea generation. Additionally, we explore preferences for various figure 

sketching methods and investigate how learning figure sketching influences engineering design 

self-efficacy and sense of belonging in engineering.   

Participants 

Two sets of workshops were conducted during the Summer 2025 and Fall 2025 

semesters. In total, data was collected from ten workshops across both semesters as shown in 

Table 1. All participants were recruited from the same first-year mechanical engineering 

introduction to sketching and CAD course at a public university in southeast US. The course was 

taught by the same instructor for both semesters to control for instructor-related differences. 

During Summer 2025, six workshop sessions were conducted towards the end of the semester, 

two Stick-Figure, two Box-Figure, one Jointed-Figure, and one Control group. Each course 

section was randomly divided into two workshop groups, with one group facilitated by a PhD 

student in mechanical engineering and the other by a mechanical engineering professor. Each 

workshop session included 19-21 participants. During Fall 2025, data was collected in the 

beginning of the semester from four additional workshops conducted across four course sections, 

facilitated by the same PhD student. These workshop sessions were not split and had participant 

counts of 48, 48, 45, and 35. Four experimental conditions were implemented during the Fall 

semester: a Stick-Figure group, a Box-Figure group, a Control group that received no figure 

sketching instruction and no prompting to include people in idea generation (Control-no-

Figures), and Control group that received no figure sketching instruction and were explicitly 

prompted to include people in their idea generation designs (Control-with-Figures). The 

additional Control-with-Figures condition (in which participants were prompted to include 

people without receiving sketching instruction) was introduced to isolate the effect of figure 

sketching instruction from the potential confound of explicitly prompting participants to include 

figures, which may influence idea quantity. 

This paper reports different outcome measures by semester. Data from four of the 

Summer 2025 workshops examine the user needs considered in participants’ design ideas (RQ1), 



while data from the Fall 2025 workshops are used to analyze idea quantity (RQ2), preferences 

(RQ3), as well as engineering design self-efficacy and sense of belonging (RQ4). The four 

workshops were analyzed to represent each experimental condition facilitated by the same 

instructor to reduce instructor differences. 

Table 1. Distribution of participants (N) across workshop conditions by semester, 

including instructor type for Spring 2025 and Fall 2025 control and figure sketching 

conditions. 

Semester Workshop 

Condition 

Workshop Instructor N Time  

Spring 25 Stick Figure  ME PhD Student 21 9:30-10:45am 

Spring 25 Box Figure  ME PhD Student 19 9:30-10:45am 

Spring 25 Jointed Figure  ME PhD Student 20 9:30-10:45am 

Spring 25 Control  ME Professor 20 9:30-10:45am 

Spring 25 Stick Figure  ME Undergraduate Student 17 9:30-10:45am 

Spring 25 Box Figure  ME Professor 19 9:30-10:45am 

Fall 25 Stick-Figure  ME PhD Student 46 9:30-10:45am 

Fall 25 Box-Figure  ME PhD Student 37 5pm-6:15pm 

Fall 25 Control-no-figures  ME PhD Student 47 9:30-10:45am 

Fall 25 Control-with-figures  ME PhD Student 45 2pm-3:15pm 

 

Study Design 

Workshops were conducted during the final 90 minutes of the 2-hour 45-minute lab 

sessions. Participants first completed a pre-workshop survey consisting of 24 items from the 

Self-Efficacy for Engineering Design (SEED) instrument [23] and six items from the 

Psychological Sense of School Membership (PSSM) scale [21]. Minor contextual wording 

adjustments were made to reflect the participants’ enrolled major (e.g., replacing “General 

Engineering” with “Your Major”), while preserving the original item structure and Likert 

response format. Following the survey, participants engaged in a 30-minute instructional session. 

In the figure sketching conditions, this session introduced a specific person sketching method 

(Stick, Box, Jointed), covering construction of a basic standing figure as well as techniques for 

conveying motion, action, and interaction with objects through guided practice (e.g. figures 

shoveling, hammering, taking photos, and riding a bike). The control conditions focused on 

sketching the same set of objects used in the figure sketching sessions (e.g. hammer, shovel, 

camera, bike) without any human figures and thus, object context was held constant while figure 

construction instruction varied across conditions. After instruction, all participants completed a 

30-minute concept generation task focused on designing solutions to “help people move” [1, 5]. 

The prompt included different problems faced by people who are moving homes and can be seen 

in [1,5]. Participants in the figure sketching and Control-with-Figures conditions were explicitly 

instructed to include representations of people or parts of a person in their concept sketches in 

their prompt, whereas the other control group received no requirement. Upon completing concept 

generation, participants were given a pen of a different color, asked to number each concept, and 



responded to two reflection questions of: “Who is this idea for?” and “Who do you imagine 

would use it?” These prompts were adapted from prior work [1, 5]. Finally, participants 

completed a post-workshop survey that repeated the pre-survey measures and included two 

additional items assessing participants’ perceptions of figure sketching and their likelihood of 

using the techniques in future design tasks. 

Results  

All analyses were conducted in R (version 4.4.2). The user needs considered were 

analyzed for the Summer 2025 workshops only. Analysis of post reflection questions and user 

needs for the Fall 2025 workshops is ongoing and therefore not included. 

RQ1. Which human figure sketching method has the greatest impact on students’ ability to 

consider specific users during the idea generation? 

Two raters independently evaluated all sketched ideas and associated reflection responses 

for the Summer 2025 workshops using thematic analysis guided by a pre-established coding 

framework from prior work [1, 5]. The first rater was a fourth-year undergraduate student in 

biomedical engineering with a minor in psychology, and the second was a PhD student in 

mechanical engineering, both authors of this paper. The raters demonstrated strong interrater 

reliability (Cohen’s κ = 0.83), indicating a high level of coding consistency.  

Figure 2 presents the total number of ideas across the 13 identified user descriptors. In 

Fig. 2, user descriptor categories are defined as follows: Specific Preferences and Values (people 

with lifestyle or value-based traits), Support (people with or without help of social community), 

Specific Age Group (age-defined users), Financial Resources (monetary constraints or access), 

Non-Monetary Skills/Resources (access to knowledge, tools, or expertise), Own Particular 

Possessions (people with distinct belongings), Physical Environment (environmental constraints 

such as stairs or weather), Physical Ability (strength, mobility, or disability), Organized 

(organized/disorganized users), Scheduling and Stress (time pressure or workload constraints), 

Specific Occupation (profession-based needs), Movers/Moving Companies (professional movers 

as users), and All People (broadly generalized users). Descriptors and examples can be found in 

[1,5]. Table 2 shows the statistics of the significant comparisons using a chi-square test.  

 

 

 



 
Figure 2. Frequency of ideas categorized for user descriptors mentioned across four 

sketching conditions (Stick-Figure, Box-Figure, Jointed-Figure, and Control). Asterisks 

indicate statistically significant differences between conditions using a chi-square test (p < 

.05). 

Table 2. Significant chi-square comparisons of user type categories between figure 

sketching conditions and the control condition. Counts (n) reflect the total number of ideas 

in which each user descriptor was mentioned. Reported p-values are uncorrected. 

User Descriptor Category  Comparison 

Group (n)  

Control 

Group (n) 

Chi Square 

(df = 1)  

p-value  

Physical Ability: People with 

particular physical ability 
Stick (24)  Control (8) 2.92 0.05 

Movers/Moving Companies: 

People who are not the primary 

user, specifically movers and 

moving companies 

Jointed (14)  

 

Control (24) 3.86 0.04 

Stick (15) Control (24) 9.47 0.002 

" All people"  Jointed (3)  Control (10) 3.54 0.05 

 

Overall, Figure 2 shows that participants in the figure sketching conditions had more 

ideas with a broader range of user descriptors and needs compared to the control condition, with 

some categories showing statistically significant differences between groups (Table 2). The 

values in Table 2 reflect the total number of ideas mentioning a particular user type (e.g., 

“physical ability”) across all students in that condition. Differences in the distribution of user 

needs considered were evaluated using chi-square difference tests, comparing each figure 

sketching condition to the control condition. Similar analysis was done in prior work [1]. The 

Stick-Figure group had more ideas that considered users physical abilities compared to the 

control group. In contrast, the control group identified significantly more generic users such as 

“movers” or “moving companies,” than the Jointed-Figure group. Furthermore, the Control 

group had significantly more ideas that were for “all people” or “everyone” where no specific 

users were mentioned compared to both the Jointed- and Stick-Figure groups. These patterns are 

consistent with prior findings demonstrating that figure-drawing may encourage designers to 

consider more specific user groups [1, 5]. The Jointed-Figure instruction included techniques to 



differentiate sketches of men and women which may impose additional cognitive or 

representational details that promote unique gender categorizations. The other figure sketching 

techniques do not have approaches that indicate gender. Interestingly, users’ financial resources, 

non-monetary skills/resources, and organization/scheduling stress showed low frequencies across 

all figure sketching conditions, indicating that figure sketching may primarily influence attention 

to physical, embodied, and situational user attributes rather than economic or logistical factors. 

However, further analysis with a bigger sample size is needed to confirm these observations. 

 

RQ2. Does learning different human sketching methods impact the quantity of design ideas 

generated by students during an idea generation session?  

Figure 3 shows the mean number of distinct ideas generated per individual student in the 

Fall 2025 workshops. Idea quantity was assessed using participants’ self-reported counts of 

distinct concepts produced during the design task. The research team visually examined all 

submitted sketches to ensure that numbered concepts reflected substantively different solutions 

rather than obvious duplicates. The mean and standard error can be seen in Figure 3.  

 

 
Figure 3. Mean number of ideas generated across conditions. Points represent condition 

means and error bars indicate ±1 standard error. 

 

A one-way ANOVA revealed a significant effect of condition on the number of ideas 

generated (F(3,171) = 3.14, p = 0.027). Because the assumption of normality was violated, 

additional analyses that do not rely on normality or equal-variance assumptions, a Welch 

ANOVA (Welch F(3, 91.63) = 3.02, p = 0.034) and a Kruskal–Wallis test (Kruskal–Wallis χ² (3) 

= 8.31, p = 0.040) were also conducted, both of which yielded consistent results. However, post-



hoc pairwise Tukey and Wilcoxon comparisons did not identify statistically significant pairwise 

differences and none of the p-values were below 0.05. The absence of significant pairwise 

differences suggests that the omnibus effect is driven by modest differences across multiple 

conditions rather than a single dominant contrast. Participants in the Box-Figure condition 

produced the highest mean number of concepts (5.62, SE = 0.53), followed closely by the 

Control-no-Figures group (5.40, SE = 0.40). The Stick-Figure condition resulted in a lower 

average number of concepts (4.34, SE = 0.35), while the Control-with-Figures group yielded the 

lowest mean (4.17, SE = 0.34). The lowest average occurred in the Control-with-Figures 

condition, suggesting that asking students to include people without giving them any figure 

drawing prompt may increase cognitive effort and reduce the number of ideas generated. The 

Control-with-Figures finding is consistent with prior work [1, 5] and underscores the importance 

of figure sketching instruction and skill development. However, unlike the Summer 2025 cohort, 

the Stick-Figure group did not generate a higher number of concepts in the Fall 2025 study [2]. 

One possible explanation is the timing of the lab sessions: in the Fall, the Stick Figure condition 

was conducted at the 8 a.m. lab session, whereas the other conditions met in the afternoon, which 

may have influenced participant engagement and ideation performance. 

 

RQ3. To what extent do students’ sketching style preferences align with their likelihood to use a 

particular style in the future, and does this relationship differ by instructional condition? 

Preferences and intended future use for figure sketching approaches were evaluated using 

two ranking questions on the post survey: (Q1) What style of human figure sketching do you 

prefer? (Q2) What human figure sketching method are you most likely to use in the future? 

During the post-survey, all participants were shown standardized examples of the three figure 

styles side-by-side and independently ranked their preference and intended future use. For each 

workshop condition (Stick, Box, Control-no-Figures, Control-with-Figures), the proportion of 

respondents selecting a given technique as their top choice was calculated. 

 

Table 3 shows the percentages of those who chose each figure sketching method as their 

top ranked for each of the four conditions, the alignment percentages between preference and 

intended use and Cohen’s kappa to quantify agreement beyond chance. For each participant, 

alignment was coded as a binary outcome indicating whether the same method (Stick, Box, or 

Jointed) was ranked highest in both Q1 and Q2. The results suggest that the workshop condition 

and idea generation prompt had an impact on participants’ preferences for figure drawing 

methods. Participants in the Box-Figure condition showed highest alignment (70.3%) with 

moderate and statistically significant agreement (κ = 0.40, p = 0.002) between preference and 

intended future use. Participants in the Stick-Figure condition showed a relatively balanced 

preference between the Stick (42.8%) and Box (46.9%) figures for the “most liked” question, 

however, majority (77.5%) reported that they would be most likely to use Stick Figures in the 

future resulting in low agreement (κ = 0.11). This suggests that while Box Figures may be 

perceived as visually appealing, Stick-Figures may be viewed as more usable which may be a 

direct effect of skill development for this condition.  

 



Table 3. Quantitative survey results for Question 1 “What style of human figure sketching 

do you prefer?” and Question 2 “What human figure sketching method are you most likely 

to use in the future?”, and Alignment of top method chosen for Q1 and Q2 in terms of 

percentage, and Cohen’s Kappa.  

 

Interestingly, participants in Control-no-Figures showed low alignment between 

preference and intended use, preferring Box-Figures but reporting greater likelihood of using 

Stick-Figures in the future. In contrast, participants in Control-with-Figures preferred and 

intended to use the Stick Figure with 62.8% alignment and moderate significant agreement (κ = 

0.38, p < 0.001). The differing patterns observed between the two control conditions suggest that 

explicit expectations to include figures, even in the absence of formal instruction, influence how 

students evaluate and anticipate using figure sketching methods. When figure inclusion is framed 

as an expectation, students may gravitate toward methods they perceive as efficient and 

cognitively accessible, even without prior training. 

 

RQ4. Does learning human figure sketching influence students’ engineering design self-efficacy 

and sense of belonging in engineering? 

 

The self-efficacy data reported in Table 4 was obtained in the pre- and post-surveys that used the 

SEED instrument. Table 4 shows the post – pre median difference scores and p-values of the 

Wilcoxin Signed-Rank tests for each condition across the six engineering design self-efficacy 

measures. The exact wording for the questions can be found in [23].  Median change scores were 

used to summarize pre–post differences because the self-efficacy measures were collected using 

Likert-type scales and exhibited non-normal, bounded, and tied distributions. Medians provide a 

more robust estimate of within-participant change and are less influenced by small shifts across 

individuals than means. This approach aligns with the use of the Wilcoxon signed-rank test, 

which is based on ranks rather than mean differences. The results indicate that figure sketching 

instruction and workshop participation were associated with small, directionally consistent 

increases in several self-efficacy dimensions, particularly idea generation and system-level 

Workshop 

Condition 

Question 1 – Most 

liked 

Question 2 – most 

likely to use in future 

Q1 and Q2 Alignment  

% 

stick  

% 

box 

% 

jointed 

% 

stick  

% 

box 

% 

jointed 

% 

Alignment  

Cohen’s κ 

Stick Figure  

(n= 46) 

42.8 46.9 10.2 77.5 12.2 10.2 47.8 0.11(p=0.18) 

Box Figure 

(n= 37) 

27 59.5 13.5 24.3 72.9 2.7 70.3 0.4(p=0.002) 

Control no 

figures   

(n= 47) 

34.0 53.1 12.7 76.6 14.8 8.5 42.6 0.11(p=0.15) 

Control with 

figures  

(n= 45) 

48.8 37.7 11.1 62.2 11.1 22.2 62.8 0.38(p<0.001) 



design. Across all conditions, significant gains were observed consistently in Describe the 

Problem, Generate Design Concepts, and System-Level Design, suggesting that participation in 

the workshops may increase their self-efficacy in these design activities.  

Table 4: Median Difference Scores and Wilcoxon Signed Rank test p-values comparing 

pre- and post- self-efficacy score 

 The figure sketching conditions were associated with more consistent and larger median 

self-efficacy shifts for Identifying Customer Needs relative to the control conditions. The Stick-

Figure condition showed small but consistent median increases across most design dimensions, 

with the largest gains observed for Identifying Customer Needs, Describing the Problem, 

Generating Design Concepts, and Conducting System-Level Design. Although Wilcoxon tests 

indicated directional consistency for several dimensions, median changes remained modest, 

suggesting minor rather than substantial gains in confidence. In contrast, the Box-Figure 

condition exhibited selective median improvements, particularly for Identifying Customer Needs 

and Describing the Problem, while no median change was observed for Describing Design 

Specifications. Considering the specific items associated with these dimensions, these findings 

suggest that learning to sketch basic human figures may support students’ ability to reason about 

user needs, intentions, and constraints. Notably, the Control-with-Figures condition showed no 

median change in Identifying Customer Needs, indicating that merely prompting participants to 

include figures without training may support ideation-related confidence but does not 

meaningfully enhance self-efficacy related to user-centered evaluation. No significant 

improvements were observed in the sense of belonging questions.  

The pattern of self-efficacy results observed in Fall 2025 differs from those reported in 

our prior study for Summer 2025 [2]. While earlier findings suggested that gains in design self-

efficacy were primarily associated with figure sketching instruction, the current results show 

significant pre–post increases across all conditions. This difference is likely attributable to the 

timing of the intervention within the semester. In the Summer study, workshops were conducted 

Workshop 

Condition 

Self-Efficacy Questions Dimensions, Post-Pre Median Difference and Wilcoxon Signed 

Rank (p-values) 

Identifying 

Customer 

Needs 

Describe the 

Problem 

Describe 

the Design 

Specs 

Generate 

design 

concepts 

Select Best 

Concept 

Conduct 

System Level 

Design 

Stick-Figure (n= 45) 

0.33 

(p<0.001) 

0.25 

(p<0.001) 

0 (0.02) 0.33(p<0.001) 0(0.08) 

 

0.40 

(p<0.001) 

 

Box-Figure (n= 36) 

0.5 

(p<0.01) 

 

0.5(p<0.001) 

 

0(0.15) 

 

0.5 (0.012) 0.33 

(<0.001) 

0.40 (0.040) 

Control-no-Figures   

(n= 47) 

0.33(0.003) 0.25(0.007) 0 (0.270) 0.50(<0.001) 0.33 

(0.082) 

0.40 

(p<0.001) 

Control-with-Figures  

(n= 45) 

0 (0.162) 0.25(0.005) 0(0.797) 0.33 (<0.001) 0 (0.483) 0.4(p<0.001) 

       



after students had completed instruction in CAD and multiple design representations, resulting in 

more calibrated self-efficacy judgments that were sensitive to instructional differences. In 

contrast, the Fall workshops were conducted at the beginning of the semester, when students had 

only received basic sketching instruction. At this stage, completing a structured design task may 

constitute a strong mastery experience regardless of condition, leading to broader increases in 

self-efficacy and attenuated differences between instructional approaches. Importantly, while 

Wilcoxon p-values frequently indicated statistical significance, these effects reflect directional 

consistency rather than practical gains. The median differences suggest that brief instructional 

interventions, whether figure-based or not, may modestly influence confidence in early-stage 

design activities, but do not substantially alter broader self-efficacy beliefs over a short time 

frame.  

Discussion 

This study investigated how teaching different human figure sketching methods 

influences engineering students’ user consideration, idea generation outcomes, sketching 

preferences, and perceptions of design self-efficacy and belonging during early-stage ideation. 

Findings are summarized below by research question. 

RQ1. Which human figure sketching method has the greatest impact on students’ ability to 

consider a diverse range of users during the idea generation? 

Results from the Summer 2025 workshops indicate that figure sketching instruction 

supports more specific and diverse user consideration compared to the control condition. In 

particular, the Stick-Figure condition was associated with increased mention to users’ physical 

abilities, while the Jointed-Figure condition showed reduced reliance on abstract or non-specific 

user categories. These findings are consistent with prior work suggesting that drawing human 

figures can cue embodied and situational reasoning about users. Continued analysis of the Fall 

2025 workshops hopes to validate these claims with a bigger sample. Interestingly, low frequencies 

of economic and logistical user attributes across all conditions suggest that figure sketching may 

primarily support attention to physical and experiential aspects of use rather than broader 

contextual constraints, however, a larger sample is needed to confirm this hypothesis. 

 

RQ2. Does learning different human sketching methods impact the quantity of design ideas 

generated by students during an idea generation session?  

Idea quantity was operationalized as the total number of distinct concepts generated per 

participant during the 30-minute ideation task. Participants were instructed to number each 

different solution and this self-numbered count was used as the measure of idea quantity. The Fall 

2025 workshops revealed differences in idea quantity across conditions, with no single condition 

driving the overall significant effect. Participants in the Box-Figure and Control-no-Figures 

conditions produced the highest mean number of concepts, while the Control-with-Figures 

condition produced the fewest. This suggests that prompting students to include people and 

explicitly telling them to include representations of people may increase cognitive load and 

constrain ideation. Figure sketching instruction appears to mitigate this burden, though it does not 

uniformly increase idea quantity. Differences between the Summer and Fall results further suggest 



that contextual factors, such as timing of the workshop within the semester and time of day may 

affect ideation. 

 

RQ3. To what extent do students’ sketching style preferences align with their perceived future use, 

and does this relationship differ by instructional condition? 

Preference and alignment analyses demonstrated that instructional condition influenced 

how students evaluated and anticipated using figure sketching methods. Participants in the Box-

Figure condition exhibited the strongest alignment between preferred and intended methods, 

indicating that this approach may be perceived as both appealing and usable when explicitly taught. 

In contrast, participants in the Stick-Figure condition often preferred Box Figures but reported a 

greater likelihood of using Stick Figures in the future, suggesting that learning the method may 

outweigh preference when students consider future design practice. The contrasting patterns 

observed between the two control conditions further indicate that explicit expectations to include 

figures shape method evaluation, even in the absence of formal instruction of figure sketching 

methods. 

 

RQ4. Does learning human figure sketching influence students’ engineering design self-efficacy 

and sense of belonging in engineering? 

Across all conditions, small but directionally consistent increases in several design self-

efficacy dimensions were observed, particularly for Describing the Problem, Generating Design 

Concepts, and Conducting System-Level Design. Median change scores indicate that these gains 

were minor, suggesting incremental shifts in self-efficacy. Figure sketching conditions showed 

more consistent median increases for Identifying Customer Needs relative to the control 

conditions and may particularly benefit user needs identification. However, no meaningful 

changes were observed for sense of belonging. Differences between the Summer and Fall results 

suggest that timing within the semester plays a critical role, with early-semester workshops likely 

producing broad mastery-related confidence gains regardless of condition, thereby attenuating 

instructional differentiation. 

Conclusion 

The findings of this study have implications for how sketching and representation are 

taught in early engineering design education. The results suggest that human figure sketching 

instruction is most impactful as a cognitive cue for user-centered thinking, rather than as a 

mechanism for increasing idea quantity or producing large shifts in self-efficacy over short time 

frames. Educators seeking to promote consideration of specific users may benefit from 

incorporating figure sketching into ideation instruction. Simply asking students to include people 

in their sketches, without providing tools or techniques for doing so, may increase cognitive load 

and constrain ideation. The preference and alignment results indicate that students distinguish 

between what they find visually appealing and what they perceive as usable in practice. While 

more detailed figure styles (e.g., Box Figures) may be preferred aesthetically, simpler 

representations (e.g., Stick Figures) may be viewed as more efficient and transferable to future 

design work. 



With all studies, this study comes with several limitations. First, the workshops were 

conducted within a single first-year mechanical engineering course at one institution, which may 

limit the generalizability of the results. Second, workshop conditions in Fall 2025 were assigned 

at the section level rather split. Although the course structure and instructor were held constant 

across semesters to reduce variability, there is the possibility of confounds such as section-level 

dynamics, time-of-day effects, or cohort differences. For example, differences in lab timing 

between conditions, particularly the early-morning Stick Figure may have influenced 

engagement and ideation performance independently of instructional condition. Third, idea 

quantity and design self-efficacy outcomes relied on self-reported measures. Although validated 

instruments were used where possible, self-reports may be subject to response bias, calibration 

effects, or short-term shifts in perception following an instructional activity. The results in this 

study likely only apply to design problems where users have widely varying needs such as when 

moving from one location to another and the results are likely influenced by the design prompt.  

Finally, the analysis of user needs considered was limited to the Summer 2025 dataset, and 

analysis of Fall 2025 reflection responses is ongoing. As a result, conclusions regarding user 

consideration are based on a subset of the collected data, limiting the ability to draw strong 

conclusions about the influence of figure sketching on these aspects of user needs consideration. 

Acknowledgements  

This material is based upon work supported by the National Science Foundation under Grant 

2013505. Any opinions, findings, and conclusions or recommendations expressed in this material 

are those of the author(s) and do not necessarily reflect the views of the National Science 

Foundation. 

References  

[1] T. E. Makhlouf, L. R. Murphy, S. R. Daly, and C. E. Seifert, "Who Is This Design For? 

Promoting Consideration of People During Concept Generation," in International Design 

Engineering Technical Conferences and Computers and Information in Engineering 

Conference, 2023, vol. 87349: American Society of Mechanical Engineers, p. 

V006T06A014.  

[2] S. Nakamura, M. Li, S. Colorado-Landero, D. Dorozhkin, and J. Linsey, “WIP: Teaching 

engineers to draw people: Enhancing user-centered thinking and self-efficacy,” in 

Proceedings of the 2025 IEEE Frontiers in Education Conference (FIE), Nov. 2025, pp. 

1–5. 

[3] Y. J. Xu, E. Jacobs, C. Astorne-Figari, A. L. de Jongh Curry, S. G. Roberts, and R. J. 

Deaton, "Empathy and low participation of women in engineering: is there a hidden 

link," Journal of education and training studies, vol. 9, no. 6, pp. 16-28, 2021. 

[4] S. A. Sorby, "A course in spatial visualization and its impact on the retention of female 

engineering students," Journal of women and minorities in science and engineering, vol. 

7, no. 2, 2001. 

[5] L. R. Murphy, S. R. Daly, T. Makhlouf, E. Adar, S. Brueckner, and C. M. Seifert, 

"Investigating engineering students’ consideration of people during concept generation," 

in 2021 ASEE Virtual Annual Conference Content Access, 2021.  



[6] D. Norman, The design of everyday things: Revised and expanded edition. Basic books, 

2013. 

[7] L. Jordan, Techniques of visual persuasion: Create powerful images that motivate. New 

Riders, 2020. 

[8] D. Roam, Draw to win: a crash course on how to lead, sell, and innovate with your 

visual mind. Penguin, 2016. 

[9] A. Bandura, "Social foundations of thought and action," Englewood Cliffs, NJ, vol. 1986, 

no. 23-28, p. 2, 1986. 

[10] A. Bandura, Self-efficacy: The exercise of control. Macmillan, 1997. 

[11] D. H. Schunk, Learning theories an educational perspective. Pearson Education, Inc, 

2012. 

[12] A. R. Carberry, H. S. Lee, and M. W. Ohland, "Measuring engineering design self‐

efficacy," Journal of Engineering Education, vol. 99, no. 1, pp. 71-79, 2010. 

[13] M. Hilton and J. Herman, Supporting students' college success: The role of assessment of 

intrapersonal and interpersonal competencies. National Academies Press, 2017. 

[14] O. Pierrakos, T. K. Beam, J. Constantz, A. Johri, and R. Anderson, "On the development 

of a professional identity: Engineering persisters vs engineering switchers," in 2009 39th 

IEEE Frontiers in Education Conference, 2009: IEEE, pp. 1-6.  

[15] D. M. Wilson, P. Bell, D. Jones, and L. Hansen, "A cross-sectional study of belonging in 

engineering communities," International Journal of Engineering Education, vol. 26, no. 

3, pp. 687-698, 2010. 

[16] M. Cannaerts, S. Craps, J. Veldman, C. V. Laar, V. Draulans, and G. Langie, "Belonging 

in engineering education: a systematic literature review of its impact on recruitment and 

retention for female students and students from ethnic minority backgrounds," European 

Journal of Engineering Education, pp. 1-27, 2025. 

[17] R. Campbell‐Montalvo et al., "How stereotypes and relationships influence women and 

underrepresented minority students' fit in engineering," Journal of Research in Science 

Teaching, vol. 59, no. 4, pp. 656-692, 2022. 

[18] S. González-Pérez, M. Martínez-Martínez, V. Rey-Paredes, and E. Cifre, "I am done with 

this! Women dropping out of engineering majors," Frontiers in Psychology, vol. 13, p. 

918439, 2022. 

[19] K. L. Lewis et al., "Fitting in to move forward: Belonging, gender, and persistence in the 

physical sciences, technology, engineering, and mathematics (pSTEM)," Psychology of 

Women Quarterly, vol. 41, no. 4, pp. 420-436, 2017. 

[20] L. C. Hamlet, A. Roy, G. Scalone, R. Lee, C. Poleacovschi, and J. Kaminsky, "Gender 

and engineering identity among upper-division undergraduate students," Journal of 

Management in Engineering, vol. 37, no. 2, p. 04020113, 2021. 

[21] H. Taimoory, D. Gray, and T. S. C. Douglas, "Sense of Belonging within an 

Undergraduate First-Year Engineering Program: Comparison Across Different Levels of 

Math Readiness and URM Status," in 2024 ASEE Annual Conference & Exposition, 

2024.  

[22] C. Goodenow, "The psychological sense of school membership among adolescents: Scale 

development and educational correlates," Psychology in the Schools, vol. 30, no. 1, pp. 

79-90, 1993. 



[23] A. Ibrahim and D. Seth, "Self-Efficacy for Engineering Design (SEED): Instrument 

Development and Validation," IEEE Transactions on Education, vol. 66, no. 3, pp. 254-

262, 2022. 

 


