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IUSE: A design thinking approach to fostering engineering 
students’ empathy in smart manufacturing education 

 
Abstract 
 
The rapid evolution of advanced manufacturing systems requires a workforce adept in solving the 
problem with an understanding of the impact of their solution on others. To address this critical 
need, this project aimed to equip students with abilities to develop empathy while solving authentic 
problems. A quasi-experimental study that integrated design thinking as an intervention was 
performed in a college-level engineering course. Control group students attended traditional 
curricular, while experimental group students engaged in an iterative design thinking process 
including building empathy, defining the problem, performing ideation, and creating prototypes 
and conducting evaluation. Students’ cognitive empathy was measured by Interpersonal Reactivity 
Index before and after the course. Statistical analysis confirmed experimental group students 
developed a significantly higher level of cognitive empathy in solving engineering problems than 
those in the control group. The findings of this project demonstrated the potential of integrating 
design thinking into engineering education to improve students’ understanding of advanced 
manufacturing and developing critical soft skills such as empathy.  

 
Introduction 
 

The rapidly evolving smart manufacturing systems lead to an increasing demand for skilled 
engineers who can drive innovation and shape the future of the industry. In the United States, the 
Bureau of Labor Statistics (2021) projects a 25% growth rate for engineers by 2031, significantly 
outpacing other professions. Therefore, preparing the next generation of engineers with 
competence of solving real-world smart manufacturing problems becomes increasingly critical. 

 
A key metric for assessing the success of smart manufacturing systems is their ability to 

address human needs (Wang et al., 2022). Fostering prospective engineers’ empathetic 
understanding of users’ needs is essential for them to develop human-centered solutions (Tang et 
al., 2021). Empathy in this context refers to the ability to understand and share the feelings of 
others, which is a crucial skill for engineers who design solutions that directly impact people’s 
lives (Casale et al., 2018). Traditional views of empathy distinguish between cognitive empathy, 
which involves understanding another person’s perspective, and emotional empathy, which 
involves sharing the emotional experience of others (Casale et al., 2018; Cuff et al., 2016). 
Research has shown that empathy plays a vital role in college students’ academic success and 
social development (MacCann et al., 2020; Pang et al., 2022; Smith et al., 2020). However, studies 
indicate that students’ empathy skills often decline over time, with many struggling to fully 
comprehend a problem from others’ perspective (Konrath et al., 2011; Lucas-Molina et al., 2024). 

 
One potential way to cultivate empathy in future engineers is by providing opportunities 

for them to engage with design thinking, a human-centered problem-solving approach (Gumina & 
Tang, 2021; Li et al., 2019). Design thinking encourages students to approach challenges with a 
focus on understanding the user’s needs and developing solutions that prioritize those needs. 
However, it remains unclear whether design thinking effectively enhances cognitive empathy in 
students, especially in the context of engineering (Malge, 2017; Rajaram, 2023). 



 
This research aimed to fill this gap by examining how design thinking can contribute to the 

development of cognitive empathy in engineering students. Using a quasi-experimental approach, 
the study measured changes in students’ empathy levels to examine the impact of the design 
thinking process on their cognitive empathy. The findings of this research have the potential to 
inform the development of curricula that equip future engineers with the empathy skills needed to 
create human-centered solutions to address user needs. 
 
Literature Review 
 
Empathy 
 

Prospectus engineers should develop empathy when solving real-world engineering 
problems. Empathy, or a sense of emotional awareness for others, has long been considered a 
deeply embedded, or fixed, characteristic, one all humans are born with (Lasley, 2017); however, 
today’s college students report a significant decline in empathy abilities (Konrath et al., 2011; 
Lucas-Molina et al., 2024), as compared to their predecessors of the 1970s (Konrath et al., 2011). 
There is a consensus that empathy encompasses a comprehension of other people’s experience 
(cognitive empathy) as well as the ability to vicariously experience the emotional experience of 
others (affective empathy) (Casale et al., 2018; Cuff et al., 2016). A distinction between self and 
other is maintained and needs to be addressed in the definitions. In what follows, cognitive 
empathy will be understood as the ability to construct a working model of the emotional states of 
others, and affective empathy will be understood as the ability to be sensitive to and vicariously 
experience the feelings of others (Casale et al., 2018; Lucas-Molina et al., 2024; Reniers et al., 
2011). Both cognitive empathy and affective empathy can exist individually; however, it is the 
handling and placement of cognitive elements that produces the affective elements (Cuff et al., 
2016; Lucas-Molina et al., 2024). 
 
Design Thinking  
 

Design thinking has been adopted in the manufacturing industry to craft human-centric 
technical solutions (Henriksen et al., 2017) as a systematic method for technical design that 
progresses through five iterative phases, including empathy, definition, ideation, prototyping, and 
testing (Tang et al., 2021). The process begins with empathy, where students develop an 
understanding of their customers and the context to ensure their designs align with human needs 
(Yu et al., 2019). In the definition phase, students articulate a clear problem statement, which 
serves as a foundation for ideation (Gumina & Tang, 2021). In the ideation phase, students 
collaboratively generate and evaluate potential solutions and then select a feasible option that 
resolves the problem and meets human needs (Li et al., 2019; Wu et al., 2019). This leads to 
prototyping, where students create tangible representations of their solutions and anticipated 
outcomes (Tsai & Wang, 2021). Finally, an iterative cycle of testing is conducted to assess the 
prototype’s effectiveness and refine it based on feedback (Gumina & Tang, 2021; Tsai & Wang, 
2021).  

 
As a core component of design thinking, cognitive and affective empathy are integrated to 

ensure that designers approach problems from the perspective of their intended users (Cook & 



Bush, 2018; Lin et al., 2020). Additionally, design thinking fosters inclusivity by allowing all 
stakeholders, regardless of their roles, to actively engage in various stages of the design process 
(Retna, 2016; Wu et al., 2019).  
 
Methodology 
 
Participants and settings 

The study was conducted at a public university in the Southeastern United States. A quasi-
experimental design was employed to examine the impact of a design thinking approach on 
students’ empathy skills within engineering courses. Prior to participant recruitment, the study 
received approval from the Institutional Review Board. The courses selected for this study focused 
on designing Internet of Things applications, utilizing design knowledge and skills. Two sections 
of this course, both taught by the same instructor, were included in the study and randomly 
assigned to two conditions, the experimental group attending the intervention and the control group 
taking the traditional engineering curriculum. An independent samples t-test was conducted to 
ensure there were no pre-existing differences in empathy skills or knowledge between the groups. 
In total, 43 students voluntarily participated in the study, 21 in the experimental group and 22 in 
the control group. 
 
Intervention 
 

The intervention of this study was to integrate the design thinking approach. This design 
thinking experience started with an informational session with liaisons who expressed their needs 
and expectations, shared their real-life experience about engineering positions, and discussed their 
professional expectation about qualified job candidates. This informational session allowed 
engineering students to understand the custom needs in an authentic setting and align their own 
project goals with professional expectation. At the beginning of the semester, the class took a 
group site visit to learn about the customers’ needs. Then students formed a team of three to four 
and attend to a series of design thinking activities, including empathy, definition, ideation, 
prototyping, and testing (Gumina & Tang, 2021; Tang et al., 2021). Particularly, the outcome 
included a design briefing that recorded their design experience and a prototype of the smart 
manufacturing applications.  
 
Data Collection and Analysis 
 

The Interpersonal Reactivity Index (Davis, 1980) was used to assess students’ levels of 
empathy before and after taking the course. Particularly for this project, cognitive empathy was 
assessed by two subscales, including empathic concern and perspective taking. Cronbach’s alpha 
was calculated to confirm the internal consistency for pretest (.857) and posttests (.829) was 
acceptable. Descriptive statistics were conducted. Then analysis of covariance (ANCOVA) was 
performed to investigate the difference in students’ cognitive empathy between the two groups, 
with pre-test empathy scores as the covariate. 
 
 
 
 



Results 
 

Experimental group exhibited an average post-test score of 5.09 with a standard deviation 
of 1.23 with a noticeable improvement from their pre-test mean score of 4.60 with a standard 
deviation of 1.18. The control group showed a lower post-test average of 4.26 with a standard 
deviation of 1.38, while decreased from their pre-test average of 4.37 with a standard deviation of 
1.14. The ANCOVA result underscored the evidence of improved student empathy as the group 
differences in post-test cognitive empathy scores were statistically significant, with an F(1, 40) = 
39.80, p < .05. The effect size gauged by eta squared (η2) value showed that the intervention 
accounted for approximately 49.9% of the variance in post-test cognitive empathy scores between 
the groups, showing a large effect size.  

 
Findings 
 

The findings of this project underscore the significance of integrating design thinking into 
engineering education. This model enhanced students’ understanding of smart manufacturing and 
fostered their empathy which is an essential soft skill for engineering. This model also provides a 
replicable framework for preparing future engineers to navigate the complexities of modern 
manufacturing systems by equipping them with technical expertise and soft skills needed to drive 
innovation and create solutions that prioritize user needs and societal impact. 
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