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A Research Study on Assessing Empathic Formation in Engineering Design 
 
Abstract 
 
Design is a prominent aspect of engineering education and developing empathy in engineering 
graduates through design is becoming an essential part of engineering education. However, we 
need a robust way to measure empathic development in engineering. The primary objective of 
this study is to provide the engineering design community with a contextually valid instrument 
for measuring empathy in undergraduate engineering design contexts. We aim to address three 
primary objectives: (1) To expand and modify a pilot instrument for assessing empathy in 
engineering design via co-creation with a diverse group of engineering design instructors and 
student interviews; (2) To test and validate an instrument for assessing empathic formation in 
engineering design via a multi-methods research design which includes formative feedback from 
design educators, a pilot student sample, and a large student sample that includes multiple 
university sites and disciplines; and (3) To identify changes in empathy types across engineering 
design when applying the instrument in multiple disciplinary design contexts and by accounting 
for how instructional design contexts and practices influence empathic formation. At the time of 
this writing, this project is concluding Year 1, but emergent findings have supported the need for 
a contextually valid assessment in engineering design. Moreover, this project has begun fostering 
community among a small group of design instructors. Upon completion of this work, this 
project will generate an instructional tool for assessing empathy in engineering design, new 
knowledge on best practices for promoting empathic formation in engineering design, and 
community among design instructors who are interested in empathy in engineering design.  
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Introduction 
 
In this NSF work, we build on the premise that “without the understanding of what others see, 
feel, and experience, design is a pointless task” [1]. To better understand others’ perceptions, 
feelings, and experiences, designers need empathy. Roughly a decade ago, few studies explicitly 
focused on empathy in engineering [2], but empathy is becoming a core focus in engineering 
education scholarship [3-11], especially in the context of engineering design [12-14]. This study 
aims to build on this burgeoning line of research. 
 
Despite the growth in interest, there is no contextually valid approach for measuring empathy in 
engineering design. As a result, there is no robust way to accurately identify the impacts of 
engineering design instruction on empathic formation. While numerous measures of empathy 
exist [6, 9, 15-19], these instruments tend to conceptualize empathy as a general trait or 
tendency. However, within disciplinary contexts, empathy manifests in unique ways when 
compared to general life experiences [9]. Thus, discipline-specific assessment measures of 
empathy have been created in several fields which account for empathy’s manifestation in 
professions outside of engineering, such as social work [18] and medicine [19]. However, such 
measures do not exist – or at least have not yet been fully vetted – in engineering or engineering 
design [20].  
 
We need a robust way to measure the development of empathy in engineering contexts, 
including (but not limited to) empathy in engineering design. This work brings together two 
related bodies of literature on engineering design and empathy. We previously leveraged 
frameworks from these areas to develop and test a pilot instrument that accounts for how 
empathy manifests across three design phases [20, 21]. We seek to iterate on this measure to 
design more robust and broadly applicable measures of empathy in engineering design. To this 
end, we aim to invite and integrate the perspectives of engineering design instructors and 
students across multiple disciplines and universities. 
 
Project Overview 
 
The primary objective of this project is to provide the engineering design community with a 
contextually valid instrument for measuring empathy in undergraduate engineering design 
contexts. To achieve this objective, we will address the following objectives: 

1. To expand and modify a pilot instrument for assessing empathy in engineering design via co-
creation with a diverse group of engineering design instructors and student interviews. 

2. To test and validate an instrument for assessing empathic formation in engineering design via 
a multi-methods research design which includes formative feedback from design educators, a 
pilot student sample, and a large student sample from multiple university sites and disciplines. 

3. To identify changes in empathy types across engineering design when applying the instrument 
in multiple disciplinary design contexts and by accounting for how instructional design 
contexts and practices influence empathic formation. 

 
We will employ a three-phased research study design to address these objectives, as depicted in 
Figure 1. Each primary phase includes three subphases. Phase One includes co-creation 
workshops with engineering design instructors, student contextualization, and instrument design 



iterations. Phase Two includes additional co-creation workshops with engineering design 
instructors, pilot testing a new instrument with students in engineering design courses, and then 
testing the instrument with a large student sample. Finally, Phase Three involves applying the 
instrument to understand empathic formation across instructional contexts. 

 
Figure 1. Overview of Research Design 

 
Initial Model for Assessing Empathy 
 
Based on current framings of empathy in engineering design, we acknowledge the critical role 
that empathy can play in design. Thus, we aspired to develop an instrument accounting for how 
empathy types manifest uniquely in design contexts. Table 1 provides a list of items associated 
with three empathy types (Imagine-Self Perspective-Taking or ISPT; Imagine-Other Perspective-
Taking or IOPT; Affective Empathy or AE) and specific ways in which these manifest in three 
design phases: (1) Needs Finding; (2) Concept Generation; and (3) Evaluation ([20]). 
 
Table 1. Pilot Instrument for Measuring Empathy in Engineering Design - taken from [20] 

 
AE = Affective Empathy; ISPT = Imagine-Self Perspective-Taking; IOPT = Imagine-Other Perspective-Taking 



We utilized this instrument (i.e., Table 1) to test the hypothesis that empathy types manifest 
uniquely in discrete design phases [20]. We collected responses with a large first-year 
engineering student sample and utilized confirmatory factor analysis to test measurement models 
(1) wherein all items associated with an empathy type loaded onto a single construct representing 
the type versus (2) measurement models wherein empathy types loaded onto discrete but 
correlated constructs associated within each design phase. We were able to confirm measurement 
models aligned with each measurement model configuration, but the latter set of measurement 
models (i.e., those that account for empathy types within design phases) generally exhibited 
improved model fit and we retained more items on these constructs. As one example in terms of 
the constructs themselves, we found that Imagine-Other Perspective Taking manifested in 
Needfinding in unique ways when compared to how Needfinding manifested in in Concept 
Generation or Evaluation, and thus it was important to account for these empathy types as three 
constructs separated by design phases rather than as a single Needfinding construct that spanned 
all three design phases. 
 
Iterations on the Instrument as a Key Goal 
 
While this pilot instrument revealed promising evidence of its viability for accounting for how 
empathy manifests uniquely across engineering design phases, there are several critical 
directions needed to generate a more robust and comprehensive measure of empathy in 
engineering design. First, the instrument did not account for variation in design contexts, but we 
cannot presume that these three design phases nor these three empathy components will be 
salient in any engineering design context. Second, the instrument may have excluded important 
design phases. Third, the instrument did not encompass other extant models of empathy in 
engineering. For example, Walther, Miller, and Sochacka [22] developed a model that 
conceptualizes how empathy manifests as a skill, orientation, or way of being within 
engineering, and aspects of this model were largely missing from Table 1.  
 
To address these limitations, we argue that the pilot instrument [20] must account for additional 
perspectives and, in turn,  a more holistic representation of how empathy manifests throughout 
engineering design. The study begins with the goal of developing a shared and expanded 
understanding of where and how empathy is salient throughout design via co-creation with 
design instructors and scholars who are committed to empathy in engineering design. 
 
Co-Creation with Design Instructors and Scholars 
 
To initiate our investigation, we have begun implementing co-creation workshops to better 
understand the perspectives of design educators. We are engaging in co-creation workshops with 
10 design instructors from university sites across the US. Co-creation data will enable us to 
identify additional perspectives on empathy in engineering design; understand the usability and 
alignment of the existing instrument with the needs, perspectives, and experiences of a diverse 
set of design instructors and design students; and revise the instrument to ensure its broader 
applicability across engineering contexts. Each co-creation workshop tasks participants to reflect 
before, during, and after the workshop on views of empathy in engineering design. The sessions 
themselves have involved peer dialogue, critique, and co-construction of empathy models. 
 



At the time of this writing, we have led two co-creation workshops, each including two separate 
groups based on scheduling needs. As an example, we share the design of the initial co-creation 
workshop here. The first half of the initial co-creation workshop asked participants to respond to 
three guiding questions in turn:  
 

1. What is your definition of empathy? 
2. How do you view empathy in engineering design in your context? 
3. What thoughts do you have after hearing from diverse perspectives? 

 
Collaborators shared individual views and responded to peers’ views to each of these questions. 
Thereafter, we transitioned to a collective modelling activity utilizing Miro’s software platform. 
We prompted participants to consider how, what, when, where, and why questions pertaining to 
empathic instruction in their design contexts: 
 
• WHO? - With whom do you want your students to empathize in engineering design? 
• WHAT? - What do you think empathy is or looks like in engineering design? Broadly, what 

do you think the phrase "empathy in engineering design" means in your context? 
• WHEN/WHERE? - When and where do you want your students to empathize in your 

engineering design course or curriculum? 
• WHY? - Why is it important for students to empathize in engineering design in your 

context? 
• HOW? - How do you want your students to empathize with others in engineering design? 
 
After individually responding to these questions, we asked participants to develop a shared 
model of empathy in engineering design. Here, we encouraged participants to engage with and 
build on peer responses and to verbalize their own thinking while engaging in co-creation. 
 
We observed that generating a collective model in a roughly one-hour time frame was 
challenging in each group. In the first co-creation workshops, we intentionally did not prompt 
participants with extant models of empathy in engineering, but many extant frameworks and 
models were referenced. Notably, participants’ discussions often went beyond designer-user 
relationships as participants discussed interactions between engineering students and their peers, 
clients, instructors, communities, and the environment.  
 
In our second co-creation workshop, we decided to center discussions and co-creation around 
designers’ empathy with/for users, similar to in the initial instrument. Prior to the second session, 
we asked participants to narrate how a design team with strong user empathy tends to think, feel, 
and act in one of their design courses. During the session, we shared an extant model of empathy 
in engineering design on which the initial instrument was founded, then we invited critique of the 
instrument and identification of parts missing from their pre-reflection stories. We leveraged 
Miro and this extant model and asked participants to share their stories within the extant model. 
We also prompted participants to expand the model, naming parts of the model that failed to 
capture their pre-reflection stories. In this way, we began prompting participants to help us 
expand the model to other design phases, other empathy types, or other directions. For example, 
similar to the first co-creation workshop, some participants focused on empathy within the team, 
with one participant considering this a predecessor or affordance to empathy with/for users. 



Thus, we focused our second co-creation workshop around designer-user empathy. This enabled 
us to focus the discussion more narrowly and expand the initial empathy instrument more 
purposefully. Yet, given myriad interests and challenges identified in the first co-creation 
workshop (and some interests that again manifested in the second), we have begun developing 
alternative pathways to explore emergent interests. We describe one such example next. 
 
Developing Community 
 
We hoped this project would grow the community of scholars and instructors who are studying 
empathy and engineering design in engineering education. To this end, we have observed and 
encouraged novel lines of research growing from our co-creation workshops and associated 
discussions. One example involves our emergent research focus on ‘tensions’ evident in the first 
co-creation workshop. As we framed the first co-creation workshop discussion around empathy 
without imposing directionality (i.e., we did not prompt participants to only discuss empathy by 
students towards users), the focus of the discussion naturally varied.  
 
The discussion in the co-creation workshop considered (1) users or more macro-level 
stakeholders (e.g., communities, environment) and (2) empathy between peers or between 
students and instructors. Rather than foreclose this interest, we initiated a pathway to focus on 
the tensions in how the engineering education community speaks about empathy in engineering 
design, which we will present at the Harvey Mudd Design Workshop in 2023 [23]. We have 
begun to explore these tensions through collaborative inquiry research methodology [24] where 
individuals who are involved in a similar practice (e.g., integrating empathy into engineering 
design learning experiences) pursue a shared question of interest to build new knowledge and 
connections to inform their practice.  
 
At the time of writing, five members of the research team and three collaborators have held 
several meetings to discuss, uncover, and collaboratively define tensions with teaching empathy 
in engineering design. All participant-researchers have experience teaching engineering design 
across different levels, majors, and contexts within undergraduate education. Our discussions 
have led to a model comprised of four key considerations with tensions emerging within or 
across the four considerations: (1) definition, or what counts as empathy or definition, (2) value, 
or how empathy is valued in engineering design instruction, (3) manifestation, or how empathy 
manifests in engineering design, and (4) pragmatic, or how instructors might support students 
engaging in empathy in their engineering design courses. We believe these conversations allow 
for not only a more encompassing exploration of empathy and its role in engineering design, but 
have also started to strengthen the community and reap new insights into the design and 
validation of an instrument to measure engineering students’ empathy with/for users. 
 
Conclusion 
 
In this project, we aim to iterate on an instrument for assessing empathy with a diverse group of 
engineering design instructors to improve its alignment with their unique disciplinary contexts. 
We will collect student data to ensure that any instrument refinements accurately represent 
student experiences. We will test the revised instrument for validity via the triangulation of 
quantitative and qualitative data with a small student sample followed by a large student sample. 



We will also use the instrument to identify differences in empathic formation associated with 
various instructional design contexts and practices, thus generating new knowledge on best 
practices for promoting empathic formation in engineering design. Finally, we will continuously 
pursue new collaborative opportunities, with the goal of growing and supporting the community 
of instructors and scholars interested in studying empathy in engineering design. 
 
Acknowledgements 
 
We sincerely thank our team of collaborators who have participated in the co-creation activities 
and collaborative inquiry processes and have given significant insights, feedback, and support to 
this work. This material is based upon work supported by the National Science Foundation 
(NSF) under Grant No. EEC-2104782, EEC-2104792, and EEC-2104979. Any opinions, 
findings, and conclusions or recommendations expressed in this material are those of the authors 
and do not necessarily reflect the views of the NSF. 
 
 
 
References 
 
[1] T. Brown. "A lesson in empathy." https://www.linkedin.com/pulse/20130313193656-

10842349-a-lesson-in-empathy/ (accessed February 13, 2023). 
[2] J. Strobel, C. W. Morris, L. Klingler, R. Pan, M. Dyehouse, and N. Weber, "Engineering 

as a caring and empathetic discipline: Conceptualizations and comparisons," presented at 
the Research in Engineering Education Symposium, Madrid, Spain, 2011. 

[3] C. D. Batson, "These things called empathy: Eight related but distinct phenomenon," in 
The Social Neuroscience of Empathy, J. Decety and W. Ickes Eds. Cambridge, MA: MIT 
Press, 2009, ch. 1, pp. 3-15. 

[4] M. L. Hoffman, Empathy and moral development: Implications for caring and justice. 
Cambridge, UK: Cambridge University Press, 2000. 

[5] M. H. Davis, Empathy: A social psychological approach (Social Psychology Series). 
Boulder, CO: Westview Press, 1996. 

[6] M. H. Davis, "Measuring individual differences in empathy: Evidence for a 
multidimensional approach," Journal of Personality and Social Psychology, vol. 44, no. 
1, pp. 113-126, 1983. 

[7] J. C. Oxley, The moral dimensions of empathy: Limits and applications in ethical theory 
and practice. New York, NY: Palgrave Macmillan, 2011. 

[8] S. Baron-Cohen, The science of evil: On empathy and the origins of cruelty. New York: 
Basic Books, 2011. 

[9] M. A. Clark, M. M. Robertson, and S. Young, "“I feel your pain”: A critical review of 
organizational research on empathy," Journal of Organizational Behavior, vol. 40, no. 2, 
pp. 166-192, 2019. 

[10] W. J. Ickes, "Empathic accuracy: Its links to clinical, cognitive, developmental, social, 
and physiological psychology," in The Social Neuroscience of Empathy, J. Decety and 
W. Ickes Eds. Cambridge, MA: MIT Press, 2009, ch. 5, pp. 57-70. 

[11] D. Kunyk and J. K. Olson, "Clarification of conceptualizations of empathy," Journal of 
Advanced Nursing, vol. 35, no. 3, pp. 317-325, 2001. 

https://www.linkedin.com/pulse/20130313193656-10842349-a-lesson-in-empathy/
https://www.linkedin.com/pulse/20130313193656-10842349-a-lesson-in-empathy/


[12] M. A. Alzayed, S. R. Miller, J. Menold, J. Huff, and C. McComb, "Can design teams be 
empathically creative? A simulation-based investigation on the role of team empathy on 
concept generation and selection," in 32nd International Conference on Design Theory 
and Methodology (DTM), 2020, vol. 8, doi: https://10.1115/detc2020-22432.  

[13] M. A. Alzayed, C. McComb, J. Menold, J. Huff, and S. R. Miller, "Are you feeling me? 
An exploration of empathy development in engineering design education," Journal of 
Mechanical Design, vol. 143, no. 11, 2021. 

[14] A. O. Surma-aho, T. A. Bjorklund, and K. Holtta-Otto, "Assessing the development of 
empathy and innovation attitudes in a project-based engineering design course," 
presented at the ASEE Annual Conference & Exposition, Salt Lake City, UT, 2018. 

[15] E. J. Lawrence, P. Shaw, D. Baker, S. Baron-Cohen, and A. S. David, "Measuring 
empathy: Reliability and validity of the Empathy Quotient," Psychological Medicine, vol. 
34, no. 5, pp. 911-920, 2004, doi: https://doi.org/10.1017/S0033291703001624. 

[16] R. N. Spreng, M. C. McKinnon, R. A. Mar, and B. Levine, "The Toronto Empathy 
Questionnaire: Scale Development and Initial Validation of a Factor-Analytic Solution to 
Multiple Empathy Measures," Journal of Personality Assessment, vol. 91, no. 1, pp. 62-
71, 2009/01/01 2009, doi: https://10.1080/00223890802484381. 

[17] J. A. Johnson, J. M. Cheek, and R. Smither, "The structure of empathy," Journal of 
Personality and Social Psychology, vol. 45, no. 6, pp. 1299-1312, 1983, doi: 
https://10.1037/0022-3514.45.6.1299. 

[18] S. King Jr. and M. J. Holosko, "The development and initial validation of the empathy 
scale for social workers," Research on Social Work Practice, vol. 22, no. 2, pp. 174-185, 
2012, doi: http://10.1177/1049731511417136. 

[19] M. Hojat, J. Gonnella, T. Nasca, S. Mangione, J. Veloksi, and M. Magee, "The Jefferson 
Scale of Physician Empathy: Further psychometric data and differences by gender and 
specialty at item level," Academic Medicine, vol. 77, no. 10, pp. S58-S60, 2002. 

[20] J. L. Hess, N. D. Fila, E. Kim, and S. e. Purzer, "Measuring empathy for users in 
engineering design," International Journal of Engineering Education, vol. 37, no. 3, pp. 
733-743, 2021. 

[21] J. Hess, E. Sanders, and N. Fila, "Measuring and promoting empathic formation in a 
multidisciplinary engineering design course," presented at the ASEE Annual Conference 
& Exposition, Minneapolis, MN, 2022. 

[22] J. Walther, S. E. Miller, and N. W. Sochacka, "A model of empathy in engineering as a 
core skill, practice orientation, and professional way of being," Journal of Engineering 
Education, vol. 106, no. 1, pp. 123-148, 2017, doi: http://dx.doi.org/10.1002/jee.20159. 

[23] C. Schimpf et al., "A collaborative inquiry into tensions between empathy and 
engineering design," presented at the Paper Presented at the Mudd Design Workshop, 
Claremont, CA, 2023. 

[24] J. N. Bray, J. Lee, L. L. Smith, and L. Yorks, Collaborative inquiry in practice: Action, 
reflection, and making meaning. Sage Publisher, Inc., 2000. 

 

https://10.0.4.91/detc2020-22432
https://doi.org/10.1017/S0033291703001624
https://10.0.4.56/00223890802484381
https://10.0.4.13/0022-3514.45.6.1299
http://10.0.4.153/1049731511417136
http://dx.doi.org/10.1002/jee.20159

	A Research Study on Assessing Empathic Formation in Engineering Design
	Abstract
	Introduction
	Project Overview
	Initial Model for Assessing Empathy
	Co-Creation with Design Instructors and Scholars
	Developing Community
	Acknowledgements
	References

