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ABSTRACT

The purpose of this study is to develop and validate an Engineering Empathy Instrument. Engineering empathy is defined as the
ability that encompasses the following three qualities, a skill to interpret social issues and phenomenon that may occur in the process
of interactions between human beings and engineering systems, a practical orientation that enables one to take stakeholders’ perspectives
to carry out an engineering project, and a professional way of being that acknowledges empathic skills and associated practice
orientations. Based on this notion, we develop a scale to measure engineering empathy and have surveyed 429 engineering students.
Evidence for the validity and reliability of the scale is presented. In conclusion, we find that engineering empathy can be measured
and conceptualized as three domains: a Learnable Skill (ELS), a Practical Orientation (EPO), and a Professional Way (EPW). We
also find that sophomores show the highest level of engineering empathy as compared with other graders. While students accumulate
technical knowledge, their understanding about engineering in social and interpretational contexts gets weakened. This implies that
engineering education necessarily emphasizes the impacts of engineering solutions in interpersonal, societal, technologies, and

environmental contexts.
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Table 1 Participants of Study

Grade Male Female Total
Freshman 91 68 159
Sophomore 39 58 97

Junior 38 33 71

Senior 69 33 102

Total 237 192 429
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Table 2 Framework of Engineering Empathy

Sub-Categories

Affective sharing

Emotional immersion

1. Empathy as a Learnable

Skill (ELS) Perspective taking

Emotional regulation

Value awareness

Epistemological openness

2. Empathy as a Practical Expanded view in engineering

Orientation (EPO)

Reflective values awareness

Values pluralism

Influence in society

3. Empathy as a Professional-client relationship

Professional Way (EPW)

Engineers as professionals

Relative value of engineering
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Table 3 Result of Content Validity

Viajor Content Validity
Mean S.D.
Engineering (1) 473 0.65
Engineering (2) 4.35 0.71
Natural Science 4.40 0.63
Education 4.78 0.54
Social Science 4.38 0.89
Total 4.53 0.68
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Table 4 Result of Factor Analysis

Item Number ! FaC;OFS 5 %ZEZ?;?
Ql 0.689
Q2 0.606
Q3 0.688
Q4 0.610
Q5 0.782
Q6 0.485 0.882
Q7 0.403
Q8 0.643
Q9 0.762
Q10 0.761
Qll 0.391
Q12 0.819
Q13 0.324
Ql4 0.827 0.746
QL5 0411 0.382
Q16 0.683
Q17 0.816
Q18 0.379
Q19 0.301 0.499
Q20 0.649
Q21 0.715 0.828
Q22 0.709
Q23 0.817
Q24 0.782

Eigenvalues 6.428 2.712 1.108

0.807

KMO= 844, Bartlett's x 2=5706.131 (p<.001)

Table 5 Engineering Empathy Level by Gender

Eokon FAMOR Folgt gk 7HHTHp<.001). E3E FF:
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AR [FE]ol AAsHT

AAH o2 Fst Hoof| tigh 368 FE2 3.59% %
o3 eFo|glon, FA7IEELS) T 334 H=(EPO) 9
o] JjHo R i1, 34 PFFA(EPW) Fo] Wk
CHF=61.09, p<.001). E3h AHE vluwslgs o o5y
o] I8t FHY o] oM (t=3.95, p<.001), E3] &
A e} sE A FoollA L o]zt FoF K Table 5

SR #9) d
do] 3, 3, 43¥dlah 13RA0) 40] wigkom], shd Hjo]
= BAHOR SOlShF=5.04, p=002). Allol] ofg A1
34 Asjo] elafw 23hdo] 1, 431lo] s e Aol Shd
Aolg WEGSS & 4 otk

7+ g20] 13Rdo] Hlgl E3(F=5.86, p=.001), 344 3%
FAEPW) FHollA 28Pdo] 1, 4shdo Hs =9kt
(F=4.04, p=.007). 344 "% J(EPO)L HA|Z oL 3t
xjol7h TAE G oU AT A= BAKHCE 254
OXoItHTable 6 L),

i Male Female Total Diff.
Categories Mean S.D. Mean S.D. Mean S.D. (M-F) ' .
ELS 3.70 0.44 3.73 0.35 3.71 0.40 -0.02 -0.59 0.555
EPO 3.59 0.50 3.69 0.46 3.63 0.49 -0.10 -2.22 0.027
EPW 3.21 0.54 3.55 0.51 3.36 0.56 -0.34 -6.69 <.001
Empathy 3.53 0.39 3.67 0.34 3.59 0.37 -0.14 -3.95 <.001
Table 6 Engineering Empathy Level by Grade
. Freshman Sophomore Junior Senior Post
Categories F D
Mean S.D. Mean S.D. Mean S.D. Mean S.D. hoc
ELS 3.62 0.39 3.80 0.32 3.81 0.44 3.71 0.41 5.86 0.001 12,3
EPO 3.56 0.46 3.72 0.44 3.73 0.49 3.59 0.54 341 0.018 -
EPW 3.37 0.54 3.51 0.58 3.32 0.55 3.25 0.54 4.04 0.007 4,12°
Empathy 3.53 0.35 3.69 0.36 3.64 0.37 3.54 0.40 5.04 0.002 4,127
* p<0.05
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Table 7 Comparison of Sub—categories of ELS

Sub-Categories Mean S.D. F )
Affective sharing 4.10 0.74
Emotional immersion 3.48 0.63
Perspective taking 3.77 0.69 89.35 <.001
Emotional regulation 3.15 1.08
Value awareness 3.76 0.64
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Table 8 Comparison of Sub—categories of EPO

Sub-Categories Mean S.D. F D
Epistemological openness 3.76 0.75
Expanded view in engineering | 3.66 0.63
110.19 | <.001
Reflective values awareness 3.24 1.07
Values pluralism 4.11 0.65
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Table 9 Comparison of Sub—categories of EPW

Sub-Categories Mean S.D. F p
Influence in society 3.24 0.75
Professional-client relationship | 3.29 0.63
) ) 24.36 | <.001
Engineers as professionals 3.22 1.07
Relative value of engineering 3.65 0.65
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