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Work In Progress: Incorporating Global Context to a
Biomechanics Course through Service-Learning Collaboration

Introduction

ABET, the accrediting body for engineering programs, expects undergraduate engineering
programs to prepare students with “an ability to apply engineering design to produce solutions
that meet specified needs with consideration of public health, safety, and welfare, as well as
global, cultural, social, environmental, and economic factors” (outcome 2) as well as “an ability
to recognize ethical and professional responsibilities in engineering situations and make
informed judgments, which must consider the impact of engineering solutions in global,
economic, environmental, and societal contexts” (outcome 4) [1]. Both of these outcomes require
that students consider the global impact of engineering. Global engineering skills are critical to
prepare students for the realities of American competitiveness in global markets [2], and to build
students’ interdisciplinary, cross-cultural capacities to tackle grand challenges, a sentiment
enthusiastically supported by over 120 engineering deans in a letter to President Obama in 2015
[3]. Biomedical engineering undergraduate curricula often have little room to add stand-alone
courses in global engineering or provide equitable opportunities for learning abroad, and instead,
these topics may be addressed through core courses. Here we present a unique framework to
develop and implement globally-minded curricular tools in a biomechanics course. Our goal was
to combine the global expertise of members of the undergraduate service learning organization,
Engineers without Borders (EWB), with traditional statics and mechanics content to develop
problems that would 1) help students identify the relationship between engineering concepts and
global challenges, 2) help students understand how engineers can contribute to solving complex,
global challenges, and 3) increase student interest in global engineering applications.

Methods

Bioengineering Mechanics 1 is a fall semester, junior-level, core course in our biomedical
engineering undergraduate curriculum. In this course, students learn how to apply a systematic
problem-solving approach in statics (forces, moments, equilibrium) and mechanics of materials
(internal forces/moments, stress, strain, axial loading, torsion, bending) with applications to the
human body, biologic systems, and biomedical devices. “Honors” students are expected to
complete a project in addition to the typical coursework.

In fall 2016, one honors student enrolled in Bioengineering Mechanics I collaborated with
members of EWB to develop two statics/mechanics homework problems inspired by current
EWB projects in partner communities across the developing world: 1) “Meet Aminah”- static
equilibrium of supporting a bucket of water on one’s head and 2) “Shoulder Pole”- beam
bending of carrying supplies with a shoulder yoke. In “Meet Aminah,” students were introduced
to the scarcity of safe drinking water and how the challenge of water collection
disproportionately impacts women and young girls on a daily basis. The students learned how far
someone may walk to fetch safe water and how this responsibility can interfere with school
attendance and educational achievement. In “Shoulder Pole,” students were introduced to how
the most efficient form of travel is often by foot in locations where roads are regularly
impassable or it is difficult to arrange transport for smaller loads. Students learned how many



Eastern Asian cultures use bamboo (a sustainable resource) shoulder poles to transport basic
goods and supplies. These two homework problems were implemented in fall 2017 in place of
other homework problems, requiring no additional work for the fall 2017 cohort. The honors
student spent an estimated 20 hours total in developing the 2 problems.

This study was classified as exempt from IRB review, per University and federal guidelines.
Students enrolled in Bioengineering Mechanics | in fall 2017 completed an anonymous pre-
(beginning of semester) and post- (end of semester) survey to indirectly assess the
aforementioned goals. Students were asked 3 Likert scale questions (1- strongly agree, 2-
somewhat agree, 3- neither agree nor disagree, 4- somewhat disagree, 5- strongly disagree):
e Q1: The relationship between engineering statics/mechanics concepts and global
challenges is clear to me.
e Q2: I understand how biomedical engineers can contribute to solving complex, global
challenges.
e Q3: I am interested in global engineering applications.
Comparisons between pre- and post-survey responses for the Likert scale questions were made
with a Mann-Whitney U test for nonparametric data in R. Significance was set at p < 0.05.
Students were also asked 2 free-response questions:
e How can biomedical engineers contribute to solving complex, global challenges?
e Provide an example of engineering statics/mechanics concepts applied to a real-world
scenario in a culture different from your own.
After completion of each homework problem, students completed an anonymous survey on how
effective that specific problem was in addressing the goals:
e Q4: The problem helped me understand how engineering statics/mechanics concepts
apply globally to real-world scenarios [Likert 1-5]. Why do you say that?
e Q5: The problem helped me understand how engineers contribute to solving global
challenges [Likert 1-5]. Why do you say that?
e (Q6: The problem increased my interest in global applications of engineering [Likert 1-5].
Why do you say that?

Results . : . :
QL1: The relationship between engineering

statics/mechanics concepts and global

In the pre-survey (N=56), 86% of challenges is clear to me.

students agreed (strongly or
somewhat) with Q1 that the 100%
relationship between engineering 80%
statics/mechanics concepts and
global challenges is clear to them. In
the post-survey, 98% agreed (N=50)
with Q1, representing a statistically
significant (p=0.04) shift in the
distribution (Figure 1). No
significant differences between pre- Figure 1. Post-survey responses indicated a greater

and post-survey scores were found percentage than pre-survey who agreed with Q1 (p=0.04).
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The homework problem-specific surveys revealed that the majority of students agreed strongly
or somewhat that the two problems helped them understand how engineering statics/mechanics
concepts apply globally to real-world scenarios and how engineers contribute to solving global
challenges (Table 1). The majority of respondents also agreed the “Meet Aminah” problem
increased their interest in global applications of engineering (Table 1).

Table 1. Percentage of respondents who agreed (strongly or somewhat)
“Meet “Shoulder
Aminah” Pole”

91% (48/53) | 85% (28/33)

Q4: Helped understand how engineering statics/mechanics
concepts apply globally to real-world scenarios

Q5: Helped understand how engineers contribute to solving
global challenges

Q6: Increased my interest in global applications of
engineering

85% (45/53) | 88% (29/33)

62% (33/53) | 48% (16/33)

Discussion

In this preliminary study, we developed and implemented two globally-inspired homework
problems in a traditional biomechanics course through a unique collaboration between Engineers
Without Borders student members and faculty and an honors biomechanics student. We showed
through indirect assessments (self-reported student survey responses) that these problems helped
students understand how engineering statics/mechanics concepts apply globally to real-world
scenarios and how engineers contribute to solving global challenges. We also showed that by the
end of the course, 98% of survey respondents agreed that the relationship between engineering
statics/mechanics concepts and global challenges was clear to them, an increase compared to the
start of the semester. Because students were already interested in the applications of mechanics
to global scenarios, as evidenced by their free responses and agreement with Q3, we did not see
as high of gains in the problem-specific Q6. Additional comments noted in the free-responses
indicated that students would like to go beyond calculating a value or justifying something that is
already done and instead use their engineering toolset to solve a significant global problem.

Path Forward

Fall 2017 served as a pilot semester for implementation of two globally-inspired mechanics
problems. An additional 15 honors students enrolled in Bioengineering Mechanics I in fall 2017
also collaborated with EWB students to create their own globally-focused application of statics
and mechanics concepts. In future iterations of this study, we plan to implement more of these
globally-inspired mechanics problems, incorporate direct assessments to evaluate whether these
problems helped students attain our goals and the ABET outcomes, code the free responses to
identify emergent themes, and compare those students enrolled in honors with those not enrolled
in honors.

In conclusion, we have provided a framework to develop engineering problems with global
context through a unique collaboration between biomedical engineering faculty and students and
a campus-based global service-learning organization. Considering not all students have the
opportunity to engage in experiential learning abroad, these problems allow instructors to expose
more students to global applications of engineering design directly in the classroom.
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