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Integrating Engineering for Developing Communities into 
Engineering Education: A Case Study 

 

Abstract 

The present investigation is a case study of a first year design course with a survey and follow-up 
interviews to assess the experiences of students while in the classroom and during a follow-up 
trip to Peru to install the design. This mixed-methods study investigated the use of environmental 
engineering design for developing communities as the project topic in a first-year design course 
and specifically focused on the developmental effects on students who traveled to Peru to 
implement their design in a rural community.  Data collected during an end-of-course survey and 
qualitative data garnered from interviews with three students who traveled to implement the 
design indicated that most students in the course gained an understanding of the concept of 
engineering for developing communities and found the topic more interesting than those offered 
in other course sections.  Students who traveled gained deeper insight into both the topic and the 
challenges involved with working in developing communities.  Students from both groups 
(travelers and non-travelers) noted an interest in pursuing future opportunities to work in 
developing communities, most likely through volunteer opportunities.  Overall, results indicated 
that the course topic provided an effective context for learning about the design process, 
introducing unique aspects of engineering for developing communities, and motivating students 
to explore this topic further. 

Introduction 

The world faces engineering grand challenges1 in the coming years, and many of those will 
require input from skilled environmental engineers who have the motivation and persistence to 
work on large-scale, multifaceted problems.  Engineering education needs to prepare today’s 
students for the work they will do to meet global challenges.  Perhaps the most daunting 
environmental task of our time is identifying effective and sustainable ways to decrease the 
number of individuals who lack access to clean water and improved sanitation facilities.  While 
the need for environmental engineering problem solvers grows, so does the future employment 
opportunity for current students who choose this discipline.  The U.S. Department of Labor 
Bureau of Labor Statistics estimates a 22% growth of job opportunities in environmental 
engineering between 2010 and 2020.2  Engaging first year engineering students in design has 
proven to be an effective way to increase academic achievement and persistence,3,4,5 as has 
introducing the concept of engineering as a “servant of society.”6   

Within engineering education, the typical method of implementing service to society is through 
service-learning, which is defined as “a teaching and learning strategy that integrates meaningful 
community service with instruction and reflection to enrich the learning experience, teach civic 
responsibility, and strengthen communities.”7  Service-learning in an international context, 
especially within developing communities, can be used to engage students who may not be as 
interested in design projects that do not have a socially-useful purpose.  Fulfilling community-
based design needs contextualizes engineering education to make it relevant to first-year students, 
especially those underrepresented in STEM, in ways that basic theory courses including physics 
and calculus do not.   
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The need to contextualize engineering education.  African Americans, Latinos, and Native 
Americans in the US share some common cultural aspects in their leadership models. In 
particular, their leadership styles are usually people-centered, community-focused, and 
advocacy-oriented.8,9  Social and behavioral science studies have examined how core cultural 
values translate into career choices in these populations.  For example, a recent study found that 
African American medical school graduates from historically black universities, like Howard and 
Morehouse, selected to work in communities of color immediately after graduation and chose 
general practice over specialties at much higher rates than their white counterparts chose.10  For 
American Indians, the likelihood of success in higher education is increased when the 
educational process is linked to their everyday life experiences and natural environment. Their 
continuing academic engagement is then apparent in their desire to pursue degrees or jobs that 
directly and indirectly benefit their native communities.11 Similarly, a study found that highly 
educated Latinas displayed a strong sense of commitment to follow career paths that served their 
communities.12   

Latinos are now the fastest growing demographic group throughout the US and are projected to 
comprise 29% of the population by 2050, as compared with 15% in 2007.13  Unfortunately, this 
expected growth in population does not align with a similar expected growth in their 
representation in science, technology, engineering, and mathematics (STEM) fields.14  In spite of 
long and concerted efforts to recruit and graduate Latinos and other underrepresented minorities 
into these fields, their numbers are still low.  Given this expected increase in population, STEM 
educators, administrators, and policy makers continue to search for innovative ways to engage 
these populations in STEM career paths.  One promising method for increasing student interest 
and retention in engineering appears to be an early introduction to design.15   

Encouraging the development of social skills that engineers need.  In recent years, the concept of 
grit, defined as the ability to persevere and sustain passion for long-term goals, has gained 
attention from researchers trying to understand the traits that may dictate students’ success. 16 
Grit was found to successfully predict educational attainment, grade point average, and 
retention.16 Another study found that engineering students who were female and/or NCAA-
athletes had higher levels of grit than other students did.17  The work by Carol Dweck on the 
fixed- versus growth-mindsets has also shed light onto specific behaviors that can lead to higher 
levels of achievement.18  Characteristics of growth mindsets, such as the ability to embrace 
challenges and persist in the face of setbacks, are essential components of grit. Engineering 
educators can implement teaching techniques leveraging knowledge on grit to create engineers 
capable of effectively addressing the increasingly complex needs of the 21st century. 

Notably, the student population drawn to engineering often includes those with successful 
academic backgrounds that have been attributed to “natural talent.”  Initial introduction to the 
rigors of an engineering curriculum often requires additional skills that students may or may not 
have (e.g., good study habits, time management, stress management) in addition to the common 
challenges of living on their own for the first time.  How they respond to those challenges will 
likely define their future success.  Classroom activities can be tailored to develop and reinforce 
grit in students and such activities should fit the context of the course.  This paper presents 
results of the implementation of a pedagogical model using environmental engineering for 
developing communities as a topic of a first year design course and specifically focuses on the 
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developmental effects garnered by students who traveled to Peru to implement their design in a 
rural community.  

Background 

First-year Engineering Projects (FYEP) is an interdisciplinary hands-on design/build/test course 
for entry-level engineering students and those who are considering changing their major to 
engineering.19  Through this course, students put engineering theory into practice early in their 
undergraduate years by working in teams to design, build, and test new products and inventions.  
Longitudinal studies on engineering student retention have shown consistent gains in retention 
for students participating in FYEP compared to students who did not participate in the course.15  
Figure 1 shows data from the first 11 years (1994-2005) of offering the FYEP course at our 
institution and demonstrates the 6-year graduation rates associated with participation in that 
course.  Six-year graduation rates shown are for students who enrolled in the course between 
1994 and 2005.  Findings showed statistically significant improvement in graduation rates within 
all categories that included a sufficient number of students (men, women, Caucasians, and 
Asians).   

Latino and African American students also demonstrated large gains in graduation rates, but due 
to their low representation, those gains were not statistically significant.  Since Latino students 
currently comprise only about 10% of first-year engineering majors at this university,20 numbers 

Figure 1 Historical graduation rates for FYEP course takers and non-takers, 1994-2005 
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are likely to remain small for the near future.  Table 1 shows the percentage of Latino students 
enrolled in each of the six FYEP course sections.  For reference, during the semester under 
investigation, enrollment across all six sections of the course included 13 Latino students among 
the 160 students total.  

Description of the specific class involved in this study.  The class described here is one of many 
sections of a first-year design course offered at our institution.  The instructor opted to focus on 
design for developing communities as a means to make design both accessible and relevant to 
her students.  The concept of accessibility applies to both the designers as well as the customers: 
the designers are students with limited technical knowledge and the customers have limited 
resources to pay for the design.  The design is relevant because it must address the need of a real 
customer.  In the process of developing the design, students learn about non-technical factors that 
may determine the success of their design implementation.  In this case, the students were asked 
by representatives from an elementary school in rural Peru to design a solar water heater for a 
school bathroom.  The implementation of a final design was made possible using funds raised 
from several sources within our institution.  

Course Section Percent of Overall 
Latino Enrollment 

Study Section 23% 

Alternate Section 1 23% 

Alternate Section 2 15% 

Alternate Section 3 15% 

Alternate Section 4 15% 

Alternate Section 5 8% 

Table 1 Latino population within individual course sections during spring 2011 (n = 13) 

A prime opportunity to demonstrate the power of grit presented itself during this class.  Briefly, 
the instructor submitted a small grant proposal to fund the implementation of the best design 
from this section.  The proposal was disqualified for technical reasons but was later resubmitted 
for a larger proposal competition and eventually funded.  The initial disappointing experience 
was shared with the students to illustrate that setbacks are common in all facets of life but 
perseverance often pays off.  Once funding was available for two students to travel to Peru for 
actual design implementation, student interest in their projects and personal motivation seemed 
to increase.  Specifically, student teams wanted aspects of their design to be selected as the best 
for implementation, and individual students wanted to be chosen to travel to Peru and carry out 
the work.  

The instructor carefully considered the selection of both the design and students who would 
travel to build the water heater.  The final design was to incorporate the best features from all the 
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designs in the class.  Students interested in traveling were asked to provide statements on why 
they were good candidates.  They also had to agree to continue working, without pay, on the 
final design after the class was over.  Several students expressed interest and professed their 
commitment, but only a few ultimately performed the expected work.  Students volunteered over 
ten hours per week for several weeks before the trip.  They coordinated activities among 
themselves and with the instructor.  Once the project was well underway during the summer 
(after class was over), additional funding was secured so that all three students who 
demonstrated commitment to the project, and the native Spanish-speaking teaching assistant 
(TA), were able to travel to Peru.  In order to secure the additional funds, the instructor and the 
students worked on fundraising from various sources on campus.  In one case, the students 
prepared a small proposal with the assistance of the instructor.  These additional, non-technical 
activities required unanticipated extra work and skills; however, the students demonstrated 
commitment to the project and to each other by trying to raise enough funds for all volunteers to 
travel to Peru.  The final water heater design was modular and the team planned to build five 
units in Peru.  The main components of a single unit were built and tested before travel, while 
some materials and components were procured/pre-built for additional units to be assembled in 
the field.  Students made many preparations, including packing the materials for the trip.  The 
team’s grit was tested somewhat during travel preparation but was tested more so during the 
implementation abroad.  

Method 

This investigation used a case study method that focused on an analysis of an individual section 
of a larger first year design course.21  Participants were 28 students taking the class and the TA 
for the section.  Course enrollment was 11% female and 11% from ethnicities underrepresented 
in engineering which includes Latino, African American, and American Indian.  Assessments 
included a course post-survey, observations from the course instructor, and a structured interview 
of two of the three students and the TA who traveled to implement the final design.  The final 
design incorporated the most implementable features from those suggested by all of the FYEP 
class design teams.  This step provided an incentive to all groups to come up with innovative 
design features worthy of implementation, even if their final design was not the one selected as 
the winner during the end-of-year design competition. 

The course post-survey was composed of multiple choice questions and open-ended comment 
questions that addressed the research questions.  The structured interview followed a series of 
questions and follow-up probes targeting the same research questions.22  The post-survey was 
administered the last week of class and the interviews were conducted with the travel team 
approximately 18 months later.  Quantitative results were tallied and reported as percentages.  
Qualitative interview results were recorded and thematized together with open-ended 
responses.23  

Results 

Quantitative and qualitative results will be discussed under each of the following research 
questions:  
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1. Did the course develop an understanding of engineering for developing communities 
(EDC)?  

2. Did the course topic motivate the students in the course to collaborate to solve problems?  
3. Did the course motivate the students to travel to help these communities? 
4. Did the course inspire students to pursue future EDC opportunities? 

Understanding of EDC.  Quantitative feedback from the post-course survey indicated that 76% 
of course participants thought they had an understanding of what engineering for developing 
communities was about.  Student comments indicated a basic level of understanding as one 
student reported, “We are trying to invent and create resources that can be implemented in 
developing communities, and creating products that can function and be sustainable within those 
communities.”  

Analysis of interview data from the travel team indicated a more comprehensive knowledge of 
EDC gained through traveling to the developing community and implementing the design.  The 
first theme to emerge from travel team interviews was the difficulty of designing in a developing 
community.  One student reported, “There was a lot of work to be done.  It was a good thing that 
all three of us went, because otherwise the project wouldn’t have been able to be implemented.”  

Two subthemes emerged under this theme related to unexpected changes in the design plan and 
design constraints.  Unexpected changes in the design plan seemed to be a continuous process for 
the travel team with one student reporting, “Very few things that we planned, happened,” and 
another advising, “Design needs to be fool-proof and flexible.  You need a plan B because it’s 
likely that whatever can go wrong, will go wrong.”  Unexpected activities included having 
design materials confiscated by transportation security authorities; finding out that wood 
dimensions (e.g., 2” x 4”) and tolerances were not the same in the developing community as in 
the US; and finding out that a key piece of the design, a pre-existing water tower, was not 
functioning as described by the community.  

Another subtheme related to the difficulty of the design process described the design constraints, 
or lack thereof, that students had to operate under while in the developing community.  Foremost 
was the lack of ready access to tools and supplies. One student reported, “The biggest challenge 
was to design a torch to solder together metal parts because you can’t bring a torch on an 
airplane; I used a propane tank, added a hose, and tried that.”  Another student reported on, “the 
lack of regulations to guide design.  In my internships, I always had to focus on safety and 
regulations; but in a developing community, not so much.”  This student fell back on his own 
ethics to deliver a safe design.  

The second theme to emerge under an understanding of EDC was related to connecting with the 
community.  One subtheme under this theme related to connecting with the travelling design 
team while another subtheme was focused on connecting with the local community.  All of the 
travel team students recognized the need for a “good team,” with one reporting that, “If there was 
conflict within the team, we would have not gotten it done.  So, luckily we worked well together 
and realized that it was important to work together.”  Students met with the TA in the evening to 
plan events for the next day. P
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While there was good design team cohesion, connections with the local community were 
variable.  On the positive side, exposure to the developing community made students realize all 
the benefits of their home culture as one reported that the trip “shined a lot of light [on the fact] 
that most engineering goes towards the wealthiest and that this small contribution that I could 
make was very impactful to a community.”  However, students faced a language barrier with 
only one team member speaking the native language and even this member struggled with 
translating technical engineering terms to the community in their own regional dialect.  The team 
was also unable to educate members of the school where they were working on their design, as 
planned, because the school was on winter break. 

Observations from the instructor.  Dealing with difficulties and unexpected challenges was 
commonplace in the field and students had to constantly adjust to negative circumstances and be 
flexible.  In short, they had to rely on their grit on a regular basis to make progress on their 
project.  After the first few days, their comfort with the adverse conditions for the project 
implementation increased.  Their self-confidence and commitment to their work also increased 
as evidenced by their long work hours and excellent team work ethic, both within their team but 
also with their co-workers from Peru. 

Impact of the course topic.  Quantitative post-survey data indicated that 67% of course 
participants found the course topic more interesting than those from other sections of the course.  
Qualitative analysis of open-ended survey responses and travel team interviews indicated two 
themes in the data, one related to positive motivations generated by the course topic and another 
related to negative motivations.  

Subthemes under positive motivation included the opportunity to serve people directly and the 
real world aspects related to the design being implemented in a developing community.  One 
travel team member observed that the course topic “was motivating to those who want to help 
people with their designs,” while another reported, “Other students cared a lot more for their 
design because it was for a real client.”  Another subtheme under positive motivations was the 
competitive aspect of the course with people motivated to turn out the winning design for 
“bragging rights.” 

Negative motivations around the course topic were centered on two subthemes, those who 
wanted more freedom to choose their design topic, and others who wanted a design topic specific 
to a different major than environmental engineering.  One student described it, “In most sections 
of the course you get to choose what you want to do, but this class was different because all the 
teams were in competition against each other….It led to some wishing that groups had freedom 
to choose from a variety of project options.”  

Motivation to travel.  From the course post-survey, 71% of students indicated that the course had 
sparked their interest in travelling to work in a developing community.  Two themes emerged 
from the qualitative data analysis, one related to the chance to work abroad and the benefits that 
would accrue from this experience and another focused on the process one needed to go through 
to get the opportunity to travel.  

Related to the first theme of being provided a chance to work abroad, subthemes related to a 
degree of excitement about the opportunity and the benefits of participating in this type of 
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experience.  Students in the class were, on average, excited about the prospect of taking their 
design forward and working abroad in a developing community with one reporting that the 
opportunity, “was a bit of a hook,” and “When I found out someone would get to go, it was 
exciting.”  One student felt motivated to provide the following disclaimer on the team’s travel 
experience by saying, “We were not tourists!  We were extremely busy and incredibly stressed.  
It was a better way to connect with the culture—clearly an educational experience, but not a 
vacation.” 

Students were also aware of the benefits of an opportunity to work abroad on EDC.  One 
reported, “If you get the chance to do work abroad, do it!  It gives you insight and perspective of 
how things are done in other communities,” while another described the value of, “being able to 
work on a global scale and being able to communicate effectively with people from other 
cultures and backgrounds.”  One travel team member acknowledged that he highlighted the 
benefits of learning to work with diverse cultures in his job interviews. 

A second theme related to students’ motivations to implement their design described the process 
for earning a spot on the travel team.  One student commented, “It is important for students to 
know that there are opportunities available, and you have to work for it.”  Subthemes related to 
staying in touch with the instructor, taking leadership roles in class, and fundraising.  In 
particular, fundraising was a barrier for a team of freshmen with one reporting, “We worked on 
one grant, but mostly the professor did the fundraising for us,” and another reporting, “It was a 
pleasant surprise when the funding came in for all three [students] to go.” 

Pursuing EDC opportunities.  Students in the course and the travel team were all queried on the 
likelihood of including engineering for developing communities in their future educational, 
service, and career goals.  On the course survey, 67% of participants indicated an interest in 
future EDC coursework while all members of the travel team had developed an interest in 
incorporating EDC experiences.  Themes in the data centered on educational impacts, 
extracurricular impacts, and career impacts.  

Regarding education, a majority of students were interested in future EDC-type courses but there 
was a lack of awareness of future course opportunities.  Another subtheme addressed the 
application of design concepts learned in the freshman class in future design courses with one 
reporting, “I’m now in a junior-level components design class…so now I realize that it’s 
important to keep designs less complicated.  Simplicity can be a good way to go.” 

Regarding extracurricular impacts, there was a theme of wanting to volunteer for these activities 
alongside a traditional engineering career.  One student commented that he was, “looking for a 
traditional engineering internship, but I have become interested in a volunteer project to build a 
school in Nepal.”  Another student is working on an extracurricular project to build a bridge in 
Bolivia, and wants to travel every year for a project in a developing community.  

Finally, there was a theme of incorporating EDC activities into one’s career.  The majority of the 
class was interested in EDC as a service or extracurricular activity and was looking for more 
traditional engineering career tracks, but there was curiosity about how one would include EDC 
into a traditional engineering career.  P
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Discussion 

Based on our findings, focusing a first year design course on environmental EDC and offering an 
opportunity to implement the design proved an effective way to increase students’ understanding 
of what it takes to engineer products for developing communities.  The topic motivated some, 
but not all, students.  As frequently occurs in a design class, some students wished that they were 
allowed to work on projects that they considered more relevant to their discipline or eventual 
career.  Preparing for an engineering hardware implementation project in a distant location with 
limited resources appeared to increase perseverance, desire to use engineering skills to benefit 
society, and student attributes linked to grit including overcoming setbacks.16,17,18  Students who 
went beyond what was required by the class demonstrated a deeper understanding of the 
challenges involved with engineering in a developing community context.  Those individuals 
took leadership roles in their in-class teams, connected with the professor throughout and after 
the semester, and noted an interest in volunteering to work on the design even after the class 
ended.   

When funding became available for all of them to travel, the team was in a better position to 
work together because they had supported each other and had demonstrated that they were 
willing to make an effort towards the greater goal even if they were not the one who would 
eventually travel.  This, in turn, may have allowed them to deal with the setbacks that they faced 
during project implementation.  One of those setbacks involved a language barrier that existed, 
even for the student who spoke a different dialect of the local language.  That experience 
appeared to lead to a realization by members of the travel team that successful engineering 
requires more than technical skills.  The travel team recognized the importance of effective 
collaboration not only amongst themselves, but also with a Peruvian peer group of students who 
were implementing a complementary system at the same location, and members of the greater 
community where they were working.  The team members recognized that they did not know 
how to connect with members of the community, and were disappointed when they missed an 
opportunity to interact with the larger community because of a scheduling misunderstanding.   

Implications 

Based on the responses of study participants, we believe that this first year design course focused 
on a service-learning project for an international developing community was valuable for 
building design skills, fostering grit, increasing professional interactions with diverse populations, 
developing an engineering identity, and improving multicultural communication skills.  The 
course format motivated the majority of students to compete for “bragging rights” as well as to 
collaborate to improve the winning design so that it best met the needs of the community where 
it would be implemented.  For that reason, the instructor feels that this was a valuable learning 
experience for both the majority and underrepresented members of her class.  Only time will tell 
whether or not this instructor’s section of the design course will draw increasing numbers of 
Latino students due to word-of-mouth recruiting from students who enjoyed the project. 

With respect to whether the course motivated students to pursue future EDC opportunities, our 
findings show that it did.  However, one takeaway from this study is that students need more 
information regarding the possibilities of how to incorporate engineering for developing 
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communities into a career plan.  They also need more information about what it takes to prepare 
for international travel, whether that is for work or for volunteer experiences such as this.   

Limitations and Future Research Opportunities 

Sample sizes in this study are small due to the lack of underrepresented students who enroll in 
engineering at our university and because we are using a case study method that focused on one 
section of a larger course.  Therefore, the quantitative results should be considered tentative.  To 
dig deeper into the motivational impact of the topic itself compared to having an opportunity to 
travel to a developing community for project implementation, the authors intend to conduct a 
comparative study that includes surveys gathered during a subsequent offering of the same 
course, with the same topic and instructor, but without an opportunity for any of the students to 
travel for project implementation. 

Concluding Remarks 

This case study investigated the impact of a particular course topic and context, engineering for 
developing communities, on the knowledge and motivations of students enrolled in the course. 
Results indicated that students in the course developed a basic understanding of EDC, but that 
members of the travel team developed a deeper level of understanding centered around the grit 
involved in implementing their design and interactions with the various communities 
participating. 
 
Students were also assessed for their motivations to engage in the course topic, travel to help the 
community, and pursue further EDC career opportunities. Students in the course who were 
motivated to help others and compete with their designs were motivated by the topic, but other 
students desired a topic more central to their major. Students in the course were also motivated to 
travel and do EDC and pursue additional EDC career opportunities, but they were not always 
aware of the opportunities available or how to fund them. Travel team members overcame these 
limitations through their own grit and perseverance.  
 
This course section and one other tied for having the most Latino students of any section, 
although numbers were small and additional research is needed to determine the influence of the 
course on underrepresented populations.  Additional research will also focus on the impact of a 
section of the course without a travel opportunity to see if the same outcomes are observed.  
 
Overall, results indicated that the course topic provided a worthy context for learning about 
design and engineering for developing communities and motivating students to further explore 
this topic. Impacts seemed much more pervasive for the travel team than the general class, so 
initial recommendations, pending further research, are to continue to include this component in 
future offerings of the course.  
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