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Interests and Influences in Humanitarian Engineering

Motivation

It is ironic that the engineering fields, which design and build bridges, are the areas where we
have one of the weakest bridges in closing the accessibility, achievement, and equity gaps
between genders and ethnicities. In 1950, the U.S. Congress established the National Science
Foundation (NSF) with the mission “to initiate and support... engineering...and science
education programs at all levels™'; yet, half a century later, problems of access, achievement, and
equity for females and ethnic minorities in these fields remain, resulting in a lack of diversity in
engineering2'3.

Overview

In this paper, we consider a study with the goal of obtaining insights into diversity issues,
including potential approaches for addressing diversity inequity™* (Fig. 1). This multiple-
methods study is comprised of a survey of participants whose primary composition is as higher
education students currently studying engineering. The multi-question survey gathers
anonymous demographic information and relative interests in humanitarian engineering
experiences from 110 persons which consist of different ethnicities. These participants respond
to multiple choice, short answer, and essay questions. The data are aggregated to represent all
respondents and then disaggregated to look for trends only focusing on women and then also as
trends only in students that are ethnic minorities. The data from both genders and varying
ethnicities creates a more descriptive landscape of Humanitarian Engineering Experiences and
Design (HEED), who participates in HEED, why they participate, and how they perceive their
activeness with HEED.

Based on our study, a cacophony of voices resonates through narrative texts and survey
responses to create a symphony about humanitarian engineering. Indeed, the inquiries in the
survey are structured to finesse out factors influencing choices to pursue engineering, prioritize
categories to describe humanitarian engineering, level of interest and participation in
humanitarian engineering, and investigate thinking about engineering experiences as a sense of
agency and as community development. The results of this survey provide insight into
awareness of humanitarian engineering across various learning environments. Our data indicate
that a large portion of females and males are attracted to humanitarian projects. The data also
suggest that humanitarian engineering experiences are interesting pursuits and attracters for
students that are ethnic minorities. These important results sculpt our understandings about ways
to attract and retain a diverse group of engineers.
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Figure 1. Research Methodology

As United States and world citizens, we all face issues and problems involving science including
those pertaining to the energy, education, water, and shelter. Humanitarian engineering
experiences can provide people with some of the tools to responsibly address these pressing
problems. The Science, Technology, Society, and the Environment education movement
encompasses humanitarian engineering and was first introduced in the 1970s after social
movements of the 1960s and 1970s called for a change in science to include society, politics, and
the idea of responsible citizenship®. We continue to face critical issues regarding the limited
essential resources (i.e., energy, education, water, and shelter) available to some people that
notably impact and perpetuate inequities in educational experiences and opportunities in life.
Among the many who face inequities, millions of females contend with considerable challenges
due to limited essential resources that humanitarian engineering addresses in an effort to promote
democracy and social justice for citizens of our world.
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America’s 44™ President Obama in his visionary inaugural speech urges us as American and

world citizens to
... summon a new spirit of patriotism, of responsibility where each of us resolves to pitch
in and work harder to not only look after ourselves but each other.... We will build the
roads and bridges, the electric grids and digital lines that feed our commerce and bind us
together. We will restore science to its rightful place, and wield technology’s wonders to
raise health care’s quality and lower its cost. We will harness the sun and the winds and
the soil to fuel our cars and run our factories. And we will transform our schools and
colleges and universities to meet the demands of a new age. All this we can do. And all
this we will do. ... For they have forgotten what this country has already done; what free
men and women can achieve when imagination is joined to common purpose, and
necessity to courage.... That as the world grows smaller, our common humanity shall
reveal itself; and that America must play its role in ushering a new era of peace.... To the
people of poor nations, we pledge to work alongside you to make your farms flourish and
let clean waters flow to nourish starved bodies and feed hungry minds.

From drinking straws that protect against waterborne diseases to solar-powered incubators to
assistive educational technology to environmentally-safe temporary housing for hurricane
survivors, humanitarian engineering experiences and designs are prime examples of
interventions which act locally to create possibilities of life-changing opportunities by: (a)
breaking cycles of poverty and inequities through education, (b) ameliorating detrimental health
conditions and addressing issues of limited food and access to clean water, (c) creating
alternatives to inadequate shelter, (d) and reconsidering innovative alternatives for deficient
energy conditions all of which citizens of the world have endured for hundreds of years. In this
study, we investigate the interest and influences in undergraduate and graduate engineering
students in pursuing humanitarian engineering.

HEED Survey

The 10-question survey [Appendix A] of 110 participants provides insight into questions,
methods, and perceptions about factors influencing engineering education and HEED. The
survey questions are a combination of short answer and multiple choice that provide qualitative
and quantitative results. The survey participants are undergraduate and graduate engineering
students at a prominent research university. Although in engineering fields the gender
proportions are largely disproportionately White and male, we include data that represents a
population that includes more women than are statistically in engineering. Indeed, 40:110 are
women and 37:110 are non-White. The data from men and women as well as a representation of
many ethnicities will create a more descriptive landscape of engineering education. Because of
the possibilities to disaggregate the data in multiple ways, there are meaningful opportunities to
interpret and discuss HEED so that this data can be a strong part of the mortar paving pathways
to understanding engineering education.
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First, it is important to glean if students are even interested in humanitarian engineering [Fig. 1]
and if so, of what value they believe it could be to the improvement of the world [Fig. 2].

Regardng your engagement in humanitarian engineering projects, please choose all that
apply.

| have never before | have not had the | will participate
participated. opportunity to participate. in the future.

Figure 1. Results of Participation of HEED Projects

Are humanitarian engineering projects necessary to improve our world?

B Yes
. Mo

Figure 2. Results of Necessity of HEED Projects
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It is not surprising, but disappointing, that almost 60% of the participants have never before
participated in HEED. In these results, it is also of interest over 40% state that they have not had
the opportunity to participate. It would be beneficial to find out what people consider
opportunities to participate including barriers to those perceived opportunities and also what
connotes participation. Finally, we are hopeful at the statistics that show half of the group will
participate in the future. When disaggregated, note that more than 2/3 of women in choose to
participate in the future. Results also indicate that almost 100% of the participants believe that
humanitarian engineering will improve the world.

One of the survey questions is to glean information about the interdisciplinary nature of learning
and practicing engineering [Figure 3]. This goes back to our previously stated assumptions of the
interconnectivity of learning experiences, engineering for this study specifically. The responses
to this question show that all of the participants rank Education as the most highly significant
influence to humanitarian engineering. Technology, Medicine, Business, Economics, and
Architecture are also ranked as highly significant. Language Arts and Kinesiology followed in
the ratings as being significant to Humanitarian Engineering whereas Fine Arts, Philosophy,
Gender Issues, and Pop Culture Media represent topics that are of neutral significance. When
disaggregated, results differ in that women find Diversity Studies, Psychology, Business, and
Pop Culture Media to be more significant to humanitarian engineering. This is interesting in that
curricula can include interdisciplinary strands of these topics woven together with engineering as
a means to attract and connect some of the female students to engineering education.

Rate each of these topics based on significance to humanitarian

engineering.

Psychology

Philosophy

Diversity Studies
Architecture
B Very significant
Language Arts B Significant
. Neutral
Gender Issues B nsignificant

B Very Insignificant
Pop Culture Media

Business

Education

Kinesiology

Other

0 50 100 150 200

Figure 3. Interdisciplinary Topics
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The factors listed in the following question comes from Eccles’ Expectancy Value theory and
themes generated from other key studies in the review of literature about influences in pursuing
engineering [Figure 5]. The survey reinforces the depth of findings of the literature review and
key factors for conceptual structuring of this study. The Expectancy Value theory is a prominent,
positivistic, motivational theory derived from a 30-year study. It suggests that we can explain
learners’ perceptions, expectations for success, decision-making, and external factors influencing
their beliefs about academic fields and ability4'l4.

Eccles’s Expectancy Value theory suggests that a learner’s persistence in, choice of, and
performance in educational experiences can be predicted by her or his expectations for success
(or perceptions of ability) and her or his perceptions of the value of each task or experience. The
theory predicts that a learner’s perceptions of ability in an educational experience and the values
she or he attaches to an educational experience are influenced by her or his long and short-term
goals and estimates of the difficulty of the subject. These beliefs, in turn, are influenced by the
person’s interpretation of past experiences of success and failure (attributions), perceptions of
others’ expectations, such as parents and peers, and perceptions of the gender stereotypes of the
subject. This theory is useful for educators as we unpack antecedents to students’ ways of
knowing and deciding. It contains important and meaningful factors that have been and should
continue to be included in discourses around how and why a choice is made to pursue an
educational experience. A few other categories are included based on the review of literature that
suggested alternative factors that are highly influential in pursuing engineering.

Rate each of the factors according to how much you think they
contribute to your pursuit of engineering experiences.

Family/Peer Influence

Application of

Financial Opportunities |
Imagination |

Utility of Task .

| B Very Significant
Interest B Significant
| B Neutral

Expectation of )
Success/Self-Concept of Ability W= Insignificant

I Very Insignificant

Military [nvolvermnent

Previous Achievement-Related l
Experiences |
1
|

Spirituality
Connections to Community

Other

0 20 40 60 80 100

Figure 5. Influential Factors

In our survey results, we see that interest, application of imagination, expectation of success, and
utility of task rank as being the most significant to those pursuing engineering. Each of these is
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also listed in the Expectancy Value theory except for imagination. This is of particular interest
because often we find that imagination is left out of the educational system and the research
around engineering education yet it is of great importance”. It is also of interest that military
involvement is the least significant influence. At times, examples and advertisements to attract
future engineers relate to military purposes“'lz. Perhaps media and education examples should
place less emphasis on military involvement with engineering to attract and retain more students
who find connections with other factors instead.

Qualitative Survey

One analysis of this qualitative portion of the survey is in looking across the cumulative data of
the three qualitative questions that are coded in NVivo8. This is with the intent to obtain the
participants’ perspectives on HEED in their own words'®®. This data represent themes across
genders and ethnicities that have the highest frequency: community (including cultural milieu),
water, shelter, and education. In this data, we zoom in to capture views of these main themes in
the women’s responses.

In line with the theoretical framework of this research, it is important to capture the participants
in their own words. From “seeing the effect of natural disasters” to “studying abroad” and from
“world economy” to “being a follower of Jesus”, participants explain the influential factors
influencing their future practice as an engineer in the first qualitative question. Women appear to
be influenced highly in their engineering goals by their families. Travel and culture, working
with kids, and involvement in their community are also salient factors influencing their notions
of working with engineering. Over 35% of the women surveyed stated that working with kids or
some form of teaching would affect their futures in engineering, and over 30% stated that their
families have made an impact on their career choices. For example, one female participant stated
that “conversations with my family” influences her future practice as an engineer. If more
opportunities were made available to women in these interest fields, including more study abroad
opportunities and more humanitarian engineering efforts, women might become more interested
in the fields of engineering to make an impact on their communities.

Natural disasters are significant problems for people worldwide — the motivation for the second
qualitative question. In response to it, each participant describes priority engineering problems to
address in a hurricane that creates significant initial problems and which are in turn compounded
by a number of subsequent problems, such as water borne disease. Most women in this survey
addressed the basic necessities of survival first in their analysis of the subsequent problems
resulting from a hurricane disaster. Food, water, shelter, medical attention, and clearing roads
were mentioned by almost every responder. When faced with a series of problems caused by a
hurricane, they addressed the most necessary problems of survival, along with some more long
term goals like issues of the education system, infrastructure, and national aid.

Participants indicate that “helping senior citizens and disabled people get help because this
section of the population is dependent on others for helping them”, “lawlessness”, and
“emotional distress” are priorities for engineers to consider. These may not initially be what
come to mind when thinking about engineering priorities in a natural disaster. This is especially
intriguing and leads to better understanding the influence of cultural milieu on engineering
experiences.
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The final qualitative question prompts respondents to include their perspectives about the ways
that engineers can address the challenges facing developing countries. A range of ideas from
“cheap and clean water supplies” to “develop biodegradable but safe waste containers to help
prevent the spread of disease” to “helping anticipate changes that may arise as the country
develops” are embedded in the survey results. These responses fell within larger categories that
one might anticipate such as energy and transportation. The most interesting insight from this
portion of the survey can actually be exemplified by the aforementioned comment, “helping
anticipate changes that may arise as the country develops”.

Recommending Engineering Educators Take HEED

This is an appealing quote to highlight in that it speaks for a larger population and important
message of the present and future of engineering education. Indeed, engineers need to lend their
strong abilities as problem solvers to anticipate changes that may arise as all countries in the
world develop in this new millennium. Recalling Obama’s inaugural speech, in part at the
beginning of this work, we must “meet the demands of a new era”. In this new era, a record high
number of higher education students are involved in service learning. To better understand our
developing world in the new millennium, a leading cadre from the National Academy of
Engineers describes the 14 grand challenges that we face as world citizens. The 14 grand
challenges combine engineering experiences in the context of social responsibility. The overall
responses in the quantitative and qualitative portions of this research indicate that humanitarian
engineering experiences like the grand challenges can connect to students across gender and
ethnicities. It may behoove schools to tap into the momentum of increased service learning in
conjunction with humanitarian engineering education to engage diverse students. Understanding
that the grand challenges and applying them as frameworks for curriculum development is a key
way to integrate disciplines and enrich STEM literacy skills. Curriculum development under the
framework of these grand challenges provides opportunities for students to engage in long-term
projects across disciplines and also provides a university-wide forum for professors to
collaborate on projects. Engineering educators must listen to the call of students who now more
than ever engage in service-learning activities and have a heightened awareness of a global
issues directly relating to the grand challenges that we face in the 21* century.
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*a,
[ 1have never before participated,
[ I have not had the sppartunity to participate,
[ 1 will participata in the future.

| add question Here | | Soiit Page Here |

|| £t Question || mave |[ ooy || Delete |

gardng your engag in humanitarian engineering projects, please choose all that apply.

*4. A large population has just been hit by a hurricane. The hurricane creates significant intial problems which are in turn compounded by a
ber of sub t probl . such as water borne disease. People of the city face extreme challenges as they must addrass their
basic human nmds From an englnurhg perspective, identify critical problems because of this natural disaster. Please use at least 3

spacific examplas in priority order.

| 4dd Gueston Here | [ Split Page Here |

(et o e o]

*5. What could engineers do to help address the significant issues developing countries face? Please state at least 2 specific examples.

[ 4dd Guestion Here | | Salit Page Here |

*6. Rate each of these topics based on significance to humanitarian engineering.

Very significant Significant Neutral Insignificant
Technology 3 = r &
Psychology i r = [
Gender Issues o = 1= =
Biology Jes B I= i
Philosophy i {5 r [z
Fine Arts B B B =
pop Cuurs i r o r r
Economics I & & &
Buseess r r r r
Diversity Studies D r o r
Architecture |5 o 5 r
Education r_ r r- [_
Kinesiology 2 o = a
Language Arts b7 B o &
Medicine r = o '@
Other (please specify with one of two words per topic)
[
| Add Questicn Hare | | Spiit Page Here |
[ Edt Question | Move || Copy || Delete |[ Add Loo< |
*7. Please rank the following statement:

Itis important for people without engineering backgrounds to be incorp d into the design process.

_J Strongly Agree

J Agree

J Neutral

Very Insignificant

EmERER R EREeRERE
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Appendix A. HEED Survey
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