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Chapter 5

Humanitarian Engineering: a proposal to articulate
engineering education with social issues!

Maria Paula Flérez?, Diana Maria Duarte?, Luis Alejandro Angel*

Abstract

The academy has focused on theoretical discussions that distance
themselves from real social and economic issues of the communities.
Aiming to create synergy between engineering education and low-
income communities, the School of Exact Sciences and Engineering of
Sergio Arboleda University has focused on Humanitarian Engineering.
This study seeks to establish the first model used in the design of the
first academic offer of this approach: a course where students must face
challenges of communities and design artifacts, systems or engineering
processes under social, environmental and technical constraints.
A framework is established for Humanitarian Engineering, followed
by a case study where the proposed course model is analyzed
through students and teachers’ perceptions after its implementation.
'The proposed changes for a second version of the course are concluded.
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1. Introduction

'The role of academia and universities in particular in education pro-
cesses has been a topic of philosophical, political and scientific discussion
since its inception. There is a gap in the theoretical and academic conver-
sation regarding the social and economic issues of communities directly
impacted by this knowledge (Arango, 2004). Should not we consider that
the generation of professionals who are capable of taking an active role in
the construction of more egalitarian societies with a better quality of life is
a fundamental task of education?

Engineering, by definition, is any application of the physical, chemical
and mathematical sciences, industrial techniques and, in general, of human
creativity, to use and invent matter (Law 842, 2003). It refers to an ac-
tivity that transforms knowledge into something practical. This must be
aligned with community interests, since it is useless knowledge if it can
only be applied to solving theoretical issues, rather than helping solve real
problems with their social, economic, and environmental constraints
(Lucena, Schneider & Leydens, 2010). Engineering should be oriented
to designing solutions within real environments that allow students to
identify the constraints of their context. The schools and faculties of engi-
neering are challenged with creating propitious environments and active
methodologies to improve the student competences that allow them to
attend the needs of the society. Many students graduate without being
prepared to design under real conditions, that is, with economic, social,
and environmental constraints (Lucena, Schneider & Leydens, 2010).
'The academy is training engineers to design, yet without deepening the
importance of learning to identify and evaluate issues from different areas
of knowledge. This causes a lack of humanism in engineering and prevents
forging a society. Therefore, engineering education must rethink changes
to ensure that professionals can meet the needs of society.

Emphasizing the need to incorporate these approaches in engineering
education, Colmenares & Celis (2016) state that, despite the considerable
amount of studies that have been conducted on changes in engineering
in the last decade, research on strategies to achieve successful changes,
as well as evidence to evaluate the impact of curricular changes made
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in engineering programs are scarce. This study proposes a course model
that favors the inclusion of community work approaches in traditional
engineering programs promoting changes in engineering education. This
chapter shows the design of the “Humanitarian Engineering” class at
Sergio Arboleda University, based on the implementation of a pilot class
and the analysis of its results. The class seeks, through interdisciplinary
groups, to generate symbiosis between the university and the community,
and thus ensure preparation to meet the needs of society through the
design of devices, systems or sustainable engineering processes.

'The objetctive is to answer the question: what could be a course model
that incorporates the community in traditional engineering programs? This
chapter is structured as follows: (1) proposals for change made by theorists
for engineering education and defines what Humanitarian Engineering
is; (2) synthesis and analysis of three referents of engineering courses with
a community approach; (3) description of the methodology used to carry
out the proposed model of a Humanitarian Engineering course at the
Sergio Arboleda University; (4) results obtained; and (5) conclusions.

2. Theoretical framework

2.1. Changes proposed for education in engineering

One of the proposed changes for engineering education is based on the
ability to design through participation. Verharen, Tharakan, Middendorf,
Castro-Sitiriche & Kadoda (2013) propose engineering courses in which
interdisciplinary teamwork is promoted when designing, taking into
account the contribution from difterent disciplines. The authors argue thata
positive change in the designed technology could be achieved, considering
the proposal of Shields, Verga & Andrea (2014) to incorporate sustainability
into the engineering curriculum, since one could learn to design under
real restrictions (social, economic and environmental) when working with
interdisciplinary groups. Nazzal & Zabinski (2014) propose to introduce
sustainability in the different subjects of the engineering curriculum
and then create modules or specific subjects that cover the relationship
between engineering and sustainability. According to Besterfield-Sacre,
Cox, Borrego, Beddoes & Zhu (2014), creating a shared vision of these
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changes in the curriculum is relevant, and needs the support of faculties
and teachers, as well as the implementation of policies that allow rewarding
teaching innovation.

Based on international experience, Colmenares & Celis (2016) establish
that the changes proposed for engineering training not only aim to be more
grounded and articulated to the master’s degree, but that those who apply
for alicense should have previous professional experience aiming to actually
being qualified for obtaining it. According to them, the professional license
should not be assumed only as a matter of theoretical knowledge, but as
the certification of professional skills and experience necessary to develop
projects with impact and social responsibility with solvency.

2.2. Humanitarian engineering

Another change in engineering education has been to encourage
the development of projects with social and environmental impact.
Humanitarian Engineering is a peaking approach in several programs
worldwide,and is recognized as a specialty that encourages the development
of communities through the design of technologies, systems and processes.
Passino (2015) defines the term: “Humanitarian engineering is the
creation of technologies that help people”. Lucena, Schneider & Leydens
(2010) state that Humanitarian engineering refers to the development of
communities, ergo, a student that specializes in Humanitarian Engineering

has the following profile.

Humanitarian Engineering and similar programs have been incor-
porated in different American Universities such as: Colorado School of
Mines, University of Canterbury, Arizona State University, Villanova
University, Rochester Institute of Technology, University of Wisconsin-
Madison, Carleton University, University of Michigan and Purdue
University; in Mexico: Monterrey Institute of Technology and Higher
Education, University of the Valley of Mexico; and in Latin America:
National University of La Matanza in Argentina, Catholic University of
Argentina, University of Chile, Pontificial Catholic University of Chile,
Universidad del Desarrollo in Chile; University of the Valley, Universidad
of La Salle, University of the Andes and Universidad Minuto de Dios.
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2.3. Referents in Humanitarian Engineering

The skills and abilities acquired by a student depend on the design
and methodology of the course. In order to understand some basic
characteristics of a Humanitarian Engineering course, three referents are
analyzed, considering aspects such as the audience to which it is directed,
the type of course, the weekly time assigned, the theoretical and the
practical component, and evaluation (Table 1).

There are several similarities among the three Humanitarian
Engineering courses analyzed. All courses have a theoretical component
and a practical component. The student receives the tools to develop the
practice in the former while, in the latter, the execution of a project or
the resolution of a challenge takes place. It is common in all cases that
the practice requires a team effort.

The practical component is not always focused on finding solutions to
local problems. The social system to be analyzed depends on the context
and the possibilities of each place.

A Humanitarian Engineering course does not necessarily have to
be made up of engineers, and therefore it is important that all students
learn techniques and know how to apply participatory methodologies for
working in multidisciplinary teams.

'The three courses analyzed are elective, since, regardless they approach
matters relevant for the training of professionals, specially for engineers,
the issues addressed are not necessarily interesting to everyone. Students
are expected to be fully committed, since behind the problems addressed
lies the human being.

Each course has different pedagogical strategies, however, all three
courses demand a final project. In addition to the grade obtained in the
project, other activities are carried out to evaluate theoretical knowledge.
In none of the cases are exams performed.
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Aspect

Target
group

Type of
course

Theoretical component
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Table 1. Examples of referents in Humanitarian Engineering

Engineers without
borders Colombia
(ISF-CO)

Los Andes University
(Los Andes University,
2017)

Course for engineers.

Elective course.

4 hours weekly.

The topics are
focused on the
development of the
concepts related
to the criteria

of the ISF-CO
projects: socially
inclusive, viable,
environmentally
responsible,
engineering,
innovative,
technically possible,
high impact.

Speakers are invited
to the course to give
talks oriented to the
criteria of the ISF-CO
projects.

Community Based
Research

Colorado School of
Mines

(Colorado School of
Mines, 2017)

Course for engineers.

Elective course.

3 hours weekly.

Oriented to the
development of topics
such as: qualitative
research, ethnography,
participatory
observation,
collaborative

design, community-
based cartography,
interviews, and the

importance of listening.

Speakers are invited

to some of the classes
to enrich some of the
course topics.

Humanitarian
Engineering
The Ohio State University

(The Ohio State
University, 2017)

Course not exclusive for
engineers.

Its a mandatory course
to minor in engineering,
as well as elective for
other degrees.

3 hours weekly.

Oriented to topics

such as: poverty,
underdevelopment,
sustainability, culture,
social justice, strategies
for development,
engineering for
community development,
analytical methods

and participatory
development of
humanitarian
technology.

Discussions are held in
class regarding different
topics.
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Practical component
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Engineers without
borders Colombia
(ISF-CO)

Los Andes University
(Los Andes University,
2017)

Students throughout
the course should
seek solutions to
achallenge in a
participatory manner
with the community.
This community

may be vulnerable

or with development
potential.

The challenge that
the students must
solve is chosen by the
teachers.

The Ocdio context is
used to address the
challenge.

Field laboratories are
conducted in which
students know the
area and interact
with the actors
involved with the
problems.

The practical
component is
developed in groups.

Community Based
Research

Colorado School of
Mines

(Colorado School of
Mines, 2017)

Students throughout
the course must answer
aresearch question
related to a group that
is part of the University
community.

The group and the
research question are
proposed by the stu-
dents.

Students are taught
different tools for wor-
king with communities,
especially tools for par-
ticipatory observation.

Students should
conduct participatory
research activities
with the actors invol-
ved with the research
question outside the
classroom.

The practical compo-
nent is developed in
groups.

Humanitarian
Engineering
The Ohio State University

(The Ohio State
University, 2017)

Students work on a final
project in which they
must select and develop
appropriate technology
to solve a real problem,
in addition to assessing
their environmental and
economic impact.

Students are taught
different tools for the
participatory design of
technologies.

Students are taught ways
to model and simulate
the impact of proposed
solutions.

The practical component
is developed in groups.
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Engineers without
borders Colombia
(ISF-CO0)

Los Andes University
(Los Andes University,
2017)

Queries are perfor-
med to assess the
comprehension of the
readings assigned for
class.

Workshops are
approved in which
students apply some
of the tools seen in
class.

The students record
advances in relation
to the challenge

in portfolios. Each
portfolio synthesizes
and documents the
information collected
in at least one phase
of the oCDIO context.
At the end of the
course, they make a
presentation, where
they expose their
proposal in front of
experts.

Community Based
Research

Colorado School of
Mines

(Colorado School of
Mines, 2017)

Attendance and par-
ticipation in class is
qualified.

The application of

the tools as interview
guides, interviews,
participative
observation, and
participative research
activity are qualified.

Students analyze the
assigned readings.

Students do a

final project with
conclusions regarding
results found in the
research.

Source: own elaboration.

Humanitarian
Engineering
The Ohio State University

(The Ohio State
University, 2017)

Queries are made on the
assigned readings and
class comments that the
teacher makes through
videos.

Students must submit
tasks consisting of
solving problems

from the text guide
(Humanitarian
Engineering:
Advancing Technology
for Sustainable
Development, 3rd
Edition). Some tasks
must be solved in Matlab
programming software.

Students submit a report
of the final project and
sustain it at the end of
the course.
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3. Methodology

The methodological proposal used to define a model course in
Humanitarian Engineering was tested in the Industrial Engineering pro-
gram of Sergio Arboleda University as a strategy to include new perspec-
tives to its traditional approach:

An initial model course in Humanitarian Engineering was designed for
Sergio Arboleda University, taking into account references in Humanitarian
Engineering.

'The initial designed model was implemented.

2. 'The students evaluated the course through anonymous surveys,
and the teachers gave their insights regarding the model.

3. 'The initial model was redesigned, based on the results obtained
in the surveys and the teachers’ perceptions.

4. 'This chapter concerns the initial course model in Humanitarian
Engineering for Sergio Arboleda University, taking into
account references in the matter.

3.1. Initial proposal of a course model in humanitarian engineering

at Sergio Arboleda University

The Humanitarian Engineering course was designed to achieve the
following objectives:

* Create synergy between engineering and other college programs
and form interdisciplinary groups to design artifacts, systems or
engineering processes, under social, environmental, technical, and
economic constraints;

*  Create synergy between low-income communities (in Bogota and
its surroundings) and the University, through the co-creation of
engineering solutions;

¢ Train students in skills and competencies based on the humanist-
scientific approach.
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With this scope, the course was defined as mandatory for all industrial
engineering students (in this pilot phase) to approach the role of the engineer
in community projects. These types of experiences help develop design
skills under economic, environmental, and social constraints, necessary to
acquire a complete professional profile in any sector contemplated in the
2030 agenda for sustainable development.

In accordance with the established objectives, the course required a
methodology of practical approach. The course model was aligned with
an innovative proposal made by Distancia Cero, a social enterprise with
the mission of reducing the gap between reality and academia, promoting
an educational strategy called ‘Aprendizaje basado en retos”. Distancia
Cero provided the course with a portfolio of challenges published by
different social organizations. The course was designed around these issues,
where groups of students had to offer solutions, using the po+CDIO
methodological framework proposed by Ingeniores sin Fronteras Colombia,

an adaptation of the CDIO framework created by MIT.

Figure 1. Initial proposal of the Humanitarian Engineering
course model at Sergio Arboleda University

Fieldtripto communities (12%)
@ Classoutside university (18%)
®ProjectPresentation(18%)

@Classinside university(52%) Readingstest Readingstest Reflexive paper
ol Wt B BN e G Rl O B e 1 2 i " 15 1% 17 WEEKS
® 09 90 5 00 o & & o o e o o
Strategies

*Reports content defined by the proffesor

*Readings assigned each week

*Course content: Humanitarian Engineering (examples, theory and tools) and po+CDIO methodology
*Obligatory course

30 students

*Twohour class / two times per week

«Students organized in teams by the professor

Source: own elaboration.

> “Learning based on challenges”.
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Figure 1 shows the course model that was implemented for the first
time in the second semester of 2016. The aspects considered in this model
are related to the general characteristics in which engineering courses with
community emphasis are usually focused.

4. Results

Students completed an anonymous survey in which they were asked
about their perception of the initial model of the course at the end of the
semester. The priority was to understand, from the student’s point of view,
whether the course was effectively adding value to the educational experi-
ence. The main results obtained are:

General perception:

* 20% of students indicated that the course seemed relevant to
their engineering training; 60% considered it relevant; 20%, little
relevant.

Regarding evaluation:

*  30% of the students said they spent more than the minimum time
necessary for the evaluations; 50%, only the time needed; 20%, less
than the necessary time.

* Students stated that the course should be more flexible in terms of
the design process, requesting that it not be too methodical.

* Although literature was related to the course, students perceived
a lack of relation to the challenges, which were the course’s main
objective.

*  Some tests had no direct connection with the challenges, but rather
assessed literature review. Students considered there was no added
value, and the course as a “waste of time”.

Regarding methodology:

*  55% of the students perceived that the methodology was very inno-
vative (they had not had a similar course yet), while 33% considered
it innovative.
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*  88% of the students considered the experience of working with real
challenges as very valuable for their learning.

* About 95% of students said that it was clear how to apply the
methodological framework po+CDIO.

*  55% of the students showed interest in continuing to work on the
challenges, because they considered that working with communi-
ties was an important experience for them.

After the course was evaluated, and according to the results, the im-
plementation of the ‘Learning based on challenges’ methodology was de-
fined as the most valuable aspect. In the Faculty of Exact Sciences and
Engineering of the Sergio Arboleda University, this approach proved to
be innovative for the educational experience. However, there were some
aspects that did not work properly and that should be corrected to re-
spond effectively to the educational offer. Challenge development requires
a significant amount of time, therefore, it is necessary to minimize the
evaluations or exams that are not directly related to them, and to minimize
theoretical content in order to center on the out-of-classroom experience.

Humanitarian Engineering is an open and complex field that needs to
provide experiences and examples that are related to the challenges so that
students can connect this information easily with their practical experience
throughout the course.

'The assigned literature and its evaluation throughout the semester did
not contribute efficiently to the learning process. On the other hand, the
reflective article and the methodology given to develop it (po+OCDIO)

did help students reach personal conclusions about the design process.

5. Conclusions

After result analysis, and considering that both the theoretical and
practical components are relevant, some changes to the Humanitarian
Engineering model were included, which were implemented in the first
academic semester of 2017 (Figure 2).
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Figure 2. Proposal for a Humanitarian Engineering
course model at Sergio Arboleda University
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Strategies

*Reports content defined by the communities, Distancia Cero and the proffesors
*Only reading assignment in the reflexion section atthe end of semester
*Course content: Examples related tothe challenges and po+CDIO methodology
*Elective course

*Maximum 15 students

*Four hour class / one time per week

*Students organized in teams by themselves

Source: own elaboration.

'The percentages vary from Figure 1 to Figure 2. While time devoted to
field visits and of classes outside the university increases by 6%, the oppo-
site occurs with decreased time of classes in campus. This is to ensure that
students dedicate more time to practical experiences outside the classroom
and to face the challenges together with the communities.

'This new model seeks that all class evaluations are focused on the
challenges, given the amount of time that students dedicate to them is
sufficient to achieve the learning objectives, including decision-making
on the design process, considering economic, social, and environmental
restrictions.

A reflective exercise at the end of the semester is valuable so students
can assess their experience, using literature related to Humanitarian
Engineering. This way, they can reach their own conclusions.
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Regarding its impact, evaluations should be defined at the beginning
of the semester in a negotiation between communities and professors
(not just instructors), supported by organizations such as Distancia Cero.
'The teachers have the role of facilitators in this strategy, and the immediate
impact on the communities is assured.

The course must be elective and not mandatory. Although professors
think that Humanitarian Engineering is key to the development of design
skills in students, working with communities is not transversal and is not
for everyone, since it requires great commitment. A course with many stu-
dents would not be necessary; working with few students facilitates per-
sonalized accompaniment in the development of solutions to challenges.

'The po+CDIO should be used as a framework and not as a methodology.
Students should be able to define how to use it, taking into account that
they are the basic steps in a design process, but also considering its flexibility.

'This new proposal, although based on analysis of the results obtained
by implementing a first model, will also be evaluated after its implementa-
tion to improve and update it if necessary.
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