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ABSTRACT

There has been a shift towards the acceptance of community engagement and
service-learning as a pedagogical tool in the fields of engineering, engineering
technology and the built environment. The Engineering Projects in Community
Service (EPICS) program in the Institute of Electrical and Electronics Engineers (IEEE)
was implemented at the University of Johannesburg (UJ) in the Faculty of Engineering
and the Built Environment and this article shares the best practices and lessons
learned as the program developed. As EPICS-in-IEEE requires, the partners included
UJ students and faculty members, a non-governmental organization (NGO), Engineers
without Borders-UJ, and secondary school learners (the pre-university component)
from UJ Metropolitan Academy. The EPICS-in-IEEE technical design and development
phase was constituted and used as a guideline. The results of this project
demonstrated at least six positive implications: university final-year/capstone
engineering design projects and exit-level outcomes were achieved; participants
worked as a team on engineering-related projects for a local NGO and its community;
the project prepared engineering graduates for the professional world; the initiative
took the engineering, engineering technology and built environment disciplines to the
community through the “social innovation” EPICS-in-IEEE concept; and the UJ value
system was instilled while achieving technical/professional outcomes in preparing
students for careers in the private, public and non-profit sectors.
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Introduction

There is growing evidence that community engagement can be a powerful tool in breaking traditional
engineering stereotypes and in academic programming that is more inclusive of marginalised groups,
such as women and historically disadvantaged students. This evidence points to how community
engagement experiences prepare students for multidisciplinary careers in the private, public and non-
profit sectors.

Local and international accreditation bodies, such as the Engineering Council South Africa (ECSA),

Accreditation Board for Engineering and Technology and China Association for Science and

Technology, have recognised the need to ensure that engineering, engineering technology and built
environment graduates have a strong technical foundation, as well as a broad set of professional skills
to contribute to and lead in today’s global economy. Taking into account recent revisions to the
accreditation criteria and indications from industry of what engineering graduates actually need,
previous research shows that these demands are not likely to be achieved by using the traditional
engineering curriculum, i.e. chalkboard learning pedagogy (Solorio, Garcia-Cuéllar & Flores 2013).

Engineering educators at universities throughout the world are challenged to review curricula
continually to prepare students to succeed in the ever-changing professional world. Universities are
under pressure to produce graduates who can deal with short-, medium- and long-term societal
challenges in a more relevant way. The relevance component has often required universities to
graduate students whose skills are locally relevant, yet internationally competitive. Technologies will
always change, therefore developing students’ ability for life-long learning is much more necessary
today than previously. In addition to technical expertise, the industry requires graduates to have both
“hard technical skills” and a wide set of professional aptitudes, including communication skills,
teamwork and leadership, global awareness, entrepreneurship and innovation. It was found by Kotze
and Spangenberg (2017) that by modelling practical tasks, students developed an intuitive feel for
electrical engineering parameters. Further benefits show that this allows engineering students to
design or shape the world in which they live and in which they will eventually work (Kotze &
Spangenberg 2017).

Therefore, in order to improve both interest and preparedness for real-world engineering, inclusion
of multidisciplinary engineering design is required. Engineering Projects in Community Service (EPICS)
is one way of integrating design and the real world, through community-oriented research, and this
approach is explored in this paper.

Service-learning and civic engagement

Service-learning and civic engagement are inherently connected and mutually supporting. Service-
learning can be defined as learning by doing. It is an internationally recognised approach to teaching
and learning where students develop knowledge and experiential skills through a wide range of
multidisciplinary service activities which, in turn, also benefits communities. Through these carefully
designed activities, they also attain disciplinary skills. Civic engagement can be defined as an attempt
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to have an effect on community lives by applying best practices, encouraging changes in students’
attitudes and acquiring the related knowledge and skills.

A number of approaches such as internships, work in the field, and inbound and outbound volunteer
programs, among others, can lead to experiential education that enables students to become involved
with communities. Service-learning specifically plays a vital role through EPICS, since it encourages an
emphasis on students and their learning outcomes, communities and community outcomes, or the
impact on communities (Service-learning and civic engagement n.d).

Brief History

In 2010 the Institute of Electrical and Electronics Engineers (IEEE) adopted its tagline: “advancing
technology for humanity” (IEEE 2010). Given the IEEE’s expertise in the technology space, in order to
realise this tagline it needs to partner with outside organisations that are championing in the
humanitarian space (IEEE n.d). In 2009 the IEEE piloted the EPICS initiative through its geographical
units (geo-units). The EPICS model, introduced by Purdue University, demonstrates vertical integration
between various academic tiers at pre-university, university and post-university (alumni) levels. The
IEEE took forward this concept developed by Purdue University, namely EPICS, and under the
leadership of volunteers Prof Kapil Dandekar (Drexel University) and Prof Saurabh Sinha (University of
Johannesburg — UJ), the program continues to expand throughout the world, including South Africa.
Although at present they are not directly involved, Prof Sinha is the current chair of the fundraising
working group for EPICS-in-IEEE (at a global level). The program is administered through one of the
major IEEE boards, Educational Activities. EPICS-in-IEEE, which was conceived and championed by IEEE
2007 president Prof Leah Jamieson, is a program that organises university and secondary school
students to work on engineering-related projects for local humanitarian organisations or non-
governmental organisations (NGOs). The purpose of the EPICS-in-IEEE program is to incorporate EPICS
further into IEEE worldwide, by empowering student branches and IEEE gold groups to work with
secondary school students on EPICS community service-related engineering projects, and by further
institutionalising the program within IEEE. Projects that are within IEEE's fields of interest should
address one or more areas of interest in education, access and abilities, human services and the
environment (Engineering Projects in Community Service (EPICS) in IEEE n.d).

To date more than 51 EPICS-in-IEEE projects have been launched in 71 different countries, involving
over 204 volunteers, with 427 university students and 800 pre-university students making an impact
on 90 000 people in communities around the world. In South Africa (region 8) alone at least six EPICS-
in-IEEE projects have been successfully completed (in Pretoria, Durban and Cape Town).

Research Aims

At this point, there are insufficient data to show how such EPICS would directly prepare engineering
graduates for the professional world, although anecdotal experience is promising. This study sought
to examine the effect of an EPICS-in-IEEE project on engineering students at UJ. This paper
demonstrates how such an initiative prepared engineering students for the workplace. It examines
the impact that group design projects have on engineering students when there are changes in their
social cognitive processes and “engineering education” development for university students while
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achieving exit-level outcomes (ELOs) in line with statutory body accreditation or graduate attributes
relating to professionalism (Atadero, Rambo-Hernandez & Balgopal 2014). In South Africa, programs
are accredited through ECSA. This paper thus refers to ECSA ELOs or graduate attributes as listed in
Table 1.

Initiative Framework

Through its volunteers, the IEEE geo-unit identifies a non-profit organisation (NPO) that has
undertaken a project involving appropriate engineering content for its student participants. In
addition, the geo-unit reaches out to educators from secondary schools who are willing to allow their
students to take part in the EPICS program and mentor the secondary school students to pursue
humanitarian projects.

EPICS-in-IEEE projects promote multidisciplinary partnerships. In the context of emerging economies,
where smaller municipalities are usually challenged by under-capacity, the partnership could include
local municipalities.

Selection process

A project and project partner are identified through discussion with academic staff at the university
and a suitable high school, and meetings with interested students, learners and NGO partners. A
partnered team is then created, which constitutes university students, the community involved, the
NGO and high school learners. Depending on the project’s needs, a team may select university
students from multiple engineering disciplines. Vertical integration plays an important role in EPICS
projects; once the current students who are taking part in the project either graduate or move on,
newer students can offer sustainability by joining the project teams (Coyle, Oakes & Jamieson 2005).
Figure 1 explains the various parties constituting an EPICS-in-IEEE project initiative.

UNIVERSITY

' STUDENTS

NGO/NPO

N

COMMUNITY/ @ \ HIGH SCHOOL

RECIPIENTS LEARNERS

Figure 1. Various parties constituting an EPICS-in-IEEE project initiative.
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Participants

The participants in this project included eight university engineering students (three females, five
males) who are Engineers without Borders-UJ (EWB-UJ) members, 11 secondary school learners (50%
female), one IEEE graduate student member who is also a faculty member, and one educator (female
Science teacher from a secondary school). This project was an extracurricular activity for the learners.
In this case, the secondary school partner was the UJ Metropolitan Academy, which is hosted through
the Faculty of Education, UJ. All participants completed this EPICS project. The IEEE Eta Kappa Nu (IEEE-
HKN), Lambda Psi, the only one of its kind in Africa, which has been established at the UJ, South Africa,
served as the supporting IEEE entity.

Methodology

This section describes the study and the integration approach used to articulate the central notion of
EPICS by exemplifying a particular EPICS-in-IEEE project. For simplicity in demonstrating project
principles, a project was selected that centred on the use of light in the informal settlement of
Kathrada Park — with the aim of reducing the number of fires in the settlement. The project duration
was twelve months.

The EPICS-in-IEEE technical design and development phase constituted the following phases:

e Project identification/initiation
e Development of specifications
e Conceptual design

e Detailed design

e Delivery

e Service and maintenance

e Timeline

Initiation

The goal was to identify a specific, compelling need that had to be addressed. To meet that goal, it
was important that the students understood the need that they were required to help address, and
to fulfil the necessary requirements that would aid in meeting the project partners’ need. Such
engagement develops project ownership upon transfer and is a prerequisite for success through
enticement to complete the work.

In this service-learning initiative, EWB-UJ, an NGO made up of engineering students, came forward
with a project statement. Kathrada Park, a community based in Claremont, Johannesburg, is an
informal settlement where fractions of the poorest of Johannesburg’s population reside. When the
community was visited, several problems were identified. The selected project to be developed
concerned a light (sun in a bottle) project. Given the challenges of connecting the community to
electrical power, the light project would reduce the number of fires by introducing an alternative to
candles or paraffin-based options.

64
@ SOTL in the South 2018 ISSN 2523-1154



SOTL in the South 2(1): April 2018 Hoosain & Sinha

The Liter of Light initiative was developed by the Brazilian mechanic Alfredo Moser in 2002. The
approach was initially launched in the Philippines by lllac Diaz under the My Shelter Foundation in
April 2011 (Zobel 2013). This Liter of Light initiative seemed a perfect solution for the lighting problem
identified at Kathrada Park. While the project is simple, it demonstrates various aspects of
multidisciplinary systems engineering and teamwork, which can be seen in figure 2.

Figure 2. Teamwork component of this EPICS initiative: (top left) high school learners working on their
section of the project under the supervision of an engineering student, (top right) the NGO along with
engineering students on final delivery on site, (bottom right) IEEE graduate student member and NGO
weekly/monthly meetings and (bottom left) engineering students working on their section of the
project. Photograph courtesy of EWB-UJ (2015).

Specifications

Specifications in EPICS-in-IEEE are formulated to understand what the community partner needs, and
by the end of the phase, to create measurable criteria through which design ideas can be assessed.
This is accomplished by understanding the context, stakeholders, necessities of the project and the
reasons why the current results do not satisfy the need.

The plan in this case was to implement the Liter of Light solution, but to cater for all hours of the day.
It would also be necessary to conduct workshops to train the Kathrada Park community to design,
develop and service these Liter of Light solar glass bottle bulbs. The partnership approach allowed for
project sustainability through both the community and the NGO.
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Conceptual Design

The conceptual design phase entailed brainstorming a variety of approaches in order to select the
“best solution” to move forward. In this phase, it was essential to determine whether the project
would meet the needs; this was a problem definition/re-definition phase.

The approach to this project — as implied by the name “Light (sun in a bottle) for the informal
settlement of Kathrada Park” —is basically using a glass bottle filled with water and suspended from
the roof of a shack. Liter of Light is a global movement whose aim is ecological sustainability and a
cost-free solution for interior lighting for informal settlement homes. During the day, sunlight strikes
the bottle and owing to reflection and refraction of light as it goes through a change of medium, from
air to water, light rays are scattered evenly throughout the inside of the shack, shedding sufficient
light during the day. For the night solution, a small solar cell is fixed to the top of the bottle. This solar
cell is connected to a circuit that charges a rechargeable battery. The rechargeable battery powers
small numbers of light-emitting diodes (LEDs) that are fitted inside the bottle. At night, a mere flick of
a switch is required to make the LEDs, with the aid of the refraction property of the water, yield
enough intensity of light to illuminate the shack. The system can be assembled with or without the
bottle, depending on the installation requirements or disadvantages in this regard to the household
itself. A universal serial bus (USB) port is also installed for fulfilling another related, but essential need,
namely charging a cell phone or other low-voltage direct current (DC) devices. Figure 3 below shows
a graphical representation of the system.

olar
Pane

Electronic N DC Loads
Batteries 3 N . ;
|:: | Charge control |:: P r—" Lights & USB
Charger

|

User Control
Switch

Figure 3. A block diagram of the Liter of Light system. Diagram created by authors (2017).
Detailed Design

The goal of this phase is to design a working prototype that meets the technical specifications. The
objective is not merely to check off tasks or answer questions; instead tasks and questions need to be
utilised to ensure that the subsystems can be successfully integrated, that the design performs as
expected and that it meets usability criteria. Throughout this process, it is possible that the design
specifications will be refined as knowledge is gained and a particular solution strategy is implemented.
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Some of the tasks are iterated (e.g. prototypes, testing, usability testing, failure), refining the technical
solution.

A unique component of design and development was undertaken by the university students as well
as the secondary school learners (who were mentored by the university students). Before the
undertaking, the university students had set up workshops/Saturday classes for the secondary school
learners at the university’s engineering laboratories, during which the learners carried out their
section of the project. The aim of the workshop was to familiarise secondary school learners with
some of the electrical/electronic components used in manufacturing the Liter of Light project and
provide basic skills training in assembling and soldering techniques.

The total duration of this phase was six months. The activities that occurred during this time are
further broken down into the units listed below.

If each circuit design and team component is discussed separately (i.e. (i) engineering students, (ii)
high school learners, and (iii) completed project and delivery by NGO), the systems engineering and
student/graduate relationship can be described as follows:

e Engineering students at the university, together with facilitators, designed an
electrical/electronic system to charge batteries from solar energy, which in turn drove the
relevant circuitry to turn on LEDs and charge low-voltage devices. These outputs could be
turned on/off at will by the user, depending on the energy stored from solar energy. The
university students designed the circuit and implemented it to work with its outer casing/jar.
Figure 4 and 5 illustrate the initial phases of the solar-powered lighting circuitry.
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Figure 4. Early stages of the project depicting the solar-powered lighting circuitry.
Images courtesy of EWB-UJ (2015).
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Figure 5. Early stages of the project depicting the adapted Liter of Light design.
Images courtesy of EWB-UJ (2015).

e Together with a suitable secondary school educator, engineering students and 11 technically
ready secondary school learners, the jar/outer casings and the electrical/electronic
components were assembled under the university students’ guidance. All equipment was
supplied, along with the necessary instructions (in a user’s manual). The secondary school
learners mounted the solar panel cut-outs on the jar/outer-casing tops, and assembled the
university students’ completed circuit boards on the inside of the jar/outer-casing. As shown
in figure 6, the learners were given the freedom to come up with creative ideas and inputs
where required.

Figure 6. High school learners working on their section and simulating an informal settlement home.
Photographs courtesy of EWB-UJ (2015)

e Final tests were done on the completed project/prototype so that the community could have
a working product. Field test prototype/usability testing was done and all boxes were quality-
assured. This step was taken in the next phase before the products were delivered to the
community.

Delivery

The main goal was to end up with a successful, working project that was ready for delivery to the
partner, i.e. the NGO/NPO, on time. Project delivery involved the NGO and the associated community
after the following requirements had been satisfied:
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e Approval from the partner and university supervisors, in order to make sure that the project
was working and was safe for community deployment;

e Complete reports, user and training manuals; and

e Complete usability and reliability testing.

Completion of the UJ project with all relevant tests and documentation was important in this case, as
this project served as a final year/capstone project. It was then handed to the NGO (EWB-UJ), which
was made up of some of the university engineering students, who in turn coordinated project fitment.
The secondary school learners were invited to join in project delivery as an extracurricular activity.
Figure 7 shows all the project team members with the final design.

Figure 7. All the project team members with the final design.
Photograph courtesy of EWB-UJ (2015).

Maintenance

EPICS-in-IEEE entails ongoing evaluation and support from the team while it is in the field. Each
semester the team should do maintenance and determine if the project should remain in the field or
should be retired. Through NGO/geo-unit partnership, teams may evolve with different students, as
students graduate, but with the view of sustaining the relationship with the community.

Since EWB-UJ is made up of university engineering students, they always interact with the
community and have the knowledge to carry out any maintenance. They have taken this initiative
one step further by training selected community members with regard to the project. The selected
candidates were trained on how to operate the project and to deal with service or related needs.
This offers the users self-sustainability and, in the medium term, transfers ownership to the
community.
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Timeline

Just as in a real-world scenario, students had to meet and exceed the project partner’s expectations
in a timely and financially responsible manner, maintaining high quality. The project duration or
timeline was a 12-month period. Figure 8 below depicts the duration of each of the technical design
and development phases mentioned in the methodology.

Initiation

Specifications
Conceptual Design

Detailed Design

Delivery

Maintenance

Figure 8. Timeline for each of the technical design and development phases.

Finance

Deadlines, project hurdles and insufficient resources make projects challenging. Between the design
phase and the development of a working prototype, a large number of students find themselves facing
unique “real-life” challenges (Project financial management — MANCOSA n.d). As financing is managed
through the complex procurement system of the university, students gain a better understanding of
corporate financial management aspects. It is therefore critically important for the project's success
that students familiarise themselves with these tools in this efficiency-driven environment.

Through the Lambda Psi Chapter, the student leader (the primary author of this article) applied for an
EPICS-in-IEEE grant. The agreed amount sponsored by IEEE Educational Activities for this project was
USS5 000. The funding was transferred to the IEEE South Africa Section, which set up a memorandum
of agreement with UJ. The project manager and team were empowered to manage funds directly for
this EPICS-in-IEEE initiative, as well as to procure all the necessary items needed for construction and
installation. Besides the component and installation-based approach, the finance was used for a
number of other aspects, such as reporting/publications, marketing, transportation and learning
material for workshops with university students and secondary school learners. Financial breakdown
and progress reports were also sent to the sponsor on a regular basis.
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Results and outcomes

By completing this EPICS-in-IEEE project, EPICS students gained “long-term define-design-build-test-
deploy-support” experience. Working in multidisciplinary teams, they learnt communication or “soft”
skills, leadership and project management skills and professional ethics. They were furthermore made
aware of customer requirements in engineering design and the role that engineering can play in
communities. Thus, in addition to technical skills and knowledge competencies, the project also
developed students’ attitudes towards engineering ethics and professionalism in the workplace and
community outreach.

Through this EPICS project the underserved community gained access to technology and training,
making them self-sufficient in maintaining the engineered systems, and giving them the potential to
improve their quality of life by providing them with the ability to create better lighting systems of their
own. This is a cost-effective, yet responsible, way of empowering communities (EPICS — Purdue
University n.d).

Students and learners, through teamwork, gained understanding of engineering and innovation, not
only in project design and planning, but also human-centred design skills. They had to develop
understanding and appreciation of the budgets stipulated by the stakeholders. EPICS served as a
bridge for engineering students from education to practice and as an important means of gaining
workplace experience. Most importantly, a working energy-efficient lighting system for the
community was developed and the community was sufficiently trained to make implementation of
the project self-sustainable. Students also developed better understanding of the social implications
of technology, which had both unintended and expected consequences.

One of the key performance indicators of the university is the number of hours of community service.
The university intends to deliver world-class citizens. By implementing a service-learning component
in engineering education, the university is able to enhance its community contribution.

Since the EWB-UJ organisation in this EPICS-in-IEEE project is mainly made up of engineering students,
university final year/capstone engineering design projects, ECSA exit level outcomes for engineering

students are achieved, and the specific ELOs can be related in Table 1 (Education docs n.d):

Table 1. Exit-level outcomes that can be assessed through this initiative.

“Exit-level Outcome 7:
Sustainability and impact of
engineering activity —
Demonstrate critical awareness
of the sustainability and impact
of engineering activity on the
social, industrial and physical
environment.”

“Range Statement: The combination
of social, workplace (industrial) and
physical environmental factors must
be appropriate to the discipline or
other designation of the qualification.
Comprehension of the role of
engineering in society and identified
issues in engineering practice in the
discipline: health, safety and
environmental protection; risk
assessment and management and the
impacts of engineering activity:

In this project: Given the
context of South Africa,
striving for sociocultural
equality is necessary. Through
this project, students were
exposed to a real-life systems-
engineering endeavour, which
exposed them to the concept
of sustainability — from a
perspective of renewable
energy, but also the realisation
that projects will require
maintenance, and therefore
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economic, social, cultural,
environmental and sustainability.”

local communities must be
empowered to do this.

“Exit-level Outcome 8:
Individual, team and
multidisciplinary working —
Demonstrate competence to
work effectively as an individual,
in teams and in multidisciplinary
environments.”

“Range Statement: Multi-disciplinary
tasks require co-operation across at
least one disciplinary boundary. Co-
operating disciplines may be
engineering disciplines with different
fundamental bases other than that of
the program or may be outside
engineering.”

In this project: This EPICS-in-
IEEE project promotes
multidisciplinary partnerships,
in this case between NGOs,
university students and high
school learners (male and
female). Specific technical and
organisational responsibilities
were allocated between these
teams and quality assessment
was carried out for each
component completed; this
made the design and
completion unique to each
team.

“Exit-level Outcome 11:
Engineering management:
Demonstrate knowledge and
understanding of engineering
management principles and
economic decision-making.”

“Range Statement: Basic techniques
from economics, business
management; project management
applied to one’s own work, as a
member and leader in a team, to
manage projects and in
multidisciplinary environments.”

In this project: Engineering
management brought
together the technological
problem-solving expertise of
engineering students and the
organisational, administrative,
planning and financial abilities
of management (led by a
postgraduate student) as a
result of them overseeing
complex corporate processes
(of a large university) from
conception to project delivery
and integration.

“Graduate attributes include:”

e Professional and technical
communication; sustainability
and impact of engineering
activity;

¢ Individual, team and
multidisciplinary working;

* Engineering professionalism;
¢ Independent learning ability;
workplace practices
(technology programs); and

* Engineering management
(engineering science
programs).

Further research in the field of Teaching and Learning

Academics in South Africa, as elsewhere, are required to demonstrate excellence in teaching and

learning through disciplinary scholarship.

The Johannesburg Institute for Advanced Study (JIAS) is a residential institute for advanced study,

which is located on a separate campus in Johannesburg. Launched in May 2015, JIAS is a joint initiative

@ SOTL in the South 2018

72

ISSN 2523-1154



SOTL in the South 2(1): April 2018 Hoosain & Sinha

of the UJ and the Nanyang Technological University, Singapore. The institute is governed by a council
that comprises senior representatives of both institutions and six respected scientists, three
nominated by each university. Through JIAS, follow-up scholarship of teaching and learning activities
promoting the interaction between “society and technology” will be pursued (Johannesburg Institute
for Advanced Study n.d).

A number of models for integrating engineering in the community were investigated, and allow for
appropriate contextualisation and assessment of the impact of teaching, learning, research and social
innovation, decolonisation, but most importantly serving the community with a renewable scheme as
a source of electricity (Hoosain 2017). The impact outcome can be seen in an online article by the IEEE
(EPICS in IEEE — sun in a bottle 2016).

Further research is being done with another EPICS-in-IEEE project at the university, where a PhD
candidate electrical engineering student is developing an insect monitoring system for plant
protection. This partnership involves a local high school in Mpumalanga, South Africa — the perfect
area where farming is the predominant activity.

Conclusion

With technology for humanity in mind, there is room for vast improvement in engineering pedagogy
in emerging countries, whether in the tertiary or working environments. South Africa is trying to
emerge from the social inequalities that are the legacy of apartheid. In this regard, UJ makes an
immense contribution, as its students are from diverse regions, socio-economic groups and cultural
backgrounds. These graduates are transformed into individuals who in turn change the country; they
frequently and quickly take up senior management positions (Sinha 2015). The individuals, however,
at times get disconnected from their own areas of upbringing and this issue needs much attention.
These areas are currently served by under-capacitated municipalities and NGOs. Expanding the EPICS-
in-IEEE approach thus connects students early on to “real-world” engineering, makes a positive impact
on communities, develops and sustains partnerships, and closes the loop on several ELOs that
students need to attain in any case.
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