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Abstract—Future engineers shall not only good at knowledge and technology
but also good at other attributes such ethical, professional as well as managing
people and emotion. Service learning is an effective education model to develop
more holistic engineers. However, there is a lack of service learning frame- work
that integrates technology, in order to achieve the acquisition of the above attrib-
utes. This paper describes how drone technology is disseminated by engineering
students to the public through a service learning programme. Document analysis
of the course information, project reports, and students’ reflections were em-
ployed in this study to identify the learning process and attributes developed by
the students. the students went through 6 phases of service learning implementa-
tion. Results show that the service learning has enhanced the students’ learning,
sense of responsibility, accountability, and international exposure. These are es-
sential to develop good engineers in the future.

Keywords—drone, drone technology, service learning, engineering educa-
tion

1 Introduction

As Fourth Industrial Revolution (4IR) approaches, Higher Education Institutions
(HEIs) must change in order to produce graduates that exhibit competencies beyond
discipline-specific knowledge [1]. Therefore, HEIs should reinvent by shifting the fo-
cus from teaching to learning and from assessment of knowledge to assessment of skills
[2]. According to Phang et al. [3], conventional teaching approach should be reviewed
and improvised for a country to stay competitive in the era of 4IR. Malaysia as a devel-
oping country must continue to transform its education.

Recently, a number of research [5-7] have been conducted locally and globally to
improve the quality and provision of higher education. This is in accordance with the
advent of the 4IR that pushes HEIs to promote self-directed, independent learning and
21st century competencies skills [7]. World Economic Forum [8] listed the top 15 skills
for future jobs in 2025 which are: analytical thinking and innovation; active learning
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and learning strategies; complex problem-solving; critical thinking and analysis; crea-
tivity, originality and initiative; leadership and social influence; technology use, moni-
toring and control; technology design and programming; resilience, stress tolerance and
flexibility; reasoning, problem-solving and ideation; emotional intelligence; trouble-
shooting and user experience; service orientation; systems analysis and evaluation; and
persuasion and negotiation. Zooming in the engineering professions [9], the aforemen-
tioned skill set is more important now than before.

The transition as engineering students to practicing engineers is a complex process

[10] especially in terms of communication skills, responsibility and self-confidence
among the students. This could be countered by adding ‘cross-cultural' adjustment into
the courses [11]. This is also in agreement with the study of Tan [12] on the expectations
gap for engineering field in Malaysia in the 21st century. The setting of today’s labour
market is becoming competitive to meet the globalization of all industry. Engi neering
employability skills are therefore necessary for Malaysian industries to remain compet-
itive [13].

Human Resources Development Fund [14] reported that Malaysia is facing a short-
age in the labour market due to insufficient supply of workers with significant skills to
meet the demand. This is also contributed by the constant changing demand for partic
ular set of skills on technologies, digitization, automation, and other related to IR4.0. It
is reported that the skills shortage is due to the misalignment of the education system
with labour market and under developed adult education and training system [15].
However, it is argued that it is not sensible [16], if the educational setting were designed
solely towards the training system for graduate’s employability. Based on the empirical
and conceptual studies, educational setting should go beyond employability by foster-
ing human capabilities, especially in the generic skills that are highly sought after in all
professions [8].

The obvious gap, mismatch [17] and silo mentality among the HEIs and employers
in Malaysia have pressured the HEIs to adopt a different pedagogical method [18], uti-
lizing educational technology tools as a platform to aid in the process of information
transmission based on updated graduate attributes across all stakeholders [19-21]. It is
established that teaching pedagogy via service learning has positive impacts on stu-
dents, community and industry. Research [22-23] indicates that service learning is
among the most pertinent pedagogical approach to instill the graduate’s employability
and capabilities [16]. Through service learning, it helps students gain knowledge, skills
and other attribute as listed by WEF [8]. In the era of 4IR, service learning should be
integrated with emerging technologies, however, there is limited-service learning that
engages with the particular set of skills on technologies and digitization, and there is a
lack of theoretical framework to conduct service learning with the integration of these
emerging technologies. This paper seeks to propose a framework to integrate emerging
technologies in engineering service learning with international engagement.
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2 Literature review

Service learning is a pedagogy with designated process by a facilitator for learners
to construct their learning experience. This learning pedagogy grounded [24] by the
active nature of understanding and the benefits of participatory democracy which stu-
dents cooperatively engage in actual social problems as exacted by John Dewey. Ben-
jamin Franklin also reinforced the precursors with his belief; ‘Tell me and I forget.
Teach me and [ may remember. Involve me and I will learn’. Through service learning,
it gives direct and immediate benefits [25] to anyone engage in the projects whether
they are students, community and industry.

Extensive studies [29-31] showed that through service learning, students learn criti-
cal skills in communicating, participating in sustainability efforts and applying the dis-
tinctive skills during the course to effect change. To this end, service learning has be-
come a bridge for students to understand the key components and learning tools used
in the class, ultimately applying them in the real-world setting. Engineering educators
play a highly significant task in guiding, supervising, and designing the teaching and
learning environment for the engineering students. Singh [29] pleaded educators to de-
velop an innovative teaching pedagogical that will cultivate the social responsibility
and interest for the public. Inductive instruction and effective assessment on the stu-
dents’ ability are the important elements to bridge the gap between classroom teaching
and the engineering profession [1, 30]. Therefore, service learning is a combination of
academic content and teaching, service experience and reflection [27] as shown in Fig.
1.

Academic Content &
Teaching

~N

Service
Learning

-
Reflection Serv_ice
Experience
o

Fig 1. Basic Components of Service Learning [27]

The integration of service learning with digital technologies [22] can be achieved
through thoughtfully designed and implemented teaching pedagogies. It is vital to keep
the distinctive strengths of each and intentionally merging them in accordance with
clear articulation of learning goals. The digital technology through thoughtful design
of service learning can broaden, deepen, and integrate civic and humanistic outcomes
in learners’ developmental pathways, and promoters of changes that will foster equity
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and justice. Service learning that is incorporated with new insights on digital technol-
ogy certainly goes beyond normal setting. As for the international context, global engi-
neer attributes [32-34] could become a guide to design the service learning. Among the
global attributes are the capability of speaking two languages, can adapt to new situa-
tion, have global perspective, and others.

Undeniably, service learning [19] has become an established pedagogy that guaran-
tees the experiential learning exist in the HEIs. In this paper, service learning imple-
mentation using technology and digitization was explored to investigate its ability to
empower engineering students by organizing a Service Learning project that encom-
passes Science, Technology, Engineering and Mathematics (STEM) educational pro-
gramme named “Drone Tech for 4IR”. This study attempts to present the service learn-
ing by using Drone as the academic content.

3 Service Learning Design

Drone Technology is a new co-curriculum course introduced by Universiti
Teknologi Malaysia (UTM). It is also a part of the Service Learning Malaysia Univer-
sity for Society (SULAM) to promote Love, Happiness and Appreciation. The course
was carried out over the span of 14 weeks which is equivalent to 80 hours of Student
Learning Time (SLT) throughout one semester. A part of the assessment of this course
entailed continuous assessment on the graduate attributes of global citizen, knowledge,
scholarship, adaptability, leadership and team working skills. Each class session was
scheduled for 2 hours of face-to-face meeting, with extra online learnings, hands-on
practice and laboratory work as shown in Table 1. The service learning project on
“Drone Tech for Edu-IR” was proposed, planned and implemented by 31 students dur
ing the semester 1, 2019/2020 session.

The weekly schedule was divided into three components of service learning as in
Fig. 1 [27]. In the first three weeks, the facilitators introduced the IR4.0, drone technol-
ogy and the significant of service learning project to meet with the competitive global
environment [4]. The facilitators guided the students to appoint the service learning
project committee and to form task groups. The students planned and strategized on
how to carry out the service learning for the community at the end of the semester. This
was carried out with the students through lectures and active learning via real world
setting.

In the following weeks, the students visited the laboratory for hands-on activities
such as assembling drones, flight practice on simulator software and basic troubleshoot-
ing tasks. By the end of week seven, the students obtained adequate knowledge and
experience to further plan for their service learning project. Since this course assesses
team working skills, the facilitators employed five principles of cooperative learning
[3] of positive interdependence, individual accountability, face to face interaction, ap-
propriate interpersonal skills and group function assessment in this course. Each group
members had different role to complete the project and each group was responsible for
different tasks given. They must work together and help each other to ensure the success
of the project.
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The crucial element in this particular service learning project is for the group to
prepare a proposal for service learning. This included tasks such as negotiating with
local community to collaborate on the project, seeking sponsors and financial aid,
planning for the technical content of the service learning project and finally to execute
the project with the stakeholders (local community). Upon completion of the event
(service learning), the students were required to make reflection about their experi-
ence gained throughout the whole duration of this project. The facilitators guided them
with occasional advice, assistance, and correction while allowing them to explore in-
dependently as well as interacting among their group members. The facilitators played
an essential role to challenge and guide the students in exploring the service learning
modus operandi.

Table 1. Course design

Week | Week Content
Academic Content and Teaching

@ Introduction to Industry 4.0 Revolution & Drone Technology

! ® Introduction to service learning project
5 o Flight rules & safety of drones
® Service learning project planning
3 ® Components, software and drone programs

® Project Implementation Setup.
Service Learning Experience

4-7 ® Drone construction, installation and testing

® Group discussion

® Preparation of a service learning project proposal
® Sponsored search

8-10 e Operation & simulation of drone flights
® Presentation of Recommendation Paper for Service learning project

11-13 | e Project Implementation Setup
® Implementation of service learning project
® Report Preparation

Service Learning Reflection

14 o Presentation of Project Results

® Report Submission
® Assessment and reflection Service learning project

“Drone Tech for Edu-4IR” is the service learning project proposed by the students
during the fifth week of the course. The proposed project underwent a few revisions
to ensure the event could achieve the objectives of service learning. Based on the re-
port, the group created a partnership with Fit Tix Sdn Bhd and Iskandar Investments
Bhd to raise awareness of current technological development, especially the potential
of drones for the future. The objectives of this project were to transfer knowledge from
students to the community on the descriptions and demonstrations of drone racing
leagues, drone specifications, and many other important aspects related to drones, to

82 http://www.i-jet.org



Paper—Integrating Drone Technology in Service Learning for Engineering Students

the public. The one-day event comprised of three sub-events; a drone workshop, a
drone seminar and an international drone competition. The three sub-events were man-
aged by the students in three working groups formed during the first three weeks of
the semester. The facilitators observed the students and provided assistance whenever
necessary especially matters related to the safety of the students and the participants.
A total of 200 school pupils (“pupils” is used for school students while “students”
refers to the university students who took the service learning course) from age 10 to
16 years old took part in the event. The university students went through 6 phases as
shown in Table 2 to successfully executed the “Drone Tech for Edu-4IR” service
learning project.

Table 2. Course implementation

Phase Description

Students were briefed on the service learning objectives learning need to be

SL Objectives Exposure .
) P achieved.

Students designed to build effective teams to achieve the main objectives of ser-
SL Team Construction  |vice learning. Facilitators play role as guide by
side.

Meetings conducted to discuss, plan and analyse the location, potential stakehold-
ers, financial and tentative of Drone Tech for 4IR. A few series of feedback from
the facilitators as meddler in

the middle.

SL Planning and analysis

Based on the previous step, students designed and improved the designated ser-

SL Design Development | . . L
vice learning programme to meet the objectives.

A briefing session before executed the programme. Students worked in their re-
spective teams to achieve respective objectives.

SL Execution

Students evaluated the performance, effectiveness of the programmes, conduct
reflection to asses themselves and for future

execution of the program.

SL Evaluation and Re-
flection

The students successfully organized a seminar, workshop and drone racing to
achieve the objective of the project as described in the Table 3. The seminar was to
introduce the latest drone technology and application as an awareness to public on tech-
nology in the era of 4IR. The workshop was for the public to experience flying drones
themselves either in the simulation mode or real flying experience (as in Fig. 2). The
public consist of school pupils and parents. Finally, the drone racing competition was
participated by 52 pilots from Asian countries (open to youths and adults). This pro-
vided the students with the international experience of organizing drone racing compe-
tition.

4 Research method
The service learning implementation and what the students gained were investigated

using archival research method. According to Bowen [35], documents analysis will un-
cover meanings, develop understanding, and discover insights relevant to the research.
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The collected documents for this study are course information and Service Learning
Project Report. The report consists of the objectives, work plan, work schedules,
minutes of meeting, discussion and students’ reflections throughout the course. The
documents were analysed based on the implementation and how it had impacted the
students and the stakeholders. The data was examined and interpreted in order to elicit
meaning, gain understanding, and develop empirical knowledge [36]. Using Miles &
Huberman [37] qualitative data analysis, the data was represented in the following sec-
tions.

Fig 2. Engineering students interacting with visitors who were enthusiastic to learn about
Drone technology at the event

5 Findings and Discussion

From the qualitative data analysis of the students’ report and reflection, it was found
that the students actually learned more when they participated in the event they have
organized themselves compared to the classes during the course. A student commented:

“On the first day, I met many drone pilots so I could learn much about racing drone
from helping them in preparing race arena, etc.” — Student T
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The reason for that is because they were able to apply what they have learnt during
the event by helping the visitors to the event. A student commented:

Table 3. Students’ role in the service learning project

Station Students Role

® Explain to participants about drone base matters.

Drone Rac- . - . .
ing Station ® Provide participants with exposure to the drone race in person

® Test their understanding of the intricacies of real drone racing circuits.

® Reveal to participants about the existence and function of drone flight simulation.
Drone Work-

shop Station ® Opportunities for participants to gain experience in drone management.

® Teach participants the right techniques and ways to fly commercial drones.

o A talk on the theory of drones.
® Test the participants' creativity in designing their dream drones.
® Test the participants' understanding of the theory that has been learned.

Drone Semi-
nar Station

“I felt satisfied that the crews [university students] were able to apply the knowledge
that they learnt throughout the class and they also able to answer questions that asked
by the visitors.” — Student N

They felt that the responsibility of sharing their knowledge helps them to learn and
also make their own learning more meaningful. A student reported:

“Very meaningful as can let many people understand about drone technol- ogy...
Because we have the responsibility to let the community know about drone technology”
— Student T

It is only when the students are able to explain the knowledge using their own words
that they have truly understand the knowledge. This has reached the highest level of
learning based on the Learning Cone of Dale [38]. By changing their belief that the
knowledge that they gained would be useful, they will be motivated to learn new
knowledge in the future [39].

Other than knowledge, in terms of attributes, they also developed a sense of account-
ability in them. The event also prompted them to reflect deeper of what they know and
do not know. This is good to provide awareness for them to learn more as they know
what they should learn and why it is important to learn. A student reflected that:

“We knew the basic knowledge such as categories of drone, price, duration of flying
but in term of more technical question such as the difference between two drone of
same categories it needs much exposure and exploration.” — Stu- dent N

The students also gained experience that is not in the syllabus. A student commented:

“Drone Tech for EDU-4IR allow us to interact with the communities to gain experi-
ence that is not in the syllabus. The programmes successfully enhance the confidence
and soft skills of leaders in every student”— Student K

Besides learning and accountability, the students also gained some very precious
experience of international exposure. A student commented:
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“The best part of the event was international event with many drone racer pilot came
from mostly ASEAN countries and there was from Korea too, so it might give us ex-
perience to interact with them and learnt their way of conduct (cul- tures)” — Student C

An international service learning can provide much needed exposure for engineers
because it is likely for them to work in international scenario with different culture and
background. This finding is in accordance with [7,20] on global engineer attributes de-
velopment [32-34].

The service learning also successfully provided solution for the issues addressed by
[10-11] on the lack of communication; responsibility; self-confidence among the grad-
uates through ‘cross-cultural' adjustments. The findings from “Drone Tech for Edu-
4IR” project have proven that service learning is among the most pertinent pedagogical
approach [22-23] to unleash the student’s potential developing skills according to the
top skills listed by WEF [8]. These skills are important for engineers to thrive in the era
of 4IR where these skills are not possessed by robots of Artificial Intelligence (Al) yet.

This service learning has successfully provided the students with the content of the
course, which is the drone technology; and then with the knowledge, they served the
community by organizing a workshop, a seminar and an international drone competi-
tion; and finally they were given the chance to reflect on their learning and service
experience. This service learning has followed the framework of Muhlestein & McCann
[27] as in Fig. 1. With the guide of a framework, the service learning is able to inculcate
the knowledge and skills intended for the students.

Cooperative learning applied in this course has also helped the students to work in-
dependently and in a positive manner. They have successfully engaged with the exter-
nal stakeholders and international community in drone racing. Each students and groups
were assigned with different role but to complete the same project. A team of 31 stu-
dents were able to organize 3 sub-events and entertain 200 school pupils in one day.

Finally, it is worth noting that for a successful implementation of a service learning,
beside the framework to guide the course, Table 2 provided a clear guide for other
educators who wish to conduct service learning with technologies to ensure that the
service learning can be conducted successfully.

6 Conclusion

To ensure HEIs produce holistic and quality graduates, it is necessary to redesign
the service learning implementation in accordance to the needs of the fourth industrial
age and the demand of 21st Century. During the COVID-19 pandemic, it is also im-
portant to redesign service learning to e-service learning [40-41] to ensure that this kind
of learning can continue. Service learning has successfully inculcated accountability
within students and enriching students’ learning experience. The framework by
Muhlestein & McCann [27] and the six phases to implement a drone service learning
program within an academic course and the stakeholders were proposed. The outcomes
of the service learning is encouraging, especially to inculcate 21st century skills and
other important skills for engineers to thrive in their work place. In the future, the pro-
posed service learning process can be the basis for service learning implemen- tation.
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