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Abstract: Due to the COVID-19 pandemic, there was an urgent need to move to online teaching and
develop innovative teaching techniques to ensure that student learning outcomes (SOs) were fulfilled.
This paper tries to answer the important question of whether an established teaching strategy through
a multi-course project-based learning (MPL) approach, along with online assessment techniques,
helps in the effective achievement of SOs in a senior-level electrical engineering (EE) course. The
authors have developed a course project for attaining the objectives of a senior and a capstone course,
where students are registered at the same time. In addition, the course conducts assessments online.
The paper reports the effect of the two approaches on the attainment of the SOs of the two courses,
along with testing the programming and problem-solving abilities of the students. It is known that
the MPL approach enhances the critical thinking capacity of students, which is also a major outcome
of Sustainable Development Education (ESD). It was ensured that the project that was used to test
the fulfillment of a series of SOs were concentrated on soft engineering and project management
skills. The difficulty of adopting the MPL method for the senior-level courses is in the scheduling of
the course materials to help the student advance to the final project while also aligning the project
towards fulfilling the learning outcomes of the individual course. The study also provides the
students with feedback on online assessment techniques incorporated within the MPL. Besides this,
the effect of the innovative teaching approaches was compared with the same senior course taught
using conventional methods in an earlier semester. Based on the feedback from teachers and students
from a previously conducted case study, it was concluded that the MPL approach had supported
the student learning. The results of the statistical analysis (Chi-square, two-tailed T statistics and
hypothesis testing using a z-test) show that an MPL approach and online assessment improved the
attainment of the SOs despite the constraints posed by the pandemic.

Keywords: engineering education; online assessments; COVID-19; multi-course project-based learn-
ing (MPL); Sustainable Development Education (ESD)

1. Introduction

To develop a sustainable, environment-friendly, and conscious society, it is advisable
to use technology, innovation, and especially the active participation of student learners
in university courses. The application of the above approaches involves a wide range of
abilities, such as the creative resolution of problems and collective decision-making [1,2].
The traditional curriculum approaches need to be changed [3], and several creative in-
structional methods need to be implemented for making the students active observers and
prepared with Education for Sustainable Development (ESD) skill sets, which are currently
highly demanded [4-9]. Petousi and Sifaki in [10] conclude that new grounds for building
trust and confidence in science are needed for sustainable development and to avoid harm
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in the form of normative dissonance for scientists and loss of trust in science. In a recent
publication [11], the authors have highlighted an improvement in the learning outcomes
as a result of the inclusion of ESD in the curriculum in the form of multi-course project-
based learning (MPL), which is used as a guideline for the study discussed in this article.
In their previous work [11], they stressed the applicability of MPL, i.e., a project which
was used in the assessment of different courses. The main motivation of this approach
was the students not being able to create a successful working prototype using the ideas
provided in each course separately. Moreover, due to the workload of multiple projects
in different courses, the students have a hard time dedicating time to each of the projects
and thus do not get enough time to produce quality output. An MPL experience was
shared in [12], where MPL was utilized in a software development assignment. In a recent
work, researchers stressed the notion that realistic multi-course lessons in the form of a
project would help to encourage students in understanding and applying their technical
expertise to an engineering project [13,14]; this demonstrates how capability set deficiencies
in traditional curricula were resolved by using the proposed approach of having a project
span over multiple semesters. These studies do not report how the projects were planned
and executed, and do not include a comprehensive comparative study in terms of efficacy.
This paper gives a detailed overview of how, in a series of steps, the authors introduced an
MPL (Figure 1). In addition to modifying the standard curriculum to integrate ESD, one of
the main reasons for this case study was to affirm the success of a multi-course initiative
in achieving student learning outcomes and promoting project-based learning (PBL). PBL
aims to improve study methods while studying real-world problems and is appealing to
learners as well [15]. A similar MPL was implemented by the authors in [11], where they
used two junior level undergraduate Electrical Engineering courses and showed that such
an implementation is appreciated by the students, while also successfully achieving the
Student Learning Outcomes (SOs) for the courses involved. The authors have also shown
via a step-by-step approach how such an implementation can be done for undergraduate
level university courses. This approach could be further verified in the new education
paradigm, i.e., online learning, due to the pandemic.

1st step
Review phase

) 31d step ég}
84 Design phase \ ' hﬂpl;l;ll:sl:atlon %

4th step I—Mf
Analyzing phase O

A ]

Figure 1. Important phases of the research.

When the coronavirus disease 2019 (COVID-19) outbreak was declared as a global pan-
demic by the World Health Organization (WHO), education at all levels was significantly
affected, and much research was carried out into innovative teaching methods to reduce the
loss. Many articles discussed the approaches adopted to tackle the hindrances caused by the
COVID-19 pandemic to medical studies [16-20]. The articles discussed flipped classrooms,
online practice questions, teleconferences instead of in-person seminars, engaging residents
in telemedicine clinics, procedural modeling, and the use of video surgeries as a creative
alternative. Although there is no replacement for realistic learning from direct patient care,
these alternative ways reduced the limitations of learning during the pandemic. Wei Bao,
in [21], conducted a case analysis on online education at Peking University and presented
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six unique instructional techniques to outline the existing online education experience
for university instructors. The study concludes with five high-impact online learning
principles: (a) high relevance between online teaching design and student learning, (b)
efficient provision of online teaching knowledge, (c) adequate support given to students
by faculty and teaching assistants, (d) high-quality engagement to expand the scope and
depth of learning for students, and (e) a contingency plan to deal with unforeseen online
education network accidents. Laskaris et al. in [22] centered on the evaluation of an online
course conceived and built for the University of Athens’s Department of Communication
and Media in the framework of blended learning. The course was designed around the
ideas of distant learning, and it was implemented as an action research project across three
semesters using the open-source learning management system Moodle (2014-2016). The
research findings indicated elements connected to expression of interest, encouragement
for participation, and the motivation of students to infiltrate, assess, and contribute to the
redesign of the e-educational course’s material as a case study. The same set of authors
have, in [23], extended their research to investigate the management of e-courses through
the implementation of a prototype model of digital learning called ‘Interactive Evaluation’,
which has laid some initial foundation for the current framework that is proposed in this
paper.

Academic program accreditation is highly demandable all over the world among
university students, and there have been studies where universities have tried initiatives to
have their courses aligned to course learning outcomes (CLOs), which are then mapped to
Program learning outcomes (PLOs). Aziz and Hashem have, in [24], iterated the importance
of ABET accreditation and have used a fuzzy logic based assessment to have a fair, unbiased
grading system and to improve the grading system to prepare for ABET accreditation.
Another similar approach was reported by Alhakami et al. in [25], where they performed
an analysis of students’ performance and accomplishments regarding ABET course files
learning using data mining approaches such as Naive Bayes and a decision tree. In [26],
Sarker and Ketkar discussed the importance of assessment and improvement in ABET
accredited programs. They have stressed the importance of obtaining student feedback
their continuous improvement, along with the design of some assessment tools for their
effective use in the process of the continuous improvement of programs. In [27], Saeed et al.
discussed the importance for all education programs of designing an appropriate program
assessment approach to ensure a sustainable process to foster better learning among
students using the case study of the ABET accreditation performed at the universities of
the Kingdom of Saudi Arabia. The same authors have published another article where
they have stated the unique aspect of institutes in certain regions consisting of segregated
male and female students to respect the cultural norms of the society and how that is
addressed for ABET accreditation. Recently, many studies discussed the effect of the
Pandemic on the Accreditation Board for Engineering and Technology’s (ABET) accredited
programs. Hussain et al. [28] have proposed a novel remote evaluator module that enables
successful virtual ABET accreditation audits during the pandemic. Detailed results and
discussions of the paper show how the various phases of their framework help to qualify
the context, construct, causal links, processes, technology, data collection, and outcomes of
comprehensive Continuous Quality Improvement (CQI) efforts. The same group of authors
presented an assessment model in [29] that used web-based software and embedded
assessment technology to collect and report accurate cohort outcomes for credible multi-
term evaluations. This model could also identify trends in student outcomes and evaluate
the impact for three engineering programs using regression analysis. In [30], Supernak
conducted an online survey to discuss the impact of COVID-19 on students’ learning
and concluded that COVID-19 did not alter their positive perception about the student
outcome (SO) coverage in their courses. They also concluded that courses and SOs that
were significantly negatively affected by the COVID-19 restrictions were the ones that had
to rely on lab experimentations and student teamwork. Similarly, in [31] Szopinski and
Bachnik have discussed the student evaluation of online learning during the COVID-19
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pandemic and highlighted the obvious fact that regarding student engagement, nationality
determines the frequency of participation in online courses.

Despite the recent growth in the innovative teaching strategies adopted by engineering
courses, there is a need for empirical studies demonstrating education for sustainable
development. Thus, this paper contributes by showcasing the use of MPL, online teaching
and assessment, and a detailed framework. The implication of the MPL approach is
investigated based on student feedback and performance.

To develop the programming and problem-solving abilities of undergraduate Electrical
Engineering (EE) students at Qatar University, two senior-level courses were selected in
Spring (January to May) 2020. The first one was an elective course, entitled ‘Wireless
Network and Application” (ELEC 472), and the second one was the ‘Senior Design Project II
(ELEC 499), a capstone course. To integrate ESD in the courses and to meet the criteria set
by the industry, and also to raise the level of participation of students in problem-solving
and independent study, the curriculum as well as the instructional approach of the elective
course were changed. The students were asked to focus on an MPL, and the instructions
were structured to enable collaboration on a project involving the knowledge and skills
learned in both courses. The project-grading rubric was structured to fulfil the requirements
of the learning outcomes of both courses. The paper also used the study reported by Petousi
and Sifaki in [10] in taking special care of the ethical issue.

Thus, the contributions of the paper can be highlighted as:

i.  Developing a novel MPL framework for a senior level Electrical Engineering Course
and Capstone course,

ii. Investigating the impact of the MPL framework on student performance using surveys
and comparison of student assessments,

iii. Analyzing the effect of online teaching along with other innovative approaches for
engineering courses, with suggestions that can be added for future implementation.

Based on the scope and contribution stated above, the research questions addressed
by this paper are:
1.  How can we design and conduct a multi-course project-based learning?
2. What are the students’ perceptions towards the MPL implementation activities and
online assessment technique?

The questions are unfolded in the article as follows: Section 2 describes the MPL
approach applied in this study. Section 3 presents the research methodology for both the
implementation and analysis of the implementation, covering both the research questions.
Section 4 presents the results of the analysis and an assessment of the impact of MPL study
in terms of how well the students have attained the learning outcomes. Section 5 discusses
the findings and recommendations for the changes based on input from the instructors
and students, along with the proposed MPL framework that can be replicated in other
engineering courses. Finally, Section 5 proposes an appropriate conclusion for the study.

2. Theoretical Background

Project-based learning (PBL) is the fundamental framework for MPL and PBL, and
helps students to implement projects with self-learning and minimal mentoring [11,32].
PBL depends on an involved, interconnected, and positive learning process, informed by
social and contextual influences, which is necessary for learners to develop skills for an
improved sustainable future [33-35]. The PBL methodology should provide the following
features: student-centered learning limited to a group of students, an instructor as a tutor
or guide, and challenges being posed to help the student self- learn the course-related
advanced knowledge that can be used to overcome them [9,35]. The successful introduction
of PBL in engineering education at the University of Aalborg, Denmark can always be used
as a reference [35-37].

In MPL, explicit project rules/instructions stating the deliverables and a detailed rubric
to a grade are key parameters [11,32]. The instructions will prevent any misunderstanding
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among the students about how to present the project and illustrate the specifications
of each course. It is also important that the project-grading rubric should follow the
learning outcomes of the involved courses. The MPL requires specific and concise guidance,
including coordination and adaptation to the previous experience of the students [38]. MPL
believes in engaging in groups to solve challenges together with their creative thinking,
where the teacher is just a facilitator in collective learning [33-35,39]. These methods help
students to be prepared for the competitive market that is always seeking people with
skills for a sustainable solution and also can communicate it intuitively to an audience [40].
Studies involving surveys on the effects of PBL on ESD teaching in European institutions
of higher education have been conducted in [41] and in a technical university in Malaysia
in [42] with positive results providing confidence to the study. In Germany and Vietnam,
similar studies were also performed in [43] and [44], respectively. As stated earlier, all the
studies did not provide a step-by-step approach demonstrating how such MPL can be
implemented, and its effect analyzed. This study is trying to fill this gap.

3. Research Methodology

This case study explores the context of integrating two senior courses (mandatory
and elective) with the same project-based assessment. This study redesigns and tests an
MPL case in four phases: a review phase, a design phase, an implementation phase, and an
analysis phase (Figure 1).

The methodological approach was discussed in detail in the authors” previous work [11].
This can be considered similar to the process groups of a project (according to Project Man-
agement Book of Knowledge PMBOK [45,46])—Initiation, Planning, Execution, Monitoring
and Control and Closing, with the difference being that Monitoring and Controlling and
Closing phase is combined as analyzing phase. As in any project, the planning phase is the
most crucial and it is the review and design phase where the planning is done. The first
phase of preparation entails the teacher planning the activities to be performed in the course,
in the form of relating the learning methods of the two courses. The concept of the project
and its evaluation schedule are conducted in the second phase. In the third phase, the
execution of the action plan is carried out in accordance with what was designed/planned.
The fourth stage is an observation and reflection phase, in which actions are documented
during the research. At the end of the analysis, the reflection process is carried out with
the data collected to criticize the method and recommend the appropriate changes, i.e., the
proposed replicable framework in this paper. In the following sections, the details (study
participants and the details of the phases) are presented.

3.1. Study Participants

As stated earlier, this study was conducted at the Department of Electrical Engineering,
Qatar University, Doha, Qatar, similar to ample studies that were conducted relying on
the student perception by means of survey to show the effect of an applied pedagogical
approach [47]. In the Spring 2020 semester, the thirty-three students of the Elective Course
entitled ELEC472: Wireless Network and Applications and ELEC 499: Senior Design Project
II were involved in this study. There were 19 male students and 14 female students who
participated in this study, which was reasonable for the study conducted for a senior level
course [48,49].

3.2. Review Phase

The Electrical Engineering Department of Qatar University is an Accreditation Board
for Engineering and Technology (ABET) accredited units of higher education. All the
courses have Course Learning Outcomes (CLOs), which have to be linked to the ABET
student learning outcomes (SO’s)—i.e., (a). Thus, the course instructors evaluated the
learning outcomes of the senior course (ELEC 472) and tested if there was any chance
of designing a project that could be used to test courses’ learning outcomes and at the
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same time help in fulfilling some of the course learning outcomes of the capstone course
(ELEC 499).

An MPL was finalized as an assessment method to fulfill most of the course learning
outcomes for the two courses (ELEC 472 and 499) after close analysis of CLOs with the SOs
for the courses. A project for the design concept was allocated to analyze the cumulative
CLOs for these courses. The project was to develop a mobile application that could be used
to present the results of their capstone project (ELEC 499) using the concepts students were
learning in their ELEC 472 course. The project guidelines can be found in Figure A1 in the
Appendix A. Online exams were used as an assessment approach to avoid the students
coming to the campus physically due to the pandemic. The periodic quizzes in the ELEC
472 course and progress reports were used as formative assessments, and the final project
submitted as part of the courses was used as a summative assessment.

3.3. Design Phase

Once the CLOs wee mapped to the SOs, and the SO that was to be assessed was
determined, detailed project guidelines and a respective grading rubric needed to be
designed. This would provide details to the student concerning the implementation of
the project and how they were to be evaluated. According to the course-learning outcome
of the two courses, project grading rubrics and weights were defined. Sample Project
guidelines (Figure A1) for ELEC 472 can be found in the Appendix A. A detailed orientation
was conducted to introduce the MPL concept to the students. The orientation included
discussing the flow of the course throughout the semester and what was expected from
them. The orientation is highly important in allowing the students develop confidence
in the approach, or else they will not enjoy and learn from the process. The orientation is
followed with the course syllabus, which is a form of legal agreement between the students
and the instructors. In addition, the students were also provided with training sessions with
tools that could help in the efficient implementation of the project The trainings included
lab tutorials on the use of the application that could be used by the different team members,
how to manage their time effectively with the help of periodic meetings, meeting minutes,
task assignments, and follow-up.

3.4. Implementation Phase

This process is involved in tracking and assessing the success of the study during the
project and concludes with the fulfillment of project activities. The students are supported
in executing their assignments using the comprehensive training session. Before the specific
due date, the instructors have set deadlines to check the student’s development to provide
practical insights to help them progress. The students are made aware that the project
involves a self learning approach.

The opportunity of self-learning in projects can help in increasing creativity. It can also
enhance the practical application of the concepts that students are learning in the course,
i.e., a mobile application development to enhance their implementation in the capstone
course. It also helps the students in understanding more than what was discussed in the
lectures through self-learning techniques. Three or four students who are working together
in the capstone course form a team. With the conceptual phase of the project, this simple
multi-course process begins, then verifies the structure in the simulation phase, and then
tests it by integrating it with their capstone prototype.

3.5. Analysis Phase

The design of the learning activities and students’ perceptions are investigated using
the survey designed in the define stage, and the impact is investigated based on the project
grades. The participants were advised that the purpose of the research was to see the
students’ views on the efficacy of MPL in the Electrical Engineering courses described
above. The question was specifically crafted so that no redundant questions were asked,
and the experience of the authors was used to prepare surveys that gathered the information
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that could be tested for relevant conclusions [50,51]. Strict steps were taken to protect the
privacy of the participants and the secrecy of answers by preventing the identification
of the participants. Besides this, the cumulative evaluation and disclosure of the data
prohibited participants from being identified. The survey questionnaire was conducted to
acquire students’ feedback and questionnaire reviews as seen in Table 1. From the prior
experience of the authors, who were the instructors of these courses, and feedback from
students who took the course earlier, a successful and effective learning experience from
the project approach was expected. Gender-based responses have been analyzed to further
verify if the approaches are typically effective in a particular student community or for
different gender groups. At the end of the semester, written evaluations of students and
professors, students’ project scores in the previous semester, and the current semester in
which the MPL was conducted were recorded to evaluate whether the results comply with
the expectation or not. The students” MPL scores were used for assessment. Further, many
of the exams were changed to online assessment to analyze the effect of online assessment.

Table 1. Survey questionnaires.

Questions Statements

e Was the Mobile Application development project of the course an
effective self-learning process?

MPL approach for ¢ Was the Mobile Application development project helpful in your

a senior-level Senior Design Project (ELEC499)?
course and the

capstone course Do you think the Mobile Application development project helped in

developing real-life problem-solving skills?

e  Did the Mobile Application development project work in a group
help in improving teamwork skills?

e Was the time for the online quizzes enough?

e Are online quizzes as convenient as paper-based quizzes?
Online Assessment

. Was the format of online quizzes and feedbacks helped in a clear
technique

understanding of the concepts?

o Were the online video lectures convenient due to the options of stop,
play, and pause?

The authors have used statistical analysis tools such as the two-tailed t-test, Chi-square
analysis and hypothesis testing using z-test on R software. Details of the statistical analysis
are in the results section.

4. Results

The two research questions are unfolded by Section 4.1, proposing a framework for
the design and implementation of MPL, and Sections 4.2—4.4 evaluate its implementation
based on students’ perception towards MPL activities, comparing students’ results on
former non-MPL and current MPL courses, while Section 4.5 observes creativity in project
deliverables.

The evaluation of the MPL implementation is conducted in four ways: Section 4.2
compares the overall course grade with a previous semester when the same course was
taught by the same instructor, Section 4.3 investigates the effect of online teaching during
MPL Implementation by comparing the similarity between the responses of male and
female students using a f-test, and Section 4.4 chi-squares statistics to investigate if the
survey results are as per the assumptions perceived by the author while implementing it.
Section 4.5 analyzes the observations of the project deliverables for evidence of the creative
thinking of the students.
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4.1. Framework for Designing Multi-Course Project-Based Learning

In a previous study [11], the authors presented a framework for the design and
implementation of MPL, which received feedback from instructors and students. A revised
framework flowchart is presented in Figure 2, which was implemented in this study and
can be replicated in other programs.

Course Selection

Genior Capstone design course > < Appropriate Senior Elective > }4_
course

A 4

Mapping of CLO’s & SLO’s of
the selected courses

-

| Alignment of the courses SLO’s

)

Selection of Assessment that can fulfill the CLO’s & mapped SLO’s of both the courses

A 4

| Conduct Assessment I

.

| Analyse results to confirm the SLO’s achievement I

A 4

Report Improvement (if |
any) |

Figure 2. Proposed Framework flowchart.

First, the courses are selected for the MPL. It is important to have one senior capstone
or mandatory design course, and the other course can be any senior level elective course.
Second, the Course Learning Outcomes (CLOs) with the Student Learning outcomes (SOs)
are mapped, as shown in Figures 3 and 4. Third, the SOs have to be decided, which is
fulfilled by both the courses, i.e., stated as an alignment of the courses’ SOs in the flowchart
(Figure 2). Fourth, there should be a discussion of the assessment that can be used to fulfill
the CLOs and the corresponding SOs (which was already decided in the previous state) of
the courses involved. Fifth, the assessment is conducted. Sixth, the results are analyzed to
confirm the performance of the students and validate the effect of the framework. Finally,
the scope for improvement is reported on.

The central crucial activity is the mapping of the CLOs with the SOs of the selected
courses, which is shown in Figure 3 (for course ELEC 472) and Figure 4 (for course
ELEC 499).

The project was used to evaluate the CLO “h” of ELEC 472 and the CLO “e” of ELEC
499. Each of the CLOs is associated with achieving the common SO 3.
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Course learning outcomes (CLO) |

Student outcomes (SO)

1. An ability to identify, formulate, and solve complex

a. Und, d the archi and technologies involved in

telecommunication networks.

b. Und d 1 data icati tandards:
hni and i

ing probl by applying principles of engineering,
science, and mathematics

2. An ability to apply engineering design to produce solutions
that meet specified needs with consideration of public health,

Fundamental system design q pp

their impact on real system implementation.

¢c. Describe digital transmission systems and hierarchies.
Understand multiplexing techniques and their design

||d.U‘ tand the principles of switching sy |

e. Describe the features of circuit and packet switched

networks.

f. Discuss the different types of services and explain their
influence on network design.

g. Describe the evolution of networks towards fast packet
switching.

snfety, and welfare, as well as global, cultural, social,

eny and ic factors

3. An ability to communicate effectively with a range of
audiences

4. An ability to recognize ethical and professional
responsibilities in engineering situations and make informed
judgments, which must consnder the unplct of engmeermg
solutions in global, and
contexts .

5. An ability to function effectively on a team whose members
togelller pmvnde leadershlp, create a collaborative and

envir goals, plan tasks, and meet
objectives

6. An ability to develop and conduct appropriate

h. Understand traffic theory, Evaluate design and
dimension networks under given traffic requirements.

experi i analyze and interpret data, and use
engineering jud; t to draw lusi

7. An ability to acquire and apply new knowledge as needed,
using appropriate learning strategies.

Figure 3. CLO and SO mapping of ELEC 472.

Course learning outcomes (CLO) I

a. Students can conduct a literature survey. |

b. Students can design an engineering project, by
incorporating appropriate engineering standards
and multiple realistic constraints, setting

objectives that are appropriate for the project
purpose and scope and that take into account the
following aspects: economic; environmental;
manufacturability; ethical; safety; social; and
political.

<. Students can plan an engineering project
involving multiple tasks and work effectively on
a team to complete the project.

d. Students can identify, formulate and solve an
engineering problem.

¢. Students can communicate technical
information in writing and oral presentations.

. Students can recognize the need for a lifelong
learning.

£. Students can use modern toolks in solving
engineering problems.

Student outcomes (SO)

1. An ability to identify, formulate, and solve complex
engineering problems by applying principles of engineering,
science, and mathematics

2. An ability to apply engineering design to produce solutions
that meet specified needs with consideration of public health,
safety, and welfare, as well as global, cultural, social,
environmental, and economic factors

3. An ability to communicate effectively with a range of
audiences

4. An ability to recog! ethical and p I ilities
in engineering situations and mlte informed jndgmenls.
which must consider the impact of engineering solutions in
global, economic, environmental, and societal contexts

n

An nblllt) to mndlon eﬂeﬂl\dy on a team whose members
hip, create a c and

Indusl\c m\‘lmnmrnl, establish goals, plan tasks, and meet
objectives

&

An  ability to develop and conduct appropriate
experimentation, analyze and interpret data, and use
engineering jud; to draw ¢

-~

. An ability to acquire and apply new knowledge as needed,
using appropriate learning strategies.

Figure 4. CLO and SO mapping of ELEC 499.

4.2. Investigation of the Impact of MPL Implementation on Students’ Performance

This section covers the second contribution of the paper by investigating the impact
of the MPL implementation on students” overall course grade by comparing the MLP-
implemented semester (that is, Spring 2020) with the previous semester. Course-wise,

course grades from the two semesters were compared gender-wise and overall.

Figure 5 shows the letter grade distribution during the two semesters. A higher
number of students obtained better grades (A, B+, and B) when the MPL and online
assessment were implemented. Therefore, there has been a positive effect of the MPL
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and online assessment approach on the students” grades in the ‘In-COVID-19 semester’.

Moreover, it is also interesting to see that none of the students were in the lower grades,
such as grades D and F.

Comparison of Student Performance

0% 2%

40%

0,
19% 22%
0

0, 0, 0, 0,
13%ISA: 15% 9/ 16% 16% 12%
— L
0% — T

A B+ B

Percentage of Students
b N W
g 8%

Letter Grade

1 2019-Pre-COVID 2020-In COVID and MPL

Figure 5. Comparison of the overall course grade in the two semesters.

The improvement in student performance in the MPL implementation during the
COVID-19 teaching period was also confirmed using the z-test using R-software, where the
below hypothesis was accepted using the statistics in Figure 5.

Hypothesis (Hy): The probability of obtaining an A and B+ is larger in MPL-designed
course participants than among the non-MPL students.

4.3. The Effect of MPL Implementation

An analysis of students’ responses regarding their experience during the course shows
the effect of online teaching during MPL implementation.

The survey questions was structured in such a way that the responses help to examine
the conclusions of whether the students found the MPL, online assessment, and online
lecturing helpful. A detailed two-sample t-test was conducted on the survey results from
the Male and Female students. The responses of the students in Figure 6 were used in the
two-sample t-test analysis to conclude from the student responses.

A) Was the time for the online quizzes enough? B) Ar online quizzes as convenientas paper-based
quizzes?
II 5% 7% 69 3 % 3% 10% |I -
= - %
"M ® n "Ml = m
C) Was the format of online quizzes and D) Were the online video lectures convenient due
feedbacks helped ina clear understanding of the to the options of stop, play and pause?
concepts? 0

Srongly Agree

20%
% in 5% 7% 6% 5% :
5 e % % . 3%
oxgm*  oxo0%o0% 0% 0% 0% 0%

Ne Disagree Strongly Srongly Agree

Figure 6. Cont.
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Figure 6. Summary of the student response from the survey questions.
Table 2 summarizes the results and interpretations of the t-test analyses. This will be
used to make suggestions and concluding remarks from this case study and also to assess

the findings of the study. Moreover, the questions were designed specifically to obtain
feedback on the online assessment technique and the MPL approach, as shown in Table 2.

Table 2. Outcomes and conclusions from the Two-sample paired t-test on the survey answers.

Category

Questions Two-Sample t-Test Analysis Conclusions Drawn

Online Assessment
technique

The quizzes that were covering
important topics to be assessed in the
course were designed well, with the
majority of students agreeing that the
time was enough.

Um =174
jp =164
Not Significantly different

Was the time for the online
quizzes enough?

The response is mixed, with a majority of
the males having responded that the
online quizzes were as convenient as

written quizzes, whereas some females
disagreed.

Are online quizzes as
convenient as paper-based
quizzes?

Um =142
Bf= 1.64
Significantly Different

The response is really important to
understand the effect of the quizzes
helping to comprehend the concepts of
the course. The similar positive response
of both the students is really motivating.

Was the format of online
quizzes and feedbacks helped
in a clear understanding of the

concepts?

um =174
=1.71
Not Significantly Different.

The response is positive, with the
majority of the students in favor of the
videos due to the convenience, but some
male students disagreeing with it as it
provides less interaction

Were the online video lectures Hm =1.42
convenient due to the options ur=15
of stop, play, and pause? Significantly Different.
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Table 2. Cont.

Category Questions Two-Sample t-Test Analysis Conclusions Drawn
There were mixed responses from the
students, though the majority of the male
Was the Mobile Application ar}d female stu.dents agree.d to the .
: Um =174 effective self-learning process involved in
development project of the . . . .
. pp=2 the assigned project. This feedback is
course an effective S . . . .
- Significantly Different. important to be considered in a future
self-learning process? . . .
implementation where more guiding
materials can be provided to the students
to enhance their self-learning skills.
This was an important responsibility, as it
helped in understanding the effect of
MPL in achieving CLOs from both
Was the Mobile Application i = 2.37 courses and the students understanding
; : m=2.
MPL approach for development project helped in 1y =236 them. Both the males and females had

a senior-level your Senior Design Project

Not Significantly Different.

the majority of the students in favor of

(ELEC499)? the MPL approach, but there were some
course and the £ stud h
tone course groups of students who were not
caps impressed with the extra work involved
in the project.
Do you think the Mobile This was an important response as it

Application development
project helped in developing
real-life problem-solving
skills?

pm =211
14 f= 1.79
Not Significantly Different.

helped in understanding the effect of
MPL in improving problem-solving skills.
Both the males and females had the
majority of the students in favour of this
aspect of an implemented MPL approach.

Did the Mobile Application
development project work in
a group help in improving
teamwork skills?

Um =221
Not Significantly Different.

This was an important response as it
helped in understanding the effect of
MPL in improving teamwork skills. Both
the males and females had the majority
of the students in favour of the this

aspect of an implemented MPL approach.

4.4. The Effect of MPL Implementation Including Online Implementation Is Not by Chance

The authors assumed that the students would evaluate the MPL implementation,
including the online activities, as having a positive impact compared with the reviews from
the professors on the same course in the earlier semesters. This assumption was tested with
the use of chi-square distribution [41] for comparing proportions from two groups [42]. All
the survey questions were asked, and positive answers for the questions were predicted
by the authors, i.e., the forecast of the authors. Based on the results obtained from the
survey, and conducting chi-square analysis assuming alpha level («) = 5 percent, the degree
of freedom (c) = 4 (i.e., number of categories—1, there were five categories as shown in
Figure 2). For all the questions, the authors have assumed the null hypothesis (Hy) as:
students would respond positively (Strongly Agree or Agree). This inference was analyzed
with the answer observed, and chi-square analysis was conducted to validate whether the
assumption should be accepted or refused.

The implementation was carried out with positive assumptions, i.e., all the students
either agreed or strongly agreed with the questions as stated in the previous analysis
phase section, which as confirmed with the chi-square analysis carried out on the students’
responses, as shown in Table 3. Besides this, chi-square analysis was carried out separately
based on male and female responses to confirm the results. It was found that the results
were similar (Table 3).
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Table 3. Chi-square statistics on survey responses.

Question Statement

Accept or Reject the Positive Prediction
Based on the Chi-Square Analysis
(chi—square critical value, X2 = 9.49 with
Degree of Freedom = 4, & = 5%)

The time for the Online Quizzes were enough

X2 (all students) = 1.87 < x?
x?(male students) = 2.25 < x>
x%(female students) = 2.80 < x2
Thus, Do Not Reject

The Online Quizzes are as convenient as the
Paper written quizzes

x2(all students) = 4.33 < x2
2 _ 2
X*(male students) = 3.5 < x&
x%(female students) = 1.87 < x2
Thus, Do Not Reject

The format of Online Quizzes and feedbacks
helped in clear understanding the concepts

x%(all students) = 38.73 > x2
Thus, Reject
x2(male students) =5 < x>
Thus, Do Not Reject
X2 (female students) = 13.47 > x2
Thus, Reject

The Online Video Lectures were convenient
due to the options of Stop, Play and Pause. It
helped in going back to them for clarifying
concepts

x?(all students) = 7.53 < x2
x%(male students) = 7.63 < x2
x2(female students) = 2.67 < x2
Thus, Do Not Reject

The Mobile Application Development Project
of the course was an effective self-learning
process

x2(all students) = 5.13 < x2
x%(male students) = 8.13 < x2
x2(female students) = 1.97 < x2
Thus, Do Not Reject

The Mobile Application Development Project
helped in preparing for the Senior Design
project (SDP 499) as it was linked with it.

x2(all students) = 53.47 < x2
Thus, Reject
x%(male students) = 18.63 < x2
Thus, Reject
x%(female students) = 6.67 < X2
Thus, Do Not Reject

The Mobile Application Development Project
in group helped in improving real-life
problem-solving skills

x2(all students) = 10.93 > x2
Thus, Reject
x2(male students) = 4.5 < x2
Thus, Do Not Reject
x%(female students) = 5.87 < x2
Thus, Do Not Reject

The Mobile Application Development Project
in groups helped in improving teamwork skills

x2(all students) = 84.27 > x2
Thus, Reject
x%(male students) = 27.75 > x>
Thus, Reject
X2 (female students) = 11.17 > x2
Thus, Reject

4.5. Students’ Creative Way of Thinking

The MPL implementation was expected to engage students in group activities and
demonstrate creative thinking while solving challenges together. The creativity of the
students was observed while grading the final submissions. Figure 7 shows four screenshots
of mobile application interfaces, which show the creative functionalities ideated for solving
the problems of the respective projects. Since only one project had to be delivered instead
of two different projects for the two courses, the additional time and the concepts learned
from both courses enabled the students to be more creative. It is noted that creativity
levels can be improved if the mobile application development project can be made a more
effective self-learning process with the help of more guiding materials.
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Figure 7. Screenshots of Mobile Application developed by students linking to their ELEC 499 course.
(A) Mobile Application to book EV charging station, (B) Mobile Application to book drone cleaning
services for the exterior glasses of a building, (C) Mobile application to monitor the ECG of the
patients, (D) Mobile application to monitor the crop health and take necessary actions using drones.

5. Conclusions

This paper has tried to analyze the use of innovative approaches and online teaching on
the effect of SO’s attainment with the help of the respective assessment grades, comparing
them with a previous semester where such approaches were not deployed. The paper
has also answered the research questions that motivated the study by analyzing the effect
of MPL on the student grades and also finding the student perceptions with the help of
survey. The results are important for the research community to further improve our
innovation with the proposed framework in preparation for the already existing hybrid
teaching trend, which was a necessity during the COVID-19 pandemic. The adopted
strategy has proven successful in promoting PBL’s core values, with certain difficulties.
Some students were unable to develop their comprehension because they felt the learning
was too difficult and needed additional tasks. Some students had trouble operating in
groups or teams, with some students not contributing at all to the projects and others
contributing heavily and upsetting other team members. The teacher must be imaginative
in order to resolve the problem of increasing the motivation of such students. To enhance
teacher-student relationships, teachers must be able to solve problems, especially when
working with students who have low abilities, motivation, or lack concentration [11].
Furthermore, students offered suggestions that indicated steps that could be taken to
enhance the experience. The students also had concerns with interaction due to online
assessment and teaching. The limitations of the study can be categorized into (i) theoretical
framework and the activities for the development and implementation of the multi-course
project-based learning, (ii) online assessment. The limitation of the theoretical framework
was discussed in detail in the discussion.

There was a limitation of the online quizzes that could be improved to make it as
convenient as paper-based exams with the help of equation editors and training the students
on how to use them, as the students should be able to quickly write equations in their
answers and then deduce the answers. The feedback for the quiz should be more detailed
and should refer to the chapter, so that the students can use it to review it for future exams
and so that it can be provided immediately after the test is taken. In order to do so, a large
pool of questions should be provided to avoid students who finish the exam earlier sharing
the questions and answers with other students. The feedback mechanism can also help
the student to understand the concepts better. The online video lectures can be posted in
advance for the students to refer them before the lecture so that during the actual lecture
session more interactions are made possible by letting the students ask questions.

In summary, the outcomes of this MPL study contribute more than similar works
conducted in PBL-based studies [43,44,50]. This paper discusses the step-by-step imple-
mentation of MPL for a senior and capstone course, which can help attain the competencies
required for ESD. This is an extension of the work done by authors for two undergraduate
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courses in [11]. The limitations of the study (stated in the previous paragraph) could be
further improved in a future implementation. The paper also talked about how online
assessment can help in improving students’ performance and learning, which is the need
of the hour in pandemic situations. Some of the changes that can be made to make the
methods more successful have also been outlined in this report. The authors have also
found a positive response for the innovations implemented in this study, verified in Table 3.
This paper discusses the effect of online assessment and MPL implementation for two
senior-level courses and was designed to report the innovative teaching methods that can
be useful for the pandemic situation. Innovative online teaching methods using online
assessment and MPL can help in developing competencies in students to look for sustain-
able solutions. Positive feedback on this method was provided by the survey conducted at
the end of the semester. Based on the students’ feedback, suggestions can be made that
would be beneficial to improving the approach. Being an ABET accredited program and
having proper linking of SOs with CLOs, as well as having clear assessments to confirm
the achievement of the CLOs [28,29,52], the student grades can help in understanding
the impact of the implemented approaches. This can be further confirmed with a future
implementation of the framework with the suggested improvement of the limitations stated
by the students. This case study will be useful for inspiring engineering programs with
more of these methods. The case study of an online course along with MPL for senior-
level courses can also help in adding to the existing innovative teaching practices body of
knowledge.

Author Contributions: Conceptualization, A.K. and N.Z.; methodology, M.E.H.C. and M.S.K,; vali-
dation, M.S.K. and M.E.H.C.; formal analysis and investigation, all the authors; writing—original
draft preparation, M.E.H.C., A K. and N.Z.; writing—review and editing, A.K. and M.S.K. All authors
have read and agreed to the published version of the manuscript.

Funding: The APC was funded by Section for Statistics and Data Analysis, Department of Applied
Mathematics and Computer Science, Technical University of Denmark (DTU).

Institutional Review Board Statement: The study was conducted according to the guidelines of
Ethic Committee Name: QU Ethical IRB Committee with Approval Code: QU-IRB 1434-E/2 and
Approval Date: 1 January 2019.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

SO Student Learning Outcome

CLO Course Learning Outcome

ABET Accreditation Board for Engineering and Technology
MPL Multi-Course Project-Based Learning

ESD Sustainable Development Education

ELEC 472  Senior Course of Electrical Engineering Department of Qatar University T
itled-Wireless Network and Application

ELEC 499 Capstone Course of Electrical Engineering Department of Qatar University
Titled -Senior Design Project II



Sustainability 2022, 14, 5056 16 of 18

Appendix A

Build Content +  Assessments v Tools v Partner Content v

App submission

Auallability: Item I hidden from students. It wa last avallable an Apr 18, 2020 11:59 PM
Dear students,
or the App code submission is the 18M April at

‘or the App development, you don't need to walt
pageipages. Il the code doss notrun, the g

The dead
courses a
screenshot of

9, but | highly recommend you finish it much before, s the end of the semester is loaded with many deadlines from other
the last minute. Submitted materlal (as a zIp file) should be properly organized and Include the code (that | will check) +a
e is zaro, Only one sludent per group subrmits.

Isaw your hall-page submissions and the ides is not dlear in mast of them |

Iwant to remind you that your App, has to remotely access data (read data from a file in a laptap, server, site, repositary, ), process it locally (in the phane) and then send some result to a ramote
location.

Mary of the teams approached me to discuss their idea out of their SDP, and 1 explained them what to do, but other groups have not done yet. It is your responsibility to meet the reguirements.

On the week 19-23, {after you submit the App code and the midterm 2 exam is done), you will make a short 5 minutes presentation about your App in front of the class to explain what is the use of
your App and its characteristics

Gaod luck In the App design

Regards,

Figure A1. Project Guidelines screenshot and Text from the Learning Management System.
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