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Engineers and architects employ their technical abilities, innovative approaches, and problem solving skills to devise
products and services that support human needs and contribute to the progress of civilizations. Designing and building in
the real world require the collaborative input of several specialists from different disciplines; however, engineering and
architecture curricula do not necessarily emphasize multidisciplinary education. To mirror the needs of the job market,
university education should focus on training students to work in a multidisciplinary environment and develop a holistic
view of engineering practices that their future jobs would demand. This study presents a new course aimed at engaging first
year engineering and architecture students in a multidisciplinary environment, which inspires students’ creativity in
problem solving and engineering design. This paper presents different teaching methods for achieving various learning
objectives, analyzing students’ satisfaction, and highlighting lessons learned from delivering a novel course to engineering
and architecture students. Results showed that students were attracted to learning about other disciplines, appreciated the
multidisciplinary aspect of engineering, and were interested in acquiring professional engineering skills. Thus, the course
was successful in creating a smooth transition between high school and university in helping students lay out the tracks for

further development of their engineering skills.

Keywords: multi-disciplinary education; introduction to engineering and architecture; innovation in education; pedagogy

1. Introduction and literature review

Engineering and Architecture programs need to
cater for the changing needs of the job market,
while meeting the new challenges put forth by
technological advances and the closer integration
of disciplines. Thus, graduates are required to have
a holistic view of the world, an understanding of the
multidisciplinary nature of engineering and design,
and proper soft skills. The old paradigm of educat-
ing architects, Civil, Mechanical, Electrical, Com-
puter, Industrial, and Chemical engineering
students in silos with little exposure to the other
disciplines does not prepare students for a proper
integration within a multi-disciplined workforce
once they graduate. If students from a certain
discipline are not exposed to other fields, they end
up designing and developing their ideas in a
detached manner [1-3]. The lack of exposure
reduces the possibility for cross pollination of
minds and ideas that are often necessary for innova-
tion [4]. Hence, adjusting engineering and architec-
ture curricula to inject more interdisciplinary
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courses and enabling student communication
across disciplines becomes a priority in modern
education.

While engineering disciplines have traditionally
focused on technical knowledge and hard skills, the
current job market requires engineers who have also
acquired sufficient soft skills in personal and inter-
personal behavior, which seem to be lacking in
graduating engineers [5]. Moreover, noticeable
weaknesses in several areas have been reported
including: creativity and innovation, leadership,
multidisciplinary teamwork, communication skills,
time management, and critical thinking [1-3, 5].

The multidisciplinary nature of engineering and
design is only expected to grow over the next
decades with the harmonization and integration of
engineering disciplines. For instance, civil engineers
are expected to have an adequate knowledge of
computer programming, electronics, instrumenta-
tion, and control engineering given the boom in
additive manufacturing technologies. Mechanical
engineers are also expected to work in an environ-
ment where their designs influence and get influ-
enced by electrical engineers, architects, civil
engineers, and industrial engineers.

* Accepted 20 July 2017.
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To address the glaring need for a change in
engineering curricula, several educators have intro-
duced new teaching methods into first year engi-
neering courses such as a leadership module to
expose freshmen to general engineering principles
[6], an engineering design module to teach students
systematic methodology and team skills [7], a trans-
portation engineering module to match industry
expectations [8], a computing and engineering
module to improve engineering design skills and
systematic thinking [9], and several simulation
games to enhance critical thinking [10].

Other engineering programs have introduced
novel common undergraduate courses for first
year engineering students. Aloul et al. report on a
new course aimed at developing an understanding
of the major roles of engineers, encouraging colla-
boration among engineering disciplines, building a
foundation in problem solving, and instituting
ethical responsibilities in students. Results show
that first year students can develop good design
experience even with minimal conceptual founda-
tion in their own engineering fields [11].

Marra et al. describe the introduction of a hands-
on course for first-year engineering students that
emphasizes graphical, oral, and written communi-
cation skills. Focus is shifted from lectures to hands-
on design projects where teams work on analyzing
and interpreting experimental data. This allows
student teams to discover multiple solutions from
various disciplines. The multidisciplinary nature of
the course enables an intellectual environment that
stimulates complex forms of student thinking [12].

Another program employs a two-course sequence
for first-year engineering students, which embeds
students in a multidisciplinary environment while
designing and building a miniature roller coaster.
The project requires students to work together and
incorporate knowledge from various engineering
disciplines. In addition to building engineering
skills, the course trains students on time manage-
ment, team work, and communication [13].

Golf et al. describe a new course aimed at giving
engineering students a feel of the real world by
engaging them in challenging and interdisciplinary
projects such as designing push-pull toys, construct-
ing LEGO programmable objects, and building a
walking device. Working in interdisciplinary groups
helped students develop communication skills and
increase the understanding of their field and other
fields [14].

It is often a challenge to design a problem-based
course since first-year engineering students would
not have typically been exposed to a course in
engineering design when taking such an introduc-
tory course. That is why educators employ practical
course projects that aim to design and build com-

plex product prototypes. Their advice is to include
mechanisms for rapidly building student experience
in design, knowing that they have no background in
engineering design. Therefore, the project should be
both simple and motivating [15].

Some academic programs have applied a com-
bined curriculum for all first year engineering stu-
dents. A strong emphasis has been put on teaching
design, engineering modeling, oral and written tech-
nical communication, teamwork, creativity, ethics,
and professionalism. The courses aim at helping
students understand the significance of engineering
and the way engineers can have a positive impact on
society. Students were highly satisfied with the
improvements in their team skills, the understand-
ing of engineering disciplines, and the advancement
of their communication skills [16].

Another program offers a first year course for
nine engineering majors aimed at helping students
form a basic understanding of the responsibilities of
a professional engineer, the different engineering
disciplines, and the design process while developing
their skills in problem solving, teamwork, and
communication. The course project involves design-
ing and building a scaled down train project. Stu-
dents’ positive feedback shows that the course is
successful in introducing first year students to
engineering disciplines [17].

Research has confirmed that acquiring profes-
sional identity is a critical part of students’ devel-
opment and persistence as engineers. They need to
understand the work habits and expectations of
professional engineers [18]. One foundational
corner stone of professional engineering skills is
design thinking where engineers use their creativity
and group thinking to solve a design problem and
meet people’s needs. There is a need to graduate
engineers who can apply design thinking to complex
problems as this skill was found to be correlated
with innovation. In this regards, several educators
have employed many pedagogical methods such as
project-based learning to train students on design
thinking [19-22].

While several engineering programs have devised
their own version of a common first year engineer-
ing class, the authors have recognized a wide range
of objectives that are not necessarily addressed in
earlier studies, and should be targeted by a modern
multi-disciplinary course in engineering and archi-
tecture. A team of faculty members at the American
University of Beirut (AUB) met regularly for
around one year to design a new course that meets
a set of objectives. The new course has to introduce
students to the various engineering disciplines; it has
to be engaging, fun, and challenging; it should
develop teamwork spirit; it ought to create an
environment that fosters creativity, innovation,
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Fig. 1. A flow chart of the course design and improvement process.

and critical thinking; it has to introduce the design
process; and it must address contemporary issues
and the latest trends in engineering and architecture.
This paper describes the course delivery process
starting with a set of goals and ending with imple-
mentation methods. The paper’s contribution to
knowledge lies in presenting a new way of looking
at an interdisciplinary course, introducing different
teaching methods for various learning objectives,
showing how they can be implemented in practice,
analyzing students’ satisfaction, and highlighting
lessons learned from delivering this novel course
to first-year engineering and architecture students.

The paper is organized into six sections including
the introduction. Section 2 describes the methodol-
ogy followed in this study. Sections 3 and 4 address
the course objectives and implementation. Section 5
presents results and discussions. Section 6 highlights
the conclusions, lessons learned, and future direc-
tions.

2. Methodology

The research method followed in this study com-
prises four steps starting with a set of overarching
course goals: (a) studying the available literature,
(b) developing course objectives, (c¢) choosing
course delivery options, and (d) conducting a stu-
dent-feedback survey. The first step includes review-
ing the available literature to learn from similar
course applications worldwide. In step two, a
committee of faculty members and laboratory engi-
neers met for around one year to develop the course

objectives that are presented in section 3. After
reaching an agreement on course goals, the commit-
tee worked on finding the most suitable teaching
methods to deliver each teaching goal. The methods
employed in the course are discussed in section 4. A
post-delivery online survey was conducted to assess
students’ feedback and satisfaction with the course.
The lessons learned from the first implementation
will be used to advise course objectives and future
course delivery methods as described in Fig. 1.

A survey was developed to assess students’ satis-
faction with the preset objectives as envisioned by
the course design committee. The questions were
also checked against ABET (Accreditation Board
for Engineering and Technology) learning out-
comes. This resulted in a set of 15 questions as
shown in section 5. The survey was administered
online for all 555 participating students upon course
completion. A large number of students (527)
provided feedback on the course giving the survey
a 95% return rate, which is considered as excellent
participation. The results were then analyzed to
derive the mean, standard deviation, and the
ANOVA (analysis of variance) to identify differ-
ences between populations within the study. Table 1
shows the results and statistical analysis.

3. Course design

The Introduction to Engineering and Architecture
course (FEAA200) is designed to address seven
main objectives via the course structure including
different components namely, lectures, technology
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labs, and projects as described in Table 1. The
course objectives are:

Objective 1—Introduces students to the various engi-
neering disciplines. Engineers of tomorrow are
expected to have a working knowledge of the
various engineering disciplines as they will be
integrated within a multi-disciplined workforce.
They must comprehend and relay information,
technical and non-technical terms, and semantics
that other engineers utilize. While the concept of
generalist versus specialist holds, engineers who
exhibit wide-breadth and good-depth of engi-
neering knowledge will be of great value to their
employers and colleagues. As such, the course is
designed with this objective as a main pillar.

Objective 2—Is Engaging, Fun, and Challenging.
Adding the elements of fun, engagement, and
challenge tends to keep people interested,
focused, involved, and intrigued to learn new
concepts and potentially produce novel ideas
from the acquired knowledge. With its various
components, the course aims at achieving these
goals.

Objective 3—Develops Teamwork Spirit. Teamwork
is the main driver behind the success (or failure) of
most real-life projects that involve complex sys-
tems that have to be engineered with multiple,
often opposing and competing, objectives in
mind. Developing this spirit is an integral purpose
of the new course.

Objective 4—Creates an environment that fosters
creativity, innovation, and critical thinking. Engi-
neers and architects are hired and promoted
based on their creative minds, innovative solu-
tions, and problem solving skills that they bring

Table 1. Course Components

to the table. The course aims at empowering
students by these intangible skills by giving
them the flexibility and freedom to propose
unconventional designs and products, as long as
they meet certain minimal performance specifica-
tions and constraints.

Objective 5—Introduces the Design Process. In

design, the best solution does not only depend
on getting a desired outcome that meets certain
specifications, but also on the number of design
iterations needed for executing that solution.
Hence, engineers and architects need to follow a
clear systematic design process as the early stages
of planning and design development greatly influ-
ence achieving lower cost and shorter develop-
ment time. In this course, students learn the main
steps of the design process.

Objective 6—Introduces Contemporary Issues and

Latest Trends in Engineering and Architecture.
The modernization of the engineering world is
happening at a rapid pace. The boom in the
electronics, communication, networking, artifi-
cial intelligence, sensing and actuation technolo-
gies, mobile devices, among other sectors, is
affecting daily lives and the way designers
design and consumers expect their products.
Engineering and architecture students must
accompany this technological revolution as
soon as they start their education and training
journey. This course aims to provide a contem-
porary outlook to the disciplines via the labora-
tory sessions, projects, and lectures.

Objective 7—Addresses Secondary Skills ( Auxiliary

Traits). In addition to technical proficiencies, the
course provides students with necessary auxiliary
skills that successful future engineers and

Lectures

Introduce each discipline by experts in the field and invited talks by distinguished guest speakers.

o Speakers share their real-life experience of working on multi-disciplinary projects and emphasize the need
for being well-rounded engineers and architects.

Technology Laboratories

Introduce students to basic technological needs that will be essential for them to grasp by the time they

graduate and join a modernized workforce.
e Examples are basics of graphical computer programming language (LabVIEW by National Instruments),
sensors and actuators, deploying executable programs on digital microprocessors, embedded systems, and

robotics.
Projects (two assigned The first project is robotics based:
prolect)s over the one term o ginyilar to sumo wrestling, it requires students to design a robot that attempts to push its opponent out of a
course

cunning, and brute force.

must be completely autonomous.

color-coded circular arena before being pushed out by the competing robot while using mechanisms,

The robots are constructed out of LEGO pieces including sensors and an embedded controller, and they

e The second project task is designing and building a small-scale model of a bridge crossing over a river.

The bridge dimensions, construction, materials, joints, supports, and loading points are specified including

technical constraints that are imposed to stimulate creative thinking.

and finishing.

aesthetics.

The designs are judged based on carried load to weight of bridge ratio, creativity and originality, aesthetics,

Students experience the notions of structural integrity, economy of means, and functionality versus




1860

Naseem Daher et al.

architects must possess such as communication,
project management, multi-tasking, time man-
agement, hands-on skills, professional ethics,
sportsmanship, and professionalism.

4. Course implementation

Each pillar of the course objectives is achieved via
one or multiple components of the course as
described below.

4.1 Introduces students to the various engineering
disciplines

In the lectures, students are introduced to the
common factor amongst all engineering and archi-
tecture disciplines, the design process. They are
taught the major steps involved in the design of
new products, processes, structures, and so on.
Engineers and architects must be aware of and
become proficient in following the design process
in order to take their designs from the conception
phase all the way towards the implementation and
production phase. Students in this course are
instructed on the proper process to propose,
devise, analyze, iterate, implement, and validate
their designs. They also get a chance to see this
process in action throughout two projects that they
have to complete for passing the course.

Faculty members of the course’s represented
disciplines are tasked with inviting guest speakers
who can highlight the importance of a multi-dis-
ciplinary approach to real-life projects, and to
demonstrate how professionals with diverse back-
grounds come together to successfully execute and
deliver based on a unified vision. Guest speakers
including academics, industry leaders, and govern-
ment officials, share their experiences in leading
multidisciplinary projects and teams, and empha-
size the need for engineers and architects who can
seamlessly integrate themselves into a diversely
skilled team, engage in system-oriented discussions
and decisions, and make contributions that are
acceptable by the different facets of technical pro-
jects. For example, one of the invited guest speakers
shared his experience in dealing with the Lebanese
power generation sector, the existing challenges,
potential solutions, and the need for a paradigm
shift in the technical personnel’s approach to sol-
ving the power shortage problem. The sector is in
dire need for engineers who understand the work-
ings of power plants from the mechanical engineer-
ing side (combustion, torque requirements, etc.);
electrical engineering side (power electronics,
voltage conversion, energy management, etc.);
chemical engineering side (alternative battery tech-
nologies, photo-voltaic cells, etc.); industrial engi-
neering side (efficient production processes,

optimized supply-demand schedules, etc.); civil
engineering side (dams construction, placement of
towers, routing of cables, etc.); and from the archi-
tecture side (design of the site building to serve the
required needs, placement of facilities in an optimal
arrangement to allow proper access, etc.). Other
guest speakers relayed a similar message, which
stimulated the students and gave them evidence of
the validity of the course objectives.

In teaching students about the various engineer-
ing and architecture disciplines, two projects, which
draw on the skills required by these disciplines, are
assigned over the one term course. After learning
the basics of robotics from the viewpoint of graphi-
cal programming, sensors and actuators, and
embedded systems, students get a chance to improve
their hands-on skills by building a robot structure
using their architecture and mechanical design
intuition, generating control algorithms that add
intelligence to their robots, and devising mechan-
isms to evade and push the opponent, while ensur-
ing that their robots remain inside the color-coded
circular arena. In the second project, the teams are
tasked with designing and building a small-scale
model of a bridge crossing over a river. The bridge
dimensions, construction, materials, joints, sup-
ports, and loading points are specified including
technical constraints that are imposed to stimulate
creative thinking. The designs are judged based on
carried load to bridge weight ratio, creativity and
originality, aesthetics, and finishing. In this second
project, students experience the notions of struc-
tural integrity, economy of means, and functional-
ity versus aesthetics. Between the two course
projects, students get to experience firsthand the
need for the engineering and architecture disciplines
to integrate with each other in order to bring about
an optimal design based on specified performance
indicators, and to appreciate the necessity of their
team members collaborating on the same design
while drawing on their strengths.

4.2 Is Engaging, fun, and challenging

One main requirement for the course instructors is
to design lectures that are rich in multimedia
instructional material including reflective images,
videos, and short documentaries taking into
account culturally and context relevant material to
achieve a joyful and realistic learning experience.
Given the course nature of introducing wide range
of topics from different disciplines in limited time,
visual cues facilitate the students’ learning and the
retention of new concepts and ideas while saving
time. Complex mechanical procedures and pro-
cesses such as control and automation, renewable
energy techniques, and multiple other concepts were
showcased in a very short period of time, changing
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theory into practice, and resulting in triggering
students’ thoughts and maintaining their interest
in the subject.

Student Response System (SRS) using radio-
frequency (RF) devices (clickers) is introduced as
an interactive and active engaging technology given
the large size of the class where traditional active
learning methods such as class discussions and
activities are not applicable. Every session includes
integrated questions to solicit student feedback,
assess their understanding, or get their opinion,
which tends to keep students alert during the
entire class period. Students have shown real excite-
ment when using the clickers enabling them to get
equal opportunity in participating anonymously
with no peer pressure, and assess their own knowl-
edge via prompt cumulative feedback of class
results. Instructors use varied difficulty levels of
questions to challenge the students and widen
their horizons, especially relative to contemporary
issues.

In the technology laboratories, fun is part of
almost every task where knowledge is implicitly
learned through the execution of lab missions
rather than the traditional explicit way of proce-
dural laboratories. The labs titles were chosen in a
way to reflect a fun and engaging experience; the
modules’ titles are: (1) Meet Technology, Program
Graphically; (2) Meet EV3 LEGO Robot, Make it
Wiggle; (3) Explore Further EV3 Robot, Make it
Run.

In the first lab module, students learn graphical
programming while implementing a mini-cashier
terminal by designing a functional platform and a
personalized graphical user interface (GUI). Stu-
dents were also given the opportunity to challenge
themselves by adding creative functionalities and
explore further fields by participating in an optional
contest. Best designs, in terms of logical functions
and appearance, are selected and published on the
course’s webpage to be viewed by all students and
course instructors.

In modules (2) and (3) of the labs, students, in
groups of two, enjoy designing challenging tasks
such as firefly bot, escape robot, obstacle avoidance,
memorize robot position, goodie robot, line track-
ing, and other interesting missions. Students’
engagement was revealed in their enthusiasm, posi-
tive attitude, and interest to put forth effort to
execute the tasks. Despite the restriction on dividing
the students into different small size classes for the
laboratory component to achieve better hands-on
learning, several activities were designed to create
an interactive engaging virtual classroom. For
example, common mission testing environments
(tracks, obstacles, colored targets, etc.) were
installed in a hallway connecting classrooms where

students from different classes running in parallel
challenged and raced each other. Besides, online
discussion forums and sharing links were created to
share thoughts and live captured videos.

In order to address different learning needs,
capabilities, and interests of students coming from
different high schools and accepted in different
disciplines in engineering and architecture, differ-
entiated instruction on the level of content is applied
in the technology labs. A set of optional challenging
tasks that entail higher-order thinking skills are
integrated in the lab manuals to cater for students
who have higher levels of mastery.

In order to induce a fun aspect in the course
projects, both projects are concluded by competi-
tions: a sumo wrestling style competition and a
stress test contest on the small-scale bridges. High
levels of excitement and enthusiasm prevailed
during the competition days in a friendly yet profes-
sional atmosphere. The joyful feeling and sense of
achievement for all teams was also a byproduct of
the process of creating functional product from very
basic elements and bringing an original idea to
fruition.

Projects were fun but also challenging in terms of
experiencing on how to respect design specifications
and constraints is a real challenge. For example,
students experienced designing a robot using a
restricted set of LEGO pieces with weight constraint
and a bridge with dimension and material con-
straints. It was also a challenge for students to
work in a diversified team (different majors), and
learn how to schedule tasks, divide work, and find
common meeting times with constraints such as
different class schedules and busy study periods.
The course projects are also engaging given the
competition plan in both projects. For example, in
the robotics competition, time between stages was
minimal given the large number of installed arenas
and no team is disqualified from the first play before
playing against at least five other robots, with three
rounds against each robot. In the bridge competi-
tion, only three platforms for loading the bridges
with weights are installed for all of the groups, in
order to keep a balance between time efficiency and
student engagement while observing different
bridge designs undergoing testing.

4.3 Develops teamwork spirit

Developing teamwork spirit and awareness of the
challenges occurring in team dynamics is another
course outcome.

The projects emulate a real work environment
where team members cannot choose their partners,
similar to newly hired employees who need to be
able to function in any team they get assigned to and
cope with the challenges and differences on hand.
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Accordingly, a project team consisted of six mem-
bers, typically selected from the represented majors
to achieve technical diversity. A total of 94 teams
were formed and assigned to six advisory commit-
tees. Each committee was responsible to guide and
follow up on the work of around 15 teams. The
advisory committee consisted of four members: an
advisor (professor), one primary (instructor/lab
engineer), and two secondary (teaching assistants)
technical advisors. Students were encouraged to
share any challenges and ask for advice from their
corresponding advisory committees. Furthermore,
best engineering design practices including quality
of designs, teamwork practices, project manage-
ment (leadership responsibilities, project plan,
resource allocation, time planning), and documen-
tation (logbook and meeting minutes) were shared
on the course webpage to guide students throughout
their work.

Teamwork produces a sense of security achieved
by the collective venture in the unknown, and brings
about the unpredictability of human interactions
and communication. No one person is experienced
enough to work in isolation, and creativity and
novel ideas are not discipline or experience bound;
all team members can contribute to the project
success in their own ways. For example, the robotics
project includes different components that students
from different majors can contribute to. Students
majoring in architecture and civil engineering can
contribute with their intuition and ideas to build the
robot structure, electrical and mechanical engineers
can enjoy designing control algorithms and devising
mechanisms in accordance with the structure.
Industrial and chemical engineers get the chance
to experience project management practices such as
time and resource allocation.

Teamwork practice gives students the chance to
experience how a team can either be greater than the
sum of its parts, or even less than one of its parts.
Most of the team collaboration experiences were
successful as revealed by the peer-assessment results
conducted at the end of each project. However,
multiple teams suffered from conflicts that rendered
either dysfunctional results or successful projects
but with unbalanced load distribution. Those teams
were constantly followed up by their advisory
committees and given advice on how to resolve
conflicts and deal with their problems in a way not
to affect the project success.

The same team arrangement was purposefully
kept for the second project to allow students to
learn from their first experiences, and improve
teamwork practices and collaboration in terms of
conflict resolution, task distribution, and time man-
agement. In an attempt to foster the sense of own-
ership and responsibility as a team, the entire group

was held accountable for handling project compo-
nents as a whole. For example, in the robotics
project, the LEGO kit was lent to them with full
responsibility of returning all items as received as
one team.

Collaboration was encouraged not only among
students on team level, but also among different
teams through an online discussion forum via the
course webpage designed to encourage sharing
experiences. Students posted their questions related
to the design projects on the discussion forum,
where instructors only intervene when needed, leav-
ing the floor open for students to answer each
other’s concerns. By this, students learn that teams
can help one another, even if they are competing;
they also learn to differentiate what pieces of infor-
mation can be shared for the benefit of all, and what
information or ideas are the team’s intellectual
property.

Teamwork spirit is also experienced in the hands-
on technology labs where students work in groups
of two to execute the tasks. Students were not
randomly assigned, rather according to task
requirements while achieving technical diversity.
For example, since the nature of the technology
labs was oriented towards robotics, each group was
designed to have one student from either Electrical
and Computer Engineering or Mechanical Engi-
neering. Significant and constructive interaction
took place in the technology labs with students
having different interests and perspectives to exe-
cute functional tasks. Instructors were also trained
to encourage students within the same group to
switch tasks and leadership roles while implement-
ing the required tasks. Hence, students were indir-
ectly trained and guided to function in a small team
(group of two) and equipped with the same knowl-
edge foundation that serves as a basis to function in
a large team (group of six) later in the course
projects.

4.4 Creates an environment that fosters creativity,
innovation, and critical thinking

The course projects are pseudo open-ended in the
sense that students are given general guidelines that
strike a delicate balance between giving enough
directions to guide the design process and trigger
initial thoughts, and making certain not to cap the
imagination via preset list of rules, regulations, and
guidelines. The robotics project asks the students to
design a robot that attempts to push its opponent
out of a sumo-type arena before being pushed out by
the competing robot. They are free to use hardware
mechanisms, cunning algorithms, brute force
approaches, or a combination of them. The decision
is left up to the team members to decide on the
approach and experience the consequences (positive
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and negative) of their choices. Similarly, the bridge
design project is meant to stir their imagination
based on intuition, surveying the literature, and
making a compromise between strength, weight,
aesthetics, and functionality.

The distinctive nature of the two projects is also
meant to challenge the students’ sense of adaptation
while transitioning between low-tech and high-tech
products and systems. They start with electronic
components, smart sensors, digital microproces-
sors, and complex programs and algorithms in
completing the first robotics project, and then they
are tasked with designing a bridge from nothing but
balsa wood and a cutter. When challenged, students
were forced to appreciate the raw materials and
components available at their disposal, and came
up with designs that made use of them in an
economical, tactical, and strategic manner. At the
same time, and to stimulate their critical thinking
process, students get to experience the everlasting
dilemma of selecting the appropriate level of tech-
nical complexity versus design simplicity. They get
to contemplate the added value of complex design
aspects against the surplus effort, labor, and cost
associated with them. They also get to discover the
need for building more intelligence and cunning in
their systems to overcome obstacles and triumph
over competing designs and products.

4.5 Introduces the design process

Understanding the design process is a key objective
for university accredited programs. Since this objec-
tive is a common competence for engineering and
architecture disciplines, one learning outcome in
FEAA200 explicitly targets demonstrating an
understanding of the design process including
proper problem formulation, technical and non-
technical constraints, design alternatives, final
design iterations, prototyping, and validation. Stu-
dents are first introduced to the steps of the design
process with supporting examples during the lec-
tures, then they get the chance to follow those steps
on small scale design tasks as part of the technology
labs with the guidance of instructors, and they
finally put the entire process in action throughout
the two course projects.

The technology labs are designed as a set of tasks
and missions to be completed as mini design engi-
neering problems, such as a firefly bot that is
attracted to a light source or a robot that should
avoid obstacles. Instructors first present the mission
briefing and rules in a live discussion with students
to identify constraints and requirements. Students
are asked to identify inputs and outputs, and to
specify the sensors and actuators to implement their
designs with different alternatives. A flowchart is
then constructed from collective student input,

under the guidance of instructors, to be used as
the program skeleton. Students develop the pro-
gram, install required sensors and actuators, down-
load the program on the robot’s controller, and test
it for achieving the desired mission. This allows
students to learn, by practice, the iterative nature
of the design process to optimize the final outcome.
They also realize that following a systematic process
reduces the number of iterations and time. Students
also learn how to troubleshoot errors due to soft-
ware, hardware, or software-hardware integration
and identify their sources by dividing their design
into multiple blocks that can be tested separately.
Instructors are trained not to give direct solutions to
students in case of unsuccessful designs, rather to
provide guidance over troubleshooting techniques.

Students applied the design process steps, along
with project management and teamwork skills, in
executing the course projects. In the robotics pro-
ject, students are provided with the competition
rules, testing arena setting and dimensions, and
the design constraints, some of which had to be
indirectly inferred from the project description. For
example, some students chose to make use of the
option of installing multiple programs on the robot
to select from according to game plays. Other
students selected to use the reflected light mode of
the light sensor rather than ambient light mode,
since one rule of the competition was to have the
programs preinstalled on the robots and no changes
or sensor calibration can be done during the com-
petition. Those who used the former mode over-
came the problem of unknown light level on the
competition day, whereas other designs that used
the latter mode did not perform as well. Students
realize how nontechnical and technical constraints
and specifications affect each other. Students also
got the chance to realize their design pitfalls and
deduce the reasons behind poor performance of
their designs by observing the multiple rounds that
their robot played against several other robots. The
victory, loss, and tie results gave students practical
experience of evaluating their designs, and high-
lighted the importance of testing and validation as
the final step in the design process to reiterate for
improved design.

Similarly, in the bridge competition, students
were asked to follow the design process realizing
the importance of following systematic steps in
design to minimize iterations, especially when itera-
tions are expensive or not even optional. For exam-
ple, in this project students are given one set of a
limited number of balsa wood sheets to build their
bridges, which gives them little room for changing
their designs due resource limitation. Economy of
means is a real challenge in this project where proper
planning is required, otherwise execution of the
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design would be impossible. Students learn that
when iteration is not a solution for achieving
successful designs, systematically planned design
steps are to be followed.

4.6 Introduces contemporary issues and latest
trends in engineering and architecture

Robotics is a booming field that is witnessing
momentous strides on both the research and appli-
cation sides. Robots are becoming an integral part
of the manufacturing, mass production, biomedi-
cal, and construction industries, to name a few.
Engineers and architects are expected to be familiar
with the basics of robotics, how it can influence their
careers, and advance their designs.

At the same time, the lectures component of the
course introduces students to the latest technologi-
cal trends in their fields, the areas with growing
employment rates, and the topics that are receiving
the most attention in the research and development
(R&D) domain. Distinguished guest speakers,
including academics and industry leaders, are
invited to give technical seminars that expose stu-
dents to the above topics based on their research and
experience in the field.

4.7 Addresses secondary skills (auxiliary traits)

In addition to technical proficiencies, the course
provides students with necessary skills that success-
ful future engineers and architects must possess. The
course strengthens their hands-on skills by building

Table 2. Survey Results and Statistics

a robot and constructing a bridge; communication
skills amongst the team members and in front of the
jury members; project management skills by distri-
buting tasks, holding meetings, providing updates,
and adhering to set deadlines; multi-tasking skills by
assuming responsibilities of various aspects of the
design and managing their workload against other
courses; time management skills by specifying the
duration of each of the project phases and staying
on schedule to meet the set deliverables and mile-
stones; ethical skills by learning and implementing
lessons learned from the course lectures on ethics;
professionalism by conducting themselves in a
manner worthy of future engineers and architects;
and last but not least, sportsmanship spirit by
accepting winning and losing in a competition,
abiding by the set rules and guidelines, congratulat-
ing the winning teams after a loss, and refraining
from taunting after a win.

5. Results and Discussion

Data from 527 online surveys was collected at the
end of the term into a database and later analysed
using statistical tools in R and Microsoft Excel.
Responses to the fifteen questions were sorted as
per the seven course objectives. Table 2 presents the
full results for the students’ course assessment and is
organized into six columns. While column 1 shows
the assessment presented to students to be given a
grade between 1 and 5 on Likert scale of increasing

p-value of
difference
Course Average Standard between

Course Assessment Objective  (out of 5)  Deviation  p-value majors

e Provide an overview of all engineering disciplines. 1 3.87 1.24 <107 0.0521

e Course lectures effectively introduce engineering disciplines. 1 3.53 1.25 <1073 0.0763

e Be a fun and enjoyable course. 2 3.39 1.30 <10°? 0.715

e Function as a team member (planning, value others’ opinions, 3 3.85 1.23 <107? 0.158
share responsibilities)

e Function in a multidisciplinary team by considering the 3 3.67 1.25 <107 0.143
requirements of other disciplines.

e Exhibit ideas and creative thoughts throughout the course project. 4 3.78 1.18 <1073 0.675

e Increase creative and innovative skills. 4 3.43 1.19 <107 0.72

e Apply the knowledge of engineering in problem solving. 5 3.51 1.23 <107 0.934

e Consider and account for multiple realistic constraints, technical 5 3.71 1.19 <1073 0.778
and nontechnical, within any design.

o Conduct design that meets preset requirements & specifications 5 3.71 1.19 <1073 0.379
by considering & evaluating alternatives in an iterative process.

e Demonstrate skills necessary for engineering practice such as 5 3.77 1.20 <107 0.809
programming and design.

e Exhibit professional conduct (punctual, meet deadlines, follow 7 3.84 1.20 <1073 0.539
instructions pertaining to deliverables).

e Term projects help gain hands-on experience in engineering. 7 3.62 1.24 <1073 0.437

e Recognize the need to engage in lifelong learning. Other (8)  3.61 1.24 <107 0.981

e Concepts are helpful throughout the coming semesters. Other (8)  3.36 1.27 <107 0.745
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satisfaction, column 2 relates each assessment to the
corresponding course objective. Columns 3 and 4
highlight the mean (1) and standard deviation («)
for each entry in the survey (N = 527). Testing the
significance of the results, column 5 shows the one-
sample t-test results for entries in each category
compared to the neutral test value of 3. Column 6
shows the difference in means across student majors
(architecture; civil, mechanical, electrical, indus-
trial, and chemical engineering) presenting the sta-
tistical significance of the difference in the results
beyond the 90% level in bold. This test aims at
uncovering any major variances across student
majors.

A closer look at the results makes a strong case for
students’ overall satisfaction with the course. First,
all of the results were well beyond the neutral value
of three and second, they were all statistically
significant beyond the 99% level. The highest
ranked four course assessments were: provide an
overview of all engineering disciplines, function as a
team member, exhibit ideas and creative thoughts
throughout the course project, and demonstrate
skills necessary for engineering practice such as
programming and design. These results confirm
the student’s satisfaction with the course delivery
as intended by the course designers. An objective
look at the results shows the standard deviation was
good enough for a Likert scale test (1 to 5) where
each increment makes a 20% change in the result.
Although there was a difference in responses, the
mean was high and the comparison with the neutral
result of 3 was statistically significant. Statistically
speaking, the results are positive and show students’
satisfaction with the course delivery.

To assess the difference in results across disci-
plines, data was divided into clusters per major. All
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results, except two, were statistically significant on
the 90% level. This shows that students from all
disciplines were equally satisfied with the course
delivery. The only two assessments that deviate
from this pattern were “Provide an overview of all
engineering disciplines” and “Course lectures
effectively introduce engineering disciplines.” All
disciplines were in agreement over these two assess-
ments, except for architecture students who graded
these two assessments poorly. The result can be
attributed to the lack of enthusiasm among archi-
tecture students to learn about other engineering
disciplines. It can be also attributed to the fact that
they were not satisfied with how some instructors
introduced their disciplines. In fact, student assess-
ments for instructors showed a wide range of differ-
ence; some instructors were given poor evaluations,
while others received stellar evaluations. This result
shows that there is room for improvement that
should be addressed in future offerings of the class.
Instructors have to better engage with students when
introducing their disciplines, and they have to show
students from other majors the value in this different
major and how it ties in to other disciplines.

To evaluate the course delivery success in mirror-
ing the course objectives, the results of column 2 in
Table 2 were aggregated by course objective and
summarized in Fig. 2. Based on the average of each
objective on the bar graph, the overall results reveal
that students were more on the satisfied side than the
neutral side. Moreover, the data reveals a strong
consistency among the results for each objective.
While student satisfaction does not necessarily
mirror student learning, it is always positive that
students receive a new course with enthusiasm.
Although there is room for improvement in deliver-
ing the course, the first implementation was success-
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Fig. 2. Average scores for course objectives (Objective 6 was not assessed).
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ful in laying down a foundation for future imple-
mentations and further improvements.

6. Conclusions and future work

This paper presents different teaching methods to
meet various course objectives in a multidisciplinary
environment, results of analyzing students’ satisfac-
tion, and lessons learned from delivering a novel
course to first year engineering and architecture
students. The goals behind this course are to intro-
duce students to the various engineering disciplines;
to be engaging, fun, and challenging; to develop
teamwork spirit; to create an environment that
fosters creativity, innovation, and critical thinking;
to introduce the design process; and to address
contemporary issues and the latest trends in engi-
neering and architecture.

The paper presents results from student’s assess-
ment of various teaching objectives. Overall, stu-
dents are satisfied with what the course designers
intended when setting the course objectives. This
can be easily realized in the first implementation
where students found it interesting and of value to
learn about other disciplines; they appreciated the
multidisciplinary aspect of engineering and the need
to involve experts from different disciplines to
execute complex engineering projects; and they
were able to acquire engineering professional
habits in learning to meet deadlines, proper time
management of tasks, valuing other team members,
and adapting to team dynamics. Thus, the course
created a smooth transition between high school
and university in helping students to acquire the
essential engineering skills of independent thinking,
professionalism, creative thinking, and also critical
thinking. Moreover, the course paved the way to
implement design thinking to help student think
collaboratively to solve complex problems within
certain constraints while meeting the expectations
of the end user.

Several lessons learnt are highlighted to foster
continuous improvement. For future offerings, the
following changes are recommended: the various
disciplines lectures must be improved to better
engage students and show how majors relate to
each other; clickers must be utilized more to better
engage students in a big lecture hall, solicit their
feedback, and pose quiz-type questions to keep
them engrossed throughout; team grading should
be considered to make sure all team members work
together; last but not least, architecture students
must be more engaged in the lectures that introduce
the engineering disciplines.
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