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ARTICLE INFO ABSTRACT

Saudi students in engineering courses suffer from a lack of science,
Article history technology, engineering, and mathematics (STEM) knowledge due to the
Received November 21, 2021 teaching philosophy and programs offered in secondary and intermediate
Revised January 06, 2022 schools. This weakness naturally impacts their motivation, grades, and their
Accepted January 30, 2022 relationship with teachers. In this paper, we introduce a new experimental
teaching experience in the Applied Mechanical Department of the Applied
Kgm?ersriing' Engineering College of King Saud University, based on situated learning
Improving cl A9SIO0M teaching; theor)_/, which empha5|z_es that knowlledge mus_t be Iear_ned in constructed
Teaching/learning strategies S|tuat_|onal context). This experience mvoIved introducing Lego NXT and
Arduino to enhance the enthusiasm and interest of students through
designing and building robots in agreement with the “Introduction to
design” course syllabus. Two experimental challenges were associated
with: the line-follower problem and the maze problem. These challenges
took the form of an internal completion at the end of each semester. The
experience was conducted for two consecutive terms (30 students, the
academic year 2019-2020), and the results were compared to those in six
previous terms (100 students, academic years from 2016 to 2019). The
experimental group demonstrated grades improvement (course mean grade
rose from 77.1 to 85.3), the progress of academic achievement, and interest
that enables them to actively explore and construct knowledge.

This is an open-access article under the CC-BY-SA license.

1. Introduction

For decades, Saudi Arabia has invested in local and governmental universities and developed a
number of world-class institutions. Twelve Saudi universities are ranked in the QS World University
Rankings® in 2021 (against seven in 2020), including King Abdulaziz University (ranked 143), King
Fahd University of Petroleum & Minerals (ranked 186), and King Saud University (ranked 287).
According to the 2018 edition of the QS Higher Education System Strength Rankings, the kingdom
has also been featured as having the 36th best higher education system in the world. However,
academics and the educational system are facing difficulties in motivating students in the learning
process, especially in the field of engineering. One of the main reasons for this is that the primary and
secondary education systems are not making enough effort to teach science, technology, engineering,
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and mathematics (STEM). This lack of a STEM background harms engineering students’ grades and
grade point average during their undergraduate studies. As a King Saud University academic (member
of the Applied Mechanics Department of the Applied Engineering College since 2016), | have faced
the same problems in teaching and motivating students during my lectures. | noticed that the academic
achievement of the majority of my students is insufficient and sometimes poor. For that reason, |
decided to enrich one of my courses by introducing robotics to stimulate students’ ability to solve
engineering problems.

Teaching is no longer limited to just passing on knowledge but should include students developing
the abilities of problem-solving, creativity, and logical reasoning [1]-[3]. Fortunately, with the
assistance of new technologies, some learning theories are easier to fulfill, and teachers have more
options regarding teaching aids for achieving better learning effects. In the teaching of mechanical
engineering, new learning technologies can be based on robotics, which can help to create learning
situations. Literature survey on educational robotics application grounded on learning theories shows
that robots are an alternative to support teaching and developing topics not directly related to robotics,
such as programming, teamwork, mechanics, automata theory, problem-solving, cognitive processes,
and basics physics [4]-[6]. Arduino and Lego NXT are among the newly developed and highly
appreciated educational toys for science used from early childhood [7]-[10] to university [11]-[14].
For example, the philosophy of Lego robotics design originates from constructivism [15] and Seymour
Papert’s constructionism [16]; its aim is to enable children/students to obtain knowledge of
mathematics and science by designing and manipulating Lego robotics. Meanwhile, it helps children
to cultivate their problem-solving ability and creativity in the thinking process. Arduino is also derived
from a philosophy of learning by doing and strives to make it easy to work directly with the medium
of interactivity. It extends the principles of open source to the realm of hardware, supporting a
community of people working with and extending the platform. Thus, both Arduino and Lego NXT
were selected to simulate the actual situation in the learning process described in this paper. My
approach is based on situated learning theory.

Situated learning theory [17] claims that knowledge is contextually situated and is influenced by
the context, activity, and culture in which it is used. When teaching in universities, especially for
engineering students, teachers need to provide a great amount of knowledge in a short time and often
present knowledge concepts detached from any real-world situation, thereby creating only temporary
learning effects. When students are later situated in an actual engineering-related scenario, they often
need to relearn the relevant knowledge, which means that the knowledge learned in a detached
scenario cannot be implemented in a real situation. It is also known that an individual’s recognition
originates from the process of external social interactions, and problem-solving ability and decision-
making ability are deeply influenced by the cultural and social environment [18]. Therefore, without
the knowledge of social cultures and situational contexts, learning is not complete.

Situated learning theory emphasizes that knowledge must be learned in constructed situational
contexts. Knowledge is meaningful if it is generated from applying it to a situation and is explained
in a situation. In this way, learners can actually apply the knowledge as well as facilitate their
understanding and memory. During the process of acquiring knowledge, situated learning theory
stresses the initiative of the learner. Through authentically situated activities, students generate
interests that enable them to actively explore and construct knowledge instead of passively accepting
external stimuli. Therefore, students can understand the meaning and implication of the knowledge.
When knowledge is constructed in an authentic environment, learners can understand the meaning of
the knowledge and construct individual recognition history through interaction with the situation,
which can facilitate the transfer and implication of the knowledge to learners [19], [20]. Moreover, in
the process of situated learning, teachers play an important role, and the relationship between teachers
and students is similar to the traditional relationship between masters and apprentices. Students
actively engage in the situation, observing and imitating teachers, in order to construct their own
knowledge and skills. Teachers are subsidiaries, guides, trainers, and consultants, investigating and
scaffolding to support students’ learning when students encounter problems. Therefore, all aspects
may influence learners’ views, motivation, and learning strategies, including teachers’ teaching
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strategies, their beliefs, their expertise in the subject area, their instructions, and students’ interaction
[21]-23].

According to [24], there are four major principles of activity design of situated learning theory:
Stress on the authenticity of the learning activity, stress on the active inquiry and operation, stress on
the role of teachers, and interaction with the social culture. In this paper, | present the findings upon
introducing the use of robotics to enhance the enthusiasm, interest, motivation, academic achievement,
and grades of students at the Applied Engineering College of King Saud University. The Engineering
Design course was chosen to contain the new learning activities. For experimental and control groups,
the current and previous crops of students following this course were selected. The research
contributions are quantitative and qualitative. Firstly, we quantified the impact of situated learning on
the student’s grades by the introduction of a new robotics-based teaching approach. Then, motivation,
interaction, and stimulation of Saudi students were extended.

The rest of the paper is arranged as follows. The course specification and learning difficulties are
cited in section 2. Section 3 describes the methodology of the research. Data analysis is detailed in
section 4, while conclusions are summarized in section 5.

2. Engineering Design Course and Learning Difficulties

Engineering Design is a level 8 course (out of 10 levels) taught for the undergraduate applied
engineering program that leads to the Bachelor of Engineering degree in the Applied Engineering
College of King Saud University (Saudi Arabia). The course aims are to expose students to
engineering design, to adhere to professional standards, to give practical experience solving open-
ended problems, to identify the important variables, and to use the design process and problem-solving
skills. It is organized as 1-hour lectures and 1-hour tutorials. The topics to be covered during the term
are listed in Table 1.

Table 1. Engineering Design topics

Week number Topic

[E=N

Lesson 1: Engineering design and engineering process

2 Lesson 2: Problem definition: detailing customer requirements, clarifying the
3 objectives, and identifying constraints
4 Lesson 3: Problem definition: establishing functions
5 - - - - -
5 Lesson 4: Conceptual design: generating and evaluating design alternatives
7 Lesson 5: Communicating design graphically
8 - - -
. Lesson 6: Prototyping and proofing the design
10 Lesson 7: Communicating design orally and in writing
11 . o )
5 Lesson 8: Mathematical modeling in design
1
13 Lesson 9: Engineering economics in the design
14 Lesson 10: Design for production, use, and sustainability

According to the course specification, the assessment is based on quizzes, assignments, and
projects. | have taught this course since the academic year 2016/2017 up to the present. Since the first
term, | reported difficulty motivating my students. The reasons for this were that this course is 100%
theoretical, and there is no science application or physical implementation. This disinterest was
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directly affecting the students’ grades. This was a problem that I did not face during my previous
experiences in teaching in France and Tunisia in engineering colleges. For this reason, | decided to
introduce robotic learning, starting from the first term of the academic year 2019/2020, in order to
challenge the students and enhance their performance.

3. Method

3.1. Sample

The research sample is the crops of students taught from 2016 in the Applied Mechanics
Department at the Applied Engineering College of King Saud University. The students are males aged
21-23 years old. The experimental group is the students taught during the 2019-2020 academic year
(30 students). The control group is the students taught from 2016 to 2019 (100 students). Table 2
describes the number of students per term.

Table 2. Distribution of the number of students per semester

Academic year Term Number of students
1 15
2016-2017
2 22
1 13
2017-2018
2 21
1 9
2018-2019
2 20
1 11
2019-2020
2 19

3.2. Design of Teaching

The new experimental teaching activities involved using robotics and applying STEM in
engineering design with respect to the original course syllabus. Two experimental challenges were
associated with this: the line-follower problem and the maze problem. These challenges took the form
of an internal competition at the end of each semester.

I used the lectures to present the theoretical part of the course (to preserve the same content for
the experimental and control groups), while | dedicated the tutorials to introducing the new
experimental teaching activities. In the first week, | enriched lesson 1 (Engineering design and
engineering process) by discussing robotics and introducing the use of robots in the line-follower and
maze challenges. In the online learning management system (Blackboard), | uploaded some videos of
student competitions worldwide to sensitize the students to this topic and to show them what is going
on in the rest of the world. | also presented Lego NXT and Arduino to them. For 29 students (from
30), it was the first time that they had heard about robotics, Arduino, Lego NXT, and robotics
challenges. Lesson 2 (Problem definition: detailing customer requirements, clarifying the objectives,
and identifying constraints) was an interesting opportunity to achieve interaction and constructive
discussion to define the challenge specifications. At the end of Week 3, teams were defined (3—4
students per team), and challenges were assigned. Some teams chose to compete in one single
challenge, while some highly motivated teams chose to compete in both challenges. During lesson 3
(Problem definition: establishing functions), we associated the problem definition with our robots by
defining what functions each type of robot should perform. Then, during lesson 4 (Conceptual design:
generating and evaluating design alternatives), we discussed, criticized, and improved different
conceptual designs by generating and evaluating design alternatives. Week 7 (i.e., lesson 5:
Communicating design graphically) was the opportunity for the students to present their final design.
They used free sketches, AutoCAD, and Solidworks. AutoCAD and Solidworks were taught during
level 3 and level 5, respectively (i.e., the Introduction to Engineering Drawing course and Mechanical
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Engineering Drawing course). Weeks 8 and 9 (Lesson 6: Prototyping and proofing the design) were
dedicated to the robot assembly and programming using Arduino and Lego NXT. This part required
extra engagement from all of the students to complete the required tasks in the allotted time. Lesson
7 (Communicating design orally and in writing) was dedicated to team-by-team presentations of the
progress of their work. During weeks 11 and 12 (Lesson 8: Mathematical modeling in design), |
presented and suggested some improvements to the students’ work. I started by asking them what they
had learned in their previous courses, such as “Dynamics,” “Mechanics of Machinery,” and “System
Dynamics and Control.” Then, we decided to incorporate some mathematical modeling as PID control
(Proportional, Integral, Derivative) to achieve better motion of the robots. Finally, the teams submitted
their final report, including an economic evaluation of their robot, in accordance with what we had
discussed in lecture 9 (Engineering economics in design). The last week of the semester was dedicated
to the competition, which was also open to students from other levels of the Applied Engineering
College. All of these situated learning activities are summarized in Table 3.

Table 3. New experimental teaching activities schedule

Topic

New associated experimental teaching activities

Lesson 1: Engineering design and engineering process

Presentation of the line-follower and maze challenges

Lesson 2: Problem definition: detailing customer
requirements, clarifying the objectives, and identifying
constraints

Challenge specification

Lesson 3: Problem definition: establishing functions

Robot function definition

Lesson 4: Conceptual design: generating and evaluating
design alternatives

Discussion of design alternatives

Lesson 5: Communicating design graphically

Final design presentation using engineering drawing

Lesson 6: Prototyping and proofing the design

Robot assembly, programming, and testing in real situations

Lesson 7: Communicating design orally and in writing

Presentation of the work progress (Word report and
PowerPoint presentation)

Lesson 8: Mathematical modeling in design

Adding PID control to the robot programs

Adding the economic study for each robot and submitting

Lesson9: Engineering economics in the design the final report and presentation

Lesson 10: Design for production, use, and

sustainability Competition day

The new experimental teaching activities were introduced weekly during the semester, and the
aim was to allow students to undertake learning activities in a stimulating situation by using Lego
NXT and Arduino. This teaching design is centered on how to apply “engineering design” outcomes
in order to succeed in robotics challenges so that students can integrate the learned knowledge and
situation.

The students in the experimental group had no experience of using Lego Robotics or Arduino.
They had also never designed or edited programs in Lego Robotics or Arduino. For that reason, my
role as the teacher was a key factor in the success of the teaching strategy. Indeed, the relationship
between teachers and students in the process of situated learning has been reported to be significant
[25]. During the process, students imitate teachers’ behaviors and ask for teachers’ help when
encountering problems. Learning can proceed smoothly in this learning environment.

During the situated teaching activities, | demonstrated all of the procedures, provided positive or
negative feedback to the students’ learning behaviors, and gradually reduced assistance for them to
solve problems by themselves so as to achieve better learning effects. Students learned in groups in
class through discussing, creating, and sharing each other’s thoughts in groups, which is emphasized
in both situated learning theory and constructionism.
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4. Data analysis

This section describes the fulfillment of the robotic challenge by the students and the impact of
the new experimental situated learning activities on the students’ grades and state of mind.

4.1.Robotic Challenge

Two challenges we're prepared for the students: line-follower (Fig. 1(a)) and maze (Fig. 1(b)). For
the first one, student groups were challenged to program robots with infrared or color sensors to follow
a black line with a relatively difficult path. The line-follower concept has applications for running
mass transit systems and autonomous cars on highways, as well as delivering mail in office buildings,
move items through factory assembly lines, and deliver medications in hospitals. For the second one,
students were introduced to the logic for solving a maze. Programming a robot to navigate a maze is
similar to real-world engineering design projects, such as controlling a Mars Rover to explore the
planet’s surface. Engineers design robots to carry out tasks in locations that are dangerous for people,
such as in ocean depths, volcanoes, factories, and war zones, and to provide reconnaissance and aid
in natural and human-made disasters.

(a) (b)
Fig. 1. Challenge fields: (a) line-follower and (b) maze

For the first term, the 11 students were divided into three teams (3—4 students per team). All teams
chose to participate in the line-follower challenge. For the second term, the 19 students were divided
into six teams (3—4 students per team). Two teams selected the line-follower challenge, two the maze
challenge, and two decided to participate in both.

Owing to the lack of knowledge on robotics, programming, and the use of Lego NXT and
Arduino, | offered 3-day training (18 h) for Arduino and did the same for Lego NXT during the
introduction week of each term (first week). Fig. 2-Fig. 5 shows some of the robots designed and
assembled by the students.

Fig. 2. Some students’ robots for the line-follower challenge using Arduino
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Fig. 4. One of the robots used for the maze challenge using Arduino (Pololu Zumo Robot)

Fig. 5. Some students’ robots for the maze challenge using Lego NXT

4.2, Students’ Grade Evolution

Since spring 1996, academic grading in Saudi Arabia has commonly taken the form of five letter
grades (Table 4). One of the major objectives of this experience is to study the impact of such a situated
learning strategy on the students’ grades. Table 5 shows the grade distribution for the control group
(students from academic years 16/17 to 18/19) and the experimental group (students from academic
year 19/20). We note that, during the six terms, no students were able to obtain A+ in the control group
and generally at least one student failed the course. However, for the experimental group, the global
performance was much better: no students failed, the worst grade was D+, and some students managed
to get A+. Table 6 shows the mean grades and the standard deviation for each group. This information
is used to depict the normal distribution (Fig. 6).
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Table 4. University grading in Saudi Arabia

Grade letter Grade percentage Grade description

A+ 95-100 Exceptional

A 90-94.99 Excellent

B+ 85-89.99 Superior

B 80-84.99 Very good

C+ 75-79.99 Above average

Cc 70-74.99 Good

D+ 65-69.99 High pass

D 60-64.99 Pass

F <60 Fail

Table 5. Grade distribution

16/17 17/18 18/19 19/20

1 2 1 2 1 2 1 2

A+ 0 0 0 0 0 0 1 2
A 1 2 1 2 1 2 2 3
B+ 0 1 2 2 1 3 1 3
B 2 2 1 1 2 1 2 3
C+ 6 4 3 5 1 4 3 4
C 2 6 1 3 1 3 1 3
D+ 1 2 2 4 1 3 1 1
D 2 3 2 3 2 3 0 0
F 1 2 1 1 0 1 0 0

Table 6. Grade mean and standard deviation per term

Academic Year Semester Mean Standard deviation
1 76.9 8.9
2016/2017
2 76 9.9
1 77.2 10.6
2017/2018
2 76.9 9.9
1 78.9 10.2
2018/2019
2 77.7 10.4
1 85 8.8
2019/2020
2 85.5 8.7

To better illustrate the improvement of grades, | summarize the results of the control group and
the experimental one (Table 7). The mean and standard deviation are shown in Table 8. Fig. 7 depicts
the normal distribution. The results confirm the grade improvement. The mean grade rose from 77.1
to 85.3, with values that tended to be close to the mean (standard deviation decrease from 10 to 8.7).
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Fig. 7. Normal distribution of the grades for the control and experimental groups
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Table 7. Grade distribution for the control and experimental groups

Control group Experimental group
A+ 0 3
A 9 5
B+ 9 4
B 9 5
C+ 23 7
Cc 16 4
D+ 13 2
D 15 0
F 6 0

Table 8. Grade mean and standard deviation for the control and experimental groups

Mean Standard deviation
Control group 77.1 10
Experimental group 85.3 8.7

4.3, Students’ State of Mind

The first time | introduced the new learning experience, during the first term of the academic year
2019/2020, the students were reluctant to participate in it. They were aware of their weakness in
robotics and programming and were afraid that this new teaching experience would adversely affect
their grades. The three teams selected the line-follower challenge because they thought it would be
easier (which is true when compared with the maze challenge), offering greater chances of success in
the course. However, week by week, the interest and motivation of the students grew. For example,
during the fifth week (task: Final design presentation using engineering drawing), the open-access
college computer room was full of motivated and interested students. This was impressive and a rare
occurrence. During weeks 8 and 9, students asked to stay late at the campus to finalize their work, and
they sometimes asked for my assistance.

During the second term of the academic year 2019/2020, the students were impatient to start this
challenge because of the good feedback that they had heard from the previous crop of students. They
were more ambitious, and some of them signed up for the maze challenge or even for both challenges.
I noticed the same motivation and same interest among them, which demonstrated that this learning
strategy is very attractive and beneficial.

5. Conclusion

Situated learning theory asserts that knowledge is influenced by activities. In this study, robotics
activities were introduced during the whole semester, and for two semesters, in a specific engineering
course, to remodel the students’ STEM knowledge in a constructed situational context. Lego NXT
and Arduino were used to design and build robots in order to compete and generate interests that
enable students to actively explore and construct knowledge instead of passively accepting external
stimuli. This interest was immediately translated into academic achievement. Indeed, the global
student grades were improved by 10.6%, and positive feedback was reported. The lack of STEM
knowledge identified among Saudi students shrank, and this experience could be generalized for
application in different Saudi engineering colleges and even in secondary schools. In the next editions
of experience, we aim to introduce new projects related to teaching manufacturing systems and
industry 4.0.
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