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Abstract—Current students must prepare themselves with the necessary 

skills for employment in the engineering industry. In addition, students should 

prepare themselves to work globally. Along with the needs, Shibaura Institute 

of Technology introduces a program named global Project-Based Learning 

(gPBL). Malaysian students from different educational backgrounds joined this 

program to experience new skills. The program was participated by 34 students 

from Malaysia and Japan. Current engineering education is focusing on a 

course that can foster students’ creativity and critical thinking. Therefore, this 

study explores students’ experiences in gPBL and what student skills developed 

throughout the program. Students reported their experiences through the self-

reflective journal. Then, thematic analysis was used to analyze the students’ 

self-reflective journals. The results show gPBL promotes thinking and problem-

solving skills, encourages students to work with peers in other fields, and en-

courages students to adapt to a new culture. 

Keywords—Project-based learning, thinking skills, problem solving, cross-

cultural 

1 Introduction 

Higher education prepares students with 21st-century skills. 21st-century skills are 

the ability of the students to succeed in their careers. Three categories of the 21st 

learning century skills listed in [1] are cognitive competencies, interpersonal compe-

tencies, and intrapersonal competencies. Moreover, current higher education goes 

global to offer students cross-cultural activities and experiences. 

Shibaura Institute of Technology (SIT) offers a platform to support 21st-century 

learning skills within the framework of the globalization and internationalization 

process. SIT had established 62 global Project-Based Learning (gPBL) groups around 

the world. gPBL program at SIT combines students from Japan and overseas partner 

universities working as tag teams to discuss and solve problems presented by profes-

sors, Japanese corporations, and organizations. This program is to encourage students 
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to engage in acquiring problem-solving capabilities, system thinking, and systems 

management skills through this program [2]–[5]. 

The key features of project-based learning are driving questions, situated inquiry, 

collaboration, learning technologies, and artifacts [6]. In the aspect of engineering 

education, project-based learning is expected to enhance students’ learning and inno-

vation skills, digital literacy skills as well as career and life skills to manage future job 

and life demand. 

2 Related works 

Cognitivism addressed the role that environmental conditions influence the learn-

ing process. In cognitivism the instrument that guiding the learners such as instruc-

tional explanations, demonstrations, and illustrative examples. Jean Piaget, Reuven 

Feuerstein and Lev Vygotsky are contributors in cognitivism paradigm. The similarity 

of their theories is they believe centrality of cognition in child development, the em-

phasis of mental actions, and understanding of cognition as a structural system rather 

than a collection of separate skills. However, their theories have slightly different 

where Piagetian theory emphasizing the interaction between children and their envi-

ronment, Vygotskian theory claim that mental growth depends on the internalization 

between cognitive functions while Feuerstein’s theory is looking at the role of adults 

as a mediator of children’s learning [7]. 

Feuerstein introduced the Theory of Mediated Learning Experience (MLE) which 

states that the quality of interaction between individual and environment via mediator 

influence cognitive development of the individual. The MLE principles are consistent 

with two major research areas which are metacognition and self-regulated learning. 

The focus of this study is on metacognition. Flavell (1979) states that metacogni-

tion involves the interaction between an individual, a task, and the strategies used to 

accomplish the task. Even though Flavell predicts that the nature and the development 

of metacognition and cognitive monitoring was an interesting area to investigate in 

1979 [8], there are a lot of studies until today on cognitive development [9]–[11]. 

According to Brown [12], there are two different terms in metacognition which are 

metacognitive knowledge and metacognitive strategies. Metacognitive knowledge 

defines as information that learners acquire about their learning whilst metacognitive 

strategies are general skills through which learners manage, direct, regulate and guide 

their learning [13]. According to Rahimi and Katal [10], metacognitive skills are 

applied in metamemory and meta comprehension. Table 1 provides an overview of 

the classification of metacognitive skills based on project-based learning [10], [11]. 

This study aims to explore the students’ experiences in gPBL and what students' 

skills developed throughout the program. 
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Table 1.  Classification of Metacognitive Skills 

 Memory Comprehension 

Schema training  

The subject has a variety of methods 

available to help them recall the infor-
mation regarding their task and where they 

found it. 

The subject has a variety of methods to 

help them understand, monitor compre-
hension, and correct comprehension 

failures on the task given. 

Planning  

The subject plans how they will record 

their results and methods they learn along 
the way. 

The subject plans to use a method to 

monitor and improve their comprehension. 

Monitoring 
The subject assesses their sources for their 
efficacy during task execution and changes 

if necessary. 

The subject is aware of the extent to which 
they are understanding from their reading 

and appeal correction if necessary. 

Evaluation 

The subject critically evaluates their task 

(success/failure) and use of memory strat-
egies and concludes future use. 

The subject critically evaluates their 

comprehension and comprehensibility of 
the task (success/failure) and concludes 

future use. 

Transfer 

The subject carries learning from other 

tasks into their decisions regarding how 

they will remember information. The 
subject carries learning from this task into 

other tasks in the future. 

The subject carries learning from other 

tasks into their decisions regarding how 

they will monitor and improve their 
comprehension. The subject carries learn-

ing from this task into other tasks in the 

future. 

3 Design of the study 

The gPBL program was conducted in five days. Malaysian students and Japanese 

students were combined into seven groups which consist of four to five persons in a 

group. They had four days to complete the project, from 10th June 2019 until 13th 

June 2019 before presented their project on 14th June 2019. They were assigned the 

Internet of Things (IoT) for the project theme since it is the current trend of technolo-

gies as highlighted in red color in Figure 1. 

The students were placed in a laboratory and have been provided with several sen-

sors and microcontrollers as shown in Fig.2. 

Based on the available equipment, the students started brainstormed a problem that 

they wanted to solve in their group. Postgraduate students were available as facilita-

tors in the laboratory to help the students if they had any technical problems. Once the 

group has agreed to the problem that they wanted to solve, they started looking for a 

solution by finding information related to the problem and how to solve it using the 

available equipment. 

During the process, students identified learning issues such as they need to know 

details about the problem. to look for more information related to the sensors that they 

had selected and working together in a new culture setting. The students completed 

the project through self-directed learning. 

Participants of this study were students from Universiti Teknologi Malaysia 

(UTM), Malaysia and MAHSA University, Malaysia, and Shibaura Institute of Tech-

nology (SIT), Japan. The students who joined the gPBL were coming from different 

backgrounds which are electrical engineering, mechanical engineering, computer 
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science, and industrial design. In addition, they did not have any experience in pro-

ject-based learning before they joined the program, and they were first-year until 

third-year students. 

 

Fig. 1. Technologies by proportional of companies likely to adopt them by 2020 [14] 

 

Fig. 2. Students identified what type of sensors and equipment available 
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The students were asked to write a reflective journal daily throughout the program. 

Students were guided to write the reflective journal by answering: 

a) What have you learned? 

b) Any problem you are facing and how you solve it? 

Each participant submitted five reflective journals, (RJ1-RJ5) at the end of the pro-

gram. Thematic analysis [15]–[17] was used to analyze the reflective journals. They 

are six phases introduced in thematic analysis which are: 

i. Familiarizing yourself with your data 

ii. Generating initial codes 

iii. Searching for themes 

iv. Reviewing themes 

v. Defining and naming themes 

vi. Producing a report 

4 Results and discussion 

Based on thematic analysis, the final report of this study is presented in Table 2 

[18]. 

From the findings, students experienced metacognitive skills throughout the pro-

gram. The students were able to describe how they identify the problems to propose a 

project and identify the methods to complete the projects. They started with brain-

storming with their team members. However, due to cultural differences, they need to 

find a problem that is suitable for both countries. 

Other than that, language differences make them difficult to communicate. Howev-

er, the students can overcome the problem by using Line, Google Translate, digital 

dictionary, and sign language. 

5 Conclusion 

Students were able to complete a project within five days in gPBL program. They 

learned a lot among themselves where this finding tally with the authors' observation 

during the program. gPBL encourages students to find information or method to help 

them completed the project, to plan since they have a very limited time, to monitor 

their project to make sure it is correct, to evaluate their task for any changes, and to 

apply what they have learned before. In a conclusion, gPBL promotes thinking and 

problem-solving skills, encourages students to work with peers in other fields, and 

encourages students to adapt to a new culture. 
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Table 2.  Final Report 

Themes Sub Themes Example of quotation 

Schema 
training  

Project understanding We brainstormed few IoT projects that we want to do. 

Identify problem 

First, we proposed to make a smart speed detector for cars. The 
pattern of driving might be useful for the insurance company in 

Malaysia. Unfortunately, in Japan, they already have a black box or 

dash camera to prove the driver's innocence.  

Technology 

Even some of them cannot speak proper English, we still can com-

municate with each other using translator apps and pictures from the 

internet. 

Communication 
We also ask help from sensei or assistant lecturers and they were 

very helpful. 

Planning  

Self-responsibility So, I do the design and coding for the servo motor. 

Teamwork 
Shuu taught me about Arduino ESP32. He taught about the library 

and setting in the Arduino software. 

Project planning After that, we separated the works. 

Evaluation 

Project modification 

Since we finished our coding, Wataru wanted to add up some sound 

by using a buzzer to produce some noise when the reading triggered 

to make it more attractive. 

Problem-solving 

It was all because of a simple mistake, we identified each axis of the 

sensor wrongly assigned where the x-axis is the y-axis. So, after that, 
we combined the code for the triaxial acceleration sensor and the 

pressure sensor without any problem. 

Analyzing 
We used simple coding on Arduino to make sure our connection 

between the microprocessor and components is connected correctly. 

Decision making 

But we ended up using an ultrasonic sensor, speaker, LED, and at 
first, we were discussing using apps to notify the user for the feed-

back but we discussed and due to short timing, we decided to use 

email for the notification. 

Monitoring 

Project planning 
On the second day, we started to do a checklist/goals for things we 

want to do throughout the day. 

Time management 
I could manage my time properly so that I could maximize the 
working time. 

Transfer 

Communication Be open-minded and supportive are important for team works. 

Time management 
On the last day, which was the presentation day, I made a big mis-
take because was late to the presentation room. I will not repeat this 

mistake ever again. 

Project planning 

I learned something from group 5 which was how there managed 

their time and how they come out with a checklist idea. Throughout 

this week, I can see the functionality of everyone in their group. So, I 
thought they deserved to be a winner. 

Teamwork 
In conclusion, teamwork, communication, and planning are im-

portant to make any project works. 
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