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Abstract—Project-based learning is a student-centered approach to learning 
that emphasizes hands-on experiences, collaboration, and real-world problem-
solving. The process of evaluating students' learning outcomes in a learning 
project, however, faces numerous challenges. This study investigates the 
potential of mobile e-portfolios on the Google Sites platform as a means of 
enhancing project-based learning in the field of physics education. The study 
utilized a quasi-experimental design with two groups: an experimental group 
consisting of 119 students and a control group consisting of 124 students. The 
data collected from the pre-test and post-test were analyzed using a t-test to 
determine the significance of the difference in the mean scores between the 
experimental group and the control group. The questionnaire data were analyzed 
using descriptive statistics to identify patterns and trends in student feedback. The 
results show that the use of mobile e-portfolios on the Google Sites platform 
significantly enhanced student interest and learning outcomes. After the 
pedagogical experiment, the experimental group's test scores (7.92) were higher 
than the control group's (5.22). According to the findings of the survey 
questionnaire given to the experimental group, the majority of students indicated 
that using mobile e-portfolios boosted their involvement and motivation to 
learning, as well as their ability to plan and present their project work. In 
conclusion, the findings of this study suggest that mobile e-portfolios on Google 
Sites can be an effective tool for enhancing project-based learning. 

Keywords—assessment, e-portfolio, Google Sites, mobile e-portfolios, project-
based learning 

1 Introduction  

The use of technology in education has been rapidly increasing over the last decade, 
and with it, the implementation of project-based learning has become a common 
teaching strategy. Project-based learning has been recognized as an effective teaching 
strategy that promotes student engagement, critical thinking, and problem-solving skills 
[1]–[3]. In project-based learning, students work collaboratively on real-world projects, 
which require them to apply their knowledge and skills to solve complex problems. 
However, assessing students' learning outcomes in project-based learning is 
challenging, as traditional assessment methods such as tests and exams may not 
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accurately reflect the diverse range of skills and knowledge students acquire through 
project-based learning. Moreover, these methods may not provide students with 
opportunities to reflect on their learning or to showcase their learning in diverse ways. 
Portfolios have been proposed as an alternative assessment tool in project-based 
learning, as they can provide a more comprehensive and authentic representation of 
students' learning outcomes [4]. 

E-portfolios have emerged as a promising tool for assessing students' learning 
outcomes in project-based learning, as they offer several advantages over paper-based 
portfolios, such as greater flexibility, multimedia capabilities, and ease of sharing and 
collaboration [5]–[7]. While e-portfolios have been shown to be effective in promoting 
student learning and engagement, they can also be time-consuming and challenging to 
implement, especially in mobile learning environments. In recent years, the increasing 
availability of mobile devices such as smartphones and tablets has opened up new 
possibilities for using e-portfolios in education.     

In today's fast-paced and highly connected world, mobile devices have become an 
indispensable part of our lives. With the widespread adoption of smartphones and 
tablets, people are increasingly using mobile technology to access information, 
communicate with others, and perform various tasks on-the-go. This shift towards 
mobile has had a profound impact on many areas of our lives, including education. 
Mobile technology has opened up new avenues for learning and has transformed the 
way we approach education. With mobile devices, learners can access educational 
resources anytime, anywhere, making learning more flexible and accessible. Mobile 
technology has also created new opportunities for collaboration, engagement, and 
personalized learning, enabling educators to create more dynamic and engaging 
learning experiences for students [8], [9]. As such, having e-portfolios available on 
mobile devices is a natural trend. By making e-portfolios mobile, individuals can 
showcase their achievements and skills in real-time, without being tied to a desktop 
computer. Thus, mobile e-portfolios is necessary to keep up with the changing needs 
and habits of people in today's digital world. Mobile e-portfolios allow students to 
capture and document their learning experiences on-the-go, using multimedia tools 
such as photos, videos, and audio recordings. This can help to enhance the authenticity 
and relevance of portfolio assessments, as well as increasing students' engagement and 
motivation [10], [11].     

Physics is a critical area of study that aims to help students develop a deep 
understanding of fundamental physical principles and concepts. Physics education also 
aims to enable students to apply their knowledge to real-world problems and 
challenges. To achieve these goals, educators use various teaching methods, including 
project-based learning, to engage students and enhance their learning experiences [12], 
[13]. However, the process of evaluating students' learning outcomes in a learning 
project in physics education faces numerous challenges. In this study, we explore the 
use of mobile e-portfolios on the Google Sites platform [69] as a tool for enhancing 
project-based learning in the context of physics education. The use of Google Sites as 
a platform for e-portfolios has several advantages, including its ease of use, flexibility, 
and compatibility with other Google tools such as Google Drive [70] and Google 
Classroom [71]. The research problem addressed in this study is to determine the impact 
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of mobile e-portfolios on student learning outcomes, and interest in the context of 
project-based learning in physics education. Specifically, the study seeks to answer the 
following research questions:     

1. Does the use of mobile e-portfolios on the Google Sites platform impact student 
learning outcomes in project-based learning? 

2. What are student perceptions of the usefulness and effectiveness of mobile e-
portfolios on the Google Sites platform in project-based learning? 

By addressing these research questions, this study aims to provide evidence for the 
potential of mobile e-portfolios as a tool for enhancing project-based learning in physics 
education, and to contribute to the broader conversation about the role of technology in 
promoting student learning and interest. 

To achieve the research objectives, the study will use a quasi-experimental design 
with two groups: an experimental group and a control group. The effectiveness of the 
mobile e-portfolios will be assessed by comparing the mean scores of the experimental 
and control groups on a standardized physics test. In addition, students in the 
experimental group will be invited to participate in a survey to explore their perceptions 
of the usefulness and effectiveness of mobile e-portfolios in enhancing their learning, 
engagement, and motivation. The data will be analyzed to identify common themes and 
patterns in student feedback. 

The results of the study showed that the use of mobile e-portfolios on the Google 
Sites platform significantly enhanced student interest and learning outcomes in project-
based learning. Specifically, the experimental group's test scores were significantly 
higher than the control group's test scores, indicating that the use of mobile e-portfolios 
had a positive impact on student learning. Furthermore, the majority of students in the 
experimental group indicated that using mobile e-portfolios boosted their involvement 
and motivation to learn, as well as their ability to plan and present their project work. 

The findings of this study are expected to contribute to the growing body of research 
on the effectiveness of e-portfolios and mobile learning in enhancing project-based 
learning in physics education. By providing evidence for the potential of mobile e-
portfolios on the Google Sites platform as a tool for enhancing project-based learning 
in physics education, the findings may also inform the design and implementation of 
similar project-based learning activities in other subject areas and contexts, contributing 
to the growth of research on the use of mobile technologies in education. 

2 Literature review 

The purpose of this literature review is to explore the potential benefits of using 
mobile e-portfolios on Google Sites as a platform for enhancing project-based learning 
outcomes. While the use of mobile e-portfolios in project-based learning has shown 
promise, there is a lack of empirical research on their effectiveness in the context of 
Google Sites. This study aims to address this gap by investigating the impact of using 
mobile e-portfolios on Google Sites on students' learning outcomes in project-based 
learning, particularly in the context of physics education. 
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The definition of project-based learning in a nutshell is "a model of organizing 
learning around learning projects" [14]. To put it more precisely, this is a method of 
instruction that involves students in the creation of knowledge by having them complete 
worthwhile projects and create things that have practical uses [15], [16]. Project-based 
learning is based on the student-centered principle and has the following features: 
learning is based on real-world situations; students actively engage in the learning 
process; and students reach their objectives through collaboration and sharing [17]. 
According to this model, students conduct research and develop their problem-solving 
skills [18]. 

At all learning levels, project-based learning has a host of beneficial effects [17]. 
Numerous studies demonstrate how project-based learning encourages active 
participation from students [19], [20], which reduces procrastination [21], [22]. It also 
encourages students to take responsibility for their learning and to act independently 
[18]. Once again, it helps students develop their study skills [23], particularly their 
ability to think critically [24], [25], creatively [24], [26], [27], and collaboratively [28]. 
This approach is also employed to evaluate students in an efficient manner [29]. Many 
of the products produced through project-based learning are not only used for 
educational purposes but also have a wide range of practical applications [30]. 
According to Hira and Anderson's research, project-based learning has also helped to 
improve the quality of online instruction [31]. 

Project-based learning also has some drawbacks, such as a growing workload that 
takes a lot of time and requires ineffective teamwork that produces subpar project 
results [32], [33]. It can be challenging to assess the outcomes of project-based learning. 
In actuality, the primary method of assessing the outcomes of project-based learning is 
through evaluating the learning products of the project [34]. The evaluation of the 
finished product only looks at the outcome; it ignores the project members' roles, 
implementation progress, and other important information. It is necessary to assess the 
procedure and make modifications in order to effectively monitor and evaluate the 
progress [35]. 

Portfolios are a required and suitable form of assessment in project-based learning. 
The assessment will be more accurate because students will have documented their 
work and outcomes in portfolios while the project is being carried out. On the other 
hand, using traditional portfolios to evaluate project-based learning's outputs presents 
many challenges. The diversity and richness of the output forms for the learning project 
cannot be accommodated by using conventional portfolios, which can only represent 
written and graphic records. Additionally, ongoing progress reviews cannot be 
accommodated in traditional portfolios on a regular basis. Peer feedback is more useful 
than instructor feedback when carrying out a learning project [36]. At the same time, 
student participation in more active learning projects is encouraged by feedback from 
peers [37], [38]. However, traditional portfolios find it challenging to meet these 
demands.  

E-portfolios were developed with remarkable advantages to overcome the 
drawbacks of traditional portfolios. E-portfolios are collections of student work that 
serve as a visual representation of the student's learning journey [39]. Products include 
completed research projects, images, motion pictures, observations, and assessments. 
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Students can quickly arrange, edit, and combine documents from outside sources with 
the help of e-portfolios [40]. Studies by Lin [41], Abrami & Barrett [42], and Yang et.al 
[43] have shown that using e-portfolios can increase students' engagement in a task and 
their motivation to learn, as well as give them the opportunity to become independent 
and interactive. Lukitasari et al. demonstrated that e-portfolios are suitable tools for 
project-based learning product evaluation because they have exceptional benefits like 
multimedia performance, regular process monitoring, and peer-review interaction [5]. 
Gülbahar and Tinmaz [7] presented a case study of the implementation of project-based 
learning and e-portfolio assessment in a small-scale (N=8) undergraduate course in the 
Department of Computer Education and Instructional Technology. The study aimed to 
investigate the suitability of project-based learning and e-portfolio assessment in this 
specific context, which was the compulsory Design, Development, and Evaluation of 
Educational Software course. The authors found that despite the small class size and 
students' challenges with animation software, project-based learning was an appropriate 
choice for conducting the course. The use of e-portfolio assessment was also found to 
be valuable in supporting project-based learning. Overall, this study provides empirical 
evidence of the potential of project-based learning and e-portfolio assessment in the 
context of undergraduate education. The study demonstrates the benefits of using e-
portfolios to support project-based learning and highlights the importance of integrating 
technology in the teaching and learning process. 

Physics education is a critical area of study that seeks to provide students with a deep 
understanding of fundamental physical principles and concepts. It also aims to equip 
students with the ability to apply their knowledge to real-world problems and 
challenges [44]. To achieve these goals, educators employ various teaching methods 
[45 – 49], including project-based learning, to engage students and enhance their 
learning experiences. In the context of physics education, project-based learning can 
provide students with opportunities to explore complex concepts more engagingly and 
interactively [50]. By engaging in project-based learning activities, students can 
develop a deeper understanding of physics principles and concepts, while also building 
important skills such as critical thinking, problem-solving, and collaboration [51]. 

The use of e-portfolios in project-based learning in physics education can enhance 
students' learning experiences in several ways. E-portfolios can provide students with 
a more dynamic and engaging platform for documenting and showcasing their work 
than traditional paper-based portfolios. On the other hand, it can enable students to 
incorporate multimedia elements such as videos, images, and audio recordings into 
their portfolios, which can help them to communicate their ideas more and demonstrate 
their understanding of physics concepts. E-portfolios can give students a more 
individualized and self-directed learning experience. By allowing students to take 
ownership of their learning and track their progress over time, e-portfolios can enhance 
students' motivation and interest in physics education [52]. 

Despite the growing body of literature on e-portfolios in project-based learning, 
there are still several outstanding issues that need to be addressed. One major challenge 
is the lack of a unified framework for e-portfolio assessment in project-based learning 
[53]. This has led to inconsistencies in the assessment of e-portfolios and a lack of 
clarity in terms of how to evaluate the quality of student work. Another issue is the need 
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for greater attention to the development of students’ digital literacy skills in the use of 
e-portfolios [54]. However, the traditional desktop-based e-portfolio platforms may 
limit the mobility and accessibility of e-portfolios, which can be problematic for 
project-based learning activities that require students to work collaboratively and 
document their work on-the-go [55]. 

Given the increasing reliance on technology in education, it is essential that students 
are equipped with the necessary digital skills to effectively utilize e-portfolios in their 
learning. Mobile learning has become an important area of research in recent years due 
to the proliferation of mobile devices and the increasing importance of technology in 
education. Mobile learning refers to learning that takes place through the use of mobile 
devices, such as smartphones and tablets. Mobile learning has become increasingly 
popular in recent years due to the widespread use of mobile devices and the growing 
availability of mobile learning technologies. Mobile learning can enhance project-based 
learning by providing students with access to resources and learning opportunities 
anytime and anywhere [56], [57], [58].  

Mobile learning and e-portfolios are important topics in modern education research, 
and there is a growing body of literature on these subjects. Many researchers agree that 
mobile learning can enhance student learning outcomes by providing access to 
resources and learning opportunities anytime and anywhere [56], [59], [60]. Similarly, 
e-portfolios are seen as a useful tool for supporting student learning and reflection. 
Modern views on the issue suggest that the use of mobile e-portfolios in project-based 
learning can enhance student learning outcomes by providing students with a platform 
to showcase their work, reflect on their learning, and collaborate with their peers. 

Mobile e-portfolios have been identified as a promising tool for enhancing project-
based learning. Related research is also conducted on nursing students in clinical wards 
[10]. The study found that mobile e-portfolios are a user-friendly, accessible, and 
attractive method for the objective assessment of students. This tool allowed for careful 
assessment of the students by encouraging their information literacy and feedback, and 
it satisfied 70% of the students. The study provides valuable insights into the potential 
of mobile e-portfolios as a tool for assessing the performance of nursing students in 
clinical wards. However, this study has some limitations, including a relatively small 
sample size and a lack of a control group.  

There are not many empirical studies have explored the use of mobile e-portfolios 
in project-based learning. Therefore, further research is needed to explore the 
effectiveness of mobile e-portfolios in larger and more diverse samples and to compare 
their efficacy with other assessment tools.  

In particular, more studies are needed to investigate the impact of mobile e-portfolios 
on student learning outcomes and engagement in different educational contexts and 
subject areas. This is particularly true in the context of project-based learning in physics 
education. As such, there is a need for further research to explore the efficacy of using 
mobile e-portfolios in project-based learning and to identify the factors that contribute 
to their success, particularly in the context of using Google Sites as a platform for 
creating and sharing mobile e-portfolios.  

This study aims to address this gap by investigating the impact of using mobile e-
portfolios on Google Sites on students' learning outcomes in project-based learning. 
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The use of mobile e-portfolios on the Google Sites platform is a promising approach 
for enhancing project-based learning. Google Sites is a free, user-friendly platform that 
allows users to create and share websites. Mobile e-portfolios on Google Sites have 
several advantages over traditional paper-based portfolios, including greater flexibility, 
ease of access, and the ability to embed multimedia content such as videos and images.  

In a related study, Gan et al. reported on several approaches, including mobile 
learning projects, social learning platforms, wiki and web page creation tools, and 
project-based learning [61]. The authors suggest that Google Sites provides an 
opportunity for students to collaborate and contribute to a shared platform that can be 
used to create and present content related to course topics. This approach to 
collaborative learning using Google Sites allows students to take ownership of their 
learning process by engaging in activities that promote critical thinking, problem-
solving, and collaboration. However, it relies heavily on anecdotal evidence and does 
not include a rigorous empirical evaluation of the impact of digital media on student 
learning outcomes. 

This study seeks to build on previous research by exploring the efficacy of mobile 
e-portfolios on Google Sites in project-based learning in the context of physics 
education, with a focus on assessing student interest and learning outcomes. The 
findings of this study will contribute to the growing body of research on the use of 
interactive mobile technologies in learning and teaching, and have potential 
implications for the design and implementation of project-based learning activities in a 
variety of contexts. 

3 Methodology 

3.1 Participants 

To evaluate the effectiveness of mobile e-portfolios on the Google Sites platform in 
project-based learning, we conducted a pedagogical experiment with 243 high school 
students. The experiment involved the implementation of a project-based learning 
activity in a physics class. The participants were in the 11th grade, and their ages ranged 
from 16 to 18 years old. The sample was selected using a convenience sampling 
technique, with all students in the physics class being invited to participate in the study. 

The study utilized a quasi-experimental design with two groups: an experimental 
group and a control group. The students were randomly assigned to one of two groups. 
The experimental group was given access to mobile e-portfolios on the Google Sites 
platform, while the control group was not. 

The decision of which experimental samples to use has a big impact on the outcomes 
of pedagogical experiments. Students in the experimental and control groups must 
therefore be comparable in terms of student numbers, organizational conditions for the 
classroom, and the depth and quality of their learning (based on the learning results in 
previous semester). With these specifications, the sample is chosen to guarantee sample 
size and sample quality for pedagogical experimentation. Particularly, the distribution 
of students among the groups is as follows:  
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Table 1.  Number of students in experimental and control groups 

Experimental group Control group 
No Qty No Qty 

EG1 42 CG1 39 
EG2 20 CG2 22 
EG3 27 CG3 29 
EG4 30 CG4 34 
Total 119 Total 124 

3.2 Research design 

Both groups were given a pre-test to establish a baseline level of understanding of 
the physics concepts covered in the course. Over the course of the semester, the 
experimental group was given access to the mobile e-portfolios on the Google Sites 
platform to create and showcase their learning projects. The control group did not have 
access to the e-portfolios but followed the same project-based learning curriculum. 

The chapter "Eyes. Optical Instruments" of Physics 11 was chosen as the content for 
conducting pedagogical experiments. With the project "Making Simple Telescopes", 
problem-based learning is used in the teaching process. 

─ For the control group, conduct project-based learning and evaluate learning products 
using traditional portfolios; 

─ For the experimental group, conduct project-based learning and evaluate learning 
products using e-portfolios on the Google Sites platform. 

Following the pedagogical experiment, we use appropriate statistical methods to 
verify and compare the results between the two groups of control and experimental 
groups. The goal is to see if the experimental group's learning results are better than the 
control group's, and if the experimental group's interest in learning is high or low. From 
there, conclusions about the feasibility of this study can be drawn. 

The steps for conducting pedagogical experimentation are as follows: 
* Step 1: Direct students toward understanding and creating mobile e-portfolios on 

the Google Sites platform. 
Teachers create written instructions, create video tutorials, and upload them to 

YouTube to complete this step. The video can be found at this link: 
https://youtu.be/UjSeXbVwd34. Students participating in the implementation process 
will find it simpler to access and comprehend the construction process instruction 
provided via video. 

* Step 2: Create a challenge and give the student the assignment to implement the 
educational project "Making Simple Telescopes" within the context of the chapter 
"Eyes. Optical Instruments", Physics 11 

To carry out the project, the teacher quizzes the class and gives the students tasks to 
complete. The teacher also talks with the class to help them decide on the project 
evaluation criteria. Students move forward with developing the project plan by 
identifying the work that needs to be done, estimating the time, materials, funds, and 
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methods of conducting; assigning work, and preparing the theoretical groundwork for 
project implementation. All plans and criteria must be updated by students on mobile 
e-portfolios for simple monitoring and implementation, based on receiving the direction 
of teachers.  

* Step 3: Execute the project  
The implementation procedure adheres to project-based learning's fundamental 

steps. Additionally, the teacher expects students to fulfill the following requirements as 
they carry out the project: 

─ Reading and comprehending theoretical background materials on thin lenses and 
telescopes and uploading to personal mobile e-portfolios;  

─ Regularly updating their progress by taking notes, snapping photos, or making 
videos to show how the project is being carried out;  

─ In order for students to make the best adjustments, teachers and classmates can 
access, monitor, and comment on the implementation process by using the link 
shared. 

* Step 4: Report the learning project's 

─ In order for teachers and classmates to comment, students must prepare reports of 
results and proof of project products on mobile e-portfolios before class.  

─ Students use mobile e-portfolios to show the development of the learning project as 
well as to present the project's outcomes and products in class. 

─ Teachers and classmates discuss, comment on, and grade work based on the agreed-
upon criteria after listening to reports and viewing students' mobile e-portfolios. 

* Step 5: Assess students' understanding of lenses and optical devices 
To ensure scientific rigor, carry out the same test as the control group, and then 

compare the results and analyze them to draw inferences. 
* Step 6: Questionnaires to gauge students' interest 
Following a pedagogical experiment, the instructor uses questionnaires to survey the 

students' levels of interest. 
Methods for analyzing pedagogical experimental results. To analyze the 

outcomes of pedagogical experiments objectively and scientifically in order to respond 
to the initial research questions, we proceed as follows: 

─ Two tests are administered to students in the experimental and control groups jointly. 
The purpose of the first test is to assess the degree of similarity between the two 
experimental subjects and determine whether there are any differences between the 
experimental and control groups before the experimental is carried out. After the 
chapter "Eyes. Optical Instruments" ended, the second test was administered. To 
ensure fairness and objectivity in comparing the learning outcomes of the 
experimental group using mobile e-portfolios on the Google Sites platform and the 
control group using only traditional paper-based portfolios, the tests' content is 
identical. 
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─ Questionnaires were used to conduct a survey of the experimental class's students at 
the conclusion of the pedagogical experiment to learn more about their experiences 
using mobile e-portfolios on the Google Sites platform. 

The research was conducted with an experimental group of students who used 
mobile e-portfolios as a tool for enhancing project-based learning. To measure the 
students' interest and motivation in using the mobile e-portfolio tool, a survey 
questionnaire was developed based on the Technology Acceptance Model (TAM) [62]. 
The questionnaire included items that measured students' perceptions of the perceived 
usefulness and ease of using mobile e-portfolio on the Google Sites platform. The 
questionnaire was administered to the students at the end of the project-based learning 
activities, after they had completed their final presentations using the mobile e-
portfolios on Google Sites. This allowed the students to reflect on their experiences and 
provide feedback on the effectiveness of the tool and the learning activities. The 
questionnaire was anonymous to encourage honest responses from the students and was 
designed to take approximately 5-10 minutes to complete. The participants rated their 
responses using a Likert-type scale, with scores ranging from 1 (strongly disagree) to 5 
(strongly agree). 

The choice of methods used in this study was based on the need to obtain reliable 
and valid data on the effectiveness of mobile e-portfolios on the Google Sites platform 
in enhancing project-based learning. The use of multiple-choice questions in the pre-
test and post-test ensured that the assessment was objective and reliable, as the same 
questions were asked to both groups. The use of a questionnaire allowed for gathering 
qualitative data on student feedback and interest of the mobile e-portfolios, which 
provided additional insight into the effectiveness of the intervention. 

4 Results 

A total of 243 high school students participated in a pedagogical experiment to assess 
the effectiveness of using mobile e-portfolios on the Google Sites platform in project-
based learning in the context of physics education. The results indicated that the use of 
mobile e-portfolios improved student interest and learning outcomes. 

The box plot in Figure 1 shows the difference in the two tests between the 
experimental and control groups. For the first test before the pedagogical experiment 
(pre-test), the test scores of the experimental and control groups have Median = 6; Q1 
= 5; Q3 = 8; IQR = 3. This means that there was no difference in test scores between 
both groups before the pedagogical experiment. However, for the second test after 
completing the pedagogical experiment (post-test), the difference in test scores of the 
experimental and control groups could be clearly seen. The experimental group has 
Median = 8; Q1 = 7; Q3 = 9; while the control group has Median = 5; Q1 = 4; Q3 = 6. 
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Fig. 1. Correlation between the two tests of the experimental and control groups 

Besides, the Levene test's Sig index for the two tests is Sig1= 0.303 > 0.05 and Sig2= 
0.305 > 0.05, respectively. This indicates that there is no variance difference between 
the experimental and control groups. As a result, Table 2's F-test results will be used. 
The results of the Anova test on the distinction between experimental and control 
groups in the two tests in Table 2 demonstrate that:  

- For the first test, the F-test has Sig = 0.328 > 0.05. Therefore, it can be said that 
there is no difference in test scores between the experimental and control groups. This 
demonstrates that students' abilities were similar prior to the pedagogical experiment;  

- However, in the second test, the F-test has Sig = 0.000 < 0.05. This demonstrates 
that there is a difference in the test results between the two groups of control and 
experimental groups. 

Table 2.  Anova results  

 Sum of Squares df Mean Square F Sig. 

Score1 
Between Groups 3.859 1 3.859 .962 .328 
Within Groups 966.437 241 4.010   

Total 970.296 242    

Score2 
Between Groups 444.856 1 444.856 186.310 .000 
Within Groups 575.440 241 2.388   

Total 1020.296 242    

 
According to Table 3, the groups' respective means for the first test are EG = 6.25 

and CG = 6.00; for the second test, the respective means are EG = 7.92 and CG = 5.22. 
This demonstrates that after pedagogical experimentation, students can engage in 
problem-based learning through mobile e-portfolios on the Google Sites platform, 
which helps students achieve better learning outcomes than students using traditional 
paper-based portfolios. 
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Table 3.  Descriptives 

 N Mean Std. 
Deviation Std. Error 

95% Confidence Interval 
for Mean 

Lower Bound Upper Bound 

Score1 
EG 119 6.25 2.072 .190 5.88 6.63 
CG 124 6.00 1.934 .174 5.66 6.34 

Total 243 6.12 2.002 .128 5.87 6.38 

Score2 
EG 119 7.92 1.480 .136 7.66 8.19 
CG 124 5.22 1.606 .144 4.93 5.50 

Total 243 6.54 2.053 .132 6.28 6.80 
 
For the questionnaire, we ensure the reliability and validity of the survey instrument 

by conducting a pilot test of the questionnaire with a small group of students to identify 
any potential issues with the survey items. We then made revisions to the survey 
instrument based on the feedback received and conducted additional pilot tests until we 
were satisfied with the final version of the questionnaire. To assess the reliability of the 
survey instrument, we calculated Cronbach's alpha coefficient for each of the survey 
scales. The alpha coefficients ranged from 0.85 to 0.94, indicating good internal 
consistency and reliability of the survey scales. 

After that, students in the experimental group who used mobile e-portfolios on the 
Google Sites platform to complete the project's product filled out a questionnaire as 
part of the study. Following data collection, SPSS version 25 was used to code and 
analyze the data. Descriptive measures for the variables at each level of measurement 
were included in the data analysis. Table 4 shows the results of the survey questionnaire 
administered to the experimental group. The majority of the students reported that using 
mobile e-portfolios increased their engagement and motivation to learn, as well as their 
ability to organize and present their project work. 

Table 4.  Results of the student survey 

No Content Mean SD 

1 I've discovered that Google Sites makes it easier for me to comprehend and 
grasp the project's topic 3.89 0.77 

2 Using Google Sites to present my project results and build websites made me 
feel at ease 4.27 0.72 

3 When compared to other tools, using Google Sites helps me produce a better 
project outcome 2.45 0.62 

4 Using Google Sites has made learning more enjoyable for me 4.41 0.69 

5 I made the most of Google Sites' features to produce a project product of the 
highest caliber 3.67 0.75 

6 For my upcoming learning projects, I want to keep using Google Sites 2.33 0.72 

7 I believe Google Sites to be a helpful tool for me to present the project 
products in a professional manner 4.54 0.81 

8 I find Google Sites to be very user-friendly and simple to use 3.80 0.69 
9 I can update my learning project on Google Sites at any time, from anywhere. 3.87 0.79 
10 I will suggest Google Sites to my friends for use in learning projects 4.32 0.74 
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The features of the platform that let students customize their portfolios were valued 
by the students, who found it simple to record their reflections on it. This made it 
possible for them to effectively reflect on their project-related progress and showcase 
their learning journey. The documentation and presentation of students' projects was 
made possible by the use of Google Sites. The platform gave students a structured, 
visually appealing way to present their work, which helped them become better 
communicators and presenters. 

Overall, the findings suggest that the use of mobile e-portfolios on the Google Sites 
platform is an effective tool for enhancing project-based learning in physics education. 
The results contribute to the growing body of research on the use of interactive mobile 
technologies in learning and teaching, and suggest that e-portfolios are a promising tool 
for evaluating student learning projects. The use of mobile technologies in education 
has the potential for broader application in learning and teaching contexts, beyond the 
field of physics education. 

5 Discussions 

Based on the results of this study, it can be concluded that mobile e-portfolios on the 
Google Sites platform are an effective tool for enhancing project-based learning in the 
field of physics education. Specifically, the results suggest that the use of mobile e-
portfolios can improve student interest and learning outcomes. These findings 
contribute to existing research on project-based learning and the use of mobile e-
portfolios in education [63], [64]. This study highlights the potential of mobile e-
portfolios to address some of these challenges by providing students with a tool to 
document and reflect on their learning process and outcomes. 

Moreover, this study specifically focused on the use of Google Sites as a platform 
for mobile e-portfolios. Google Sites is a free and widely accessible platform, making 
it a practical option for educators looking to integrate e-portfolios into their teaching 
practice. This study's findings suggest that Google Sites can be an effective platform 
for mobile e-portfolios and may be suitable for other subject areas beyond physics 
education. This is consistent with previous research that has shown the benefits of 
mobile learning in enhancing student engagement and motivation [59], [65]. Mobile 
learning allows students to access educational resources and communicate with peers 
and instructors at any time and from any location. 

However, some authors have raised concerns about the use of mobile e-portfolios in 
education. For example, Lorenzo & Ittelson [66] noted that technical challenges and 
privacy and data security concerns may restrict the adoption of e-portfolios. 
Additionally, some authors have raised concerns about the potential for e-portfolios to 
distract students from the actual learning objectives of the project [67], [68]. In light of 
these concerns, it is important to consider the implementation of mobile e-portfolios in 
project-based learning. Thus, effective implementation of mobile e-portfolios requires 
careful consideration of the instructional design, as well as technical support and 
training for students and teachers. Furthermore, safeguards must be put in place to 
protect the privacy and security of student data. 
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The significance of this research lies in its contribution to the field of educational 
science and specifically, to the area of project-based learning and the use of e-portfolios 
in education. This study provides empirical evidence of the effectiveness of mobile e-
portfolios on the Google Sites platform in enhancing project-based learning outcomes 
in physics education. By demonstrating the effectiveness of mobile e-portfolios in 
project-based learning, this study provides teachers and educators with a new tool for 
evaluating student learning outcomes. Moreover, the study's use of Google Sites as a 
platform for e-portfolios provides a practical and accessible solution for educators 
looking to incorporate e-portfolios into their teaching. The findings of this study 
contribute to the growing body of research on the use of interactive mobile technologies 
in learning and teaching. 

However, it is important to acknowledge the limitations of this study. Firstly, the 
study only focused on the use of mobile e-portfolios in the context of physics education, 
and future research is needed to explore their potential benefits in other subjects. 
Secondly, the study only examined the short-term effects of using mobile e-portfolios, 
and it is unclear whether these effects would be sustained over a longer period of time. 
Finally, the study did not compare the effectiveness of mobile e-portfolios with other 
assessment tools, and future research could explore the relative effectiveness of 
different assessment methods. 

6 Conclusion 

In conclusion, the current study provides evidence that mobile e-portfolios on the 
Google Sites platform can be an effective tool for enhancing project-based learning in 
physics education.  

The findings demonstrate that the use of mobile e-portfolios was associated with 
higher test scores, increased student interest, motivation, and involvement in learning, 
as well as improved ability to plan and present project work effectively. These findings 
suggest that mobile e-portfolios can be an effective tool for educators to evaluate and 
support student learning outcomes in project-based learning contexts. In addition, the 
findings of this study contribute to the growing body of research on the use of 
interactive mobile technologies in learning and teaching, and suggest that e-portfolios 
are a promising tool for evaluating student learning projects.  

The results of this study can be used to inform future research in several ways. First, 
future studies could build on these findings by exploring the impact of mobile e-
portfolios in different educational contexts and with different populations of students. 
Additionally, future research could investigate the potential of mobile e-portfolios to 
support other aspects of project-based learning, such as collaboration and reflection. 
Furthermore, future studies could focus on developing and validating new instruments 
for assessing the impact of mobile e-portfolios on student learning outcomes. To build 
upon the findings of this study, future research could explore the potential benefits of 
mobile e-portfolios in other subjects and educational contexts. In addition, research 
could investigate the long-term effects of using mobile e-portfolios and compare their 
effectiveness with other assessment methods.  
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Future research can investigate the extent to which the findings of this study can be 
replicated in other disciplines and settings, as well as explore the potential of other 
mobile e-portfolio platforms beyond Google Sites. Furthermore, this study opens up 
opportunities for further research on the use of technology in project-based learning. 
Future research can investigate the role of other digital tools and platforms, such as 
virtual reality and social media, in supporting project-based learning outcomes. 
Additionally, future research can explore the impact of e-portfolios on other aspects of 
student learning, such as creativity, collaboration, and critical thinking. 
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