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ABSTRACT 

Although many studies have been conducted to improve the quality of the learning process at the higher education level, the need 
for an effective learning model that can develop students' skills remains a challenge that needs to be fully resolved. Considering and 
redeveloping the suitable learning model to use is very important. This study proposed a project-based learning and simulation 
model to develop students’ skills and the quality of learning in higher education. The implementation stages of the model are also 
offered, applied, and analyzed, and the effectiveness of the model is also seen. The 4-D model design, including define, design, 
develop, and disseminate, was used in this study. The results show that the project-based learning and simulation model developed 
in the aspects of the rationale for the learning model, supporting theory of learning model, description of learning model syntax, 
implementation of the learning model, syntax interconnection in learning model, and support platform for learning model were in 
the highly valid category. Meanwhile, there is also a statistically significant difference in students’ pre-test and post-test scores, 
which means that students’ skills improved after implementing project-based learning and simulation model in learning. It is 
concluded that project-based learning and simulation models support improving learning quality in higher education. 
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1. Introduction 

 
Education is one of the main pillars of sustainable community development [1-2]. Improving the 

quality of learning has become a pressing agenda for educators. Along with the rapid development 
of technology and transformation in various aspects of life, education must be able to adjust itself to 
remain relevant and effective in preparing future generations for the challenges of the future [3-4]. 
Not only to ensure an understanding of the subject matter, but it must also encourage the 
development of skills necessary for success in an increasingly complex and globally connected society 
[5-7]. Therefore, educators need to adopt innovative and adaptive learning approaches to meet the 
needs of students in this digital era [8]. This requires educators to update their teaching approach 
and ensure that students have relevant skills and can compete in the modern era [9]. In addition, 
there needs to be a gap that needs to be addressed between the learning development efforts made 
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and the expected results, especially in the context of improving student skills. Despite various efforts 
to improve the quality of learning, such as the use of innovative teaching methods [10-11], the 
application of technology [12-16], and the development of relevant curriculum [17-22], but the 
results have not reached the expected expectations, especially in developing student skills. Results 
from the Program for International Student Assessment (PISA) show that Indonesian students tend 
to have low thinking skills. The study's results highlighted that the learning approach in science in 
Indonesia emphasizes understanding concepts alone, without integrating elements of student skills 
in learning [23]. The results of the PISA survey 2022 show that Indonesia's position in mathematics is 
still relatively low, as shown in Table 1. In 2022, Indonesia was ranked 366th out of 80 PISA-
participating countries in the category of mathematical ability.  
 

Table 1 
Comparing countries' and performance in mathematics 

 
Source: OECD, PISA 2022 Database 

With so many factors influencing the gap, it is necessary to take concrete steps to resolve this 
gap, such as increasing student participation in learning through active and collaborative learning 
and integrating relevant skill elements. Thus, it is hoped that the gap between learning development 
efforts and expected outcomes can be minimized so that students can gain the skills needed to 
succeed in the world of work. 

In this research, innovative learning, such as Project-based Learning (PJBL) and simulation, is the 
focus of attention as an approach capable of improving skills and learning quality. PJBL is relatively 
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seldom implemented in the context of mathematics education. To advance theory and practice in 
mathematics, learning PJBL is essential, as has been done by Palatnik [24]. PJBL emphasizes project-
centered learning, where students learn through practical experience and collaboration in 
completing authentic project tasks. PJBL is a learning model with theoretical roots in constructivism 
and views learning as a meaningful process formed from interaction, reflection of ideas, and 
authentic experiences. PJBL develops from the work of influential constructivists Jean Piaget and 
Vygotsky. Constructivist learning philosophy is the foundation of PJBL. PJBL has evolved as a learning 
model that integrates various skills in solving real-world problems. It emphasizes individual and group 
higher-order thinking through interaction and collaboration. The interaction and collaboration that 
happen in the learning process will positively impact the implementation of the learning process. This 
is in line with research findings that PJBL affects increasing students' knowledge [25], motivation, and 
attitude toward learning.  

Meanwhile, simulation offers learning that allows students to interact with specific situations. 
Simulation is an effective learning model inside and outside the classroom [26]. It allows students to 
repeatedly practice skills until they develop a sense of mastery to learn at their rate and are free to 
make mistakes. Learning simulation is a collection of learning techniques and strategies that involve 
individuals in real-life scenarios through role play, games, and reflection to develop and strengthen 
the knowledge and skills learned in the classroom [27]. Simulation creates a natural context that 
allows students to recognize various realities and problems [28]. Thus, simulation becomes an 
essential part of the learning process and is an excellent learning tool that offers hands-on experience 
to students [29]. Simulation learning focuses on the student's learning process. Students are given 
very high autonomy and independence and are more empowered to make decisions in solving 
existing problems [30]. Furthermore, learning simulations can improve interest, motivation, active 
participation, intensive learning, and academic achievement and develop skills such as decision-
making ability [31]. 

Conceptual challenge can be overcome with simulations that embed abstract material concepts 
through active student participation [32]. In simulation activities, they are directly involved in 
developing an understanding of the material being studied. However, many of it has yet to be 
designed to provide opportunities to articulate the material or expand on emerging ideas. Masson 
suggests that simulations can support learning [33]. These simulations can support them in 
integrating instructed knowledge with conceptual knowledge [32]. Simulation is a learning method 
that can encourage the application of learned decision analysis concepts [34]. This approach provides 
an opportunity for students to combine knowledge and practice. Simulation practice has proven very 
effective for training students in the classroom environment and the field [34]. By involving them in 
accurate and relevant experiences, simulations allow students to hone their skills in facing complex 
and dynamic decision situations.  

However, using these two approaches separately may not reach their full potential. A theory-
focused approach results in a deep understanding of fundamental concepts, while a practice-based 
approach can develop the practical skills required to apply those concepts in real-world situations. 
By integrating both approaches, it is possible to create a learning environment that simultaneously 
supports theoretical concept understanding and practical skill development. Thus, students can 
benefit from both approaches simultaneously, which in turn can optimize their learning. The findings 
of this study can provide a strong foundation for developing innovative and effective learning models 
in higher education, especially in developing skills that students need now and for the future. 
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2. Methodology  
2.1 Research Design 

 
The development model used in this research is the 4D model developed by Thiagarajan [35]. 

This model consists of four interrelated and sequential stages. The first stage is Define, also known 
as the needs analysis stage. At this stage, in-depth identification and analysis of the needs and 
problems to be solved are carried out. The second stage is Design, where the conceptual framework 
of the model is systematically organized. This design process includes selecting models, methods, 
strategies, or learning techniques that match the needs identified previously. After that, the third 
stage is Develop, which is the actual development stage. At this stage, the learning model that has 
been designed is tested for validity through expert validation. This evaluation aims to ensure that the 
model developed meets the predetermined objectives and can provide the desired benefits. The last 
stage is dissemination, the model that has been developed is implemented on the target research 
subjects. At this stage, the results and findings of the research are disseminated through the 
application of the model in the learning process to determine the impact of its implementation. 
 
2.2 Research Subject 

 
The subjects of this study were all students of the mathematics education study program in the 

academic year 2023. In developing the learning model, this research subject has a vital role as the 
primary recipient and user of the developed model. The involvement of all students in this research 
makes it possible to get various points of view and input on developing learning models that are more 
effective and relevant to their needs. By involving all students, it is expected that the results of this 
research can significantly contribute to improving the quality of learning. 
 
2.3 Research Data 

 
The data obtained in this study consisted of two types, namely quantitative and qualitative data. 

Quantitative data was obtained through scores generated from expert validation sheets and 
response questionnaires given by respondents. The validation sheet is used to measure the validity 
of the learning model developed, while the response questionnaire provides an overview of how 
respondents react and perceive the learning model. On the other hand, qualitative data are obtained 
through notes, suggestions, or comments given by experts based on the results of their assessment 
of the proposed learning model. This qualitative data provide an overview of the strengths and 
weaknesses of the learning model and provides direction for necessary improvements. 
 
2.4 Research Instruments 

 
The research instrument includes several sections designed to measure various aspects of the 

developed learning model. First, a validation sheet was used to determine the validity of the learning 
model. This validation sheet is designed to assess the extent to which the learning model is by 
applicable principles and relevant to the specified learning outcomes. In addition, pre-test and post-
test questions were used to measure the learning model's effectiveness on learning outcomes. The 
pre-test questions are given before applying the learning model to measure students' initial 
understanding of the material being taught. After that, the learning model was applied in the learning 
process, and in the end, post-test questions were given to students to measure the improvement of 
their understanding after participating in learning using the model. The comparison between pre-
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test and post-test scores is used to evaluate the effectiveness of the learning model in improving 
students' understanding of the learning material.  

 
2.5 Data Analysis 

 
The data analysis conducted in this study included two approaches: qualitative descriptive 

analysis and descriptive statistical analysis. First, qualitative descriptive analysis was used to parse 
and understand descriptive data, such as notes, suggestions, or comments given by experts based on 
the assessment results on the validation sheet. Second, descriptive statistical analysis processes 
quantitative data, such as validation result scores and pre-test and post-test learning outcome test 
scores. This descriptive statistical analysis involves using statistical methods that aim to summarize 
and describe the main characteristics of the data.  
       
3. Results  
 

The development of the project-based learning and simulation (PJBLS) model in this study was 
conducted through a series of processes, starting from in-depth identification and analysis of the 
needs and problems to be solved. The design process was conducted by considering the relationship 
between the steps of the learning model; the model was developed and tested for validity by experts, 
and then the implementation of the model to determine the impact of its implementation. The PJBLS 
stages in this study adopted the research steps Doppelt [36], as shown in Table 2. 

 
Table 2 
Activity steps of project-based learning and simulation model 
No. Syntax Lecturer ac=vi=es  Student ac=vi=es 
 PRELIMINARY ACTIVITIES 

  a. The lecturer provides motivation 
and apperception to students by 
connecting the learning material 
being studied. 

b. The lecturer presents the learning 
objectives to be achieved and 
explains the learning steps 
conducted during the learning 
process with project-based 
learning and simulation. 
 

a. Students listen and pay 
attention to what the 
lecturer says. 

b. The students listening and 
paying attention to what 
the lecturer says. 

 

 CORE ACTIVITIES 
1 Formula=ng the 

project 
a. The lecturer asks students to open 

the e-learning platform and 
understand the problems or project 
activities conducted according to 
the topic of the material being 
studied. 

a. The students open the e-
learning platform and 
understand the problem. 

2 Designing a 
project 

a. The lecturer observes and ensures 
students can design and plan 
ac=vi=es according to the problems 
set. 

a. The students aNempt to 
design and plan project 
ac=vi=es to solve the 
problem (Project 
objec=ves, plan, and steps 
to solve the problem).  
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3 Simula=on a. The lecturer observes and ensures 
that students can solve problems 
according to the plans and solu=on 
steps they have set.  

a. The students try to solve 
the problem according to 
the plan and solution steps 
they have set and their 
respective roles.  

4 Monitoring 
students and 
project progress 

a. The lecturer monitor the project 
activities conducted by students. 

b. The lecturer asks about the 
development or progress of the 
projects conducted by students. 

a. The students conduct 
project activities based on 
the problems given and 
document each activity 
conducted. 

b. The students answer 
according to the question 
given by the lecturer. 

5 Evalua=on a. The lecturer observes the ac=vi=es 
that students are doing 

a. The students evaluate the 
problems solved by 
checking back, analyzing 
the results, and comparing 
them with the data or 
solu=ons they obtained 
using exis=ng resources 
(computers, androids, 
etc.). 

6 Reflec=on and 
presenta=on 
 

a. The lecturer gives feedback to 
students on the presenta=on that 
has been done. 
 

b. The lecturer asks about students' 
experiences during project 
ac=vi=es. 

a. The students present the 
results of the project 
ac=vi=es from the 
problems they have solved 
to the class. 

b. The students reflect on 
their experience during the 
project ac=vi=es. 

 FINAL ACTIVITY 
  a. The lecturer gives a reflection on the 

learning process that has been done. 
a. The students listen and 

understand the 
explanation delivered 

 
After the model is developed, the next step is self-evaluation, which is a stage to ensure the 

quality of the developed model. Self-evaluation involves a thorough review of all model components, 
including learning project design, simulation, and model integration with the utilization of learning 
support platforms. The results of this self-evaluation can provide input to improve and refine the 
model to suit the needs and characteristics of students better. Expert validation is the next stage, 
where the PJBLS model is evaluated by experts in the field of mathematics education, technology 
experts, and linguists. The results of model validation by experts can be seen in Table 3. Suartama et 
al., stated that the expert validation process can involve several stages, such as content expert 
validation and design expert validation [37]. The results of expert validation showing that the PJBLS 
model has obtained validity and feasibility signify a significant achievement in learning development. 
The validity of this model ensures that each element in PJBLS, starting from the design of the learning 
project and simulation, has gone through in-depth evaluation and assessment by experts. Leow et 
al., emphasized that learning tools that have passed expert validation can be considered feasible to 
use theoretically and empirically [38]. His research showed a positive correlation with expert 
validation of the PJBL model. This ensures that the model developed is theoretically tested through 
expert validation and has empirical relevance based on previous research. 
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Table 3 
Validation results for project-based learning and simulation models 

Variable No. 
Item Validator 1 Validator 2 Validator 3 V (per-

aspect) Validity V (per-
variable 

Rationale for the 
learning model
  

1 4 4 5 0.8333 High 0,8889 

2 5 4 5 0.9167 High  

3 5 5 4 0.9167 High  

Supporting 
Theory of 
Learning Model
  

4 4 4 4 0.7500 Medium 0.7500 

5 4 3 4 0.6667 Medium  

6 4 4 5 0.8333 High  

Description of 
Learning Model 
Syntax  

7 4 4 5 0.8333 High 0.8542 

8 5 4 5 0.9167 High  

9 4 5 4 0.8333 High  

10 4 5 4 0.8333 High  

Implementation 
of the Learning 
Model 

11 4 4 5 0.8333 High 0.8056 

12 5 4 4 0.8333 High  

13 4 4 4 0.7500 Medium  

Syntax 
Interconnection 
in Learning 
Model 

14 5 5 4 0.9167 High 0.9167 

15 5 4 5 0.9167 High 
 

Support 
platform (e-
learning) for 
Learning Model 

16 4 5 4 0.8333 High 0.8611 

17 5 4 4 0.8333 High  

18 5 4 5 0.9167 High  

Category     0.8426 High  

 
Table 3 shows that the Aiken index of the validity test of the project-based learning and 

simulation models is 0.8426. This value shows a fairly high level of validity. This means that the 
learning model received a positive assessment from the expert. In particular, the Syntax 
Interconnection in the Learning Model aspect achieved the highest Aiken's index of 0.9167, indicating 
that the model was declared highly valid. This shows that the syntax relationship in the learning 
model is very good. Meanwhile, in the Supporting Theory of Learning Model aspect, Aiken's lowest 
index was 0.7500 with sufficient validity criteria. Although it reaches an adequate level of validity, 
further improvement may be needed to ensure that the theory supporting the learning model is truly 
structured and relevant.  

After the validation process, the new framework in this study was designed by adopting the 
framework proposed by Ramlee et al., [39]. They proposed that lecturers and students obtain 
knowledge about the learning model before the project or assignment is given. So that,  they get the 
concept and technical implementation of the model in the learning process. The findings show that 
there are several inhibiting factors in implementing the model. These inhibiting factors include 
insufficient time, high cost, and lack of collaboration in the group. The causes are students' negative 
attitudes, lack of communication, inadequate facilities, and uncreative products.  
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To reduce these inhibiting factors, the new framework needs to include new skills so that 
projects or tasks can be done well and optimally, namely skills that allow students to face various 
challenges or problems in the future. The reason for adding these skills is based on a literature review 
of previous studies [40-43] because of the demands of an increasingly advanced digital Era. To 
develop those skills, a new framework in this research is designed and illustrated in Figure 1. This 
new framework is adopted from the framework [39] and significantly contributes to this research. 
 

 
 

Fig. 1. PJBLS framework 
 

The new framework combines two learning approaches, namely project-based learning (PJBL) 
and simulation (S), which focus on three main domains: input, process, and output. Based on the 
proposed framework, lecturers should explain the theory and technical application of PJBLS to 
students before starting the project. After the knowledge is obtained, proceed to implement PJBLS 
with predetermined steps. In this case, simulation is included in the PJBL stage. Simulation in PJBL 
plays a role in providing in-depth and contextual learning experiences to students. Simulation can 
give students practical experience in real situations that they can apply directly to the projects they 
work on. For example, students can design a specific project or task by utilizing information 
technology to design, model, and test the project before physically building it. Simulations can help 
students explore complex or abstract problems, such as building spaces. In addition, simulations can 
encourage collaboration and cooperation in groups. They can work together to find solutions, share 
knowledge, and integrate different knowledge and skills. 
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After the new framework was successfully created, the PJBLS model was applied to the learning 
process. Evaluation of the impact of the model implementation on student learning outcomes was 
conducted through pre-test and post-test scores to measure students' mathematical concept 
abilities. First, the pre-test was given before applying the learning model to assess students' initial 
understanding of the studied mathematical concepts. After the learning model was applied, the post-
test was given to evaluate the improvement of students' understanding after participating in learning 
using the model. The difference between the pre-test and post-test scores was used to evaluate the 
effectiveness of the learning model in improving students' understanding of mathematical concepts. 

Based on the data analysis results, students' ability to apply the project-based learning and 
simulation (PJBLS) model showed statistically significant results. The results of the hypothesis test 
analysis of students' mathematical concept ability data using the SPSS 16.0 program are presented 
in Table 4 below. 
 

Table 4 
Results of hypotheses testing for mathematical concept ability 

Source 
Type III Sum of 

Squares Df Mean Square F Sig. 
Corrected Model 31970.417a 1 31970.417 78.877 .000 
Intercept 226812.017 1 226812.017 559.587 .000 
Nilai 31970.417 1 31970.417 78.877 .000 
Error 23508.567 58 405.320   
Total 282291.000 60    
Corrected Total 55478.983 59    
a. R Squared = ,576 (Adjusted R Squared = ,569)   

 
Based on the analysis results, using the Two-way ANOVA test, the Sig. Value is smaller than α = 

0.05, which is 0.000. This result shows a significant difference in the average value of students' 
mathematics ability based on the variable factor (pre-test and post-test). This conclusion proves that 
the PJBLS model improved students' mathematics learning outcomes. This finding provides concrete 
evidence of the successful implementation of the PJBLS model in improving learning effectiveness. 
The results of the analysis that showed significant differences in students' mathematical concept 
skills made it clear that the PJBLS model positively contributed to the learning process. 

The combination of project-based learning (PJBL) and simulation in the learning process can 
significantly increase students' understanding of concepts. This is based on previous research 
findings, which show that PJBL is method that can help students develop their understanding of the 
material studied [44-45]. Students can reflect on their knowledge and apply it to relevant projects. 
Thus, they can explore their knowledge and experience more deeply in carrying out the assigned 
tasks. This aligns with the statement Anazifa and Djukri that PJBL is an effective learning method in 
stimulating concept understanding and acts as a catalyst to improve learning outcomes [46]. This is 
supported by the results of research [47-48}, which showed that this model proved effective in 
improving cognitive learning outcomes and learning quality. Through projects relevant to the 
learning material, students can develop their understanding of the concepts taught. Through PJBL, 
students can apply their knowledge in a real-world context and strengthen their knowledge transfer. 

PJBL changes learning dynamics by emphasizing projects as the core of students' learning 
experience [49]. By integrating science concepts into relevant and engaging projects, students gain 
an understanding of the subject matter and develop their skills. The findings from their research 
indicate that PJBL is not just an alternative learning method but also an approach that can optimize 
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students' science success through contextual, collaborative, and project-centred approaches. The 
researcher's findings reflect the statement of Ergül and Kargın that Project-based learning and 
simulation effectively improve students' mathematical concepts and skills. 

PJBLS creates a powerful approach to learning where theory and practice come together to solve 
real-world problems. PJBLS brings a project element to learning, allowing students to engage in tasks 
that reflect real situations and require the application of theoretical concepts. On the other hand, 
Simulation presents an environment that allows students to experience and experiment with 
situations that may be difficult in the real world [50]. This aligns with previous research, which states 
that simulations based on real cases provide opportunities for students to relate abstract theories to 
real-world contexts that can strengthen their understanding [51]. By involving in simulations, 
students can see how concepts learned in class are applied in real situations to gain a deeper 
understanding. 

Through PJBLS, students can design and implement projects that require the application of 
theory in a practical context. This process involves decision-making, problem-solving, group 
collaboration, and creating a contextualized learning experience. Meanwhile, simulations allow 
students to test their knowledge and skills. PJBLS creates an approach that allows students to hone 
practical skills while understanding the theoretical foundation. Thus, combining PJBL and simulation 
becomes an effective learning method in preparing students to face real-world challenges by 
synergistically integrating theory and practice. This aligns with the statement [52-53] that PJBL helps 
students integrate and apply theoretical principles in practice to solve real-world problems. However, 
students used to traditional learning may needed help to control their time, gather information, and 
solve project problems effectively [54]. Students' learning outcomes and skills can improve due to 
group discussion learning.  

The application of this model plays a role in optimizing student skills through the group work 
process. Regarding this, [55] stated that PJBL is an effective method to help students develop critical 
thinking and problem-solving skills. Students do not just receive information, but they are actively 
involved in challenging problems. This process builds students' ability to construct arguments, 
evaluate information, and investigate concepts [56]. In addition, students are given challenges to face 
real-world problems, stimulating critical thinking in finding solutions to solve problems. This process 
stimulates problem-solving skills [57}, where students learn to face challenges together and 
investigate solutions creatively. Research has shown that student involvement in project activities 
promotes the development of creative thinking skills in problem-solving [58]. In this context, 
creativity is defined as the ability to generate new ideas and the ability to view problems from 
multiple perspectives and develop solutions. 

Other research also shows that students can develop their creative skills through active 
participation in learning activities [59]. Students are not only focused on understanding concepts but 
also tested in their ability to apply that knowledge in creating products. This process challenges 
students creatively and provides concrete results that can add to their understanding of the learning 
material. PJBL provides space for students to participate actively in the learning process. Project tasks 
in PJBL encourage significant learning, where students understand concepts in depth and develop 
problem-solving skills [60]. The challenges faced together encourage students to think critically to 
deal with complexity and explore various solutions. 
 
4. Conclusions 
 

Based on the research results, the project-based learning and simulation (PJBLS) model received 
a very valid assessment in each aspect observed. First, on the aspect of Rationale for the learning 
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model, which highlights the clarity of the selection of the learning model; second, Supporting Theory 
of Learning Model, which shows that there is a solid theoretical basis to support the application of 
the learning model; third, Description of Learning Model Syntax, which assesses the clarity and 
accuracy in explaining the structure and steps of the learning model; fourth, Implementation of the 
Learning Model, which shows the ability to implement the learning model well in learning; fifth, 
Syntax Interconnection in Learning Model, which highlights the alignment between various elements 
in the learning model; and finally, Support Platform, which assesses the availability and ease of access 
to platforms that support the implementation of the learning model. This research also shows that 
PJBLS contributes to developing effective and sustainable learning methods. The statistically 
significant difference between the pre-test and post-test scores indicates that implementing the 
PJBLS model in learning contributes positively to improving students' abilities and skills. Thus, 
applying the PJBLS model improves the quality of learning in higher education. The findings 
empirically confirm the model's effectiveness in improving students' academic achievement and 
provide a basis for developing more innovative and skill-oriented learning practices. In light of this 
research, it is essential to continue to encourage the integration of learning models into the higher 
education curriculum to ensure a more immersive and relevant learning experience for students. 
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