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Abstract. This design-based research focuses on designing a project-based 

learning activities carried out in one semester for the Mathematical Literacy 

course in 2023/2024 academic year in the Mathematics Education Study 

Program at Raja Ali Haji Maritime University. This one cycle research 

enables us to design, test, and revise our materials. The teaching experiment 

is conducted for pre-service teachers who enrol the course enhancing their 

mathematical literacy understanding by engaging in a project to design a 

program which integrates mathematical literacy into high school 

mathematics lesson in Tanjungpinang. The key feature of our design is 

making sense of phenomena of mathematical literacy and designing 

solutions to problems. The project task consists of four key activities: 

defining problems through literature analysis where pre-service students 

explore relevant literature of mathematical literacy and conduct field needs 

analysis which includes interview with mathematics teacher, classroom 

observations, and administering mathematical literacy test to students; 

designing the project administering the field analysis, finishing the project 

through active discussion with lecturer and peers, and conducting 

evaluation. This project task results observation instruments, picture of 

mathematical literacy of high school students’ in high schools in 

Tanjungpinang, and a learning design to integrate mathematical literacy for 

mathematics lesson. 

 

1 Introduction 

As Indonesia increasingly participate in the global economy and society, it is essential for the 

government and educational institutions to prioritize the development of 21st-century skills 

particularly among young generations. Mathematical literacy is related to skills such as 

critical thinking, analytical reasoning, and data interpretation, which are highly valued in the 

globalized world. According to the OECD, mathematical literacy is defined as individual’s 

capacity to reason mathematically and to formulate, employ, and interpret mathematics to 

solve problems in a variety of real-world contexts. It includes concepts, procedures, facts and 

tools to describe, explain and predict phenomena. It assists individuals to know the role that 
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mathematics plays in the world and to make the well-founded judgements and decisions 

needed by constructive, engaged and reflective 21st Century citizens [1]. Consequently, 

mathematical literacy is crucial to be developed especially for students through education, 

equipping them to understand and critically engage with the quantitative aspects of everyday 

life. It is then important for schools today in mathematics lesson to emphasize applying 

mathematics to real-world contexts, enabling students to understand the relevance of 

mathematics to daily life. 

 Besides that, Indonesia’s participation in international assessments like PISA 

(Programme for International Students Assessment) highlights the need for preparing 

mathematical literacy among students for competitiveness and alignment with global 

educational standards. However, the performance of Indonesian students in PISA indicates 

significant challenges in mathematics. Whereas mathematics PISA evaluates students’ ability 

in mathematical reasoning and problem-solving. It focuses on how well students can relate 

real-world contexts to mathematics concepts and apply these connections to solve problems. 

In the 2022 PISA assessment which mathematics is the major domain of assessment, 

Indonesian students scored significantly below the OECD average in mathematics. Almost 

no students reached Level 5 or 6, and only about 18% of Indonesian students achieving at 

least a Level 2 proficiency [2] [3] [4]. This level represents the ability to apply basic 

mathematical concepts to solve simple problems in real-world situations. Since Indonesia 

participated in PISA in 2003 to the latest in 2022, the results in the mathematics assessments 

have not shown consistent improvement over the years, generally a decline, where a 

significant drop is in 2022 showing only slight improve from the first time of participation in 

2003 [4] [5]. This results over the years reflect ongoing challenges and a significant need for 

improvement in education system for mathematical literacy, particularly in addressing 

learning loss following the COVID-19 pandemic. 

 The data of Indonesia's performance in mathematics reflects broader educational 

challenges, such as teacher training quality. Research indicates that teachers do not feel 

confident in their mastery of mathematical concepts, which impacts their effectiveness in the 

classroom [2] [6]. Furthermore, teaching practices often emphasizes rote memorization rather 

than foster reasoning and problem-solving skills, which are the framework of mathematical 

literacy in PISA. Government interventions, such as the School Literacy Movement (Gerakan 

Literasi Sekolah-GLS), initiated in 2016 to foster culture of reading and literacy in schools, 

where numeracy as a part of literacy, had not given the expected outcomes in mathematics 

performance in PISA.  

 While enhancing students’ mathematical literacy is crucial as the need of global skills 

and to improve educational outcomes in future international assessments, many research 

highlight and suggest strengthening teacher training and professional development. 

Nonetheless, there is limited focus on preparing pre-service mathematics teachers to 

understand and apply mathematical literacy concepts.  Establishing foundation during teacher 

preparation programs can ensure that future teachers enter the classroom equipped with the 

skills and confidence necessary to teach mathematics in ways that promotes problem-solving, 

critical thinking, and real-world applications.  

 In the Mathematical Literacy course in mathematics education study program of Raja 

Ali Haji Maritime University (UMRAH), pre-service teachers are aimed to understand what 

mathematical literacy is, why mathematical literacy is needed, and how mathematical literacy 

refers to PISA and AKM (Indonesia’s national assessments that align with PISA 

frameworks), as well as being aware of the condition of Indonesian students' mathematical 

literacy. Additionally, this course provides opportunities for pre-service teachers to develop 

21-st century competencies, including think analytically, solve problems, collaborate and be 

creative through activities to solve and analyze mathematical literacy problems, and design 
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creative learning activities that provide solutions to problems in schools related to 

mathematical literacy. 

 Therefore, this course employs Project-Based Learning (PjBL) as a central method, 

giving pre-service teachers the opportunity to apply theoretical concepts in practical settings. 

Through PjBL, the pre-service teachers gain experience in designing contextualized 

mathematics concepts. This research aims to describe how PjBL design and implementation 

for the Mathematical Literacy course to prepare pre-service teachers support mathematical 

literacy development in their future classrooms.  

2 Method  

This research uses design-based research method [7] giving descriptive analysis of designing 

and revising the tasks of project-based learning (PjBL) approach in the Mathematical 

Literacy course, implementing, and evaluation. Subject research includes pre-service 

mathematics teachers who enroll in the Mathematical Literacy course academic year 

2023/2024 at FKIP Raja Ali Haji Maritime Education (UMRAH), in Tanjungpinang, Riau 

Islands. The subjects are selected based on their enrolment in the course, ensuring they are at 

an appropriate stage in their teacher training program to engage with PjBL tasks. The one-

cycle stages involved in this research are the preparation phase, design experiment, and 

retrospective analysis. Data is collected through a combination of methods: observations are 

conducted to monitor interactions during PjBL sessions, semi-structured interviews to gather 

pre-service teachers’ perspective on their experiences with PjBL, and field notes for 

reflective journals throughout the course. All this data is descriptively analysed and used to 

get information for redesigning PjBL tasks. During the preparation phase, review of literature 

on PjBL is carried out; our conjecture through lesson plan and students' PjBL guideline are 

developed. This includes project framework, sequence of project activities, and assessments. 

The design experiment phase involves teaching experiment in one semester. In the 

retrospective analysis phase, the PjBL design is evaluated by comparing it with the actual 

classroom learning process. 

3 Results and Discussion 

3.1 Preparation phase  

In this phase we design the structure of the Project-based Learning (PjBL) model for the 

Mathematical Literay course. This includes literature review on PjBL, the development of 

project framework to decide the type of projects and the sequence of learning activities, and 

the development of learning instruments. 

3.1.1 Literature Review on PjBL 

PjBL is an instructional approach that encourages students to engage in meaningful projects 

related to real-world contexts. PjBL puts emphasise on assigning tasks, particularly in the 

form of projects that can lead students to experience an inquiry process [8]. Rooted in 

constructivist theories: Dewey and Vygotsky, PjBL emphasizes active learning, 

collaboration, and problem-solving. Students take an active role in exploring complex 

questions and developing solutions, which can improve critical thinking and deepen content 

understanding [9] [10].  

The Indonesian Ministry of Education, Culture, Research, and Technology advocates for 

PjBL in universities as part of a broader effort to align education with 21st-century skills and 
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promote interactive, holistic, integrative, scientific, contextual, collaborative, and student-

centred learning [11]. This shift is seen within the framework of the Merdeka Belajar (or 

Emancipated Learning) reform, which emphasizes autonomy, character building, and 

practical skills. PjBL allows students to experience real-world problem-solving, promoting 

critical thinking, creativity, collaboration, and communication. By involving students in 

complex, authentic projects, PjBL encourages active learning and helps develop students’ 

independence and social responsibility. This learning model aligns with the ministry’s 

response to global education trends, aiming to help students apply knowledge practically 

while enhancing their skills and cognitive development. 

The Ministry of Education, Culture, Research, and Technology [12] adopt PjBL 

framework from The George Lucas Educational Foundation which includes six stages : 

1. Start with the essential question : initiate the project by asking open-ended questions  

2. Design a plan for the project : collaborate with students to set project goals,  

3. Create a schedule : organize and manage the schedule, 

4. Monitor the students and the progress of the project : provide feedback from teachers 

and peers on both the process and the final product, 

5. Assess the outcome  

6. Evaluate the experience 

3.1.2 Development of Project Framework 

The development of the project framework for the Mathematical Literacy course is 

alligned with the course learning outcomes (CLOs), which are : 1) understanding the basic 

concepts of mathematical literacy ; 2) understanding the domain of mathematical literacy and 

its evaluation ; 3) solving school mathematics literacy questions; 4) analyzing problems in 

schools related to mathematical literacy; ang 5) designing school mathematics literacy 

learning that supports the development of students' mathematical literacy. 

To achieve the CLOs, the course is designed with PjBL model [8] where along the stages 

of the project, pre-service teachers progressively build knowledge, starting with an 

understanding of basic concepts and moving toward complex applications in real classroom 

settings. This setting gives chance for pre-service teachers master both the theoretical and 

practical aspects of mathematical literacy. 

 The course project framework is structured to engage pre-service teachers in authentic, 

hands-on tasks that reflect the practical challenges of teaching mathematical literacy in 

schools following the 6 stages of PjBL of The George Lucas Educational Foundation [8]. 

The project outcome intended in this course is that pre-service teachers can design a 

mathematical literacy learning program based on challenges they find in schools through 

observation and giving test. This enables pre-service teachers design and evaluate 

mathematical literacy tasks to enhance students’ mathematical literacy. 

Therefore, the project task design begins with Step 1: Starting with the essential 

question, where the pre-service teachers are introduced a phenomenon: reports and 

literatures about current issues of mathematical literacy, especially Indonesian students low 

score in mathematics PISA (Programme for International Student Assessment). In this step, 

the pre-service teachers are driven with problems to be explained, experienced, and solved. 

During the exploration understanding this phenomenon, the pre-service teachers must collect 

information. We design learning activities, weekly, that they explore mathematical literacy 

domain in PISA, examples of mathematical literacy practices in schools especially from 

practices of the School Literacy Movement (Gerakan Literasi Sekolah-GLS), program of 

Indonesia government [13]; and then explore assessment of mathematical literacy with PISA 

domain and National Assessment. By this process, they continuously develop understanding 

of concepts of mathematical literacy referring to PISA. 
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In Step 2: Designing a plan for the project, where pre-service teachers collaborate in 

team to outline the tasks for the final project of designing mathematical literacy learning 

program based on actual school condition. The tasks include strategies needed to address the 

question of how to design a mathematical literacy program. The pre-service teachers need to 

seek for actual data from real classroom practices in high schools in Tanjungpinang, Riau 

Islands for their initial point to start design the program. Therefore, we include learning 

activities where they practice observation and experience giving mathematical literacy test. 

In Step 3: Creating a schedule, involves setting a timeline for each phase of the project 

and including checkpoints and deadlines to keep students on track and manage the project's 

progression effectively over the semester. As pre-service teachers work through their project. 

In Step 4: Monitoring, we set progress presentation where peers and lecturer can give 

feedback and guidance about their work to stay aligned with the learning objectives. We 

provide guideline to them what to focus on observation and test result. This happens in 

several meetings, where we discuss the results from each team’s observation, test results, and 

continue follow up this field analysis result to draft a design program. 

In Step 5: Assessing the Outcome focuses on evaluating the final project based on 

predefined criteria that reflect the Course Learning Outcomes (CLOs). Finally, in Step 6: 

Evaluating the Experience, provides an opportunity for reflection. Pre-service teachers 

analyse their learning process, identify successes and challenges, and consider how they 

would apply what they’ve learned in future teaching scenarios.  

3.1.3 Development of Learning Instruments 

The learning instruments are designed to achieve the CLOs and align with PjBL stages 

used in this course. The learning instruments consist of some materials that support each 

stage of the PjBL process which include lesson plan, project guideline, and assessment rubric. 

The lesson plan provides a scaffolded approach outlining the objectives, activities, and 

expected outcomes of each lesson. The framework of PjBL in lesson plan ensures the pre-

service teachers progressively comprehend understanding of mathematical literacy. At the 

beginning, we design the outline of the course (see Figure 1) and then transform it into 

UMRAH lesson plan format (see Figure 2). We outline the activities into 3 main activities 

align with PjBL stages: exploring the foundational elements of mathematical literacy 

(meeting 2 to meeting 3); exploring its domain and evaluation methods (meeting 4 to meeting 

6). These two main activities are at stage 1 in PjBL; and applying this understanding in 

practical scenarios (meeting 7 to meeting 15) for stage 2-6 of PjBL. 
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 Fig. 1. Course overview of Mathematical Literacy course. 
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Fig. 2. Lesson plan of Mathematical Literacy course. 
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 On the other hand, the project guidelines serve as a framework for pre-service teachers 

to understand the expectations of each project stage. The guideline is provided for each 

meeting including references to readings and instructions that support their project work (see 

figure 3 and figure 4 for the examples of the guideline). 

 

 
 
Fig. 3. Guideline for meeting 2 
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Fig. 4. Guideline for meeting 7 
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To evaluate both the process and outcome of the project, assessment rubric is created to 

assess the final project. The rubric includes criteria (see Figure 5) to asses pre-service 

teachers’ ability to design mathematical literacy program for school they observe. 

 
Fig. 5. Assessment rubric for project product 

3.2 Design experiment and retrospective analysis 

In this phase, we describe how the PjBL is implemented in the course setting and do the 

retrospective analysis for revision of our design. This includes pre-service teachers 

engagement and participation, adjustments made comparing lesson plan and actual 

implementation. 

 During the design experiment, pre-service teachers progress through the six stages of the 

PjBL model: starting with the essential question, designing a plan for the project, creating a 

schedule, monitoring progress, assessing outcomes, and evaluating the experience. The 

design experiement is done in one semester. The pre-service teachers are grouped in team of 

3 members. 
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3.2.1 Start with the essential question 

In this stage, we design activities where pre-service teachers explore fundamental concepts 

of mathematical literacy and Indonesia current issue of mathematical literacy in meeting 1 to 

meeting 3 and then explore domain and evaluation methods in meeting 4 to meeting 6. 

Specifically, in meeting 1 and 2, pre-service teachers are proposed a research result which 

provides both literature review of concept of mathematical literacy and Indonesia 

mathematics PISA results [14] [15]. In meeting 3, the pre-service teachers start exploring the 

examples of classroom practice of mathematics lesson focusing numeracy (term used in 

Minimum Competency Assessment-AKM). Hereafter, in meeting 4 to meeting 6, the 

preservice teachers explore mathematical literacy based on PISA framework and AKM 

which is aligned with PISA: the mathematical process, content domain, context, and skill 

levels. 

Based on our observation, separating understanding concept of mathematical literacy and 

domain and evaluation methods is not effective in achieving understanding for the pre-service 

teachers. Many of them struggle to connect the theoretical aspects of mathematical literacy, 

such as the core concepts and the assessment, with the practical application in classroom 

settings. As a result, we observe some disconnect between their understanding of the 

foundational concepts and their ability to critically engage with the evaluation methods. 

Moreover, practicing mathematical literacy in just one meeting is not enough to allow pre-

service teachers to fully grasp experiencing solving mathematical literacy problems. 

Therefore, we find that merging the exploration of concepts with domain and evaluation 

methods, practicing solving problems, into a single integrated activity might provide a more 

holistic understanding and then continue to introduce them to real-life classroom scenarios 

where mathematical literacy concepts are applied would help bridge the gap between theory 

and practice. For practice phase, we suggest extending to several sessions to give pre-service 

teachers more time to experiment solving various and more assessment items of mathematical 

literacy. Also, for refinement, we need to provide more update of mathematical literacy 

framework and assessment items that are used in PISA 2022 to the course. 

3.2.2 Create a schedule 

In this stage, pre-service teachers guided by the lecturer create a schedule to manage the 

development and completion of their final project, which involves designing a mathematical 

literacy learning program as real classroom needs. The structure is spanned from meeting 7 

to meeting 15. The pre-service teachers at the beginning in meeting 7 engage in a practice 

video observation, where they discuss and reflect some aspects they need to observe 

especially on classroom mathematical literacy. This initial practice outcome is then 

developed into observation instrument to prepare them for the actual school observation in 

meeting 8, where they visit a high school in Tanjungpinang, Riau Islands, to observe 

classroom practice and identify challenges related to mathematical literacy. This observation 

provides critical insights into how mathematical literacy concepts are addressed in 

mathematics lesson, enabling the pre-service teachers to identify specific areas for 

improvement. In meeting 9, the pre-service teachers in team prepare assessment test items 

from PISA and AKM to evaluate students' mathematical literacy.  

 Following data collection from observation and test, meeting 11 and meeting 12 focus 

on data analysis, where pre-service teachers are guided to analyze the observation and test 

results to identify patterns, strengths, and areas needing improvement in students' 

mathematical literacy (see Figure 6 and Figure 7). This analysis helps them gain a deeper 

understanding of the types of mathematical challenges students face, which will inform their 

project design and which PISA domain they need to focus on. During meeting 13 to 15, the 
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pre-service teachers work in team to develop a comprehensive mathematical literacy 

program. 

 

 
 

Fig. 6. Observation report guide 
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Fig. 7. Test report guide 
 

 Based on our observation and discussion with pre-service teachers, this scenario is 

effective enough for them to conduct field analysis prior to designing a mathematical literacy 

lesson. The pre-service teachers engage in active discussion how to translate the field 

observation and analyse test data. However, our issue is task arrangement. We find that 

separating the observation and test phases by scheduling them as distinct tasks is not optimal. 

Ideally, the process of observing classroom practices and analysing test results should be 

intertwined, as they offer complementary perspectives on students’ mathematical literacy. 
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3.2.3 Monitor the students and the progress of the project, assess the outcome, 
and evaluate the experience 

In this stage, we focus on monitoring both the progress of the pre-service teachers' projects 

and their engagement with the learning process. Throughout the semester, we ensure that 

teams are on track with their project timelines, receiving the necessary support, and 

addressing any challenges that arise. We make sure their understanding of mathematical 

literacy concepts especially on implementing the domain of mathematical literacy in their 

design. 

 As the projects progress, pre-service teachers are encouraged to assess their own work 

and other team’s, evaluate and make adjustments where needed. This involves both self-

assessment and peer review. In the assessment process, we focus on the alignment of their 

program with the PISA or AKM frameworks, as well as the appropriateness of their proposed 

program in addressing the identified gaps in students' mathematical literacy. 

 Toward the end of the project, a final evaluation is conducted, involving discussion of 

the pre-service teachers experience along the learning process in this course. From 10 teams, 

we have 10 mathematical literacy program that can be implemented in real classroom setting. 

4 Conclusion 

In this study, we implement and evaluate a Project-based Learning (PjBL) task design of 

Mathematical Literacy course for pre-service mathematics teachers. The aim is to provide 

these prospective teachers with a comprehensive understanding of mathematical literacy, 

particularly as it relates to the PISA and AKM assessments.  

Throughout the course, we identified both strengths and challenges. The PjBL effectively 

engage pre-service teachers in collaborative problem-solving and critical reflection on their 

learning process. However, challenges emerge in terms of the sequencing of tasks—

particularly at the initial stage of PjBL start with question, and the separation of observation 

and test data analysis—which hindered a more integrated understanding of classroom 

practices and assessment methods. Based on our observations, we suggest merging these 

activities to create a more holistic and continuous learning experience. 

The course design allows the pre-service teachers experience developing observation 

instruments, preparing test instruments, and execute them to the school. Therefore, we get 

picture of how mathematical literacy is usually conducted at school and how mathematical 

literacy of students in Tanjungpinang. The data analysis from this is used by the pre-service 

teachers to design mathematical literacy program. 

References 

1. OECD, PISA 2022 Assessment and Analytical Framework, PISA, OECD Publ. (2023). 

2. E. GPS, "Indonesia Student performance (PISA 2022)," OECD, [Online]. Available: 

https://gpseducation.oecd.org/CountryProfile?primaryCountry=IDN&treshold=10&top

ic=PI. 

3. "Education Ministry Talks of Drop in Indonesia's PISA 2022 Score," TEMPO.CO, 

[Online]. Available: https://en.tempo.co/read/1806908/education-ministry-talks-of-

drop-in-indonesias-pisa-2022-score. 

4. OECD, PISA 2022 Results: Factsheets-Indonesia, OECD (2023). 

5. OECD, "PISA 2022 Results (Volume I and II) - Country Notes: Indonesia," OECD, 

[Online]. Available: https://www.oecd.org/en/publications/pisa-2022-results-volume-i-

and-ii-country-notes_ed6fbcc5-en/indonesia_c2e1ae0e-en.html, (2023). 

 

SHS Web of Conferences 205, 06020 (2024)

ICOME 2024
https://doi.org/10.1051/shsconf/202420506020

14

https://gpseducation.oecd.org/CountryProfile?primaryCountry=IDN&treshold=10&topic=PI
https://gpseducation.oecd.org/CountryProfile?primaryCountry=IDN&treshold=10&topic=PI
https://en.tempo.co/read/1806908/education-ministry-talks-of-drop-in-indonesias-pisa-2022-score
https://en.tempo.co/read/1806908/education-ministry-talks-of-drop-in-indonesias-pisa-2022-score
https://www.oecd.org/en/publications/pisa-2022-results-volume-i-and-ii-country-notes_ed6fbcc5-en/indonesia_c2e1ae0e-en.html
https://www.oecd.org/en/publications/pisa-2022-results-volume-i-and-ii-country-notes_ed6fbcc5-en/indonesia_c2e1ae0e-en.html


 

 

6. S. Revina, "Indonesian students’ scores in the PISA global assessment dropped, teacher 

quality and quality disparity are the main causes," SMERU, [Online]. Available: 

https://rise.smeru.or.id/en/blog/indonesian-students%E2%80%99-scores-pisa-global-

assessment-dropped-teacher-quality-and-quality, (2019). 

7. S. Barab and K. Squire, THE JOURNAL OF THE LEARNING SCIENCES 13, 1, 1–14 

(2004). 

8. Lucas Education Research, Key Principles for Project-Based Learning, George Lucas 

Educ. Found. 

9. B. Condliffe et al., Project-Based Learning: A Literature Review, MDRC (2017). 

10. E. Indrawan, J. Nizwardi, and S. Syahril, Int. J. Sci. Res. (IJSR) 8, 14, 1014–1018 (2019). 

11. Ministry of Education, "Permendikbud 3 Tahun 2020 tentang Standar Nasional 

Pendidikan Tinggi," Indonesia (2020). 

12. N. Nizam and S. G. Partiwi, "Panduan Implementasi Pembelajaran Berpusat Pada 

Mahasiswa," Directorate of Higher Educ., Jakarta (2023). 

13. N. Nurhasanah, R. Rahman, and T. Nugraha, "Implementation Outcomes of Literacy 

Movement through The Habituation, Development and Learning Stages for Indonesian 

Elementary School Students," 3rd Int. Conf. Elementary Educ., Bandung (2020). 

 

SHS Web of Conferences 205, 06020 (2024)

ICOME 2024
https://doi.org/10.1051/shsconf/202420506020

15

https://rise.smeru.or.id/en/blog/indonesian-students%E2%80%99-scores-pisa-global-assessment-dropped-teacher-quality-and-quality
https://rise.smeru.or.id/en/blog/indonesian-students%E2%80%99-scores-pisa-global-assessment-dropped-teacher-quality-and-quality

