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Abstract 

Project Based Learning (PjBL) is a learning model with an inquiry approach that adopts 
student-centered learning. This research was apre-experimental quantitative research with 
a one group pretest-posttest design which aims to analyze the effectiveness of learning 
through the implementation of PjBL. This research involved a class of students at a Junior 
High School in South Sulawei Province. Data collection included: 1) the test consists of 5 essay 
questions with cognitive level C5; 2) an attitude assessment observation sheet that measures 
the attitude of mutual cooperation, critical reasoning, conscientiousness and responsibility; 
3) skills assessment sheet that measures the ability to observe, ask questions, explore, 
process data and communicate; 4) project assessment sheet, measuring the project 
implementation stage, results stage, and presentation stage. The data analysis technique used 
descriptive analysis and inferential analysis using paired-sample t-test with Shapiro Wilk 
normality test requirements. The research results concluded that PJBL is effectively 
implemented to improve the quality of research processes and results. The effectiveness 
indicators are described as follows: 1) Learning outcomes after implementing PjBL reach the 
very high category, there is a significant difference between the Pre-test and post test, the 
average student learning outcomes after implementing PjBL are higher than student learning 
outcomes before the action; 2) a series of learning activities carried out by students in PjBL 
such as observing skills, asking questions, exploring, processing data, and communicating are 
able to empower students' skills so that students' skills meet the very good category; and 3) 
students' attitudes in the learning process which include mutual cooperation, critical 
reasoning, thoroughness and responsibility meet the very good category. 

Keywords: project based learning (PjBL); learning effectiveness; learning outcomes, skills 
and attitudes 
 

 
1. Introduction 

PISA (Program for International Student Assessment) measures how well students, at 
age 15, are equipped to deal with problems they may face in the future [1], [2]. Participants 
include OECD member countries as well as more than 30 non-member economic partner 
countries [3]. PISA consists of several literacies, one of which is mathematical literacy [3]. 

The ability to articulate, apply and interpret mathematics in a variety of situations, and 
the capacity to use concepts, processes and facts to describe, explain or anticipate 
phenomena or events, are all part of what the OECD defines as mathematical literacy [4]. 
Understanding the function or application of mathematics in everyday life and using it for 
decision-making as a responsible, wise and constructive citizen are both made possible by 
mathematical literacy[5]. 
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The PISA process involves seven important things as follows: (1) Communication; (2) 
Mathematishing; (3) Representation; (4) Reasoning and Argument; (5) Devising Strategies 
for Solving Problems; (6) Using Symbolic, Formal and Technical Language and Operation; and 
(7) Using Mathematics Tools [2]. This study focuses on the ability of the Using Symbolic, 
Formal and Technical Language and Operation process. 

Your abilitysing Symbolic, Formal and Technical Language and Operation Mathematical 
literacy involves the ability to use symbolic language, formal language and technical language 
and mathematical operation skills [4]. After seeing a problem, someone is asked to name and 
understand it. An important stage in understanding, describing and defining problems is 
modeling. It may be necessary to summarize and report interim results to find answers. In 
addition, if a solution is established, the findings must be communicated to others along with 
justification and explanation. Presenting the results of problem solving requires 
communication skills (OECD, 2019). Communication is a routine in interacting between two 
or more people. Speaking and writing mathematical concepts to friends, teachers and others 
in a way that can be understood while providing arguments and explanations is known as 
mathematical communication [6], [7]. According to Sumarmo Students' mathematical 
communication skills include: 1) Integrating mathematical concepts with real-world objects, 
images, and diagrams; 2) Using real-world examples, images, graphs, and algebra to explain 
mathematical concepts, situations, and relationships orally or in writing; 3) Putting ordinary 
events into mathematical words or symbols; 4) Making conjectures, gathering evidence, 
developing definitions and generalizations, and writing about mathematics are important 
skills to develop; 5) You should also be able to explain and ask questions about mathematics 
that has already occurred [8]. 

The ability to communicate mathematically is a very important talent for students to 
have. However, the problem that often arises is that students' responses to the information 
they receive are often not as expected. Because mathematics is full of terms, symbols, and 
symbols, it is natural that students are good at solving mathematical problems but are unable 
to explain their solutions to others [9]. In addition, according to Ningtyas,  certain students 
tend to be less confident when expressing their mathematical concepts [10]. Both orally and 
in writing, the ability to describe and communicate mathematical concepts is very important. 
A key element of the mathematical communication standards that students must have is the 
ability to express mathematical ideas from a text both orally and in writing. Students' 
mathematical communication skills are influenced by their mathematical abilities.[9]–[11]. 

In addition to communication skills, mathematical skillsis also very important. To 
understand a mathematical result or model into its original problem, or to transform a 
problem from the real world into a mathematical form or vice versa, one must have 
mathematical literacy, this is called "mathematising"[4], [12]. This is in line with the opinion 
Kholifasari et al. which states that because students' ability to use mathematics to solve 
problems in their daily lives cannot be separated, mathematical literacy skills are very 
important for learning mathematics [13]. This is what connects the mathematics that 
students learn in class with the application of mathematics in the real world. 

Next is representational ability. The capacity of students to convey mathematical 
concepts or ideas in a certain way is known as representational ability [14]. Students' 
mathematical concept representation is an effort to overcome the problems faced. 
Mathematical concepts can be represented in various ways while dealing with problems, 
including images, tables, graphs, numbers, letters, and other symbol [15]. This is in line with 
the statement Hardianti & Effendi which states that representation ability is the capacity to 
select, interpret, translate, and use graphs, tables, images, diagrams, formulas, equations, or 
concrete objects to depict problems in a way that makes them easier to understand [16]. 

However, the importance of these abilities is inversely proportional to the results of 
PISA. PISA statistics show that the achievements of Indonesian students are still far behind 
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other countries. Based on the results of the 2006 PISA ranking, Indonesia's mathematical 
literacy ability was ranked 50th out of 57 participating countries, ranked 61st out of 65 
participating countries in 2009, and ranked 64th out of 65 participating countries in 2012 
[4]. The latest PISA results in 2018 also show that Indonesia's mathematical literacy score is 
still below the international average score, which is 379 out of 489 [2]. 

By analyzing the results of the PISA exam which consistently places Indonesia in the 
bottom 10, it is clear that Indonesian students often make mistakes and have difficulty in 
solving PISA mathematical literacy questions of the story type. This problem is in line with 
the statement Parnitasari & Ratu which states that students experience difficulties in 
completing PISA questions which causes students to make mistakes and obtain low results  
[17]. Novferma said that less than optimal learning outcomes were caused by students 
experiencing difficulties so that mistakes occurred [18]. In addition Trapsilo said that the 
mistakes made by students occurred because students had difficulty in interpreting real 
context problems into algebraic forms [19]. Another cause was that students were not careful 
in doing calculations [20]. 

Based on this background, it will be analyzed students' errors related to the process 
elements in solving PISA Mathematics literacy questions. Where this research will be 
conducted on 9th grade students of SMPN 21 Bengkulu City. 
 

2. Method 

This study aims to analyze student errors related to the elements of the PISA 
mathematical literacy process. Therefore, the research used is qualitative descriptive 
research. SMPN 21 Bengkulu City became the location of the research. Grade 9 students of SMPN 21 
Bengkulu City were used as research subjects.. The data of this study are students' errors in 
solving PISA questions. The data collection method used is the semi-structured test and 
interview method. Test and interview instruments are the instruments of this research. Essay 
and multiple choice questions are the test formats in this research. The test findings are expanded 
by using an interview guide. Data analysis was conducted descriptively and analytically, with 
the criteria, namely if students make mistakes related to the elements of the PISA 
mathematical literacy process, then the student is declared to have made mistakes in the 
elements of the PISA mathematical literacy process, this can be seen in table 1, as follows: 

Table 1 List of Student Process Element Error Assessments in Completing PISA Mathematical 
Literacy 

Process 
Elements 

Category Students Make Mistakes 

Communication 1. Students write their answers in an unstructured/unorganized manner, which 
confuses the corrector/teacher. 

2. Unable to explain the answer verbally during the interview. 
3. For multiple-choice questions without descriptions, students are said to have 

made an error if they answer incorrectly, which means that the student is 
unable to read/understand the question properly. 

4. Did not answer the question. 
Mathematising 1. Students are wrong in making a mathematical model of the problem correctly. 

2. Did not answer the question. 
Representation 1. Students make mistakes in creating images to represent their explanations. 

2. Did not answer the question. 

 

3. Result and Discussion 
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The test for this study was conducted at SMPN 21 Bengkulu City with samples of classes 
9.1 and 9.2, each consisting of 32 and 34 students. Class 9.1 is a superior class while class 9.2 
is a bilingual/independent class. This sample was chosen because according to the teacher, 
this class is more talented than other classes. However, 10 children in class 9.1 showed below 
average mathematics abilities, as shown by interviews with their teachers. So this class is 
quite representative of classes with low and medium ability students. To determine students' 
abilities and errors in answering PISA mathematical literacy questions, this study used two 
types of instruments, namely tests and interviews. 

Table 2 shows the results of students' ability tests on the PISA mathematical literacy 
process elements. 

 
Table 2 Summary of Student Errors in the Elements of the 2012 PISA Mathematical Literacy Process 

No 
Process 

Components 
Cla
ss 

Many Students Master Process Skills Percen
tage 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

 

Using 
Symbo

lic, 
Forma
l and 

Techni
cal 

Langu
age 
and 

Operat
ion 

Symbol
ic 

9 2 20  28 11 11 19 31 33 11 21 19 16 26 26 15 16 

49.82% 

9 1 26  32 7 3 2 24 17 8 12 14 10 14 14 8 23 

Operat
ion 

9 2 33 21 16 8 6 7 31 25 11 21 21 10 23 26 15 16 

9 1 26 2 32 7 3 2 24 17 8 12 14 10 14 14 8 23 

 

Based on the analysis of table 2 of student errors on PISA mathematical literacy questions, it 
can be seen that the first process error is communication. Communication process errors are 
related to students' errors in explaining their answers in writing. In question number 2, there 
were 24 students in class 9.2 and 31 students in class 9.1 who were unable to explain their 
answers properly. This shows that there are still many students who make communication 
errors. However, in question number 10, there were only 8 students in class 9.1 and 5 
students in class 9.2. Likewise for questions 4 and 22, there were no students in class 9.1 and 
1 student in class 9.2 who made communication errors. Figure 1 is an example of a student's 
answer that made a communication process error. The student only wrote a direct answer of 
90, he should have written in detail the process of getting the answer. 

 
 

Figure 1 Example of Student Answers that Made Communication Process Errors in Number 10 
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Based on the interview results, students are confused about how to write the correct 
solution to the problem. This can be seen from the following interview results. 

Figure 2 Interview Results Showing Communication Errors 

 
Based on the students' answers to question number 10 and the results of the student 

interviews, the students were unable to explain their answers in good and correct written 
form, and did not read the questions carefully. This shows that students have poor 
communication process skills. Based on the results of this study, 40.85% of students were 
unable to understand the questions, did not read the questions carefully, and were unable to 
explain their answers in good and correct written form. This is in line with research 
conducted by Sholihah et al. which states that students are less careful and lazy to read long 
questions [21]. 

The second type of process error is mathematising. Mathematising process errors are 
related to students' errors in creating mathematical models of problems. The most common 
mathematising process errors made by students are in question number 9, with 30 students 
in class 9.1 and 25 students in class 9.2. In question number 8, there were 29 students in class 
9.1 and 23 students in class 9.2 who still made mathematising process errors. This shows that 
in this question, students are still unable to create mathematical models of problems. The 
fewest mathematising process errors made by students were in question number 3, with 6 
students in class 9.2 and 2 students in class 9.1 who made mathematising process errors. This 
shows that in this question, only a few students were unable to create mathematical models 
of problems. Figure 3 is an example of a student's answer that made a mathematising process 
error. The mathematical model created is not quite right, students wrote Rope/90o when the 
correct answer should be Rope/45o. 

 

 
 

Figure 3 Example of Student Answers that Made Mathematising Process Errors in Question Number 
8 

This is supported by the results of interviews with students who made the mistakes. 
Students are still unable to create mathematical models correctly. The following are the 
results of interviews with students. 

ICE : Now pay attention to question number 10. How can you answer 90 mL? 

RJ : It is known that 100 mL of sauce requires 60 mL of salad oil, sir. So if 150 mL of sauce means you 
still need 50 mL more sauce, sir. Because 100 mL of sauce requires 60 mL of salad oil, so 50 mL of 

sauce requires 30 mL of salad oil. So if 150 mL of sauce requires 60+30=90 mL of salad oil, sir. 

ICE : You can answer that. Why don't you write the answer? 

RJ : Yes sir, I understand what you mean.But I'm confused about how to write it, sir.. 
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Figure 4 Interview Results Showing Mathematising Errors 

Based on the students' answers to question number 8 and the results of the student's 
interview, the students were unable to create a mathematical model of the existing problem. 
This shows that students make mistakes in the mathematising process. This is in line with 
research conducted by Trapsilo which states that many students have difficulty in changing 
real context questions or problems into mathematical or algebraic models [19]. Based on the 
results of this study, 48.59% of students made the wrong mathematical model from the 
existing questions. 

The third type of process error is representation. Representation process errors are 
related to students' errors in making drawings. The most representation process errors made 
by students are in question number 8, as many as 29 students in class 9.1 and 24 students in 
class 9.2. This shows that in this question there are still many students who have not been 
able to make drawings that can help students explain their answers. The least representation 
process errors made by students in question number 1, as many as 6 students in class 9.2 and 
13 students in class 9.1. In question number 23 there are 8 students in class 9.2 and 18 
students in class 9.1 who made representation process errors. This shows that in this 
question only a few students are unable to make drawings that can help students explain their 
answers. Figure 5 is an example of a student's answer that made a representation process 
error. The student represents the width of the roof as 4 units, he should have used Pythagoras 
so that the width of the roof is 5 units. 

 
 

Figure 5 Example of Student Answers that Made Representation Process Errors in Number 23 

ICE : Now pay attention to your answer to number 8. Try to explain it to me. 

PM :It is known that the rope is facing a right angle (90o), and 45o facing the height (150 m). Then 

asked about the length of the rope. So, we can make a ratio rope/90o = 150m/45o, so length of 
rope= (150 m/ 45o )x 90o = 300m. 

ICE :PM is not like that. What we should see is a triangle with angles of 90o and 45o so the other 

angle is 45o, so the image of the triangle is an isosceles right triangle. If the height is 150m then 

the length of the base side is also 150m.So to find the length of the kite string we use Pythagoras. 
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This is supported by the results of interviews with students who made the mistake. 
Students are still not right in drawing the roof, namely in the size of the roof width. The 
following are the results of interviews with students. 

 
Figure 6 Interview Results Showing Representation Errors 

Based on the students' answers to question number 23 and the results of the student 
interviews, the students were wrong in describing the width of the roof of the house. This 
shows that students made mistakes in the representation process. Based on the results of this 
study, as many as 53.41% of students made the wrong drawings. This is in line with the 
results of the study Kusumaningtyas which states that students make many mathematical 
representation errors [22]. 

 

4. Conclusions 

Some process errors made by students in completing the 2012 PISA mathematical 
literacy are as follows: 
a. The first type of process error is communication error. As many as 40.85% of students 

were wrong in explaining their answers. The most common student errors were due to 
students not being able to understand the questions, not reading the questions carefully, 
and not being able to explain their answers in a good and correct written form. 

b. The second type of process error is mathematising error. As many as 48.59% of students 
made the wrong mathematical model of the existing problem. The most errors occurred 
because students were unable to model everyday life problems into mathematical 
language. 

c. The third type of process error is representation error. As many as 53.41% of students 
made the wrong picture. The most student errors occurred because students were not 
precise in making pictures as a form of representation of the problem. 
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