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Abstract 

Good knowledge construction is a guarantee of achieving better learning outcomes. In the context of our current 

study, the PBL model is implemented in the classroom and further evaluation of students' cognitive learning 

outcomes is carried out. Specifically, the purpose of this study is to evaluate student learning outcomes on 

square material in the application of the PBL model. This research is a quasi-experimental with pretest-posttest 

control group design. The number of research samples for each group was 25 students in a private Islamic 

school (equivalent to a secondary school) in Mataram, Indonesia. Data on student learning outcomes was 

collected using a learning outcome test instrument on square material. Descriptive and statistical analysis was 

carried out on student learning outcomes data, this was analyzed using the SPSS.23 tool. The results of the study 

show the advantages of the PBL model in improving student learning outcomes when compared to conventional 

learning. Finally, we recommend the use of this model in learning mathematics to improve student learning 

outcomes.   
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INTRODUCTION 

Mathematics is a universal science that underlies the development of modern 

technology, has an important role in scientific disciplines and advances human thinking 

(Belbase et al., 2021; Hillmayr et al., 2020). Rapid developments in the fields of technology, 

information and communication today are based on the development of mathematics in many 

content (Viberg et al., 2020). Generally, mathematics lessons at school are often one of the 

subjects that are often feared and disliked by most students. Mathematics is an abstract, 

theoretical science, full of symbols and formulas that are difficult and confusing, and this is 

an unpleasant learning experience in mathematics. Such thinking will clearly affect individual 

mathematics mastery because negative perceptions have existed due to their previous 

learning experiences (Salamah, 2020). As a result, mathematics lessons are no longer viewed 

objectively, they are not interested in mathematics before trying it. Basically, the implication 

of learning mathematics is to encourage students' initiative and give them the opportunity to 

think differently, encourage curiosity, the ability to argue and predict, appreciate discoveries 

as useful (Palmér & Johansson, 2018). In learning, the teacher has the task of encouraging, 

guiding and as a learning facilitator for students, and is responsible for seeing everything that 

happens in the classroom to help the student's development process (Li & Stylianides, 2018). 

In reality, in the field, the process of learning mathematics is not always accompanied 

by ease in achieving learning objectives as expected. Until now, mathematics learning 

activities in schools have not shown satisfactory results. This can be seen from the results of a 
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survey by TIMSS (Third International Mathematics and Science Study) and PISA 

(Programme International for Students Assessment), where the results of TIMSS show that 

Indonesian secondary school students are ranked 34th out of 38 countries, while in PISA in 

2015 was ranked 63 out of 70 countries. The results of the two studies indicate that Indonesia 

needs to make improvements in mathematics learning (Nurvicalesti & Dewi, 2019). Students 

must be given the opportunity to develop their potential so that they are able to use 

mathematics as a tool to develop effective reasoning (Morsanyi et al., 2018). Low 

mathematics learning outcomes were also found in one secondary school in Mataram, 

Indonesia. Based on the results of field observations, it was found that the low student 

learning outcomes were because the learning mode applied by the teacher still emphasized 

expository which was dominated by teacher activities. This does not provide space for 

students to develop their thinking and closes the interaction space that supports good 

achievement in learning mathematics. 

The ability of teachers to design or implement innovative learning is very necessary, 

this is of course adapted to the interests and talents and according to the level of student 

development. Teachers need to create situations where students can be active, creative, and 

responsive both physically and mentally (Darling-Hammond et al., 2020). On the one hand, 

in learning mathematics students must also build it for themselves, explore, describe, discuss, 

describe, investigate and solve problems, so that learning becomes more effective for the 

purpose of improving student learning outcomes. The teacher factor plays an important role 

in creating a learning atmosphere that is able to optimize students' reasoning, ideally, they 

have learning innovations that can help improve student learning outcomes (Kohlmeier & 

Saye, 2019). One of the efforts that can be taken is by applying a more effective learning 

model, one of which is the Problem Based Learning (PBL) model. PBL is a student-centered 

interactive learning model that emphasizes providing authentic problems to students related 

to everyday life, and in groups looking for alternative solutions to solve these problems 

(Good et al., 2008; Kumar & Natarajan, 2007). The learning principles in the PBL model 

include providing authentic problems that are close to real life and may occur in real life, 

active student involvement in learning, encouraging the use of various approaches in problem 

solving, giving students opportunities to make problem-solving choices, encouraging 

collaborative learning, and achievement of better learning outcomes. 

Theoretical support that strengthens the PBL model as one of the superior learning 

models in improving student learning outcomes is because this model adheres to 

constructivist principles (Darling-Hammond et al., 2020). In PBL learning, students' active 

participation occurs through meaningful learning (Aarto-Pesonen & Piirainen, 2020). When 

students learn in a community or group to solve problems, they are actually in the process of 

constructing knowledge (Kimmerle et al., 2015). Good knowledge construction is a guarantee 

of achieving better learning outcomes. In the context of our current study, the PBL model is 

implemented in the classroom and further evaluation of students' cognitive learning outcomes 

is carried out. Specifically, the purpose of this study is to evaluate student learning outcomes 

on square material in the application of the problem-based learning model. 

 

METHOD 

This research is a quasi-experimental with pretest-posttest control group design, where 

this design has a control group, but cannot fully function to control external variables that 

affect the implementation of the experiment. The research sample consisted of experimental 

(N = 25) and control (N = 25) groups. The learning experimental group uses a broblem based 

learning model, while the control group uses conventional learning. The research was 

conducted at a private Islamic school (equivalent to a secondary school) in the city of 

Mataram, Indonesia. First, both groups were given a pretest, then treatment in both classes, 

and finally a posttest.  
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O1 X O2 

O1 C O2 

O1, the pretest was given to the experimental and control groups; O2, the posttest was 

given to the experimental and control groups; X, the treatment of learning with the PBL 

model in the experimental group; C, conventional learning treatment in the control group. 

The implementation of learning in each group was carried out for 2 meetings (excluding 

pretest and posttest), learning was carried out on square material. 

  Learning instruments include syllabus, lesson plans, and test instruments. All three 

refer to the planning for the implementation of the PBL model. The syllabus contains a 

general lesson plan that will be achieved in one learning period, while the lesson plan is a 

lesson plan for one meeting. Before being implemented, the three learning instruments were 

validated (content and construct) by three validators. Validity criteria with a range from very 

valid to invalid. This was adopted from a previous study (Prayogi et al., 2018). 

Data on student learning outcomes was collected using a learning outcome test 

instrument on square material. The number of questions consists of twelve items covering 

cognitive learning outcomes at levels C2 to C4. The criteria for student learning outcomes in 

several score ranges are presented in Table 1. 

Table 1. criteria for student learning outcomes 

Score range Criteria 

LA ≥ 80 Very good 

60 ≤ LA < 80 Good 

40 < LA ≤ 60 Enough 

20 < LA ≤ 40 Less 

LA ≤ 20 Fail 

 

The n-gain analysis was used to evaluate the increase in student learning outcomes 

scores, where the success of the PBL model at the implementation stage if on average the n-

gain criteria were "moderate", and student learning outcomes were in the "good" category. 

The n-gain analysis used Hake's formulation (Hake, 1999). Learning outcomes data were 

analyzed statistically (Anova test) using SPSS.23 tools. 

  

RESULTS AND DISCUSSION 

Analysis of student learning outcomes on square material with a problem-based 

learning model has been carried out in both groups (experimental and control). Descriptive 

analysis on pretest and posttest as presented in Table 1. 

Table 2. Student learning outcomes in each group 

Sample group N 
learning outcomes and criteria 

n-gain Criteria 
Pretest Criteria Posttest Criteria 

Experiment 25 38.60 Less 76.18 Good 0,71 High 

Control 25 39.00 Less 40.00 Less 0,16 Low 

 

The results in Table 2 show that the mean pretest scores for the experimental and 

control groups were 38.60 and 39.00, respectively, both of which were "less." After the 

implementation of the PBL model, the posttest results showed an increase in learning 

outcomes in the experimental group, where an average score of 76.18 was obtained with the 

criteria of "good," while the control group still had the criteria of "less." The increase in 

learning outcomes scores for the experimental and control groups, respectively, with the 

criteria of "high" (n-gain score of 0.71) and "low" (n-gain score of 0.16). Furthermore, 

statistical analysis was used to evaluate the differences in student learning outcomes between 

the experimental and control groups. In the context of this study, we used one-way Anova 

analysis. Before this was realized, each group of data (pretest and posttest) was tested for 

normality and homogeneity, as presented in Table 3. 
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Table 3. The result of normality and homogeneity test 

Group of data 
Normality test (Kol.-Smir. test) Homogeneity test (Levene’s test) 

N Sig. Levene’s test score Sig. 

Pretest  50 0,200 0,000 0,992 

Posttest  50 0,200 0,970 0,331 

 

The results of the normality and homogeneity tests showed a significance of both 

>0.05. That is, the data is normally distributed, and the data variance is homogeneous. Based 

on the results of this prerequisite test, the analysis of differences in learning outcomes 

between the experimental and control classes can use one-way Anova analysis, as shown in 

Table 4. 

Table 4. The results of one-way anova analysis 

Group Sum of squares Df Mean square F Sig. 

Between Groups 1836.531 1 1956.500 619.198 0.000 

Within Groups 135.750 48 3.245 

Total 1972.281 49  

 

The result of one-way anova analysis shows that the significance of testing (0.000) is 

less than the result of alpha testing (<0.05). This shows that there is a significant difference 

between student learning outcomes in the experimental group and the control group. 

The results of the analysis in Tables 2 to 4 have shown the advantages of learning with 

the PBL model compared to conventional learning. This is in accordance with the findings of 

previous studies that student performance in the context of learning achievement in 

mathematics is better when using the PBL model (Wewe, 2017). Mathematical problem-

solving abilities and student learning responsibilities were also found to be better when 

learning using the PBL model (Dary et al., 2021). In PBL, the teacher's role is as a facilitator 

and coach of learning, and builds positive interactions (reciprocal relationships) between 

teachers and students (Li & Stylianides, 2018). The success of PBL in improving learning 

outcomes cannot be separated from its superior features, namely a problem-driven content 

structure, a collaborative learning process, and a student-centered approach (Li & Stylianides, 

2018). In PBL, content is organized as problems involving unstructured, authentic, and 

contextual situations (Goodnough & Hung, 2008). The relevance of authentic problems 

related to real life can help students build new knowledge. The social constructivist 

perspective is at the core of PBL where students build socially situated interaction, 

collaboration, and communication. PBL is also a student-centered learning that can develop 

critical thinking skills, problem solving skills, communication skills and lifelong learning 

(Ali, 2019). 

 

CONCLUSION 

The results of the study showed that the average pretest scores for the experimental and 

control groups were 38.60 and 39.00, respectively, both of which were "less." After the 

implementation of the PBL model, the posttest results showed an increase in learning 

outcomes in the experimental group, where an average score of 76.18 was obtained with the 

criteria of "good," while the control group still had the criteria of "less." The increase in 

learning outcomes scores for the experimental and control groups, respectively, with the 

criteria of "high" (n-gain score of 0.71) and "low" (n-gain score of 0.16). Statistical analysis 

shows that there is a significant difference between student learning outcomes in the 

experimental group and the control group.  
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