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Abstract 
 
Complex problem-solving" ability is a 21st-century skill students need to solve dynamically 
changing problems. Students of prospective mathematics teachers are said to master complex 
problem situations if possible. Therefore, a learning model is needed that can improve the ability 
to solve complex problems for prospective mathematics teacher students, one of which uses 
problem-based learning (PBL). The purpose of this study is to get an overview of improving the 
ability to solve complex problems of prospective mathematics teacher students after learning with 
the Problem-Based Learning (PBL) model at Tidar University with the subject of second-semester 
students of the Mathematics Education Study Program. This research will be conducted using a 
quasi-experimental method, with a nonequivalent control group pretest-posttest research design. 
Research instruments are in the form of complex problem-solving tests, observation sheets on 
learning implementation, and interview guidelines. The results showed that PBL is more effective 
than conventional learning in complex problem-solving skills. In addition, the results also show 
that problem-based learning (PBL) is effective in improving the complex problem-solving ability 
of prospective mathematics teacher students. The results of the increased test with N-Gain 
obtained an average of 0.43, which is in the category of moderate increase. 
. 
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INTRODUCTION 
 
For a long time, mathematical problem-solving has been considered a crucial 

component of mathematics and mathematics education. According to Funke (2012), 
problem-solving techniques are deemed elegant if they exhibit clarity, simplicity, and 
inventiveness and successful if they result in the resolution of a specific issue with little 
effort. Schindler and Lilienthal (2022) claim that the solution to difficulties is to 
constantly flip things over in the mind until an idea comes to you naturally. On the other 
hand, a considerable reliance on previous experiences and knowledge is also present. 

Complex Problem Solving (CPS) is a well-established concept today, and it has 
even impacted major tests like PISA (Programme for International Student Assessment) 
(OECD, 2023). CPS is thus one of the most crucial skills that will be required in the 
future, according to the World Economic Forum (Agenda, 2015). Funke (2010) says that 
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solving complex problems is a difficult cognitive skill that requires two main mental 
processes: (a) understanding a problem scenario that is not clear and (b) using what you 
know to solve problems by reaching your own goals (Fischer et al., 2017; Kroner et al., 
2005). According to Gnaldi et al. (2020), there is a strong correlation between CPS and 
academic success. Funke (2014) says that someone has mastered a complex problem 
situation if they can use procedural skills to manage an environment that is constantly 
changing and is made up of interconnected variables, create an ever-updated 
representation of the problem, and find relevant information that was hidden at first. 

Problem-solving abilities are emphasised in the mathematics learning process 
because, in reality, the majority of educators hold the view that learning outcomes are 
always connected to mathematics instruction. Data from early research indicate that most 
aspiring math teachers still place themselves in the beginner group when it comes to 
handling challenging issues (Pamungkas et al., 2023). In order to improve the 
complicated problem-solving skills of students who want to become math teachers, 
educators must adopt learning activities. We use a learning paradigm known as problem-
based learning (PBL).  

According to Arends (2012), PBL is also known as genuine learning, grounded 
education, and project-based instruction. PBL exposes students to authentic and 
significant issues that might act as a springboard for further study (Arends, 2012). 
Students' engagement with real-life scenarios is the aim of such learning. The education 
enhances their problem-solving abilities and mentality. Furthermore, PBL helps someone 
get used to understanding and resolving their difficulties (Farida et al., 2021). 

Moreover, the study by Pamungkas and Franita (2019) demonstrates that the PBL 
learning approach is excellent for developing mathematical thinking abilities. Research 
findings from the study of Amalia et al. (2017) also showed that PBL is useful for 
enhancing students' capacity to solve mathematical problems. Research on the impact of 
the PBL paradigm on sophisticated problem-solving skills has not yet been done, 
according to the evaluation of the aforementioned papers. Given the aforementioned 
concerns, the study question is: To what extent does the PBL approach improve the 
sophisticated problem-solving skills of students aspiring to become math teachers? 

Problem-based learning (PBL) is a learning approach where students work 
together to find solutions to complex problems. This learning also involves students 
interpreting and explaining real-world phenomena and building their understanding of 
them (Boye & Agyei, 2023). Problem-based learning is an educational approach that can 
significantly enhance students' problem-solving abilities (Amalia et al., 2017). Evendi et 
al. (2022) also said that problem-based learning is a constructivist learning model and a 
student-centred learning approach that requires students to reflect from different points of 
view and show they can communicate and work together. 

PBL contains the core of introducing students to real and meaningful problems 
that can serve as a springboard for research (Arends, 2012). The PBL model is based on 
the assumption that confusing and undefined problems can stimulate students' curiosity 
and involve them in the investigation (Arends, 2012). In addition, this learning helps 
students become more skilled in problem-solving and encourages them to participate in 
teams (Fatwa et al., 2019). 

PBL is a learning plan prepared to enhance learning outcomes and requires 
students to learn the material by solving a problem (Azmi et al., 2014). Based on the 
definitions of several experts mentioned, it can be concluded that problem-based learning 
is a learning model that presents problems to students, thereby training them to solve 
issues, including complex problems in mathematics. 

Two main cognitive processes make up complex problem-solving (Funke, 2010): 
(a) the need to gather information about a problem that is not clear and (b) the use of 
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knowledge to reach self-set problem-solving goals (Fischer et al., 2017; Kroner et al., 
2005). CPS is highly correlated with educational achievement (Ederer et al., 2015). 
Wüstenberg et al. (2012) say that someone has mastered a complex problem situation if 
they can find it relevant. However, initially, hidden information creates an up-to-date 
representation of the problem, and procedural skills are used to manage an environment 
of changing variables that are all connected. Most real-world problems are complex. 
Unlike simple, linear, well-structured problems that have a single direct solution, solving 
complex problems involves more sophisticated cognitive processing to effectively and 
accurately address the inherent complexity and uncertainty in the problem. 

CPS is a form of problem-solving, particularly in complex and interactive 
situations, that allows us to acquire knowledge and apply it simultaneously and 
independently of specific content. According to Fischer et al. (2017), the process of 
complex problem-solving consists of two steps: 1. Getting knowledge: In order to fully 
understand the problem, the person solving it must systematically gather information 
(seek informative data), properly integrate this information into the situational model 
(seek adequate hypotheses), and selectively focus on the most important aspects; 2. 
Applying knowledge: Using the knowledge gained, the person solving the problem must 
make a series of dynamic decisions and continuously monitor the outcomes of those 
decisions in order to solve the problem at hand systematically. 

Dealing with complex and interactive situations like that requires more problem-
solving skills (Greiff et al., 2015; Molnar & Csapo, 2017). This series of complex 
problem-solving operations is the ability required for someone to solve non-routine 
problems, particularly in mathematics. In more detail, Funke (2010) named five traits of 
complex problems: 1) complexity that requires reducing information; 2) opacity that 
requires systematic information creation; 3) interconnectedness that requires problem 
modelling; 4) dynamics that require predicting and controlling future developments; and 
5) evaluation and prioritisation (Greiff et al., 2015). Characteristics (1)–(3) can primarily 
be included in the first component of knowledge acquisition, while (4) and (5) primarily 
adhere to the second component, knowledge application (Funke, 2014). This 
demonstrates the close relationship between CPS and mathematics. 

Based on the above explanation, the limitation of complex problem-solving in 
this research is the ability of prospective mathematics teacher students to solve complex 
problems or issues. The problems that are being talked about are complex ones because 
the situation is complicated, variables are linked, information is not clear, the situation 
changes over time, and the problem needs to be evaluated with certain factors in mind. 

Mathematics teacher candidates are students who are pursuing education in the 
Mathematics Education Study Program. This study involves second-semester prospective 
mathematics teacher students enrolled in the Mathematics Education Study Program at 
the Faculty of Teacher Training and Education Sciences, Tidar University. In this study, 
prospective mathematics teacher students will solve complex problems or issues. These 
complex problems pose significant obstacles for students as they attempt to solve them. 
 
 
METHODS 

 
Research Design 

The approach in this research is quantitative. This study uses two groups: one 
group as the experimental group receiving treatment in the form of problem-based 
learning and the other group as the control group receiving conventional learning 
treatment. The following figure illustrates the research design in question. 
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Figure 1. Nonequivalent control group pretest-posttest research design 

 
Explanation: 
Pretest    = test of complex problem-solving ability before treatment 
PBL        = implementation of problem-based learning 
DL          = application of direct learning 
Posttest   = test of complex problem-solving ability after treatment 
 
Research Instrument 

The instruments used in this study are the complex problem-solving test 
administered twice, namely the pre-test and post-test, an observation sheet for the 
implementation of learning, and an interview guideline. The following are indicators of 
complex problem-solving ability. 

 
Table 1. Indicators of Complex Problem-Solving Ability 

 

Another instrument is the observation sheet for the implementation of learning, 
which refers to the steps of the PBL model and conventional learning. All instruments 
will undergo a validation process so that when used in the research, they are already 
declared valid. There are three validators, namely, one mathematics content expert and 
two mathematics education learning experts. The data collection techniques used are 
conducting tests, observations, in-depth interviews, and documentation. Data is explored 
based on the subjects' answer sheets from the complex problem-solving ability test, 
interviews, documentation, and observation sheets of the implementation of learning. 
 
Data Analysis Techniques 
The data analysis in this study is outlined as follows. 
1. Prerequisite Test 
a. Normality Test 

The normality test is used to determine whether the data is normally 
distributed or not using the Shapiro-Wilk test. The test was conducted on the 
scores of the complex problem-solving ability test. The statistical assumptions 
are: 

H0: The data being tested is normally distributed. 
H1: tested data is not normally distributed. 

Experiment class pretest PBL posttest 

Control class pretest DL posttest 
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The normality test is conducted using SPSS with the decision criteria that if the 
value of ρ > 0.05, then H0 is accepted, meaning the data is normally distributed. If 
the value of ρ < 0.05, then H1 is accepted, meaning the data is not normally 
distributed 

b. Homogeneity Test 
The homogeneity test is conducted to determine whether the obtained data has 

homogeneous or non-homogeneous variance. The test is conducted using Levene’s 
test of homogeneity of variance. The statistical hypothesis in the homogeneity test is 

H0: The data being tested has a homogeneous variance. 
H1: The data being tested has a non-homogeneous variance. 

Decision-making is based on the following criteria. If ρ > 0.05, then H0 will be 
accepted, meaning the data has a homogeneous variance. If ρ < 0.05, then H0 will be 
rejected, meaning the data has a non-homogeneous variance. 

2. Average Similarity Test 
An average similarity test was conducted to determine whether there is a 

difference in the average pre-test data of the sample in this study. The test used in 
this study is the Independent sample t-test. The formula is as follows. 

𝑡𝑡ℎ𝑖𝑖𝑖𝑖 =
𝑋𝑋�1 − 𝑋𝑋�2

�(𝑛𝑛1 − 1)𝑠𝑠12 + (𝑛𝑛2 − 1)𝑠𝑠22
𝑛𝑛1 + 𝑛𝑛2 − 2 � 1

𝑛𝑛1
+ 1
𝑛𝑛2
�

 

   (Sugiyono, 2016)  
where: 
𝑋𝑋�1 = Mean of the experimental class 
𝑋𝑋�2 = Mean of the control class 
𝑛𝑛1 = many subjects from the experimental class 
𝑛𝑛2 = many subjects from the control class 
𝑠𝑠12 = variance of the experimental class 
𝑠𝑠22 = variance of the control class 

The hypothesis used is: 
H0: There is no difference in the average pre-test complex problem-solving ability 
between the experimental class and the control class 
H1: There is a difference in the average pre-test scores of complex problem-solving 
abilities between the experimental class and the control class. 

The decision is made with the following criteria: If the sig. (2-tailed) value > 
α = 5%, then H0 is accepted, meaning there is no difference in the average pre-test 
complex problem-solving ability between the experimental class and the control 
class. If the sig. (2-tailed) value < α = 5%, then H0 is rejected, meaning there is a 
difference in the average pre-test complex problem-solving ability between the 
experimental class and the control class. 

3. Hypothesis Testing 
After conducting the normality test and the homogeneity test, the next step is 

to conduct the hypothesis test. If the obtained data is normally distributed and 
homogeneous, a sample t-test is then conducted for each class. The sample t-test is 
used to see whether the sample mean is greater than or less than the predetermined 
KKM value. The KKM value determined in this study is 80. Here are the hypotheses 
used. 

H0: µ ≤ 80 (Average score of complex problem-solving ability ≤ 80) 
H1: µ > 80 (Average score of complex problem-solving ability > 80) 
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The decision-making criteria used are as follows: If the sig. value (2-tailed) 
> α = 5%, then H0 is rejected, and if the sig. value (2-tailed) < α = 5%, then H0 is 
accepted. In this study, both the PBL model and the conventional learning model are 
considered effective if H0 is rejected or H1 is accepted. The formula for the One 
Sample t-test statistic is as follows. 

𝑡𝑡ℎ𝑖𝑖𝑖𝑖 =
𝑋𝑋� − 𝜇𝜇0

�𝑆𝑆𝑆𝑆
√𝑁𝑁

�
 

   (Sugiyono, 2016)  
where: 
𝑡𝑡ℎ𝑖𝑖𝑡𝑡  = Calculated t value 
𝑋𝑋�   = Sample average 
𝜇𝜇0   = Parameter value 
𝑆𝑆𝑆𝑆  = Sample Standard Deviation 
𝑁𝑁   = Number of sample members 

Next, the calculation of the significant improvement in complex problem-
solving abilities in the PBL and K classes was conducted. The data used for 
calculating the improvement in complex problem-solving ability are the pretest and 
posttest data. The calculation of the magnitude of improvement in complex problem-
solving ability uses the normalised gain equation (Hake, 2002), namely: 

><−><

><−><
=><

preidealm

prepost

SS
SS

g  

Where:  
<g>     = normalised average gain score 
<Spre>  = average pretest score 
<Spost> = average posttest score 

Sm ideal = ideal maximum score 
 

Table 2. Interpretation of Normalized Average Gain Scores 
Nilai <g> Criteria 
<g> ≥ 0,7 Tinggi 

0,7 > <g> ≥ 0,3 Sedang 
<g> < 0,3 Rendah 

 
 
RESULTS & DISCUSSION 
 
Results 

 
The research was conducted at Tidar University from June to August 2023 on 

second-semester students of the 2022/2023 academic year. The research was conducted in 
class 01 as the experimental class and class 02 as the control class. In the experimental 
class, learning was conducted using the PBL model, while in the control class, learning 
was conducted using the conventional model. After the treatment was given, an analysis 
was conducted aimed at testing the research hypothesis. 
1. Preliminary Data Analysis 

The test was conducted to see whether the initial abilities of students in complex 
problem-solving are balanced or not. The initial data used consists of pre-test results. The 
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tests conducted include normality tests, homogeneity tests, and mean balance tests. The 
results of the tests are as follows. 
a. Normality Test 

Normality testing was conducted using the Shapiro-Wilk test. The results of 
the initial data normality test are shown in Table 3. 

 
Table 3. Results of the Initial Data Normality Test Calculation 

Class 𝒔𝒔𝒔𝒔𝒔𝒔 Conclusion 
Experiment 0,072 normally distributed 
Control 0,067 normally distributed 

The results of the test indicate that it is accepted. Therefore, it can be said that both 
data classes are normally distributed. 
 

b. Homogeneity Test 
The homogeneity test was conducted using Levene’s test of homogeneity of 

variance. The results of the homogeneity test are shown in Table 4. 
 
Table 4 Results of the Initial Data Homogeneity Test Calculation 

Class 𝒏𝒏 𝒔𝒔𝒔𝒔𝒔𝒔 Conclusion 
Experiment 42 0,083 𝐻𝐻0 Accepted Control 42 

 
Table 4. shows that the hypothesis is accepted. Thus, it can be said that both 
variances are homogeneous. 
 

c. Average Equality Test 
The average balance test was conducted using the Independent Sample T-

test. The results of the average balance test are shown in the following table 5. 
 

Table 5. Results of the Average Equality Test 
 
 
 
 

 
Table 5 shows that the null hypothesis is accepted. Thus, it is stated that there is no 
significant difference in the complex problem-solving abilities of students before the 
research. 
 

2. Final Data Analysis 
The test was conducted to determine the difference in complex problem-

solving abilities of prospective mathematics teacher students in both research classes 
after the treatment. The final data were obtained from the results of the post-test on 
complex problem-solving ability. In the final analysis, normality, homogeneity, 
mean equality and hypothesis testing were conducted. The results of the final data 
testing are as follows. 

a. Normality Test 
Normality testing was conducted using the Shapiro-Wilk test. The results of 

the initial data normality test are shown in the following Table 6. 
 
 

Class 𝑿𝑿� 𝒔𝒔𝒔𝒔𝒔𝒔 Conclusion 
Experiment 45,67 

0,067 𝐻𝐻0 accepted Control 44,78 
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Table 6. Results of the Final Data Normality Test Calculation 
Class 𝒔𝒔𝒔𝒔𝒔𝒔 Conclusion 
Experiment 0,084 Normally distributed 
Control 0,074 Normally distributed 

The results of the test indicate that it is accepted. Therefore, it can be said that both 
data classes are normally distributed. 
 

b. Homogeneity Test 
The homogeneity test was conducted using Levene’s test of homogeneity of 

variance. The results of the homogeneity test are shown in Table 7. 
 

Table 7. Results of the Final Data Homogeneity Test Calculation 
 

 
 

Table 7 shows that sig > 0,05, and then H0 is accepted. Thus, it can be said that both 
variances are homogeneous. 
 

c. Average Equality Test 
The testing of the final data balance was conducted using the Independent 

Sample T-Test. The results of the average balance test are shown in Table 8. 
 

Table 8. Results of the Average Data Balance Test 
Class 𝑿𝑿� 𝒔𝒔𝒔𝒔𝒔𝒔 Conclusion 

Experiment 83,46 
0,043 𝐻𝐻0 rejected Control 79,67 

Based on Table 8, it is shown that 𝑠𝑠𝑠𝑠𝑠𝑠 = 0,043 < 0,05 then 𝐻𝐻0 is rejected. Thus, it 
can be concluded that there is a significant difference in the complex problem-
solving abilities of prospective mathematics teacher students in both classes after the 
treatment was given. 
 

d. Hypothesis Test 
After conducting the normality test and the homogeneity test, the next step is 

to conduct the hypothesis test. If the obtained data is normally distributed and 
homogeneous, a One Sample t-test is then conducted for each class. Here are the test 
results for both classes. 

 
Table 9. Results of the One Sample t-test 

Class 𝑋𝑋� 𝑠𝑠𝑠𝑠𝑠𝑠 Conclusion 
Experiment 83,46 0,061 𝐻𝐻0 rejected 

Control 79,67 0,048 𝐻𝐻0 accepted 
 
In this study, both the PBL model and the conventional learning model are 
considered effective if H0 is rejected or H1 is accepted. Based on the data above, the 
decision to reject Ho is found in the experimental class that uses PBL. Meanwhile, in 
the control class or the one using conventional learning, it concludes that the 
learning is not effective for complex problem-solving skills. 

After it was found that there was a difference between before and after 
receiving problem-based learning and conventional learning, an N-Gain test was 

Class 𝒏𝒏 𝒔𝒔𝒔𝒔𝒔𝒔 Conclusion 
Experiment 42 0,083 𝐻𝐻0 accepted Control 42 
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conducted to measure the improvement in complex problem-solving skills in the 
experimental class. The results of the improvement test with N-Gain obtained an 
average of 0.43, which falls into the moderate improvement category. It can be 
concluded that problem-based learning (PBL) is effective in improving the complex 
problem-solving skills of prospective mathematics teacher students. Here are the N-
Gain calculation results for the experimental class. 

 
Table 10. N-Gain Test of the Experimental Class 

 Score N Category 
Pretest Posttest 

Mean 45,67 83,46 0,43 Medium 
  

 
Discussion 
 

This study aimed to examine the effectiveness of the Problem-Based Learning 
(PBL) model in enhancing the complex problem-solving skills of mathematics teacher 
candidates. The findings indicate that PBL significantly contributed to the development 
of these skills, suggesting its potential as a transformative approach in teacher education. 
PBL has long been recognised for its ability to engage learners in real-world problem-
solving contexts, promoting critical thinking, collaboration, and autonomy (Bridges, 
2019). The results of this study align with this established body of research, showing that 
when mathematics teacher candidates were exposed to PBL scenarios, their problem-
solving skills improved. This improvement can be attributed to the student-centered 
nature of PBL, which encourages students to take ownership of their learning through 
inquiry-based tasks.  

PBL has long been recognised as an effective pedagogical model for developing 
critical thinking, problem-solving, and collaborative skills. In line with the work (Savery, 
2019), the results of this study demonstrate that PBL enhances the problem-solving 
abilities of students by providing them with authentic, real-world problems that 
encourage deeper learning and reflection. By engaging in collaborative problem-solving, 
teacher candidates were better prepared to implement cooperative learning strategies in 
their future classrooms, an essential element of modern mathematics instruction. Gijlers 
and Jong (2013)noted that such skills are essential for teachers, who must be able to work 
effectively with colleagues and students. The collaborative nature of PBL allowed teacher 
candidates to share their ideas, learn from each other, and develop a range of solution 
strategies. This experience mirrors the collaborative practices they will encourage in their 
future classrooms. 

Moreover, the PBL model’s emphasis on real-world applications allowed 
candidates to relate abstract mathematical concepts to practical contexts. This approach 
mirrors the recommendations of Coles and Heliwell (2023), who emphasise the 
importance of bridging the gap between theory and practice in teacher preparation. For 
mathematics teacher candidates, this connection between mathematical theory and real-
world application is crucial, as it helps them view mathematics not as a set of isolated 
concepts but as a dynamic tool for solving everyday problems. The application of PBL 
also demonstrated significant growth in the candidates' ability to connect mathematical 
concepts with real-world scenarios. This is consistent with Jonassen (2011) assertion that 
PBL promotes meaningful learning by contextualising abstract concepts, making them 
more relevant and accessible. 

While the results are promising, some challenges were observed. A few teacher 
candidates struggled with the open-ended nature of the problems, finding it difficult to 
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navigate tasks without a clear step-by-step guide. This supports the concerns raised by 
(Alfares, 2021), who pointed out that although PBL promotes deep learning, it may be 
overwhelming for some students, especially those who are more accustomed to 
structured, direct instruction. This indicates the need for appropriate scaffolding in PBL 
environments to support students as they navigate complex tasks. Future studies could 
explore how to balance the open-ended nature of PBL with structured guidance better to 
accommodate students with varying levels of prior experience. Moreover, the level of 
motivation and engagement among the teacher candidates was a critical factor in the 
success of PBL. The findings support Wijnia et al. (2024), who emphasised the role of 
motivation in the effectiveness of PBL. Teacher candidates who were highly engaged in 
the learning process demonstrated greater problem-solving success and deeper 
understanding. 

 
 

CONCLUSION 
 
In summary, the results of this study contribute to the growing body of literature 

advocating for the use of PBL in teacher education. PBL proved to be an effective 
approach for enhancing the problem-solving skills of mathematics teacher candidates, 
fostering both cognitive and collaborative growth. To optimise its effectiveness, however, 
careful consideration should be given to the varying levels of readiness among students, 
and further research is needed to refine PBL implementation strategies in teacher 
education. 
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