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This study aims to analyze the effect of using Collaborative Problem-
Based Learning (CPBL) on students' problem-solving skills. This study 
used a 2x2 factorial design, in which the selection of experimental and 
control groups was determined with convenience sampling. The data 
analysis technique of this research is divided into two types, namely the 
prerequisite analysis test and hypothesis testing. The findings of this 
study concluded that students who studied with CPBL had 
significantly higher problem-solving skills than students who studied 
with Direct Instruction (DI). Besides, high problem-solving skills were 
generally owned by students with high initial skills. Meanwhile, the 
complete the results of the hypothesis test this study also showed a 
significant interaction between the learning model and initial skills on 
students' problem-solving skills in internal combustion motor 
competencies. This shows that the selection of the right learning model 
is needed according to the initial skills of students so that problem-
solving skills can be adequately developed. Thus, it is hoped that 
vocational school students can become graduates who can compete in 
the world of work. 
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INTRODUCTION 
Collaborative learning is known as a method that emphasizes the ability of students to 
work together in small groups to achieve specific learning goals. Members in 
collaborative learning groups are synonymous with the concept of helping each other. 
And also, the burden of responsibility for the success of the learning process is shared. 
In this case, collaborative learning is ideal if it’s used to increase achievement, 
motivation, and social skills. The study of Le et al. (2018) has confirmed that study 
groups that apply collaborative learning methods usually have advantages such as 
being able to work independently or in groups. Gokhale (2012) suggested that the 
implementation of collaborative learning can run effectively if each group can interact 
well with each other. 

There are several techniques commonly used for group determination. Some of these 
techniques such as grouping randomly, determined by the teacher, or determined 
independently by students. Siew et al. (2017) argued that in group formation, ideally, 
the teacher determines heterogeneously without differentiating between abilities, sex, 
and ethnic backgrounds. The goal is that students can maximize individual differences 
in groups to achieve collective learning goals. On the other hand, Scager et al. (2016) 
stated that the success of collaborative learning was not only determined based on 
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student abilities, but also influenced by the learning model used by the teaching 
teacher. 

One model that has relevance to collaboration skills is the Collaborative Problem-
Based Learning (CPBL) model. The basis of this model is a problem-based learning 
model that is integrated with collaboration skills (Ariyanto et al., 2019). Through this 
model, students are not only directed to increase their learning independence and 
creativity but also improve collaborative problem-solving skills (Mühlfelder & 
Chandrasekaran, 2015). Jonassen & Hung (2012) defined problem-solving as a process 
for constructing and implementing a mental representation of a problem. Its function 
was to find solutions to the problems at hand. Based on the background description 
above, the hypotheses of the study were formulated as follows: 

1. There was a difference in learners’ problem-solving skills between the 
experimental group, who learned via CPBL versus the control group, who 
learned via DI. 

2. There was a difference in problem-solving skills between students with high 
initial skills and low initial skills.  

3. There was an interaction effect of learning models and initial skills on problem-
solving skills. 

 
RESEARCH METHOD 
The study used an experimental design intending to analyze the effect of CPBL on the 
competence of the internal combustion motor at First Vocational Schools Jetis 
Mojokerto, Indonesia. This study used a 2x2 factorial design, in which the selection of 
experimental and control groups was determined with convenience sampling 
(Creswell, 2009). More details on the experimental design in this study are shown in 
Figure 1 (Tuckman & Harper, 2012). 

 
Figure 1. 2x2 factorial design of experimental and control groups. 

 
O1A, 1B  are pre-test results, while O2A, 2B, 2C, 2D are problem-solving skills. Symbols X1 

and X2 respectively indicate the treatment of the experimental and control groups. 
Meanwhile, Y1 and Y2 respectively show the value of the students' initial skills. Based 
on the experimental design above, the research analysis design is shown in Table 1. 

 
Table 1. Research analysis design. 

Learning model 
Initial Skills 

High (Is1) Low (Is2) 

CPBL (M1) M1Is1 M1Is2 
DI (M2) M2Is1 M2Is2 

 

Information: 
M1Is1 : The problem-solving skills of students who learn to use CPBL in the high initial skill group. 
M1Is2 : The problem-solving skills of students who learn to use CPBL in the low initial skill group. 
M2Is1 : The problem-solving skills of students who learn to use DI in the high initial skill group. 
M2Is2 : The problem-solving skills of students who learn to use DI in the low initial skill group. 
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The sample of this study was students in eleventh grade, group 1 and group 2 at First 
Vocational Schools Jetis Mojokerto, with a total of 34 students in each group. Group 1 
was an experimental group that taught using the Collaborative Problem-Based 
Learning (CPBL) model and group 2 was a control group that taught using the Direct 
Instruction (DI) model. In this study, the separation of students' initial skill levels was 
pseudo. Determination of students' initial skills was done by giving a test, where the 
test was carried out before the research activity. Initial skills indicators that are used as 
references in this study include: (1) having a memory of previously studied subject 
matter; (2) able to understand the meaning of the material being studied; and (3) able to 
connect new material with other previously studied material (Olson et al., 2019). 

Students with ratings 1 to 17 were into the category of the high initial skill group. 
Meanwhile, students with ratings 18 to 34 entered the low initial skill group. The data 
analysis technique of this research was divided into two types, namely the prerequisite 
analysis test and hypothesis testing. The prerequisite analysis test was divided into two 
stages, namely the normality test using the one-sample Kolmogorov-Smirnov test and 
the homogeneity test using the Levene's test. After the analysis prerequisite test was 
fulfilled, and then followed by hypothesis testing using the two-way ANOVA test.  
 

RESULTS AND DISCUSSION 
Analysis of Prerequisite Test 
The data from the research results were first tested for prerequisites before proceeding 
to hypothesis testing. The first stage of the prerequisite test is the normality test. The 
distribution normality test was carried out to analyze the level of normality of the data. 
This study conducted a distribution normality test using the Kolmogorov-Smirnov test 
with a significance value of 0.05. The data of the distribution normality test results can 
be seen in Table 2. 
 

Table 2. Result of the normality test of problem-solving skills. 
One-Sample Kolmogorov-Smirnov Test 

 Experimental Control 

N  34 34 
Normal 
Parametersa 

Mean 81.2294 76.2588 
Std. Deviation 7.99650 7.34889 

Most Extreme 
Differences 

Absolute 0.094 0.108 
Positive 0.084 0.108 
Negative -0.094 -0.072 

Kolmogorov-Smirnov Z 0.550 0.628 
Asymp. Sig. (2-tailed) 0.923 0.825 

a, Test distribution is Normal. 

 

Based on the data in Table 2, it is known that students' problem-solving skills in both 
the experimental and control groups were equally tested for normality using the 
Kolmogorov-Smirnov test with a significance value of 0.05. Data is categorized as 
normally distributed if the significance value is more than 0.05 and otherwise (Sanaie et 
al., 2019). From the Kolmogorov-Smirnov test output, it can be seen that the 
experimental group got a significance value of 0.923, while the control group got a 
significance value of 0.825. Because the significant value in both the experimental group 
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and the control group was more than 0.05, it was stated that H0 was accepted. So, it can 
be concluded that the normality of the data distribution of problem-solving skills was 
normal.  

The variance homogeneity test was carried out to test the variance equation of the 
data population. The decision-making criterion is if the significance value is more than 
0.05, it can be said that the data variants from two or more groups are the same 
(Chukwudi et al., 2019). This study conducted a homogeneity test of variance using the 
Levene’s test with a significance level of 0.05 (Frey, 2018). The results of the variance 
homogeneity test are shown in Tables 3, 4, and 5. 
 

Table 3. The homogeneity test of problem-solving skills between students using  
CPBL and DI. 

Test of Homogeneity of Variances 

Problem-solving skills between students learning to use CPBL and DI 

Levene Statistic df1 df2 Sig. 

1.579 1 66 0.213 

 

Table 4. The homogeneity test of problem-solving skills between students with high 
and low initial skills. 

Test of Homogeneity of Variances 

Problem-solving skills between students with high and low initial skills 

Levene Statistic df1 df2 Sig. 

5.066 1 66 0.058 

 

Table 5. The homogeneity test of the interaction between learning models, and initial 
skills on problem-solving skills. 

Levene's Test of Equality of Error Variancesa 

Dependent Variable: Problem-Solving Skills   

F df1 df2 Sig. 

2.345 3 64 0.081 

Tests the null hypothesis that the error variance of the dependent 
variable is equal across groups. 

a,Design: Intercept + Model + Initial Skills + Model *Initial Skills 

 
The results of the variance homogeneity test in the formulation of the first problem 

can be seen in Table 3. From the output of the Levene’s test, it can be seen that the 
formulation of the first problem gets a significance value of 0.213, because the 
significance value of 0.05 (0.213>0.05), it was concluded that accept H0. This means that 
problem-solving skills between students who learn to use CPBL and DI have 
homogeneous variances. Furthermore, from Levene’s test output, it can be seen that the 
formulation of the second problem in Table 4 shows a significance value of 0.058, 
because the significance value of 0.05 (0.058>0.05), it was concluded that accept H0. This 
means that problem-solving skills between students with high and low initial skills 
have a homogeneous variance. Then, from the output of the Levene’s test it can be seen 
that the formulation of the third problem in Table 5 shows a significance value of 0.081, 
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because the significance value of 0.05 (0.081>0.05), it was concluded that accept H0. This 
means that the interaction between learning models and initial skills against problem-
solving skills shows homogeneous variance. 

 
Research Hypothesis Test 
After the prerequisite test has been fulfilled, it was continued to test the research 
hypothesis. Hypothesis testing was carried out using two-way ANOVA assisted by 
SPSS 16 software. The significance value required in hypothesis testing is 0.05. The 
research hypothesis is stated to accept H0 if the significance value is greater than 0.05. 
More specifically, the output of hypothesis testing is shown in Table 6. 
 

Table 6. Two-way ANOVA test results. 
Tests of Between-Subjects Effects 

Dependent Variable: Problem-Solving Skills 

Source 
Type III Sum 

of Squares 
df 

Mean 
Square 

F Sig. 

Corrected Model 2069,089a 3 689,696 19,677 0,000 
Intercept 421643,252 1 421643,252 1,203E4 0,000 
Model 420,015 1 420,015 11,983 0,001 
Initial Skills 647,295 1 647,295 18,467 0,000 
Model * Initial Skills 1001,779 1 1001,779 28,580 0,000 
Error 2243,279 64 35,051   
Total 425955,620 68    
Corrected Total 4312,368 67    

 
Based on Table 6, it can be seen that the significance value of the learning model was 

0.001. The significance value was less than 0.05 (0.001<0.05), it was concluded that H1 
was accepted. This means that there were significant differences in problem-solving 
skills between students learning to use CPBL and students learning to use DI. In line 
with this study, Koroneou et al. (2013) explain that by using PBL students can 
participate actively in the problem-solving process from unstructured problems to 
strengthening 21st Century skills. Meanwhile, Win et al. (2015) stated that the 
implementation of PBL in active collaborative groups can also increase student 
motivation, cognitive skills, and problem-solving skills.  

The results of the second hypothesis test showed that the significance value of 
collaboration skills was 0.000. The significance value was less than 0.05 (0.000<0.05), it 
was concluded that H1 was accepted. This means that there were significant differences 
in problem-solving skills between students with high initial skills and students with 
low initial skills. The results of this study were in line with the research of Latif & Akib 
(2016) which explains that students with good initial skills will certainly understand 
learning material faster. This was supported by the fact that students with high initial 
skills find it easier to analyze ideas to convert them into problem solutions. 

Initial skills are skills that must be possessed by students at the beginning of 
learning. In other words, initial skills are a prerequisite that students must have before 
carrying out the learning process (Widodo et al., 2017). Purwaningrum & Sumardi 
(2016) which explains that students with good initial skills tend to get better learning 
outcomes than students with low initial skills. The same thing was also conveyed by 
Elmiwati et al. (2020) that during the problem-solving process, students with good 
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initial skills found it easier to build knowledge and develop solving skills and 
independent learning skills. 

The results of the third hypothesis test were about the interaction between learning 
models and initial skills on problem-solving skills, in this case, the significance value 
obtained was 0.000. The significance value shows that it was smaller than 0.05 
(0.000<0.05), it was concluded that H1 was accepted. This means that there was a 
significant interaction between the learning model and initial skills on students' 
problem-solving skills in internal combustion motor competencies as shown in Figure 2. 

 

 
Figure 1. The interaction between learning models and initial skills in 

problem-solving skills. 
 

The results of this study were in line with the statement of Yew & Goh (2016), where 
the implementation of problem-based learning (PBL) was closely related to 
collaboration skills in various fields and educational contexts. This model was generally 
used to promote critical thinking and problem-solving in authentic learning situations. 
The same thing with Kadir et al. (2016) statement, this model has been widely used in 
various disciplines because it was claimed to improve student soft skills. However, 
empirical support leads to the achievement of problem-solving skills (Arsana et al., 
2019). Problem-solving skills are very important in the learning process. To complete 
the project, students need to overcome all difficulties, and their problem-solving skills 
will gradually become better and more meaningful (Chiang & Lee, 2016). This finding 
was consistent with Rustam et al. (2017) which explains that problem-solving ability 
itself was not only a goal in learning, but also very meaningful in everyday life, and in 
the world of work being a problem-solving can provide many benefits. 

The results of this study are also in line with the spirit of Presidential Instruction 
Number 9 of 2016 concerning the Revitalization of Vocational High Schools in 
Indonesia. This means that graduates of vocational schools in the future must be 
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equipped with 21st Century skills that can be fully utilized to meet the needs of the 
industrial world. Besides, the results of this study also support the Regulation of the  
Minister of Industry No. 3 of 2017. Through this regulation, vocational schools are 
expected to organize educational programs that "link and match" with industrial needs. 
Meanwhile, the company is expected to facilitate guidance to vocational schools to be 
able to produce a skilled and competent workforce by industrial conditions. 
 
CONCLUSIONS 
Based on the results of data analysis and discussion, it can be concluded that students 
learning with CPBL have significantly higher problem-solving skills than students 
learning with DI. Second, high problem-solving skills were generally owned by 
students with high initial skills. Meanwhile, the results of this study also showed a 
significant interaction between the learning model and initial skills on students' 
problem-solving skills in internal combustion motor competencies. Therefore, teachers 
also need to pay attention to students' initial skills, so that problem-solving skills can 
improve and facilitate the process of determining the solution to problems.  
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