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Abstract: Education in the 21st century aims to change the learning paradigm from teacher-
centered to student-centered in order to improve student learning outcomes. Hence, a 
learning model is needed to improve the students' ability to solve problems by paying 
attention to their academic ability. This study aims to determine the effect of using the 
student academic ability-based problem solving and 5E cycle learning models on the 
student learning outcomes in addictive materials and addictive substances. This study used 
an experimental method with a 2x2 factorial design. The population in this study was all 
students of grade VIII SMPN 18 Padang. This study's sample was chosen using the 
purposive sampling technique, the data collection techniques for the student learning 
outcomes used to test techniques at the end of learning. The data analysis was performed 
by using the prerequisite tests (normality and homogeneity tests) and the hypothesis tests 
using 2-way ANOVA and continued with Bonferroni advanced test. The results show that:  
There is an interaction between the problem-solving model and the academic ability-based 
5E Cycle learning model on the student learning outcomes, but there is no significant 
difference in learning outcomes between the problem-solving model and the 5E learning 
cycle model. There is an effect on the academic ability towards the student learning 
outcomes. There is no difference in the student learning outcomes between students with 
high academic ability in the two sample classes. There is no difference between the 
students with low academic ability in the two sample classes.  
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Introduction  

 
Education in the 21st century aims to change the 

learning paradigm from teacher-centered to student-
centered. This really depends on the teacher's 
readiness, ability, and creativity in applying various 
learning models. According to Sundari (2015) and 
Suyitno (2021), the learning model is a strategy used by 
teachers to improve student learning outcomes, social 
skills, and learning motivation. Based on the interview 
results, it was known that the science learning process 
at SMPN 18 Padang was still student-centered by 
applying the conventional learning model, namely the 

lecturing and question and answer method. As a result, 
students are less trained to think scientifically in 
formulating problems, analyzing, and drawing 
conclusions from learning. Thus, the problems that 
arise at the end of the learning process are the low 
learning outcomes of students. The low student 
learning outcomes are also influenced by the lack of 
teacher attention to different academic abilities for each 
student (Sari, 2020). The low learning outcomes of 
students can be seen from the mean results of PTS IPA 
Semester 2 Academic Year 2019/2020 in Table 1. 
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Table 1. List of The Mean Results of PTS IPA Semester 
2 Academic Year 2019/2020 of Grade VIII SMP N 18 
Padang. 

No. Classes Total 
% < 
KBM 

% ≥KBM Mean 

1. VIII. 6 30 83.33 16.66 71.36 
2. VIII. 7 31 90.32 9.67 64.22 
3. VIII. 8 32 78.12 21.87 69.37 
4. VIII. 9 31 80.64 19.32 70.48 

 
Based on the problems described, it is necessary 

to use an appropriate learning model to improve the 
student learning outcomes. One learning model that 
can be used is the problem-solving learning model. The 
problem-solving learning model is a student-centered 
learning model that can effectively train students to 
analyze a problem to improve student learning 
outcomes (Ardiansyah, 2017). In addition, the 5E 
learning cycle model can also improve student learning 
outcomes (Yunus, 2018). This is supported by 
Sugiantara 's (2013) research that the design of the 5E 
learning cycle model has steps that have implications 
for improving student learning outcomes because it is 
student-centered.  

The problem-solving model and the 5E learning 
cycle learning model are basically almost similar. These 
two learning models aim to improve the thinking skills 
and learning outcomes of students. The syntax in these 
two learning models will train students to take an 
active role in learning activities (Mega, 2018). Learning 
materials that can be applied using both models are 
additives and addictive substances. This material is 
very important to be understood by students because it 
is informative and relates to the daily life of students. 
Based on these problems, the purpose of this study was 
to determine the comparison of using the Student 
Academic Ability-based Problem Solving and 5E Cycle 
Learning models on the student learning outcomes in 
addictive materials and additive substances at SMPN 
18 Padang.  

 

Method  
 
This study used an experimental method with a 

2x2 factorial design. The population in this study was 
all the students of grade VIII at SMP N 18 Padang 
registered in the 2019/2020 academic year. Class VIII.4 
and VIII.2 were the samples of this study chosen by 
using the purposive sampling technique. Clearly, the 
problem-solving learning model was used in class 
VIII.4, and the 5E learning cycle model was used in 
class VIII.2. The type of data in this study was primary 
data. The technique of collecting data for learning 
outcomes used a test technique at the end of the lesson. 
The following formula calculated the students’' scores: 

Result =  
Score obtained  

Maximum score
 x 100 ………………… (1) 

 
The research instrument of student learning 

outcomes was in the form of objective questions. Before 
the question instrument was used, a test question was 
conducted to determine the empirical validity, 
reliability, difficulty level, and distinguishing power of 
the questions. In this study, the reliability result of the 
test obtained was 0.94 with high criteria. Furthermore, 
the data analysis technique was carried out by means of 
prerequisite tests (normality and homogeneity tests) 
and hypothesis tests using 2-way ANOVA continued 
with Bonferroni advanced test by using the SPSS 
program. 
 

Result and Discussion 
 

The data description of the results of this study 
included the results of the students post-test using the 
students' academic ability-based problem-solving 
learning and the 5E Cycle learning models. Based on 
the student learning outcomes mean, the problem-
solving model's application obtained higher learning 
outcomes than the 5E learning cycle model in Table 2.  

 
Table 2. The Research Results of the Comparison of 
Using the Student Academic Ability-based Problem 
Solving and 5E Cycle Learning Model on the Student 
Learning Outcomes 
Classes Mean Academic Ability Mean SD 

VIII.4 
(Class 1) 

82,00 High 90.25 4.83 
Low 73.75 6,36 

VIII.2 
(Class 2) 

79,60 High 84.53 8,26 
Low 74.67 6.17 

 
The prerequisite test in this study was the 

normality and homogeneity test. The normality test in 
the study used the Kolmogorov-Sminor test. The 
normality test was used to determine whether the data 
obtained were normally distributed or not. The data 
was said to be normally distributed if the significance 
value was> 0.05. The homogeneity test was carried out 
by using the Levene test. The homogeneity test was 
carried out to show that the two groups of sample data 
come from populations that have the same variant. The 
data was said to be homogeneous if the significance 
value was> 0.05. The results of the normality and 
homogeneity test of student learning outcomes in the 
experimental class 1 and experimental class 2 with Sig> 
α, which means that the data is normally distributed 
and has a homogeneous variance, can be seen in Table 
3. 
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Table 3. The Results of Normality and Homogeneity 
Tests of the Student Learning Outcomes 

Parameter 
Class 

Description 
I  II 

Normality 0.17 0.20 Normal 
Homogeneity 0.10 Homogenous 
Hypothesis (t test) 0.32 There is no difference 

between the PS and LC 
5E models 

  

After the prerequisite test results were obtained, 
the data analysis was continued with hypothesis testing 
using two-way ANOVA in Table 4. In the class 
parameters (model), the significance value was 
obtained 0.15>α(0.05). It means that there is no 
significant difference in learning outcomes between the 
application of the problem-solving learning model with 
the 5E learning cycle model. For the parameter of 
academic ability, a significance value was obtained 0.00 
<α (0.05).  It can be concluded that there is a significant 
difference in student learning outcomes between 
students with high academic ability and students with 
low academic ability. The interaction parameter 
between class (model) and academic ability shows a 
significance value of 0.04 <α (0.05). This shows that 
there is an interaction between the learning model and 
academic ability on student learning outcomes in 
addictive and addictive substances. The interaction 
between the learning model and the student academic 
ability can be seen in (Figure 1)  
 
Table 4. The Results of Two-Way Anova Test of 
Student Learning Outcomes and Academic Ability 

Parameter 
Mean 
Square 

F Sig. Description 

Class (Model) 89,18 2,11 0,15 Not 
significant 

Academic 
Ability 

2691,1 63,78 0,00 Significant 

Class* 
Academic 
Ability 

170,32 4,03 0,04 There is 
interaction 

 

 
Figure 1. The interaction between the model and academic 

ability in the sample class. 

Furthermore, the Bonferroni advanced test was 
carried out to determine which groups were 
significantly different. The results of the Bonferroni 
advanced test showed a significant difference in 
academic ability in the two sample classes, except in 
experimental class 1 with high academic ability, in 
experimental class 2 with high academic ability, in 
experimental class 1 with low academic ability, and in 
experimental class 2 with low academic ability. It can 
be seen in Table 5. 
 
Table 5. The results of the Bonferroni Advanced Test 
for the Student Academic Ability Group 
Ability Class I 

KAT 
Class I 
KAR 

Class II 
KAT 

Class II 
 KAR 

Class I 
KAT 

    

Class I 
KAR 

16,50* 
   

Class II 
KAT 

5,71 16,5* 
 
 

 

Class II 
KAR 

15,58* 0,91 9,86*  

Description:   KAT: High academic ability  
                         KAR: Low academic ability 

 
The learning process carried out during the 

research as a whole was in accordance with the steps of 
the problem-solving model and the 5E cycle learning 
model. In its application, the problem-solving learning 
model consists of 7 syntaxes: introduction, observation, 
initial problem, collecting data/information, organizing 
data, analyzing/generalizing data, and communicating 
(Alberida, 2018). The preliminary stage was the first 
stage which aims to motivate students and link the 
material to be studied with the experiences of students. 
The second stage was an observation which at this 
stage, students were asked to observe a picture or a 
discourse about additive and addictive substances 
contained in the student worksheet. According to Ong 
(2021), observing, asking, and predicting are the basic 
abilities that students must have. The third stage is the 
initial problem. In this stage, questions from students 
will appear after making observations, and students 
will be able to provide hypotheses or temporary 
answers from the images or discourse that have been 
provided.  

The fourth stage is collecting data and 
information. At this stage, students will collect data 
through group discussion activities to increase their 
understanding of the material being studied. Students 
who are active in learning activities have an impact on 
improving student learning outcomes (Ardiansyah, 
2018). The next stage was organizing data and 
analyzing data. At this stage, students process the 
information that has been collected in the previous 
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stage. This activity aims to develop ideas that students 
have. At this stage, students are required to think 
actively, both individually and in groups, to analyze a 
problem to be solved (Hera, 2018). 

The next stage was communication, where at this 
stage, a question-and-answer discussion is carried out. 
This stage was able to build the activeness of students 
in giving and answering questions related to a 
problem. Communicating the results of learning 
activities will expand students' understanding of the 
learning material and, through this activity, can 
provide evidence that students have understood the 
learning material. Meanwhile, the 5E Cycle Learning 
model has five syntaxes: Engagement, Exploration, 
Explanation, Elaboration, and Evaluation (Rosidi and 
Muslim. 2015). The first stage is engagement. At this 
stage, the teacher tries to arouse students' interest in 
learning by explaining the importance of additive and 
addictive substances. According to (Asriyadin, 2016) 
arousing students 'interest in learning can be done by 
asking questions, an overview of the material to be 
studied, or other activities that are used to open 
knowledge and develop students' curiosity. The 
engagement phase aims to prepare students to be 
conditioned to take the next phase (Latifa, 2017). 

The second stage is an exploration where at this 
stage, students are emphasized to work together with 
group members consisting of 2-6 students. This stage 
can be done by observing, asking, and investigating the 
concepts of the learning materials that have been 
provided (Asriyadin, 2016). The third stage is an 
explanation, where at this stage, the teacher encourages 
students to be able to explain a concept in their own 
sentences along with the evidence of the explanation. In 
line with Asriyadin opinion (2016), the explanation 
phase contains an invitation or encouragement for 
students to explain the initial concepts and definitions 
they get using their own sentences.  

The fourth stage is elaboration. At this stage, 
students are emphasized to solve new problems based 
on the new knowledge that students have acquired. 
This stage aims to bring students to use the definitions, 
concepts, and skills that students already have in new 
situations. At this stage, students will develop concepts 
and skills in new situations (Latifa, 2017). This phase 
can include investigation, problem-solving, and making 
decisions (Asriyadin, 2016). The fifth stage is an 
evaluation where students and the teacher evaluate the 
learning that has been done at this stage. The 
evaluation stage is the stage of assessing all learning 
and teaching. According to Latifa (2017), the teacher 
assesses whether students have achieved the learning 
objectives at this evaluation stage.  

There was no significant difference in the student 
learning outcomes between the problem-solving 

learning model and the 5E cycle learning model in 
additive materials and addictive substances that can be 
influenced by internal and external factors such as 
student learning experiences, learning motivation, and 
learning materials and learning time. This was in 
accordance with the results of the studies conducted by 
Apriyani (2017); Dewi (2021); Sojanah (2021); Soenarto 
(2020), and Madjid (2021), who argued that student 
learning outcomes are also influenced by external 
factors such as the learning environment, facilities and 
infrastructure, preparation, teacher TPACK 
(Technological Pedagogical and Content Knowledge), 
and the length of teacher experience in teaching. In 
addition, students' learning outcomes were also 
influenced by the students' psychological factors, 
learning methods, and abilities. Although this study 
found that the average learning outcomes of students 
who applied the problem-solving learning model were 
higher than the 5E cycle learning model, in practice, 
these two learning models were able to increase the 
students' activeness in analyzing and solving a 
problem. The stages in the problem-solving learning 
model and the 5E cycle learning model make students 
play an active role in the learning process because these 
two learning models were student-centered. 
 

Conclusion  
 

Based on the study results that have been done, it 
can be concluded that there was an interaction between 
the problem-solving model and the 5E Cycle learning 
model with academic ability on the student learning 
outcomes. However, there was no significant difference 
in learning outcomes between the problem-solving and 
5E cycle learning models. There was an effect of the 
academic ability on student learning outcomes; There 
was no difference in student learning outcomes 
between high academic ability in the two sample 
classes. There was no difference in low academic ability 
in the two sample classes.  
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