
Journal of Physics: Conference Series

PAPER • OPEN ACCESS

IMPROVE Learning Model and Learning Independence: Influence and
Interaction on Mathematics Problem-Solving Abilities in Islamic Boarding
School
To cite this article: Muhamad Yasin et al 2020 J. Phys.: Conf. Ser. 1467 012003

 

View the article online for updates and enhancements.

This content was downloaded from IP address 125.164.236.25 on 15/06/2020 at 08:45

https://doi.org/10.1088/1742-6596/1467/1/012003
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjssbYiqdvubhy01zYcQu4bPf_-Qe7UPBcGPMRGpulRviIEwopDVgfxELXdUubJ375G3afMFH96ffDp6j4JeMpDi0gCrICUW7RwRqkjfFQzauGRQAcLlTAyuS_WvPn1Fq0Aq12Nssa_XRDDdFoTAx0eQ4Ewj4zCIxdNcpI0FlwRda7i8f_K4iCIrtSvvZ2IysvCMZv3gx02qUNRjC8XOgQIatPYKj-6d83yDvSfTEJXF-WraX21Q5&sig=Cg0ArKJSzH19B7HZo2gZ&adurl=http://iopscience.org/books


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

Young Scholar Symposium on Science Education and Environment 2019

IOP Conf. Series: Journal of Physics: Conf. Series 1467 (2020) 012003

IOP Publishing

doi:10.1088/1742-6596/1467/1/012003

1

 

 

IMPROVE Learning Model and Learning Independence: 

Influence and Interaction on Mathematics Problem-Solving 

Abilities in Islamic Boarding School 

Muhamad Yasin1,*, Syamsul Huda1, Fredi Ganda Putra2, Muhammad Syazali2, 

Rofiqul Umam3, Santi Widyawati4 

1Institut Agama Islam Negeri Kediri, Indonesia 
2Universitas Islam Negeri Raden Intan Lampung, Indonesia 
3School of Science and Technology, Kwansei Gakuin University, Japan 
4Universitas Nahdlatul Ulama Lampung, Indonesia 

*Correspondent author: yasinmuhammad106@yahoo.com 

Abstract. Problem-solving ability is a basic ability in the process of learning mathematics. The 

purpose of this study is to determine whether there is an effect of the IMPROVE learning 

model on mathematics problem-solving abilities, the effect of students' learning independence 

on mathematics problem-solving abilities, and the interaction between learning model and 

learning independence in term of mathematics problem-solving abilities. The research method 

used was quasi-experimental with post-test-only control group design. The data analysis 

technique used was the analysis of the variance of two unequal cells. The results showed that 

there were differences in mathematics problem-solving abilities between students who had 

high, medium, and low learning independence. The values of the results of the comparison are 

FAobserved = 3.271 and FAcritical = 3.170, FBobserved = 6.945 and FBcritical = 4.020, FIobserved= 0.554 and 

FI critical= 3.170 at a significance level of 5%. Based on the norm, where Fobserved > Fcritical, H0 is 

rejected. So, it can be concluded that there is an influence between the IMPROVE learning 

model and mathematics problem-solving abilities, there is an influence between learning 

independence and mathematics problem-solving abilities, and there is no interaction between 

the IMPROVE learning model and the learning independence on mathematics problem-solving 

abilities. 

1. Introduction 

Mathematics plays an important role in the development of science and technology [1]. Mathematics 

is a field of study that is studied by students from elementary school to university level [2-4]. This is 

due to the importance of mathematics to solve problems in daily life [2]. Problem-solving abilities are 

considered important in the process of learning mathematics because it is the general goal in learning 

mathematics and problem solving is its basic ability [5, 6].  However, the students' problem-solving 

ability is still relatively low. This is because mathematics learning is still based on the concepts 

contained in the book where the teacher only explains what is in the book then gives assignments to 

the students [7]. The low ability to solve mathematics problems is also due to the students' low 

learning independence [8]. Based on the problems, the learning models and strategies that are 

appropriate, effective, and efficient are needed. The right learning model to apply is the IMPROVE 

learning model. IMPROVE is an acronym for Introducing the new concepts, Metacognitive 

questioning, Practicing, Reviewing and Reducing Difficulties, Obtaining mastery, Verification, and 
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Enrichment [9]. The IMPROVE learning model is a model in mathematics learning that is designed to 

assist students in developing a variety of mathematical skills optimally and to increase the activities in 

learning [10]. The previous studies that have used the IMPROVE learning model including IMPROVE 

affects; problem-solving skills, critical thinking skills [10, 11]. Essentially, a problem, in essence, is a 

question that invites answers [12]. A question has a certain opportunity to be answered appropriately if 

it is formulated properly and systematically [13]. This means, solving a problem requires certain 

abilities in individuals who want to solve the problem [10]. The process in which the individuals take 

the initiative in planning, implementing [14], and evaluating their learning systems is called learning 

independence [6]. Learning independence is one important factor in determining students’ learning 

outcomes because those who have good independence will find their concepts and ways of learning so 

that they can understand and can solve problems [15]. 

Research on the IMPROVE learning model has been widely studied because this model has a 

positive impact on learning, namely the ability of critical mathematical thinking [16]. The students 

who were taught using the IMPROVE learning model were better than students who were taught using 

conventional learning [11]. Research on learning independence [6, 17, 18] and research on 

mathematics problem-solving abilities have also been carried out by previous researchers [19–28]. 

However, there are no studies that use the IMPROVE learning model to influence the ability of 

mathematical problems. Based on previous research, the researchers are interested in researching with 

renewal, specifically on the influence and interaction of the IMPROVE learning model and Learning 

Independence on the mathematics problem-solving abilities [29]. Then, the purpose of this study is to 

find out whether there is an effect of the IMPROVE learning model on mathematics problem-solving 

abilities, the effect of students' learning independence on mathematics problem-solving abilities and 

the interaction between learning models and learning independence on mathematics problem-solving 

abilities. 

2. Research Methodology 

The method of this study is experimental research [30]. The type of research used in this study is the 

quasi-experimental with posttest only control group design. sampling in this study using randomized 

class techniques. Data collection techniques used in this study were interview, observation, 

questionnaire, documentation, and test. The data analysis used was a two-way analysis of variance 

after the normality and homogeneity had been tested. The design procedures are presented in Table 1. 

 

Table 1. Research Design 

Learning Model (Ai) 
Learning Independence (Bj) 

High (B1) Medium (B2) Low (B3) 

IMPROVE (A1) A1B1 A1B2 A1B3 

Conventional (B2) A2B1 A2B2 A2B3 

Description: 

Ai :Learning model. 

Bj : Learning independence. 

A1B1 : IMPROVE with high learning independence. 

A1B2 : IMPROVE with medium learning independence. 

A1B3 : IMPROVE with low learning independence. 

A2B1 : Conventional with high learning independence. 

A2B2 : Conventional with medium learning independence. 

A2B3 : Conventional with low learning independence. 
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3. Results and Discussion 

In this study, before conducting the parametric statistical test, the assumption tests were carried out in 

the form of normality test and homogeneity test. The normality test was carried out to determine 

whether the data distribution was normally distributed or not and the homogeneity test was carried out 

to determine whether the variance of two data distributions was the same. The results of the normality 

test data can be seen in Table 2. 

 

Table 2. Summary of the Normality Test for Mathematics Problem Solving 

 No. Class Lobserved Lcritical Conclusion   

 1 Experimental 0,100 0,161 H0 accepted   

 2 Control 0,116 0,161 H0 accepted   

 

Based on Table 2, Lobserved in the experimental class is 0,100 and Lcritical = 0,161. The control class 

got Lobserved = 0.116 and Lcritical = 0.161. With the tested hypotheses: 

H0: The data are normally distributed 

H1: The data are not normally distributed 

The data is normally distributed if 𝐿𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 ≤ 𝐿𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙. If 𝐿𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 ≥ 𝐿𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙, then the sample 

is not normally distributed. Based on Table 2, the result of each sample is 𝐿observed ≤ 𝐿𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙, so, H0 

is accepted. It means that each distribution data comes from a normally distributed population. The 

summary of the results of the learning independence normality questionnaire can be seen in Table 3. 

 

Table 3. Summary of Normality Test for Learning Independence 

Category Class Lobserved Lcritical Conclusion 

Learning 

Independence 

 

High Experimental and 

Control 

0.209 0.212 H0 Is 

Accepted 

Medium Experimental and 

Control 

0.117 0.154 H0 Is 

Accepted 
Low Experimental and 

Control 

0,148 0,242 H0 Is 

Accepted 
 

Based on Table 3, learning independence is high since Lobserved= 0.209 with Lcritical = 0.212. The 

learning independence is medium since Lobserved= 0.117 with Lcritical = 0.154.learning independence is 

low since Lobserved= 0.148 and Lcritical= 0.242. With the tested hypotheses: 

H0: The data are normally distributed 

H1: The data are not normally distributed 

The data is normally distributed if 𝐿𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 ≤ 𝐿𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙. If 𝐿𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 ≥ 𝐿𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙, then the sample 

is not normally distributed. Based on Table 3, the result of each sample is𝐿observed ≤ 𝐿𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 , so, H0 

is accepted. It means that each distribution data comes from a normally distributed population. After 

knowing that the data was normally distributed, then the homogeneity test was conducted. A summary 

of the homogeneity test results can be seen in Table 4. 

 

Table 4. Summary of the Homogeneity Test on Mathematics problem-solving Ability  

Group N si2 Dk dk.si2 logSi2 dk.logsi2 

Experimental 30 301,908 29 8,755,326 2,480 71,916 

Control 30 602,299 29 17,466,657 2,780 80,615 

Total - - 58 26221.98 - 152,531 

s2 gab 452,103 

B 154,004 

x2
observed 3,391 
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x2
critical 3,481  

The homogeneity test of mathematics problem-solving ability used a significant level (𝛼) =  0.05 and 

degree of freedom (dk) = 1 with the hypothesis:  

H0: Both samples come from the same population 

H1: Both samples do not come from the same population 

Based on table 4, x2
critical= 3.481 and the results of calculationx2

observed=3.391.Based on the results 

of these calculations, it can be seen that thex2
observed≤x2

critical. So, it can be concluded that H0 is 

accepted. It means that both samples come from the same population (homogeneous). The 

homogeneity of learning independence of the experimental class and the control class can be seen in 

Table 5: 

Table 5. Summary of Homogeneity Test on Learning Independence  

Group N si2 Dk dk.si2 logSi2 dk.logsi2 

High 16 7.2 17 122.4 0.857 14.575 

Medium 32 2,129,032 31 660 1,328 41,174 

Low 12 16.75 11 184.25 1,224 13,464 

Total - - 57 966.65 - 69,212 

s2 gab 16,959 

B 70,075 

x2
observed 1,987 

x2
critical 3,481 

 

Test homogeneity of learning independence used a significant level (𝛼) =  0, 05 and the degree of 

freedom (df) = 1 with the hypothesis:  

H0: Both samples come from the same population 

H1: Both samples do not come from the same population 

Based on table 5,  𝜒𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙
2  = 3.481 and the 𝜒𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑

2 =1.987. Based on the results of these 

calculations, it can be seen that the  𝜒𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑
2 ≤ 𝜒𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙

2 . So, it can be concluded that that H0 is 

accepted. It means that both samples come from the same population (homogeneous).  

The prerequisite tests of normality and homogeneity have been fulfilled so that parametric 

statistical tests can be performed, namely by the analysis of the two-ways variance analysis of unequal 

cell. The procedure of the testing are: 

a. H0A: 𝛼1= 𝛼2(there is no influence of the use of IMPROVE learning model and conventional 

learning models on problem-solving abilities) 

H1A: 𝛼1 ≠ 𝛼2 (there is an effect of using IMPROVE learning model and conventional learning 

models on problem-solving abilities)  

b. H0B:𝛽1 = 𝛽2 = 𝛽3(no influence Low learning independence, medium learning independence and 

high learning independence on mathematics problem-solving ability) 

H1B: 𝛽𝑖 ≠ 𝛽𝑗for i ≠  𝑗(there is an influence of high learning independence, medium learning 

independence, and low learning independence on mathematics problem-solving ability) 

c. H0AB: ( 𝛼𝛽)𝑖𝑗  =  0 for each i = 1, 2 and j = 1, 2, 3 (there is no interaction between the use of the 

IMPROVE learning model and the conventional learning model on high learning independence, 

medium learning independence, and low learning independence on mathematics problem-solving 

ability) 

d. H1AB: (𝛼𝛽)𝑖𝑗 ≠  0 for every i = 1, 2 and j = 1, 2, 3 (there is an interaction between the use of 

theIMPROVE learning model and conventional learning model with high learning independence, 
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medium learning independence, and low learning independence of mathematics problem-solving 

abilities) 

After the final test was conducted, the problem-solving ability data and the level of students’ 

learning independence in the experimental class and class control were obtained [31]. The results 

showed that the IMPROVE learning model had more influence on students' mathematics problem-

solving abilities and the students who had a high level of learning independence, their problem-solving 

abilities are also better. This can be seen from the test of mathematics problem-solving ability by 

doing calculations on both samples. The results of the calculations can be seen in Table 6: 

 

Table 6. Results of Two-Way Analysis of Variance 

The Summary of Two-Ways Variance Analysis   

Source JK Db KT Fobserved Fcritical conclusion 

Learning model (A) 2422,204 1,000 2422,204 3,271 3,170 H0 is Rejected 

Learning 

independence (B) 

2281,667 2,000 1140,833 6,945 4,020 H0 is Rejected 

Interaction 386,361 2,000 193,180 0.554 3,170 H0 is Accepted 

Error 18833,702 54,000 348,772    

Total 23923,933 59,000     

 

Two-way anava test states that the hypothesis is rejected if 𝐹𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 > 𝐹𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙. So, if 

𝐹𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 ≤ 𝐹𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙, then the hypothesis is accepted. Based on Table 6 it can be concluded that: 

a. 𝐹𝐴𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 = 3.271 and 𝐹𝐴𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 =  3.170. Based on these calculations, it can be seen 

that𝐹𝐴𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 > 𝐹𝐴𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 , it can be concluded that H0A is rejected. It means that there is an 

influence between students who were taught using the IMPROVE learning model and students 

who were taught using the conventional learning model on the mathematics problem-solving 

ability. 

b. 𝐹𝐵𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 =  6.945 and 𝐹𝐵𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 =  4.020. Based on these calculations, it can be seen 

that𝐹𝐵𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 > 𝐹𝐵𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙, it can be concluded that H0B is rejected. It means that there is an 

influence between students with high, medium, and low learning independence on the 

mathematics problem-solving ability. 

c. 𝐹𝐴𝐵𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 =  0.554and 𝐹𝐴𝐵critical =  3.170. Based on these calculations, it can be seen that the 

𝐹𝐴𝐵𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 < 𝐹𝐴𝐵𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙, it can be concluded that H0ABis received(𝐹𝐴𝐵𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 ≤ 𝐹𝐴𝐵𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙). It 

means that there is no interaction between the learning model and learning independenceon 

mathematics problem-solving abilities. 

Since the results of the analysis of variance tests are that H0A and H0B are rejected, the Scheffe' 

method was used as a follow-up to the two-ways variance analysis test. The summary of test results 

can further be seen in Table 7. 

 

Table 7. Summary of Mean and Marginal Mean  

Learning Model 
Learning Independence 

Marginal Mean 
High Medium Low 

IMPROVE 94.2 79 357 68.33333 241.89 

Conventional  91 78 722 64.5 234 222 

Marginal Average  185.2 158 079 132 833  

Based on the analysis of the data in Table 6, 𝐹𝐴𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 = 3.271 and 𝐹𝐴𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 =  3.170, thus, it 

can be concluded that H0A is rejected. It means that there is an influence between students who were 

taught using the IMPROVE learning model and students who were taught using the conventional 
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learning model. To find out which learning model is better, there is no need to do a double interline 

comparison test since to see which one is better can be done by observing the marginal average 

between the lines of the two learning models. Based on Table 7, it is known that the marginal mean 

between lines for the IMPROVE learning model is 241.890 and the marginal mean for conventional 

learning model is 230.063 which means 238.357 >  234.2222. Based on this, it can be concluded that 

students who were taught using the IMPROVE learning model are better than students who were 

taught using the conventional learning model[32]. Based on Table 7, the marginal mean between 

columns is high learning independence or μ1 =  185.2. The marginallearning independence is medium 

or μ2 =  158.079. The marginal mean of learning independence is low or μ3 =  132.833. This shows 

that not all learning independence owned by students has the same effect on the ability to solve 

mathematical problems, so,  a double comparison between columns with the Scheffe' method needs to 

be done to see the significant mean differences[33]. A double comparison test was performed on each 

group of data, namely the marginal mean group with high learning independence with medium 

learning independence (μ1 vs μ2), marginal mean group with high learning independence with low 

learning independence (μ1 vs μ3), and the marginal mean group with medium learning independence 

with low learning independence (μ2 vs μ3). The summary of the multiple column comparison tests can 

be seen in Table 8. 

Table 8. The Summary of the Multiple Column Comparison Tests 

No. Interaction Fobserved Fcritical Conclusion 

1 (μ1 vs μ2) 22,495 4,020 H0 is rejected  

2 (μ1 vs μ3) 53,915 4,020 H0 is rejected  
3 (μ2 vs μ3) 15,949 4,020 H0 is rejected  

Based on the results of the calculation of the multiple comparison tests between columns in Table 

8 can be concluded as follows: 

a. Between μ1 vs μ2, it was obtained that Fobserved = 22.495 and Fcritical = 4.020. Based on these 

calculations, it can be seen that Fobserved > Fcritical. Thus, it can be concluded that H0 is rejected. 

It means that there is a significant difference in the mathematics problem-solving abilities 

between students who have high and medium learning independence and students who were 

taught using IMPROVE learning model and conventional learning model. Based on the marginal 

mean of the multiple comparison tests in Table 7, it is known that the marginal mean of students 

who have high learning independence is 185.2 which is better than students who have medium 

learning independence with marginal mean of 158.079. The difference is significantly different, 

so it can be concluded that students who have high learning independence are better than students 

who have medium learning independence on mathematics problem-solving abilities[34]. 

b. Between μ1 vs μ3,it was obtained that Fobserved = 53.915 and Fcritical = 4.020. Based on these 

calculations, it can be seen that Fobserved > Fcritical. Thus, it can be concluded that H0 is rejected. 

It means that there is a significant difference in the mathematics problem-solving abilities 

between students who have high and low learning independence and the students who were 

taught using IMPROVE learning model and conventional learning model[14]. Based on the 

marginal mean in the multiple comparison tests in Table 7, it is known that the marginal mean of 

students who have high learning independence is 185.2 which is better than students who have 

low learning independence with the marginal average of 132,833. These differences are 

significantly different, so it can be concluded that students who have high learning independence 

are better than students who have low learning independence on mathematics problem-solving 

abilities. 

c. Between μ2 vs μ3,it was obtained that Fobserved = 15,949 and Fcritical = 4,030. Based on these 

calculations, it can be seen that Fobserved > Fcritical. Thus, it can be concluded that H0 is rejected. 

It means that there are significant differences in the mathematics problem-solving ability between 

learners who have medium and low learning independence and students who were taught using 
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IMPROVE learning model and conventional learning model. Based on the marginal mean in the 

multiple comparison tests in Table 7, it is known that the marginal mean of students who have 

medium learning independence is 158.079 which are better than students who have low learning 

independence with the marginal mean of 132.833. The difference is significantly different, so it 

can be concluded that students who have medium learning independence are better than students 

who have low learning independence on mathematics problem-solving abilities [35].  

IMPROVE is an acronym for Introducing the new concepts, metacognitive questioning, 

Practicing, Reviewing and Reducing Difficulties, Obtaining mastery, Verification, and Enrichment. 

The IMPROVE learning model is a model in mathematics learning that is designed to assist students 

in developing a variety of mathematical skills optimally and to increase the activities in learning [10]. 

According to Mavarech and Kramarski, the IMPROVE learning model is based on self-questioning 

through the use of metacognitive questions that are focused on understanding problems, connecting 

between past and present knowledge, using appropriate problem-solving strategies, and reflecting on 

processes and solutions [36]. The IMPROVE learning model is an abbreviation of all steps in the 

teaching, namely: [10, 11] 

 

1) Introducing the new concepts 

 At this stage, the teacher introduces a new concept. In the IMPROVE learning model, a 

teacher conveys a new concept by giving questions that make students more actively involved 

so they can explore their abilities.  

2) Metacognitive questioning 

 At this stage, the teacher gives metacognitive questions in the form of what, why, and how.  

3) Practicing  

 At this stage, the students are invited to solve problems directly. The teacher gives exercises to 

students in the form of questions or problems. 

4) Reviewing and Reducing Difficulties 

 At this stage, the teacher tries to review the mistakes that students face in understanding the 

material and solving problems. Furthermore, the teacher provides solutions to deal with 

existing problems. 

5) Obtaining mastery 

 At this stage, the teacher gives tests to students. This test aims to determine the mastery of the 

material. 

6) Verification 

 At this stage, the teacher separates which students have reached the passing limit and which 

students have not reached the passing limit.  

7) Enrichment 

 The final stage of the IMPROVE learning model is to enrich students who have not reached 

the passing limit or have not mastered the material. This is done by remedial activities. 

A problem is essentially a question that invites answers. A question has a certain opportunity to be 

answered appropriately if the question is formulated properly and systematically. This means that 

solving a problem requires certain individuals’ abilities [10]. Problem-solving is a part of the 

mathematics curriculum which is very important because in the learning process and its completion, it 

is possible for students to gain experience using the knowledge and skills that they have to apply in 

problem-solving [24]. With the IMPROVE learning model, the students' problem-solving abilities will 

be better than students who learn using conventional learning model [10]. 

According to Sutarami Imam Bernadib, independence includes behavior that can initiate, able to 

overcome problems, have confidence, and can do something on their own [3]. Regarding the 

relationship of learning independence with the ability to solve problems, the more independent 

someone is in their learning, the more the mathematics problem-solving abilities will increase [37]. 

This is in accordance with the results of research conducted by Tahar and Enceng who discover that 
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the more independent the students, the higher the learning achievement [6]. Therefore, the 

development of students' learning independence is very important for individuals who study 

mathematics [38]. This is in line with the analysis of research data which shows the results of students 

who were taught using IMPROVE learning model are better than students who were taught using the 

conventional learning model. It means that there is an influence of the IMPROVE learning model on 

the ability to solve mathematical problems [39]. Students who have high learning independence are 

better than students who have medium learning independence and students who have medium learning 

independence are better than students who have low learning independence [40]. It means that there is 

an influence of learning independence on the mathematics problem-solving abilities. However, based 

on the calculation of two-ways analysis of variance, there is no interaction between learning models 

and learning independence on the mathematics problem-solving abilities. The difference in the 

research results with the theory is due to students’ dishonesty in filling out the questionnaire. This 

affects the results and causing them not in accordance with the theory which is supposed to be an 

interaction between the learning model and learning independence on the mathematics problem-

solving abilities.  

4. Conclusions and Recommendations 

Based on the results of research and discussion, there are differences in the problem-solving abilities 

between students who have high, medium, and low learning independence. The results of the 

comparison produce the value of FA observed = 3.271 and FA critical = 3.170, FB observed = 6.945 and FB critical 

= 4.020, FI observed= 0.554 and FI critical= 3.170 at a significance level of 5%. Based on the rules of a 

decision where Fobserved > Fcritical, H0 is rejected. It can be concluded that there is an influence of the 

IMPROVE learning model on mathematics problem-solving abilities, there is an influence of learning 

independence on mathematics problem-solving abilities, and there is no interaction between the 

IMPROVE learning model with learning independence on mathematics problem-solving abilities. 

Based on the conclusions of this study, it is suggested for further researchers to look for other 

models that influence the problem-solving abilities or to use the same model with other influences, as 

well as to use models that have the same effect but in terms of learning motivation. Hopefully, this 

research can be useful and be a source of reference for future research.    
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