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Abstract. An open-ended approach with a group-to-group strategy has been used to 

support increased understanding, reasoning, and mathematical problem-solving abilities. 

However, experimentation on the effectiveness of this approach has not been explored 

much in supporting the improvement of students' mathematical communication skills. 

This experimental study aims to compare the mathematical communication skills of 

students who receive the open-ended group-to-group strategy treatment to students who 

receive conventional learning. This study involved 75 students in Wae Nakeng Santa 

Familia Senior High School, West Manggarai Regency, Indonesia. The data were 

collected by means of tests, and the t test was applied to compare the abilities of the two 

groups. Based on the results of the analysis, it can be concluded that the mathematical 

communication skills of students who accept open-ended with the group-to-group plan 

method are better than students in conventional classes. 
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1   Introduction 

Today the nations of the world focus on so many creative issues that communication is an 

essential skill that everyone in the 21st century must have [1]–[3]. Communication skills are 

fundamental in modern society because they are related to adaptation skills in dealing with 

various situations or problems [4]. Communication skills are also associated with increased 

problem-solving abilities, central to learning mathematics [5], [6]. Thus, understanding 

mathematical communication skills must be developed and improved. 

Students' mathematical communication skills can be used to (1) organize and connect 

their mathematical thinking through communication; (2) communicate logical and clear 

mathematical thinking to friends, teachers, and others; (3) analyzing and assessing 

mathematical thinking and strategies used by others; and (4) using mathematical language to 

express the idea correctly [5]. The development of students' mathematical communication 

skills impacts increasing their overall intelligence [7]. It is the teacher's duty to condition 

mathematics learning which is oriented towards developing students' mathematical 

communication skills. 
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Expectations to develop students' mathematical communication skills do not appear to be 

matched by practitioners' efforts to learn mathematics in the classroom. Recent studies have 

found that mathematics has been conceptualized and presented as a collection of content [8]. 

As a result, the learning pattern was carried out, and the teacher emphasized lecturing and 

memorizing formulas. If this is allowed to do so, then the hope of giving birth to a generation 

that can compete in the 21st century will not be achieved. 

Highlighting this problem, the teacher must strive to develop students' mathematical 

communication skills. Like most students' mathematical abilities, communication skills can be 

developed using appropriate learning models [9]–[15]. Related to that, [16]–[19] suggested 

that learning that regulates students to work in groups by discussing open problems can 

support students' mathematical communication skills. One learning strategy that fulfills these 

suggestions is an open-ended approach with a group-to-group strategy. The open-ended 

approach with group-to-group strategy conditions students to think, cooperate, adapt, solve 

problems, communicate, and share information with others [20].  

Previous research has applied an open-ended strategy to various mathematical abilities of 

students [21]–[25]. The researchers found that an open-ended strategy combined with a 

student-centered approach improved students' creative thinking, reasoning, and mathematical 

problem-solving abilities. Unfortunately, in the literature, there are no studies that specifically 

question the effect of an open-ended strategy combined with a group-to-group approach on 

students' mathematical communication skills. This study was conducted to expand previous 

related research, focusing on analyzing the effects of an open-ended approach with a group-to-

group strategy on students' mathematical communication skills. 

2   Methodology 

Under the research objectives that have been set above, this type of research is 

quantitative, namely research that uses numerical information in the form of data collection 

and data interpretation to process and summarize information [26]. The research method used 

was experimental research with a Posttest-Only Control Group Design research design with a 

scheme suggested by [27] as illustrated in Table 1. 

Table 1. Posttest-Only Control Group Design 

Class Independent Variable Post-test 

Experiment X Y2 

Control - Y2 

Information: 

X : Treatment by applying models open-ended approach with group-to-group strategy. 

Y2  : Posttest two classes. 

 

2.1 Participant 

The population in this study were all grade 75 students of class XI SMA Katolik Santa 

Familia Wae Nakeng, West Manggarai Regency, Indonesia, spread over 5 (five) classes. The 

sample in this study consisted of two randomly selected classes (random class), namely the XI 

IPS1 class with 38 students as the experimental class and the XI IPS3 class with 37 students as 

the control class. Previously, the class equivalence test had been carried out by providing a 

preliminary test. The data were analyzed using the separated variants formula. The results of 



 

 

 

 

the data analysis show that all classes are equal in terms of their mathematical communication 

skills. 

 

2.2   Instrument 

The instrument used was a five (5) number essay test. This test was given at the end of 

the research activity in order to obtain data about the students' mathematical communication 

skills. This test instrument is prepared based on indicators of mathematical communication 

skills, and previously tested its validity and reliability tests. The data in this study were 

obtained from the test results of students' mathematical communication skills from the 

experimental class and control on the derivative function material that was given after the 

learning was complete. The data analysis used was descriptive and inferential statistical 

analysis. Hypothesis testing, namely the difference test is carried out through the t-test with a 

significance level of 0.05 where previously the prerequisite test was the normality test which 

was carried out by comparing the calculated Chi with the Chi table, with degrees of freedom = 

k - 1 and α = 0.05, and homogeneity test using the Fisher test. 

3   Result and Discussion 

Based on the data obtained through the pretest, an analysis of the mean differences in 

mathematical communication skills was carried out between the experimental class that took 

part in learning using an open-ended group-to-group approach and the control class that 

followed conventional learning. Table 2 shows the pretest and posttest mathematical 

communication skills in derivative learning for the two groups. 

Table 2. The results of the pretest and posttest 

 

Class 

 

SDI* 

Pre-test Post-test 

𝑥̅ s 𝑋𝑀𝑖𝑛 𝑋𝑀𝑎𝑥 𝑥̅ s 𝑋𝑀𝑖𝑛 𝑋𝑀𝑎𝑥 

Experiment 24 4,32 1,73 1 7 19,72 2,26 17 24 

Control 24 3,68 1,60 0 6 12,72 2,35 8 17 

* Note: SDI = Ideal Score 

 

Table 2 shows that descriptively students who get an open-ended approach with group-

to-group learning are better than students who get conventional learning. However, statistical 

tests need to be applied to analyze the significance of the differences. For this reason, the 

prerequisite test, namely the normality and homogeneity test, is carried out first. Tables 3, 4, 

and 5 each show the normality test results, homogeneity test, and T-test with a significance of 

0.05. 

Table 3. Data normality test of students' mathematical communication skills 

Class N 𝑥2𝑐𝑜𝑢𝑛𝑡  𝑥𝑡𝑎𝑏𝑙𝑒
2  

Experiment 38 9,8247 24,0749 

Control 37 10.7561 23,2686 

* Note: N = number of participants 

Based on Table 3, it can be seen that count x_count^2<x_table^2 which means that the 

two classes are normally distributed. 

 

 



 

 

 

 

Table 4. Homogeneity test of students' mathematical communication skills 

Class 𝜶 𝑭𝒄𝒐𝒖𝒏𝒕 𝑭𝒕𝒂𝒃𝒍𝒆 Conclusion 

Experiment 
0,05 1,2516 1,8729 Homogeneous 

Control 

 

Based on Table 4, it can be seen that F count=1,2516<〖  F〗_(table  )= 1,8729, which 

means that the variance of the two classes is homogeneous. Furthermore, based on Table 2, 

the post-test average score of mathematical communication skills between the experimental 

class and the control class is quite far, namely 29.1%. Hypothesis testing is done to see the 

differences in the mathematical communication skills of the experimental class and the control 

class. Table 5 shows the test for differences in the mathematical communication skills of the 

two classes. Parametric statistical tests were carried out by using the t-test with the hypotheses 

tested were: 

H0: Students' mathematical communication skills taught using the open-ended approach with 

group-to-group strategy are not better than those taught using conventional models. 

H1: Students' mathematical communication skills taught using the open-ended approach with 

group-to-group strategy are better than those taught using conventional models. 

 

Table 5. Test the Difference in Students' Mathematical Understanding Ability 

Class 𝑁 𝛼 𝑡𝑐𝑜𝑢𝑛𝑡 𝑡𝑡𝑎𝑏𝑙𝑒 

Experiment 38 
0,05 2,1607 1,2694 

Control 37 

 

Based on Table 5, it can be seen that t_count>t_table which means H0 is rejected or H1 

is accepted. Thus, students' mathematical communication skills taught using the open-ended 

approach with group-to-group strategy are better than those taught using conventional models. 

This study explains that the mathematical communication skills of students who are taught 

using an open-ended approach with group-to-group on derivative function material are higher 

than the mathematical communication skills of students taught by conventional learning. This 

result is supported by related studies conducted previously, such as [21], [24], [25].  

Although this study was conducted at different places and times, it gives similar results. 

This means that there is a clear trend that the open-ended approach with group-to-group 

models makes a positive contribution to improving student academic performance. The open-

ended approach with group-to-group breathes constructivism. It is a common phenomenon for 

now that constructivism-based learning models support the development of student academic 

performance [28]–[31]. 

4   Conclusion 

This study was conducted to analyze the effect of an open-ended approach with group-to-

group on students' mathematical communication skills. Based on the results of the analysis, it 

was concluded that the students' mathematical communication skills taught using the open-

ended approach with a group-to-group strategy were better than those taught using 



 

 

 

 

conventional models. This open-ended approach with group-to-group can foster cooperation 

among students, so that in the learning process students will become more active in 

communicating, assessing the opinions of others, and expressing their ideas openly. Future 

research should consider the analysis of variance by examining separately the role of the open-

ended model and the group-to-group approach. This is done to get a clear picture of between 

these two treatments.  
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