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ABSTRACT 
Mathematical communication skill in a mathematics learning process isa 

basic skill that must be possessed by students in developing the ability to 

think, reason, and solve problems. Especially in virtual learning, both 

online learning and blended learning, teachers must be able to conduct 

learning that built students' mathematical communication skills. 

Implementing web-based geometry in space and plane learning can be an 

alternative for forming mathematical communication skills with the aid of 

technology in today's virtual learning environment. This research aimed to 

examine 1) how web-based geometry in space and plane learning is 

implemented, 2) how students' mathematical communication skills are 

built through web-based geometry in space and plane learning, and 3) 

what learning alternatives need improvement to optimize students' 

mathematical communication skills. This research used a qualitative 

method with instruments in the form of lecturer activity observation sheet, 

student activity observation sheet, interview guide, and mathematical 

communication skills test. Data were collected through observation of 

learning implementation, mathematical communication skills testing, and 

interviews based on the test results. The data were analyzed with a 

descriptive technique. The results showed that 1) web-based geometry in 

space and field learning can be implemented by exploring with concept 

discussion on the activity pages, 2) web-based geometry in space and plane 

learning could help students explore ideas throughout the students' 

mathematical communication skills formation process, and 3) the learning 

could be improved by developing an HLT (hypothetical learning 

trajectory) using technology to develop a higher level of mathematical 

thinking ability. 

INTRODUCTION 

In the current COVID-19 pandemic situation, learning processes can be sustained virtually. 
Lecturers and students collaborate to enable effective learning by applying online learning and 
blended learning, which using the involvement of technology in the learning process(Anggraini & 
Mahmudi, 2021; Siron et al., 2020). In mathematics learning, technology use affects the instructions 
of mathematics concepts, thereby improving the implementation of mathematics learning and the 
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activities involved (Forgasz, 2006). This can support the achievement of learning objectives and 
involve students in meaningful learning (Brantley-Dias & Ertmer, 2013; Muhtadi et al., 2018). 
Therefore, the use of technology is vital in the implementation of mathematics learning (Bakar et al., 
2020). It indirectly supports learning implementation in the Industrial Revolution 4.0 era which 
requires that lecturers and students transfer newly formed knowledge online (Yuliardi et al., 2021). 

Students studying mathematics education should pay more attention to the knowledge 
development process that takes place through online learning, particularly on the materials of 
similarity of triangles, congruence of triangles, area of rectangles, and area of triangles because these 
area prerequisite for understanding the following advanced geometry material. In addition, 
geometry in space and plane is also to be taught by students as prospective mathematics teachers at 
junior and senior high schools, which requires them to have a comprehensive understanding, both 
conceptually and procedurally (Muchlis et al., 2021). In fact, educational practice requires a space for 
students to act creatively in mathematics (Schoevers et al., 2019), which they feel can be created and 
done through learning geometry (Schoevers et al., 2020). The ability to solve geometric problems is 
important because it sets the first stepping stone to construct new mathematics knowledge (Levav-
Waynberg & Leikin, 2012). 

Geometry learning research obtained results, such as a) The object of research can be 
manipulated, and generalized concepts (Leung et al., 2013), and b) the use of animation media to 
think and interact in order (Baccaglini-Frank, 2019), to understanding of the geometric concepts. 
Furthermore, to form an understanding for the purpose of solving geometric problems, the ability, 
skill, and procedure to combine and develop concepts and ideas to form a deeper understanding of 
geometric concepts are necessary (Maarif et al., 2020; Schoevers et al., 2019; Warner et al., 2003). 
The process of conveying and analyzing ideas for one to be able to solve problems is a form of 
mathematical communication ability. 

Mathematical communication is the process of expressing ideas by describing, analyzing, and 
informing on thoughts using numbers, pictures, tables, or words in mathematics learning (Morgan et 
al., 2014; NCTM, 2020; Yuniarti, 2016). It isa fundamental ability to be developed. According to the 
National Council of Teachers of Mathematics (NCTM, 2000), mathematical communication is the 
formation of understanding and monitoring of reasoning. Mathematical communication skills affect 
problem-solving abilities through the delivery of strategies and ideas (Fatimah, 2012; Pratiwi, 2015) 
while problem-solving abilities are among the skills needed in the 21st century (Erdoğan, 2019). 
Three indicators of mathematical communication are featured in this research, namely 1) 
consolidating thoughts (mathematical ideas or concepts) in writing, 2) interpreting mathematical 
ideas or concepts in the form of graphs, pictures, or tables, and 3) expressing mathematical ideas 
correctly (NCTM, 2000; Sumarmo, 2010). 

In today's learning environment, it is critical to carry out online and blended learning while  
prioritizing students' abilities to be active and develop their thinking skills. Mathematical 
communication plays a basic role in the development of students' thinking skills, including 
understanding, reasoning, and problem-solving (Fatimah, 2012; NCTM, 2020; Pratiwi, 2015). 
However, some problems of students’ low ability to express ideas or students’ difficulties to interpret 
ideas in problem-solving are still present (Rizta & Antari, 2018; Susanti et al., 2019). . 

Ng et al., (2020) stated that geometry understanding requires the experiences of visualization, 
reasoning, and the use of technology that can strengthen students’ understanding of a concept. For 
this reason, new innovations of integrated technology are needed to support learning in the 
Industrial Revolution 4.0 and Society 5.0 era, which should be accessible by students in any place and 
at any time (Lane, 2016). To develop students' mathematical communication skills optimally and 
increase their desire to learn online, an appropriate technology-assisted learning model should be 
applied. Online learning should be designed using an innovative approach by considering the 
selection of the right platform so that it can improve students’ competences (Mairing et al., 2021). 
The Internet and the web can be used as products of technological developments in learning to 
provide meaningful learning experiences (Fatahillah et al., 2020). 
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The use of the web as an online media in learning can help lecturers motivate students, 
encourage collaborative activities, improve students’ thinking skills and procedural abilities, and 
develop students’ creativity (Akcaoglu, 2016; Johnson & Onwuegbuzie, 2004). For learning purposes, 
the web can be designed according to the learning needs and combined with software use 
(Karagiannis et al., 2006). The use of the web in learning can provide texts, images, animations, and 
videos, examples and practice questions, and activities that stimulate students to carry out a series 
of thinking processes to generate in-depth knowledge (Derr et al., 2018; Hagerty et al., 2010). The 
ease offered by the web will facilitate interactive activities in learning. 

Some relevant studies (Derr et al., 2018; Jonsdottir et al., 2017; Lyons et al., 2021; Pichon et al., 
2021) concluded that web-based learning is an alternative learning approach that is effective at 
improving learning achievement, and further studies are suggested. However, not many studies have 
particularly examined the impact of web-based learning on mathematical communication skills. 
Therefore, based on the above considerations, we took a deep interest in developing a web-based 
learning media to optimize the formation of students' mathematical communication skills. The first 
objective of this study was to find out how web-based geometry in space and field learning is applied. 
Second, to find out how students' mathematical communication skills are formed through web-based 
geometry in space and field learning. Third, to find out what learning alternatives need to be 
improved to optimize students' mathematical communication skills. This research is critical to the 
attempt to gain a picture of how a learning process under the web-based geometri in space and plane 
learning is undertaken, thereby allowing the development of an appropriate learning model based 
on the findings. This research’s results will also be useful for lecturers to improve students’ 
mathematical communication skills through web-based geometry in space and plane learning. In 
addition, lecturers may also conduct better learning planning to avoid the problems encountered in 
this research. 

METHODS 

Research methods and participants 
This research uses a qualitative approach.  The first objective of this study is to provide an 

overview of the steps in geometry in the study of space and planes. Second, to describe students' 
problems when expressing and analyzing ideas in developing mathematical communication skills, to 
solve problems of similarity and conformity of triangles, rectangular area, and triangular area. Third, 
determine alternative learning improvements that use problem-based technology in the learning 
process and the results of student thinking analysis in web-based geometry in space and field 
learning. The research instruments used a mathematical communication skill test and interview 
guidelines that are in accordance with the test results and are supported by student and lecturer 
activity observation sheets. Before using the three instruments, expert validation was carried out on 
two mathematics education lecturers and a trial was conducted to get the reliability value of the 
questions of the mathematical communication ability test. The subjects of this research involved34 
students who took the Geometry in Space and Plane course at the Mathematics Education Study 
Program, Faculty of Teacher Training and Education Science, at one of the state universities in 
Bengkulu province. They were then assigned to 7 different groups. Data were obtained by observing 
the geometry in space and plane learning implementation.  

Data collection and data analysis  
Data were gathered from mathematical communication skills test and interviews with students 

and the lecturer of the Geometry in Space and Plane course. The data were analyzed with a 
descriptive technique by analyzing synchronous learning records, analyzing student activities on the 
website, analyzing the results of the mathematical communication skills test, and analyzing the video 
record of the mathematical communication skills test interviews. The results of interviews and 
observations of learning activities were validated by one mathematics education lecturer. The 
limitation of this study is to analyze the mathematical communication skills of students who are the 
subjects of research and the research conducted only covers Bengkulu City. The procedure according 
to which this research was conducted is presented in Figure 1. 
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FINDINGS 

Application of web-based geometry in space and plane learning 
Learning implementation took place from March to April 2021. Learning was carried out with 

GeoGebra software and a learning media in the form of a web application. Stages of learning process 
were based on Yuliardi et al., (2021) using an android application. The learning implementation 
process is described in Table 1. 

The web-based geometry in space and plane learning media was developed in a student 
worksheet format. There isa page that guides students to carry out exploration activities using 
GeoGebra software to find concepts. This website has the capability of displaying mathematical 
symbols that are relevant to the topics during the learning process, such as the symbols of angles, 
exponents, and congruence. Students as users will be able to interact directly with the website after 
logging in. In addition, the website can directly display GeoGebra application to support exploration 
and concept discovery activities. There are several features available on the website, including video 
tutorials on using GeoGebra software online, an entry table to fill in the data from the output of the 
GeoGebra software exploration, and evaluation and chat features that can be used by students to 
discuss the concepts of similarity of triangles, the area of a quadrilateral, and the area of a triangle. 
The following isa display of the web-based geometry in space and plane learning media. 

The web-based learning media development aimed to enable understanding and train students 
in expressing their mathematical ideas, developing them into concepts of similarity of triangles, the 
area of a quadrilateral, and the area of a triangle. The concept of the area of a quadrilateral covered 
by the website included the area of a square, the area of a rectangle, the area of a parallelogram, the 
area of a trapezoid, and the area of a kite. The web-based learning media was also designed to develop 
students' systematic and procedural skills in solving problems. With this web-based learning media, 
it was expected that students would be assisted in consolidating thoughts (mathematical ideas or 
concepts) in writing, interpreting mathematical ideas or concepts in the form of graphs, pictures, or 
tables, and expressing mathematical ideas appropriately.  

Students’ mathematical communication skills improvement through web-based geometry in 
space and plane learning 

Based on the results of the mathematical communication skills test in the field, the 
achievement average of each indicator on the concepts of similarity of triangles, the area of a 
quadrilateral, and the area of a triangle is presented in Table 2. 

The web-based geometry in space and plane learning media that had been developed was 
tested for its effectiveness. It was found that the average score of the students’ mathematical 

 

Figure 1. Research Procedure 
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communication skills was 80.09 and the level of learning completeness obtained was 73.53%. These 
scores reflect that the effective criteria were met, meaning that the web-based geometry in space and 
plane learning media was able to improve the students' mathematical communication skills. In 
addition, the students responded to the web-based geometry in space and plane learning media use 
through a questionnaire positively (88.24%). 

The results of the students’ mathematical communication skills test were analyzed to 
examine the students' thinking process and the obstacles that occurred during the learning 
implementation. The students were given the following problem:  

Table 1 
The Web-Based Learning Implementation Steps 

Apperception Step 
1. The lecturer prepared students to start learning. 
2. The students prepared learning resources and logged in to the website 

www.geometri.effie.info 
3. The lecturer conveyed the learning objectives and explained the activities 

to be carried out on the website. 
4. The lecturer made apperceptions about the topics of similarity of triangles, 

the area of a quadrilateral, and the area of a triangle. 
Exploration and Elaboration Step 

1. The lecturer explained the prerequisite knowledge as a basic concept to 
carry out activities to understand the topics of similarity of triangles, the 
area of a quadrilateral, and the area of a triangle. 

2. The students explored the website, produced GeoGebra-assisted 
animations, and generalized concepts through the activities designed on 
the activity page. 

3. The students completed some procedural questions; on a webpage there 
are boxes available for students to fill in their answers. 

4. The students conducted a group discussion on the chat page. 
5. The lecturer provided a guidance for students who faced difficulties. 
6. The students were given an opportunity to present the results of the 

discussion through synchronous learning using Zoom application. 
7. The students completed an evaluation at each meeting. 

Confirmation and Closing Step 
The lecturer directed the students to provide conclusions and emphasize the truth 
of the concept or the procedure for finding and solving problems. 

 

Table 2 
Average Achievement of Each Mathematical Communication Skills Indicator 

Mathematical 
Communication Skills 

Indicator 

Achievement 
Average 

Achievement of Mathematical 
Communication Skills 

1. Consolidating thoughts 
(mathematical ideas or 
concepts) in writing 

2. Interpreting 
mathematical ideas or 
concepts in the form of 
graphs, pictures, or 
tables 

3. Expressing 
mathematical ideas 
correctly 

82.35% 
(28 of 34 student) 

 
 

 
79.41% 

(27 of 34 student) 
 
 

 
67.65% 

(23 of 34 students) 

Students are able to write down what is 
known and asked from the question, and 
can express the method used to solve 
the problem. 

Students can only do 2 different ways in 

the process of solving the same problem 

using pictures, graphics or narration. 

Students complete mathematical 
procedures correctly and correctly 
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From triangle MNP and triangle QRS, it is known that m∠M = m∠Q, m∠R = m∠N, m∠M = 56o, m∠R = 
82o,  𝑀𝑁 = 9𝑐𝑚, 𝑄𝑅 = 6𝑐𝑚,  𝑅𝑆 = 7𝑐𝑚, and  𝑀𝑃 = 12𝑐𝑚. Determine m∠N and  𝑁𝑃. 

To be able to solve this problem of similarity of triangles, the students needed to interpret 
the triangular figures. By paying attention to the side lengths and angles of the triangles in the 
problem, the students began to conduct an analysis to determine the concept to be applied in solving 
the problem. The answer from a student is provided in Figure 2. 

As many as 28 students (82.35%) answered correctly, and the rest answered incorrectly. 
Errors occurred because some students could not determine the equivalent ratio of the triangles 
based on the corresponding sides of the triangles. As shown in Figure 3, the student was able to show 
that the triangles MNP and QRS were similar based on the corresponding sides and the congruent 
angles, suggesting that the student already had the basic idea. It was then found that m∠N = 82o. 
Meanwhile, the length of 𝑁𝑃 was calculated using the proportionof the lengths of the corresponding 

sides of the triangles, namely 
𝑁𝑃

𝑅𝑆
=

𝑁𝑀

𝑅𝑄
→

𝑁𝑃

7
=

9

6
→𝑁𝑃 =

36

6
 →  𝑁𝑃 = 10.5 𝑐𝑚. 

 The next problem concerned a parallelogram. To work on that problem, an analysis of the 
parallelogram figure would be needed. The problem tested is as follows: 
From parallelogram MNPQ, it is known that𝑄𝑃 = 12 cm, 𝑄𝑀 = 9 cm, and the height of the 

parallelogram 𝑄𝑅 from point Q to the side 𝑀𝑁= 6 cm. Find the height of the parallelogram 𝑄𝑆 from 

point Q to the side 𝑃𝑁. 
 As many as 14 students (41.18%) answers are shown in Figure 4. The problem above is a 

parallelogram problem, which can be solved in two manners. First, it can be solved using the concept 
of similarity of triangles in several steps. However, students often interpret this type of problem using 
the concept of parallelogram with all known parts and then determining the length of the side to be 
calculated. In this example, they were able to determine the proportion of the side lengths of the two 

triangles found in the parallelogram, namely 
𝑄𝑆

𝑄𝑅
=

𝑄𝑃

𝑄𝑀
. At this step, the students showed that they had 

understood the basic concepts of proportion and similarity of triangles. To determine the proportion 
of the sides of the triangles, it would be necessary to show first that the two triangles are similar. In 
Figure 4, the explanations given by the students were only based on the assumption that the triangles 
QRM and QSP are similar. The students whose answer is presented on the left section of the figure 
above tried to prove that the triangle QRM is similar to the triangle QSP, explaining m∠P = m∠M 
because they are opposite interior angles and 𝑀𝑄 ~ 𝑃𝑄and ∠R = ∠S = 90o. After showing that the 

triangles QRM and QSP are similar, the next step was to solve the proportion for the triangles , 

namely: 
𝑄𝑆

𝑄𝑅
=

𝑄𝑃

𝑄𝑀
⇒𝑄𝑆 =

𝑄𝑃

𝑄𝑀
 . 𝑄𝑅⇒𝑄𝑆 =

12

9
 . 6⇒𝑄𝑆 = 8 𝑐𝑚.  

Second, this problem can be solved using the concept of the area of a parallelogram. From the 
results of the mathematical communication skills test for this problem, none of the students used this 
manner to solve the problem. If this concept is to be used, the problem can be solved as follows: 

𝑇ℎ𝑒 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑀𝑁𝑃𝑄 = 𝑀𝑁 𝑥 𝑄𝑅 = 𝑁𝑃 𝑥 𝑄𝑆 

𝑀𝑁 𝑥 𝑄𝑅 = 𝑁𝑃 𝑥 𝑄𝑆 

12 𝑥 6 = 9 𝑥 𝑄𝑆 

72 = 9 𝑥 𝑄𝑆 

𝑄𝑆 =  
72

9
= 8 𝑐𝑚 

The point to be considered in solving this problem is that students must understand how to 
interpret the formed shape so that they can apply the concept of the area of a parallelogram, the 
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concept of similarity of triangles, or the concept of proportion to express mathematical ideas 
appropriately. The next problem was about a quadrilateral.  
A quadrilateral RSTV has an area of 48 cm2. Point X is on the side TV with TX:XV = 3:1, and point Y is 
on side ST with SY:YT = 1:3. Find the area of RYTX. 

For the problem in Figure 5, the students might solve them by integrating the concepts of the 
area of a quadrilateral, the area of a triangle, and proportion. The answers of two students provided 
in Figure 5 show that they had been able to consolidate their thoughts by writing down the known 
parts first and then writing down their interpretation of the problem to which they wrote their 
solutions. They then interpreted the problem in the form of a rectangular figure (see Figure 5). The 
rectangular figure in the right section of Figure 5 is wrong because it depicts a three-dimensional 
shape, as shown by a dotted line in the back of the figure. Interviews with students find that the 

 

Figure 2. The Display of the Web-based Geometry in Space and Plane Learning Media 
 

 

Figure 3. The Answer from a Student Using the Similarity of Triangles Concept 
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addition of the dotted line is made because they want to find some other alternative planes that may 
be used to solve the quadrilateral problem.  Although the final decision on the method used to 
determine the solution to the problem does not take advantage of the dotted made. The correct figure 
is the one on the left side. Then, they were asked to analyze the figure. In this problem, the students 
were asked to find out the relationship between the area of the shape for which the solution was to 
be determined and the shape whose area was known. The students had to make a connection of the 
concepts of the area of a quadrilateral, the area of a triangle, and proportionto find the solution. The 
student whose answer is shown in the left section of Figure 5 directly used the ratio of known side 
lengths to determine the area of the region to be solved, stating that the area of the region RYTX was 
¾ of the area of the region RSTV. They argued that the lengths of the sides of RYTX, i.e., XT and TY, 
were ¾ of the lengths of the sides of RSTV. This shows that, in interpreting the figure, the student 
already had the idea that the area of RYTX = ¾ the area of RSTV. It therefore became necessary to 
demonstrate the truth of that idea. As can be seen on the left side of Figure 5, the student tried to 
demonstrate the truth by interpreting the figure formed as two triangles and assuming the length of 
each side using a variable, i.e., 𝑉𝑋 = 𝑥, 𝑋𝑇 = 3𝑥, 𝑇𝑌 = 3𝑦, and𝑌𝑆 = 𝑦. The algebraic calculation 

procedure canbe seen below: 

  

Figure 4. Students’ Answers Using the Parallelogram Concept 
 

 
 

Figure 5. Students’ Answers using the Quadrilateral Concept 
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Then, the proportion of the area of RSTV to the area of RYTX is: 
𝑇ℎ𝑒 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑅𝑌𝑇𝑋

𝑇ℎ𝑒 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑅𝑆𝑇𝑉
=

2𝑡(𝑥 + 𝑦)

3
2

𝑡(𝑥 + 𝑦)
=

3

4
 

The area of RSTV = ¾  of the area of RYTX 
Therefore, the area to be determined, RSTV, is calculated as follows: RSTV = ¾ . 48 cm2 = 36 cm2. 

DISCUSSION 

Based on the results of the mathematical communication skills test, observation, and 
interviews with students, one procedure that was often considered difficult by the students was to 
show the similarity of two triangles as a prerequisite for determining a proportion to find out the 
area of a quadrilateral. In addition, they were found to have mastered the basic concepts needed to 
solve the problem given, but they had difficulties to demonstrate the truth of their ideas using the 
concept of the area of a triangle. The problems found in students in solving mathematical 
communication skills problems in this quadrilateral material require attention from the lecturer.  It 
is revealed by Confrey et al., (2017), Ivars et al., (2018),and Nickerson et al., (2017) that lecturers 
need to interpret and decide how to respond to students' mathematical ideas and analyze students' 
conceptual understanding, so that lecturers can develop learning activities that can build better ways 
of thinking, reasoning and communicating.  In order to encourage students able to think in a better 
way, lecturers can use HLT (Hypothetical Learning Trajectory) which serves as a reference for 
lecturers in identifying learning objectives, interpreting students' mathematical thinking, and 
responding through appropriate instructions (Sztajn et al., 2012). It also applies in teaching and 
learning mathematics that uses technology. 

The results of the interviews with students on the use of technology, in the form of a web-based 
learning platform, showed that the platform could increase the students' interest in studying 
geometry in space and plane because they were trained to be independent, responsible, and careful, 
learning was designed with a greater degree of structure, and the exploration with GeoGebra 
software allowed them to improve creativity and innovativeness. In addition, the technology-based 
learning media could improve the students' mathematical communication skills as indicated by their 
ability to represent problems in the form of figures and explore several ideas to solve the problems 
given. The students were able to choose, apply principles, and express ideas and mathematical 
concepts appropriately according to the concepts of similarity of triangles, the area of a quadrilateral, 
and the area of a triangle. The results of the error analysis at the time of the interviews showed that 
the students still experienced procedural errors in applying the concept of similarity of triangles and 
faced difficulties in proving the truth of the basic ideas they had constructed as the key to solving 
problems, such as the problems of parallelograms and quadrilaterals, in which case the students 
already formed ideas but experienced difficulties in finding the relationship between one concept 
and another concept. 

 This condition shows that learning implementation requires lecturers to encourage students 
to work together, engage in interesting mathematical activities, and establish a learning community 
(De Araujo et al., 2018; Dimmel & Herbst, 2017). Lecturers also need to help students to be able to 

https://journals.ums.ac.id/index.php/jramathedu


 
 Journal of Research and Advances in Mathematics Education, 7(4), October 2022, 224-236 233 

 

 

 

https://journals.ums.ac.id/index.php/jramathedu 

communicate mathematical ideas effectively by practicing expressing mathematical ideas both orally 
and in writing, which will result in a better understanding of mathematical concepts, strengthened 
mathematical thinking ability, and better higher-order thinking ability(Fried, 2009; Liang, 2014). In 
addition, the results of the research conducted by (Sumarmo, 2010; Trenholm & Peschke, 2020) 
showed that the use of technology in the implementation of mathematics learning had good potential 
to be used to develop mathematical communication skills. Responding to students’ conceptual errors 
, it is necessary to involve lecturers in identifying students' initial understanding and preparing 
possible actions that must be taken based on activities and responses given by students during 
learning.  For this reason, it is necessary to prepare HLT (hypothetical learning trajectories) which 
can be used as guides for the development of students' mathematical thinking process in 
understanding concepts, making it easier for lecturers to analyze errors in students' mathematical 
thinking process as well as design alternative actions to address learning barriers that may occur in 
the learning process (Ivars et al., 2018; Nuraida & Amam, 2019; Simon, 2017).This is emphasized in 
the form of task design, community development in learning, and alternative instruction (De Araujo 
et al., 2018). 

CONCLUSIONS   

From the research results provided above, some conclusions can be drawn. First, Web-based 
plane and space geometry learning can streamline mathematical communication skills through 
exploring concepts on activity pages and carrying out discussions through web pages with an 
effectiveness value of 80,09. Second, the results of the analysis of the students’ test answers showed 
that the students communicated their mathematical ideas in solving problems in various ways. This 
diversity illustrates the ways in which the students developed ideas and chose problem-solving 
strategies. In addition, several learning barriers were also found, namely procedural errors in 
applying concepts, lack of skills in communicating basic ideas as a prerequisite for forming solutions, 
and difficulties in showing the relationship between one concept and another. Third, technology-
based learning implementation offers an alternative for developing students' mathematical 
communication skill. Lecturers’ designed HLT scan serve as references to improve students' 
mathematical communication process in studying the concepts of similarity of triangles, the area of 
a quadrilateral, and the area of a triangle. These results ultimately lead to a suggestion to implement 
web-based learning under other learning models so that other mathematical thinking abilities can be 
improved according to the learning standards in higher education.   

BIBLIOGRAPHY 

Akcaoglu, M. (2016). Design and Implementation of the Game-Design and Learning Program. TechTrends, 60(2), 
114–123. https://doi.org/10.1007/s11528-016-0022-y 

Anggraini, T. W., & Mahmudi, A. (2021). Exploring the students’ adversity quotient in online mathematics 
learning during the Covid-19 pandemic. JRAMathEdu (Journal of Research and Advances in Mathematics 
Education), 6(3), 221–238.  
https://doi.org/10.23917/jramathedu.v6i3.13617 

Baccaglini-Frank, A. (2019). Dragging, instrumented abduction and evidence, in processes of conjecture 
generation in a dynamic geometry environment. ZDM: The International Journal of Mathematics 
Education, 51(5), 779–791. https://doi.org/10.1007/s11858-019-01046-8 

Bakar, N. S. A., Maat, S. M., & Rosli, R. (2020). Mathematics teacher’s self-efficacy of technology integration and 
technological pedagogical content knowledge. Journal on Mathematics Education, 11(2), 256–276. 
https://doi.org/10.22342/jme.11.2.10818.259-276 

Brantley-Dias, L., & Ertmer, P. A. (2013). Goldilocks and TPACK: Is the construct “just right?” Journal of Research 
on Technology in Education, 46(2), 103–128. https://doi.org/10.1080/15391523.2013.10782615 

Confrey, J., Gianopulos, G., McGowan, W., Shah, M., & Belcher, M. (2017). Scaffolding learner-centered curricular 
coherence using learning maps and diagnostic assessments designed around mathematics learning 
trajectories. ZDM - Mathematics Education, 49(5), 717–734. https://doi.org/10.1007/s11858-017-
0869-1 

De Araujo, Z., Orrill, C. H., & Jacobson, E. (2018). Examining the design features of a communication-rich, 
problem-centred mathematics professional development. International Journal of Mathematical 

https://journals2.ums.ac.id/index.php/jramathedu
https://doi.org/10.1007/s11528-016-0022-y
https://doi.org/10.23917/jramathedu.v6i3.13617
https://doi.org/10.1007/s11858-019-01046-8
https://doi.org/10.22342/jme.11.2.10818.259-276
https://doi.org/10.1080/15391523.2013.10782615
https://doi.org/10.1007/s11858-017-0869-1
https://doi.org/10.1007/s11858-017-0869-1


 
234 Journal of Research and Advances in Mathematics Education, 7(4), October 2022, 224-236   

 

 

https://journals.ums.ac.id/index.php/jramathedu 

Education in Science and Technology, 49(3), 323–340. 
https://doi.org/10.1080/0020739X.2017.1373153 

Derr, K., Hübl, R., & Ahmed, M. Z. (2018). Prior knowledge in mathematics and study success in engineering: 
informational value of learner data collected from a web-based pre-course. European Journal of 
Engineering Education, 43(6), 911–926.  
https://doi.org/10.1080/03043797.2018.1462765 

Dimmel, J. K., & Herbst, P. G. (2017). Secondary mathematics teachers’ attitudes toward alternative 
communication practices when doing proofs in geometry. Teaching and Teacher Education, 68, 151–160. 
https://doi.org/10.1016/j.tate.2017.08.018 

Erdoğan, V. (2019). Integrating 4C Skills of 21st Century into 4 Language Skills in EFL Classes. International 
Journal of Education and Research, 7(11), 113–124. http://www.ijern.com 

Fatahillah, A., Puspitasari, I. D., & Hussen, S. (2020). The development of Schoology web-based learning media 
with GeoGebra to improve the ICT literacy on quadratic functions. JRAMathEdu (Journal of Research and 
Advances in Mathematics Education), 5(3), 304–316. https://doi.org/10.23917/jramathedu.v5i3.10692 

Fatimah, F. (2012). Kemampuan Komunikasi Matematis dan Pemecahan Masalah melalui Problem based 
learning. Jurnal Penelitian Dan Evaluasi Pendidikan, 16(1), 249–259.  
https://doi.org/10.21831/pep.v16i1.1116 

Forgasz, H. (2006). Factors that encourage or inhibit computer use for secondary mathematics teaching. Journal 
of Computers in Mathematics and Science Teaching, 25(1), 77–93. 
https://www.learntechlib.org/primary/p/6100/ 

Fried, M. N. (2009). Becoming a Reflective Mathematics Teacher: A Guide for Observations and Self-
Assessment. Mathematical Thinking and Learning, 11(3), 183–186.  
https://doi.org/10.1080/10986060802426776 

Hagerty, G., Smith, S., & Goodwin, D. (2010). Redesigning college algebra: Combining educational theory and 
web-based learning to improve student attitudes and performance. Primus, 20(5), 418–437. 
https://doi.org/10.1080/10511970802354527 

Ivars, P., Fernández, C., Llinares, S., & Choy, B. H. (2018). Enhancing noticing: Using a hypothetical learning 
trajectory to improve pre-service primary teachers’ professional discourse. Eurasia Journal of 
Mathematics, Science and Technology Education, 14(11).  
https://doi.org/10.29333/ejmste/93421 

Johnson, R. B., & Onwuegbuzie, A. J. (2004). Mixed Methods Research: A Research Paradigm Whose Time Has 
Come. Educational Researcher, 33(7), 14–26.  
https://doi.org/10.3102/0013189X033007014 

Jonsdottir, A. H., Bjornsdottir, A., & Stefansson, G. (2017). Difference in learning among students doing pen-and-
paper homework compared to web-based homework in an introductory statistics course. Journal of 
Statistics Education, 25(1), 12–20.  
https://doi.org/10.1080/10691898.2017.1291289 

Karagiannis, P., Markelis, I., Paparrizos, K., & Samaras, N. (2006). International Journal of Mathematical E-
learning technologies : employing Matlab web server to facilitate the education of mathematical 
programming. Internasional Journal Mathematical Education, 37(7), 765–782. 
https://doi.org/10.1080/00207390600723551 

Lane, S. (2016). Effective Online Discussion Forums as a Legal Learning Space. American Journal of Educational 
Research, 4(5), 392–396. https://doi.org/10.12691/education-4-5-5 

Leung, A., Baccaglini-Frank, A., & Mariotti, M. A. (2013). Discernment of invariants in dynamic geometry 
environments. Educational Studies in Mathematics, 84(3), 439–460. https://doi.org/10.1007/s10649-
013-9492-4 

Levav-Waynberg, A., & Leikin, R. (2012). Using Multiple Solution Tasks for the Evaluation of Students’ Problem-
Solving Performance in Geometry. Canadian Journal of Science, Mathematics and Technology Education, 
12(4), 311–333. https://doi.org/10.1080/14926156.2012.732191 

Liang, S. (2014). College mathematics classroom for pre-service teachers : developing students ’ ability of 
communication that promotes deeper learning. Pure and Applied Science, 3(1), 21–25. 
https://doi.org/10.14196/sjpas.v3i1.1149 

Lyons, K. M., Lobczowski, N. G., Greene, J. A., Whitley, J., & McLaughlin, J. E. (2021). Using a design-based 
research approach to develop and study a web-based tool to support collaborative learning. Computers 
and Education, 161, 104064. https://doi.org/10.1016/j.compedu.2020.104064 

Maarif, S., Alyani, F., & Pradipta, T. R. (2020). The implementation of self-explanation strategy to develop 
understanding proof in geometry. JRAMathEdu (Journal of Research and Advances in Mathematics 
Education), 5(3), 262–275. 0https://doi.org/10.23917/jramathedu.v5i3.9910 

https://journals.ums.ac.id/index.php/jramathedu
https://doi.org/10.1080/0020739X.2017.1373153
https://doi.org/10.1080/03043797.2018.1462765
https://doi.org/10.1016/j.tate.2017.08.018
http://www.ijern.com/
https://doi.org/10.23917/jramathedu.v5i3.10692
https://doi.org/10.21831/pep.v16i1.1116
https://www.learntechlib.org/primary/p/6100/
https://doi.org/10.1080/10986060802426776
https://doi.org/10.1080/10511970802354527
https://doi.org/10.29333/ejmste/93421
https://doi.org/10.3102/0013189X033007014
https://doi.org/10.1080/10691898.2017.1291289
https://doi.org/10.1080/00207390600723551
https://doi.org/10.12691/education-4-5-5
https://doi.org/10.1007/s10649-013-9492-4
https://doi.org/10.1007/s10649-013-9492-4
https://doi.org/10.1080/14926156.2012.732191
https://doi.org/10.14196/sjpas.v3i1.1149
https://doi.org/10.1016/j.compedu.2020.104064
https://doi.org/10.23917/jramathedu.v5i3.9910


 
 Journal of Research and Advances in Mathematics Education, 7(4), October 2022, 224-236 235 

 

 

 

https://journals.ums.ac.id/index.php/jramathedu 

Mairing, J. P., Sidabutar, R., Lada, E. Y., & Aritonang, H. (2021). Synchronous and asynchronous online learning 
of advanced statistics during Covid-19 pandemic. Journal of Research and Advances in Mathematics 
Education, 6(3), 191–205. 7 

https://doi.org/10.23917/jramathedu.v6i3.13477 
Morgan, C., Craig, T., Schuette, M., & Wagner, D. (2014). Language and Communication in Mathematics 

Education: an Overview of Research in the Field. ZDM - Mathematics Education, 46(6), 843–853. 
https://doi.org/10.1007/s11858-014-0624-9 

Muchlis, E. E., Priatna, N., & Dahlan, J. A. (2021). Development of a Web-based Worksheet with a Project-Based 
Learning Model Assisted by GeoGebra. Jurnal Riset Pendidikan Matematika, 8(1), 46–60. 
https://doi.org/10.21831/jrpm.v8i1.40985 

Muhtadi, D., Wahyudin, Kartasasmita, B. G., & Prahmana, R. C. I. (2018). The Integration of technology in 
teaching mathematics. Journal of Physics: Conference Series, 943(1). https://doi.org/10.1088/1742-
6596/943/1/012020 

NCTM. (2000). Principles and Standards for School Mathematics. 
https://en.calameo.com/read/0006786711df6b77d3cd0 

NCTM. (2020). Executive Summary Principle and Standar for School Mathematics. 
https://www.nctm.org/uploadedFiles/PSSM_ExecutiveSummary 

Ng, O. L., Shi, L., & Ting, F. (2020). Exploring differences in primary students’ geometry learning outcomes in 
two technology-enhanced environments: dynamic geometry and 3D printing. International Journal of 
STEM Education, 7(1), 1–13. https://doi.org/10.1186/s40594-020-00244-1 

Nickerson, S. D., Lamb, L., & Larochelle, R. (2017). Challenges in Measuring Secondary Mathematics Teachers’ 
Professional Noticing of Students’ Mathematical Thinking. Teacher Noticing: Bridging and Broadening 
Perspectives, Contexts, and Frameworks, 381–398. https://doi.org/10.1007/978-3-319-46753-5 

Nuraida, I., & Amam, A. (2019). Hypothetical Learning Trajectory in Realistic Mathematics Education To 
Improve the Mathematical Communication of Junior High School Students. Infinity Journal, 8(2), 247. 
https://doi.org/10.22460/infinity.v8i2.p247-258 

Pichon, E. Le, Cummins, J., & Vorstman, J. (2021). Using a web-based multilingual platform to support 
elementary refugee students in mathematics. Journal of Multilingual and Multicultural Development, 1–
17. https://doi.org/10.1080/01434632.2021.1916022 

Pratiwi, D. D. (2015). Analisis Kemampuan Komunikasi Matematis Dalam Pemecahan Masalah Matematika 
Sesuai Dengan Gaya Kognitif Dan Gender. Al-Jabar : Jurnal Pendidikan Matematika, 6(2), 131–142. 
https://doi.org/10.24042/ajpm.v6i2.28 

Rizta, A., & Antari, L. (2018). Pengembangan Tes Kemampuan Komunikasi Matematis Pada Materi Sistem 
Persamaan Linear Untuk Mahasiswa Calon Guru Matematika. AKSIOMA: Jurnal Program Studi Pendidikan 
Matematika, 7(2), 291. https://doi.org/10.24127/ajpm.v7i2.1525 

Schoevers, E. M., Leseman, P. P. M., & Kroesbergen, E. H. (2020). Enriching Mathematics Education with Visual 
Arts: Effects on Elementary School Students’ Ability in Geometry and Visual Arts. International Journal 
of Science and Mathematics Education, 18(8), 1613–1634. https://doi.org/10.1007/s10763-019-10018-
z 

Schoevers, E. M., Leseman, P. P. M., Slot, E. M., Bakker, A., Keijzer, R., & Kroesbergen, E. H. (2019). Promoting 
pupils’ creative thinking in primary school mathematics: A case study. Thinking Skills and Creativity, 
31(December 2018), 323–334. https://doi.org/10.1016/j.tsc.2019.02.003 

Simon, M. A. (2017). Explicating mathematical concept and mathematicalconception as theoretical constructs 
for mathematics education research. Educational Studies in Mathematics, 94(2), 117–137. 
https://doi.org/10.1007/s10649-016-9728-1 

Siron, Y., Wibowo, A., & Narmaditya, B. S. (2020). Factors Affecting the Adoption of E-Learning in Indonesia: 
Lesson From Covid-19. Journal of Technology and Science Education, 10(2), 282--295-. 
https://doi.org/10.3926/jotse.1025 

Sumarmo, U. (2010). Berfikir dan Disposisi Matematik: Apa, Mengapa, dan Bagaimana Dikembangkan Pada 

Peserta Didik. Fpmipa Upi, 1–27. https://www.academia.edu/10346582/ 

Susanti, V. D., Lusiana, R. L., & Andari, T. (2019). Pengaruh Project Based Learning Berbasis Media Interaktif 
Terhadap Kemampuan Komunikasi Matematis Mahasiswa. AKSIOMA: Jurnal Program Studi Pendidikan 
Matematika, 8(3), 354. https://doi.org/10.24127/ajpm.v8i3.2203 

Sztajn, P., Confrey, J., Wilson, P. H., & Edgington, C. (2012). Learning Trajectory Based Instruction: Toward a 
Theory of Teaching. Educational Researcher, 41(5), 147–156.  
https://doi.org/10.3102/0013189X12442801 

Trenholm, S., & Peschke, J. (2020). Teaching undergraduate mathematics fully online : a review from the 

https://journals2.ums.ac.id/index.php/jramathedu
https://doi.org/10.23917/jramathedu.v6i3.13477
https://doi.org/10.1007/s11858-014-0624-9
https://doi.org/10.21831/jrpm.v8i1.40985
https://doi.org/10.1088/1742-6596/943/1/012020
https://doi.org/10.1088/1742-6596/943/1/012020
https://en.calameo.com/read/0006786711df6b77d3cd0
https://www.nctm.org/uploadedFiles/Standards_and_Positions/PSSM_ExecutiveSummary.pdf
https://doi.org/10.1186/s40594-020-00244-1
https://doi.org/10.1007/978-3-319-46753-5
https://doi.org/10.22460/infinity.v8i2.p247-258
https://doi.org/10.1080/01434632.2021.1916022
https://doi.org/10.24042/ajpm.v6i2.28
https://doi.org/10.24127/ajpm.v7i2.1525
https://doi.org/10.1007/s10763-019-10018-z
https://doi.org/10.1007/s10763-019-10018-z
https://doi.org/10.1016/j.tsc.2019.02.003
https://doi.org/10.1007/s10649-016-9728-1
https://doi.org/10.3926/jotse.1025
https://www.academia.edu/10346582/BERFIKIR_DAN_DISPOSISI_MATEMATIK_APA_MENGAPA_DAN_BAGAIMANA_DIKEMBANGKAN_PADA_PESERTA_DIDIK
https://doi.org/10.24127/ajpm.v8i3.2203
https://doi.org/10.3102/0013189X12442801


 
236 Journal of Research and Advances in Mathematics Education, 7(4), October 2022, 224-236   

 

 

https://journals.ums.ac.id/index.php/jramathedu 

perspective of communities of practice. Internasional Journal of Educational Technologi in Higher 
Education, 17(37), 3–18. https://doi.org/10.1186/s41239-020-00215-0 

Warner, L. B., Alcock, L. J., Coppolo  Joseph, J., & Davis, G. E. (2003). How Does Flexible Mathematical Thinking 
Contribute To the Growth of Understanding? Proceedings of the 27th Conference of the International 
Group for the Psychology of \nMathematics Education Held Jointly with the 25th Conference of PME-NA, 4, 
371–378. https://files.eric.ed.gov/fulltext/ED501150.pdf 

Yuliardi, R., Juandi, D., Maizora, D. S., & Mahpudin, A. (2021). Analysis of the Impact of Android Applications-
based Mathematics Learning on Increasing Students’ Mathematical Representation Skills. Kreano, Jurnal 
Matematika Kreatif-Inovatif, 12(1), 178–188.http://journal.unnes.ac.id/nju/index.php/kreano. 
https://doi.org/10.15294/kreano.v12i1.28667 

Yuniarti, Y. (2016). Pengembangan Kemampuan Komunikasi Matematis dalam Pembelajaran Matematika di 
Sekolah Dasar. EduHumaniora | Jurnal Pendidikan Dasar Kampus Cibiru, 6(2), 109–114. 
https://doi.org/10.17509/eh.v6i2.4575 

 

https://journals.ums.ac.id/index.php/jramathedu
https://doi.org/10.1186/s41239-020-00215-0
https://files.eric.ed.gov/fulltext/ED501150.pdf
https://doi.org/10.15294/kreano.v12i1.28667
https://doi.org/10.17509/eh.v6i2.4575

