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ABSTRACT
This study aims to analyze (1) The Differences of Improving Communication Ability and
Mathematical Concepts Understanding between Students that Given Problem Based
Learning and Discovery Learning, (2) There is an interaction between the learning
model with the students’ initial ability of mathematics (KAM) towards improving
students’ communication ability and mathematical concepts understanding. The type of
this research was quasi-experimental. This study was conducted at SMP Swasta Al-
Hikmah. The population in this study was all students of class VIII by taking a sample of
two classes. The instrument used consists of students' mathematical communication
test and understanding concepts. The instruments fulfilled the requirements of content
validity and high reliability, i.e. 0.789 and 0.793 respectively for mathematical
communication and concepts understanding ability. Data were analyzed by the Two
Way Anova test. Before using the Two Way Anova test, homogeneity and normality
were tested first in this study with a significant level of 5%. Based on the results of the
analysis, the results of the study were: (1) there was the difference of improving
communication ability and mathematical concepts understanding between students
that given problem-based learning and discovery learning, (2) there is interaction
between the learning model with the students’ initial ability of mathematics towards
improving students’ communication ability and mathematical concepts understanding.

Keywords: mathematical communication ability, understanding of mathematical concepts,
problem based learning model, discovery learning model and students’ initial ability of
mathematics

BACKGROUND
Mathematics as a basic science and is one of the subjects of the National Examination (UN).
Mathematics with its various roles makes it a very important science, and one of the roles of
mathematics as a thinking tool to deliver students understand the mathematical concepts they
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are learning. Based on its development, the problems faced in learning mathematics are
increasingly complicated and require a more perfect analysis structure. So that in learning is
indispensable good way of communicating, so as to be able to solve mathematical problems.

National Council of Teachers of Mathematics (1989) formulated the learning objectives of
mathematics, namely: (1) learning to communicate (mathematical communication); (2)
learning to reason (mathematical reasoning); (3) learning to solve problems (mathematical
problem solving); (4) learning to associate ideas (mathematical connections); and (5) the
formation of positive attitudes towards mathematics. This goal shows how important learn of
mathematics is, because by learning mathematics certain abilities and skills are useful not only
when learning mathematics but also can be applied in solving various problems in daily life.
Mathematical communication ability is one of the important abilities in learn of mathematics,
including if the communication process is well established, it can help students build their
understanding of mathematical ideas and make them easier to understand (Mahmudi, 2009:
7).

Whereas in the opinion of Baroody (1993), learning must be able to help students
communicate mathematical ideas through five aspects of communication, namely
representating, listening, reading, discussing and writing. Next, there are at least two
important reasons why communication in learning mathematics needs to be developed among
students. First, mathematics as language, meaning that mathematics is not just a tool of
thinking (a tool to aid thinking), a tool for finding patterns, solving problems or drawing
conclusions, but also mathematics “an invaluable tool for communicating a variety of ideas
clearly, precisely, and succinctly”. Second, mathematics learning as social activity : it means as
a social activity in learning of mathematics as a vehicle for interaction between students, as
well as a means of communication between teachers and students. Mathematical
communication needs to be the focus of attention in learning of mathematics, because through
communication, students can organize and consolidate their mathematical thinking and
students can explore mathematical ideas. Awareness of the importance of paying attention to
students' ability to communicate with using mathematics learned at school needs to be grown,
because one of the functions of mathematics is as a way of communicating ideas in a practical,
systematic and efficient manner.

Kilpatrick, J., Swafford, J., & Findell, B (2001: 116) mention that “concepual understanding-
comprehension of mathematical concepts, operations, and relations”. They argue that concept
understanding is one of the mathematical skills that students must master in mathematics
learning. Because students will not be able to solve problems in mathematics if the student
does not understand correctly the concept of mathematical problems given.

Students' knowledge and understanding of mathematical concepts can be seen from several
aspects or indicators, NCTM (1989: 48) formulates aspects of understanding mathematical
concepts as follows: The assesment of sudents’ knowledge and understanding of mathematical
concepts should provide evidence that they can: 1) label, verbalize, and define concepts; 2)
identify and generate examples and non example; 3) use models, diagrams, and symbols to
represent concepts; 4) identify properties of a given concept and recognize conditions that
determine a particular concept; 5) compare and contrast concepts. The low student learning
outcomes can be seen from the results of the answers of some students who were given a
description problem. The provision of this question aims to see the ability to understand
students' concepts and mathematical communication in solving problems that demand
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thinking and reasoning skills. Sampling results from students' answers were carried out by
purposive sampling.

From the solution of the problem that has been done by several students, the average score
obtained by students is 50. In general, it can be concluded that the ability to understand
students mathematical concepts is low. It can be seen that the ability of students to restate a
concept by using their own language is still low, and the ability of students to use concepts in
problem solving is still low. This is because students do not understand the problem given. So
that students are not able to solve problems properly and correctly.

Based on the reality of the above problems, it is necessary to look for models and learning
approaches that are able to improve mathematical problem solving skills. One model of
learning that is creative, innovative, and effective in improving communication skills and
understanding of students' mathematical concepts that researchers will do is a problem-based
learning model. According to Arends (2008) this model is learning in which students work on
authentic (real) problems with the intention of compiling their own knowledge, developing
inquiry and higher-order thinking skills, developing independence and increasing their
confidence.

Not only problem-based learning models that will improve communication skills and
understanding of mathematical concepts but researchers will also apply the discovery learning
model. According Takdir (2012) discovery learning is one model that allows students to be
directly involved in teaching and learning activities so that they are able to use their mental
processes to find a concept or theory being studied.

Students' mathematics learning achievement is not only from learning that uses problem-
based learning models or discovery learning alone, but also influenced by their initial
mathematical abilities as well. Bryant dan Nunez (dalam Aunino, P. & Niemivirta, M, 2010:1)
suggested that “logical thinking, teaching of conventional counting systems, and a meaningful
context for learning mathematics form the basis for children’s early mathematical
development”. Initial ability of mathematics is the initial knowledge ability that must be
possessed by a student which is a prerequisite for learning further lessons and to be able to
easily continue their education to the next level.

Based on the background of the above problems, it is necessary to find out whether the
problem-based learning and discovery learning models have difference in contributions to the
communication ability and mathematical concepts understanding students.

THEORETICAL FRAMEWORK

Mathematical communication, a fundamental mathematics educational objective that involves
cognitive and social activities (Baroody & Ginsburg, 1990), is used to engage students in
communicative situations for increasing learning interaction with others to obtain mutual
mathematical ideas (Silver & Smith, 1996), share mathematical thoughts, develop
mathematical concepts and strategies, and reflect on their current mathematical
understanding (Whitin & Whitin, 2000; Cooke & Buchholz, 2005). Mathematical
communication abilities also include expressing mathematical thought by using mathematical
language clearly, precisely, and succinctly (National Council of Teachers of Mathematics,
2000); understanding others’ mathematical equations and concepts (Lin & Lee, 2004; Lin,
Shann, & Lin, 2008); and evaluating others’ mathematical concepts by, for example, asking
meaningful questions and explaining the reasons for others’ incorrect mathematical thought
(Lin & Lee, 2004).
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Various means of fostering mathematical communication abilities have been proposed. For
example, Baroody and Ginsburg (1990) suggested that students should communicate
mathematical ideas through representing, listening, discussing, reading, and writing. Cobb,
Boufi, McClain, and Whitenack (1997) also claimed that students’ mathematical discourse in
classrooms can support their conceptual development, while Shimizu and Lambdin (1997)
revealed that students who write about the thinking process of their solutions can organize
complex thoughts and evaluate their own opinions. Similarly, Steele and Arth (1998) argued
that reflecting on how to solve a problem by writing their solutions can facilitate students to
explain their thinking process more clearly, thereby benefitting themselves in learning
mathematics and learning to communicate mathematically by constructing mathematical
artifacts as well as developing and evaluating mathematical arguments (National Council of
Teachers of Mathematics, 2000). Similarly, students can adopt written mathematical
communication by using text, figures, Tabels, pictures, diagrams, or mathematical symbols to
provide critical evidence of their mathematics ideas and concepts (Mooney, Hansen, Ferrie,
Fox, & Wrathmell, 2012; Whitin & Whitin, 2000).

Conceptual knowledge is a grasp of the mathematical concepts and ideas that are not problem-
specific and therefore can be applied to any problem solving situation conceptual knowledge is
a grasp of the mathematical concepts and ideas that are not problem-specific and therefore can
be applied to any problem solving situation (Madhavi, 2008). Conceptual knowledge as
explicit or implicit understanding of the principles that govern a domain and of the
interreletion pieces between knowledge in domain. conceptual knowledge as explicit or
implicit understanding of the principles that govern a domain and of the interreletion pieces
between knowledge in domain (Rittle, 2001). Conceptual understanding is the over-arching
understanding of mathematical concepts and ideas that one often refers to as a good
mathematical sense (Madhavi, 2008). According to Duffin & Simpson (2000) understanding of
concepts as students' ability to: (1) explain concepts, can mean students are able to re-express
what has been communicated to them; (2) using concepts in a variety of different situations;
and (3) developing some of the consequences of a concept, meaning that students understand a
concept as a result of students having the ability to solve every problem correctly.

RESEARCH METHODS
This research is categorized into quasi-experimental research. This study aims to analyze
differences in the improvement of communication ability and mathematical concepts
understanding between students who were given a problem-based learning model with
students who were given a discovery learning model, as well as to analyze the interaction
between learning models with Initial ability of mathematics students to improve
communication ability and mathematical concepts understanding students.

The population in this study were all eighth grade students of Al-Hikmah Medan Private Junior
High School 2018/2019 which amounted to 160 people. The sampling in this study uses the
Slovin formula with purposive sampling technique. The sample of this study consisted of two
classes, namely class VIII-1 as the experimental class 1 with a total of 32 students and VIII-2 as
the experimental class 2 with a total of 32 students. The design used in this study is pretest
posttest control group design. The research design is presented in Tabel 1:
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Tabel 1. Research Design

Treatment Group | Pretest | Treatment | Postest

PBM
(Eksperimental 1)

01 X1 02

Discovery Learning

(Eksperimental 2) 01 X2 02

Information:

O1: Observation 1 (pretest: test communication ability and mathematical concepts
understanding)

O2: Observation 2 (posttest: test communication ability and mathematical concepts
understanding)

X1: Treatment of learning with problem-based learning models

X2: Treatment of learning with discovery learning models

This study uses one type of instrument, namely the test instrument. The test used is a test of
mathematical communication skills and a test of the ability to students Mathematical Concepts
Understanding.

DATA ANALYSIS & RESULT

To answer the research questions raised in the introduction, an analysis and interpretation of
research result data is needed. The analysis in question is to find out the difference in the
improving of communication ability and mathematical concepts understanding of students in
the material of the linear equation system of two variables that obtain learning with different
models. The experimental class 1 obtained learning with a problem-based learning model,
while the experimental class 2 obtained learning with discovery learning. Furthermore, it will
be seen also the interaction between learning (problem-based learning and discovery learning
models) with students 'initial mathematical abilities (high, medium and low) towards
improving communication ability and mathematical concepts understanding students.

The mathematical communication ability test is done twice, namely the initial test (pretest)
and the final test (posttest) with the equivalent type of question. The initial and final tests were
followed by 32 students for each class so that in the data analysis that became the subject of
this study were 32 people who took the initial test (pretest) and the final test (posttest). Based
on the pretest data obtained the lowest score ( (X)), highest score (x, , ) Xpmax), average

score ( (X)) and standard deviation (SD) for experimental class 1 and experimental class 2 as
in Tabel 2 below:

Tabel 2. Result Data Pretest and Posttest of Mathematical Communication Ability

Result of Pretest
Class Ideal Score N Xmin Xmaks ; SD
Eksperimen I 32 6,25 75,00 43,56 19,08
Eksperimen II 100 32 6,25 56,25 30,27 14,21
Result of Posttest
Class Ideal Score N Xmin Xmaks ; SD
Eksperimen I 32 50 100 78,13 14,72
Eksperimen II 100 32 43,75 93,75 71,68 12,50
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To see the improving of mathematical communication ability between students who obtain
learning with a problem-based learning model with students obtaining a discovery learning
model is to calculate the gain of both classes. Normalized gain test results can be seen in Tabel
3 below:

Tabel 3. Result Data Improving of Mathematical Communication Ability
Score of Data N-Gain

Class X | Xomaks X SD Predicate

Eksperimen 1 0,20 1,00 | 0,627 | 0,230 Medium
Eksperimen 2 0,36 0,88 | 0,602 | 0,141 Medium

Furthermore, the concept comprehension test was conducted twice, namely the initial test
(pretest) and the final test (posttest) with the equivalent type of question. Based on the pretest

data obtained the lowest score (x_, ), highest score (x,, ), average score ()_c) and standard
deviation (SD) for experimental class 1 and experimental class 2 as in Tabel 4 below:

Tabel 4. Result Data Pretest and Posttest of Understanding of Mathematical Concepts Ability
Result of Pretest
Class Ideal Score N Xmin Xmaks ; SD
Eksperimen I 32 6,25 75,00 43,56 19,08
Eksperimen II 100 32 6,25 56,25 30,27 14,21
Result of Posttest
Class Ideal Score N Xmin Xmaks ; SD
Eksperimen I 32 50 100 78,13 14,72
Eksperimen II 100 32 43,75 93,75 71,68 12,50

To see an improving in mathematical concepts understanding ability of students between
students who obtain learning with a problem-based learning model with students obtaining a
discovery learning model is to calculate the gain of both classes. Normalized gain test results
can be seen in Tabel 5 below:

Tabel 5. Result Data Improving of mathematical concepts understanding ability
Score of Data N-Gain
SD Predicate

min xmaks X
Eksperimen 1 0,38 1,00 0,649 0,150 Medium

Eksperimen 2 0,36 0,85 0,589 0,117 Medium

Class X

Furthermore, it is necessary to examine the significance of differences of improving of
mathematical communication ability in problem-based learning models and discovery learning
models which were analyzed by two-way variant analysis statistical tests. Two-way ANOVA is
used after fulfilling the analytical prerequisite test which is normality test and homogeneity
test. The two-way Anova test results are presented in Tabel 6 below:
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Tabel 6. Test Results of ANOVA on Improving of Students’

Ability Based on Learning

Mathematical Communication

Tests of Between-Subjects Effects
Dependent Variable: Mathematical Communication Ability
Source Type Il Sum df Mean F Sig.
of Squares Square
Corrected Model 82,7572 5 16,551 6,189 ,000
Intercept 3946,379 1 3946,379 1475,739 ,000
Initial of Mathematical 49,514 2 24,757 9,258 ,000
Ability (KAM)
Lesrning 28,858 1 28,858 10,791 ,002
Learmimg * KAM 14,743 2 1,371 5,513 ,018
Error 155,102 58 2,674
Total 7231,000 64
Corrected Total 237,859 63
a. R Squared =,348 (Adjusted R Squared =,292)

Furthermore, the results of descriptive analysis of the data on the ability to understanding of
mathematical concepts students in the two learning groups are presented in Tabel 7 below:

Tabel 7. Test Results of ANOVA on Improving of mathematical concepts understanding ability
Based on Learning

Tests of Between-Subjects Effects

Dependent Variable: Understanding of Mathematical Concept
Source Type Il Sum df Mean F Sig.

of Squares Square
Corrected Model 95,6922 5 19,138 8,763 ,000
Intercept 5459,381 1 5459,381 2499,812 ,000
Initial of Mathematical 42,428 2 21,214 9,714 ,000
Ability (KAM)
Lesrning 11,408 1 11,408 5,224 ,007
Learmimg * KAM 5,169 2 2,585 4,501 ,038
Error 126,667 58 2,184
Total 9753,000 64
Corrected Total 222,359 63
a. R Squared =,430 (Adjusted R Squared =,381)

DISCUSSION

Mathematical Communication Ability

Based on the results of the study it was found that the average pretest of mathematical
communication ability in the experimental class I, namely the class that uses mathematics
learning with problem-based learning model of 43.56 while in experimental class II, namely
classes that use discovery learning models of 30.27 . In addition, the average posttest of
mathematical communication ability in the experimental class I was 78.13; while in
experimental class II it was 71.68. This shows that there are differences in the improving of
mathematical communication ability in the experimental class I and experimental class II.

To measure the difference in the improving of mathematical communication ability, the
calculation of the gain index in experimental class [ and experimental class Il was obtained and
the average gain index of the mathematical communication ability test results in experimental
class [ was 0.627 while in experimental class II it was 0.602 so that there was a difference in
ability significant mathematical communication in experimental class | and experimental class
II. In learning activities, students who have mathematical communication ability can help other
students who have problems understanding the subject matter. The results obtained in this
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study indicate that mathematics learning with problem-based learning models can improve the
mathematical communication ability possessed by students.

The results of the study are in line with the results of Furaiza, Syahputra and rajagukguk
(2018) have conducted research with the title of research on “Differences in metacognition and
mathematical communication ability between students taught using problem based learning
model and numbered head together cooperative learning model at SMP Kartika 1-2 Medan”.
The findings and results of this study have provided information there is difference of
mathematical communication ability students' taught using PBL model with NHT cooperative
Learning model.

Furthermore, Surya, Syahputra and Juniati (2018) in her research entitled “Effect of problem
based learning toward mathematical communication ability and self regulated learning”. The
results showed that a significant difference model (PBL, Conventional) on the ability of
mathematical communication, the average difference communication abilities of female
students is higher than male students is 16.202 compared to male students 14.769.

Furthermore, Eviyanti, Surya, Syahputra (2017: 138) in her research entitled “Improving the
students’ mathematical problem solving ability by applying problem based learning model in
VII grade at SMPN 1 Banda Aceh Indonesia”. The results of quantitative data testing indicate
that the data is normally distributed, which can be analyzed with the statistics of one sample t-
test at a significance value of o = 0.05, based on N-Gain data analysis scores of mathematical
problem solving abilities obtain thitung = 3.7 and t Tabel = 1, 67 or tcount > travel is 3.7 > 1.67,
that means Ho is rejected and consequently H; is accepted. From the results of this study
concluded that the improvement of students' mathematical problem-solving abilities that get
application of problem-based learning models is better than students who get conventional
learning material opportunities.

Mathematical Concept Understanding Ability

Based on the results of the study, it was found that the average pretest in mathematical
concepts understanding ability in the experimental class I, namely the class that uses
mathematics learning with problem-based learning model of 49.02 while in experimental class
II, the class uses discovery learning model of 30,27. In addition, result of the average posttest
in ability on mathematical concepts understanding ability in the experimental class I was
81.64; while in experimental class II it was 70.90. This shows that there are differences of
improving in mathematical concepts understanding ability in the experimental class I and
experimental class II. To measure the difference of improving in mathematical concepts
understanding ability, the calculation of the gain index in the experimental class I and
experimental class II was obtained and the average gain index of the mathematical concept
comprehension test results in the experimental class I was 0.649 while in experimental class II
it was 0.589 so there was a difference improving ability to understand significant mathematical
concepts in experiment class [ and experimental class II.

In learning activities, students who have the v can help other students who have problems
understanding the subject matter. The results obtained in this study indicate that mathematics
learning with problem-based learning models can improve the mathematical concepts
understanding ability possessed by students. The results of the study are in line with the
results of the research by Hidayat and lksan (2015: 2438) in their research “the effect of
realistic mathematics education on students’ conceptual understanding of linear
programming”. The results showed that there were significant differences between treatment
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groups and control of conceptual understanding. There is a significant relationship between
conceptual understanding and mathematics learning outcomes in linear program material.
Concept errors in linear program material in the treatment group were lower than in the
control group. The implications of this research are useful for educators to help mathematical
concepts understanding ability students through open and contextual questions so that
students can think mathematically, not work mathematically.

Interaction between Learning Model with Initial Ability of Mathematics (KAM) towards
Differences of Improving Mathematical Communication Ability

Based on the results of the study, it was found that the average gain index of the results of
mathematical communication tests on students with high, medium, and low ability in the
experimental class [, is the class given mathematics learning with each problem-based learning
model of height (0.83), medium (0.61), and low (0.35). Whereas, the average gain index of
students' mathematical communication ability test results were given a discovery learning
model in each group of high ability students (0.80), medium (0.59), and low (0.57).

Based on the average difference, it appears that students with high categories gain greater
benefits from problem-based learning with the difference in initial ability of mathematics
scores of high (0.03), medium (0.02) and low (-0.22). In this case, initial ability of mathematics
influences the improving of students' mathematical communication ability, because students
with high and medium initial ability of mathematics categories have a greater improving than
low category initial ability of mathematics. The results of the two-way ANOVA calculation on
the score of the experimental group [ posttest (problem-based learning model) and
experimental group II (discovery learning model) obtained Fcount in factor initial ability of
mathematics is 9,258 with a significance level of 0,000. Because 0,000 < =0,05 then it can be

concluded that grouping of initial ability of mathematics also influences students'
mathematical communication ability.

From the results of the analysis carried out on the learning model with initial ability of
mathematics on improving mathematical communication ability students indicate that there is
interaction. For learning factors related to initial ability of mathematics, Fcount is 5.513 with a
significant level of 0.018; (0.018 < =0,05) then HO is rejected which means that there is an

interaction between learning factors with the initial ability of mathematics of students towards
the improving of students’ mathematical communication ability. This shows that problem-
based learning and dsicovery learning models have an influence on students 'mathematical
communication ability, whereas if associated with initial ability of mathematics also influences
students' mathematical communication ability. Then it can be concluded that in this study
there is an interaction between learning (problem-based learning and disccovery learning)
with the students 'initial ability level (high, medium and low) towards improving students'
mathematical communication ability.

The results of the study are also in line with the results of research from Furaiza, Syahputra
and Rajagukguk (2018) in their research entitled “Diffrences in metacognition and
mathematical communication ability between students taught using problem based learning
model and numbered head together cooperative learning model at SMP Kartika 1-2 Medan”.
The results of his research conclude that There is an interaction between learning model with
student's early math ability to mathematical communication ability. This means that the
interaction between learning model and early math ability (high, medium, low) contributes
equally to the students' mathematical communication abilities.
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Interaction between Learning Model with Initial Ability of Mathematics towards Differences of
Improving Mathematical Concept Understanding Ability

Based on the results of the study it was found that the average gain index of the results of the
mathematical concepts understanding ability in students of high, medium, and low ability in
the experimental class I, namely the class given mathematics learning with each problem-
based learning model of height (0.71) , medium (0.63), and low (0.58). Whereas, the average
gain index of the mathematical concepts understanding ability student is given a discovery
learning model in each group of high ability students (0.78), medium (0.57), and low (0.57).

Based on the average difference, it appears that students with high categories gain greater
benefits from problem-based learning with the difference in intial ability of mathematics
scores high (0.07), moderate (0.06) and low (0.00). In this case, initial ability of mathematics
influences the mathematical concepts understanding ability, because students with categories
high and medium intial ability of mathematics have a greater improve than low category initial
ability of mathematics.

The results of the two-way ANAVA calculation on the posttest score of the experimental group
[ (problem-based learning model) and experimental group II (discovery learning model)
obtained a Fcount Of factor initial ability of mathematics is 9,714 with a significant level of 0.000.
Because 0,000 < =0,05then it can be concluded that initial ability of mathematics grouping

also affects the mathematical concepts understanding ability student.

From the results of the analysis carried out on learning models with intial ability of
mathematics to improving of mathematical concepts understanding ability students indicate
that there is interaction. For learning factors related to initial ability of mathematics, Fcount is
4.501 with a significant level of 0.038; (0.038 < =0,05) then Hp is rejected which means that

there is an interaction between learning factors with the initial ability of mathematics (KAM) of
students towards improving the mathematical concepts understanding ability students. This
shows that the problem-based learning and dsicovery learning models have an influence on
the ability mathematical concepts understanding ability, whereas if associated with initial
ability of mathematics also influences the mathematical concepts understanding ability
students.

Then it can be concluded that in this study there is an interaction between learning (problem-
based learning and disccovery learning) with the initial ability level of students (high, medium
and low) to imrpoving of mathematical concepts understanding ability.

CONCLUSION
Based on some theories, research findings, and research discussions, it can be concluded that :

1. There was the difference of improving mathematical communication ability and
concepts understanding between students that given problem-based learning and
discovery learning,

2. There is interaction between the learning model with the students’ initial ability of
mathematics towards improving students’ mathematical communication and concepts
understanding ability.
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