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ABSTRACT 
 
This research analyzed mathematics 
communication skills with the Means-End 
Analysis model assisted with Manipulative 
Property (APM), MEA with Linear System Pro 
application, and PBL based on the eighth 
graders' self-efficacy. This quasi-experimental 
research used a nonequivalent pretest-posttest 
control group design. The subjects were eighth-
graders of Public JHS 4 Adiwerna. The samples 
were VIII-C learners as the first experimental 
group, VIII-G learners as the second 
experimental group, and VIII-H learners as the 
control group. The data collecting techniques 
were mathematics communication skill test and 
self-efficacy inventory. The results were: (1) 
MEA with APM (82.75%), MEA with Linear 
System Pro (78.12%), and PBL (75%) of the 
learners reached the minimum mastery standard 
with a proportion percentage, 75%; (2) there 
were mean differences between MEA assisted 
by APM, MEA assisted by Linear System Pro, 
and PBL toward the learners’ mathematics 
communication skills, (3) there were significant 
differences of self-efficacy: high, moderate, and 
low toward the learners’ mathematics 
communication skills; and (4) there were 
interactions between learning models with the 
levels of self-efficacy toward learners’ 
mathematics communication skills. 
 
Keywords: Mathematics Communication Skill, 
Means-End-Analysis Learning Model (MEA), 

Manipulative Property (APM), Linear System 
Pro, Self-efficacy 
 
INTRODUCTION 

Education is an influential and 
crucial developmental element of a nation. 
Human resources will be more qualified and 
have better skills with an adequate 
education. Along with the development of 
the current era, humans - as social creatures 
- must communicate with each other in their 
lives. 

Mathematics is a thinking mean and 
communication mode among learners, 
learners-teachers, and teachers-learners. 
NTCM (2000) explains that the objective of 
mathematics lessons is to teach how to 
communicate. Mathematics communication 
skills are important in a mathematics lesson. 
Mathematics communication skill deals 
with the concept of recognition and the 
inter-idea correlation and abstract language 
with mathematics symbols. They include 
speaking, writing, and drawing table, and 
graphic skills (Astuti & Leonard, 2012). 
Mathematics communication skill in this 
research refers to learners’ skills to state and 
illustrate mathematics ideas to be 
mathematics model and vice versa. The 
objective of the mathematics lesson, based 
on the 2013 curriculum, is to emphasize the 
pedagogic aspect via a scientific approach 
(Kemendikbud, 2013).  Rusnan (2015) 
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develops scientific stages into eight stages. 
They observe, ask, reason, try, process, 
present, conclude, and communicate. 
Sholihah et al. (2017) found that learners 
had difficulties communicating the written 
questions about the flat sides of geometry 
into a figure and vice versa.  

Based on the interview with 
mathematics teachers of random JHS in 
Tegal, the researchers found poor 
mathematics communication skills of the 
learners. They could not interpret the 
question items and obtain answers. 
Excellent mathematics communication 
skills facilitate learners to elaborate 
mathematics ideas. Thus, they need correct 
strategies with appropriate learning models. 
A learning model that could improve 
mathematics communication skills is Mean 
End Analysis or MEA (Juanda et al., 2014). 
  MEA is a learning variety to solve 
problems. It aims to create detailed results 
(Shoinim, 2014). Learning with MEA 
develops problem-solving type learning 
syntaxes with a heuristic approach. The 
learning also includes sub-elaborative 
problems in a modest form, dissimilarity 
identification, sub-problem arrangement to 
create a certain connection, and accurate 
solution creation (Suherman cited in Juhrani 
et al., 2017). Teachers should create a 
learning process atmosphere with adequate 
opportunities for learners to actively 
participate, seek, process, construct, and use 
their knowledge. Thus, they could reach the 
objective of the learning. Heruman (2013) 
explains that abstract mathematics learning 
makes learners need assistance. For 
example, learning media could clarify and 
elaborate the delivered explanation. Thus, 
learners could understand and know the 
material. One of the applicable media by 
teachers is manipulative property (APM). 
Manipulative property in learning 
mathematics refers to applicable learning 
tools to explain mathematics concepts and 
procedures. Thus, learners will understand 
the learning materials easily. Ristanti (2016) 
found that using manipulative property in 
integrative-thematic learning of primary 

school could improve motivation and skills. 
The use of the property could facilitate the 
mathematics material delivery. Thus, 
learners could understand the mathematics 
concepts, learn effectively, and improve 
their learning outcomes (Rizki et al., 2017).  

With the development of 
information and communication technology, 
learning media also develops quickly. One 
of them is a gadget. Ernest Doku, a 
telecommunication expert of Uswitch.com, 
explains - approximately twenty million 
children have tables before their eight years 
old. They also can use their tablets to find 
information, entertainment, and social 
relationship (Murdaningsih& Faqih, 2014). 
At the present day, digital-based learning 
media develops quickly. One of them is an 
android-based phone. Learners have many 
various supportive applications to learn 
mathematics. One of them is Linear System 
Pro. This application contains SPLDV or a 
two-variable linear equation system to solve 
mathematics questions. Learners can 
download this application via Playstore. 
Kartika (2014) found that Matlab software 
for learners could improve their 
mathematics communication skills and 
learning interest.  

According to the Ministerial 
Regulation of Ministry of Education and 
Culture Number 103, the Year 2014, 2013 
curriculum emphasizes three primary 
learning models. They are discovery 
learning, project-based learning, and 
problem-based learning. The government 
expects the model could build learners’ 
scientific, social, and curious behaviors. In 
this research, the researchers took Problem-
based learning for the control group. The 
researchers took three classes as the sample 
groups of this research. The first group, the 
first experimental group, received MEA 
learning with APM. The second 
experimental group received MEA with 
Linear System Pro. Then, the control group 
received problem-based learning. 

Problems related to low learning 
outcomes dealt with learners’ self-efficacy 
to solve problems. An individual’s self-
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efficacy refers to his or her belief to manage 
and execute the required action program. 
Thus, the individual could realize his or her 
self-efficacy (Bandura, 1997). Hamdi & 
Abadi (2014) explains that self-efficacy 
influences an individual's learning 
achievement. Higher self-efficacy leads to 
higher readiness to engage with a certain 
situation. Thus, the individual could create a 
positive matter. Self-efficacy also refers to 
learners’ judgment skills toward their tasks 
and effort to solve difficulties (Putri 
&Santosa, 2015).  

From the background, the 
investigated problem was the potency of 
MEA learning with APM, MEA learning 
assisted by Linear System Pro, and PBL 
model to improve mathematics 
communication skills of learners based on 
their self-efficacy.  

This research aims to determine the 
proportion of learners’ mathematics 
communication skills on the three models 
that could reach a percentage of 75%. The 
research also determined which learning 
model was better to improve learners’ 
mathematics communication skills based on 
self-efficacy. 
 
METHOD 

This quantitative research used a 
quasi-experimental design. Budiono (2003) 
explains that quasi-experimental research 
aims to obtain information from a real 
experiment in an uncontrolled situation. It 
means the researchers cannot manipulate all 
relevant variables nor keep the intervening 
factors while experimenting. The researcher 
used a nonequivalent pretest-posttest control 
group design with two experimental groups 
and one control group. The first 
experimental group received the MEA 
learning model assisted with APM. The 
second experimental group received an 
MEA learning model with a Linear System 
Pro application. Then, the last group, the 
control group, received the PBL model. 
Each group consisted of learners with high, 
moderate, and poor self-efficacy categories. 
This research used a 3x3 factorial design. 

The researchers researched Public JHS 4 
Adiwerna, Tegal regency. The subjects were 
eighth-graders of Public JHS 4 Adiwerna. 
The researchers took the three groups with 
cluster random sampling technique. The 
first experimental group consisted of 32 
learners from VIII-C. Then, the second 
experimental group consisted of 29 learners 
from VIII-H. The control group consisted of 
32 learners from VIII-A. The researchers 
used a pilot group from VIII-E, consisting 
of 32 learners in this research.  

The data collecting techniques were 
test and non-test. The researchers promoted 
the test during the learning process. They 
collected the learners' mathematics 
communication skill test and the results of 
the self-efficacy inventory. On the other 
hand, the non-test instrument took form into 
observation and documentation. The 
researchers analyzed the data from the 
prerequisite test and hypothesis test. The 
prerequisite test consisted of normality, 
homogeneity, and similarity tests. Then, the 
hypothesis test dealt with the minimum 
proportional completion test and the two-
way ANOVA test. 
 
RESULT AND DISCUSSION 
 In this stage, the researchers 
measured quantitatively by providing the 
initial data of the learners based on the 
initial test. The test dealt with a two-variable 
linear equation system, SPLSV. The 
researchers used the initial knowledge test 
to determine the minimum mastery standard 
score for the learning completion. The 
results from three classes, consisting of 93 
learners, obtained the average cognitive 
score of 62.44 with the lowest score, 40, and 
higher, 87. The researchers determined the 
minimum mastery standard score of 
mathematics communication skills from the 
initial data. The score was 68. Then, the 
researchers provided a mathematics 
communication pretest for the first and 
second experimental groups and the control 
group. 
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The Prerequisite Test of Mathematics 
Communication Skill  
Normality, Homogeneity, and Mean 
Similarity Tests 

The prerequisite tests showed that 
the learners’ mathematics communication 
skills from three groups had normal 
distributions. The  of the 
first experimental group was 0.135 < 0.253; 
the second experimental was 0.130 < 0.240; 
and control group was 0.188 < 0.240. The 
pretest used the Bartlet test, showing that all 
groups were homogeneous with 

 = . The mean 
similarity test obtained a significant score, 
0.559 > 0.05. Thus, the result accepted H0. 
It meant all groups had similar skills. The 
researchers also conducted a final data 
analysis from the posttest of learners' 

mathematics communication skills. The 
calculation stages were similar to normality 
and homogeneity tests. The prerequisite 
tests showed that the learners’ mathematics 
communication skills from three groups had 
normal distributions. The  
of the first experimental group was 0.116 < 
0.253; the second experimental was 0.143 < 
0.240; and control group was 0.079 < 0.240. 
The researchers used Bartlett as a 
homogeneity test of posttest results. They 
found that the learners' mathematics 
communication skills from three groups 
were homogeneous with  = 

. 
Figure 4.1 shows the increased 

average scores of experimental and control 
groups based on pretest and posttest results. 

 

 
 
Hypothesis Test 
Proportional Test 

Proportional test with z-test. The 
calculation shows that all groups reach a 
proportional percentage of 75% from all 
learners that met the minimum mastery 
standard of mathematics communication 
skills. The highest one was MEA assisted 
with APM, then MEA assisted by Linear 
System Pro and PBL model. Table 1 
explains the calculations. 
 

Table 1. Proportional Test Result 
Groups 

  
MEA APM 0,965 -1.645 
MEA with LSP Application 0.408 -1.645 
PBL -0.408 -1.645 

All groups obtained 
with different totals from 

the calculation. The results revealed the 
completion proportions of the first 
experimental group taught by MEA with 
APM, the second experimental group taught 
by MEA with Linear System Pro 
application, and control taught by PBL 
reached a percentage of 75%. MEA learning 
model provided learners the opportunity to 
construct their knowledge autonomously. 
The model also motivated the learners to 
learn actively and creatively (Juhrani, 
Suyitno & Khumaedi, 2017). Kania (2018) 
revealed that the manipulative property 
positively influenced material concept 
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understanding and made mathematics 
lessons joyful. The same matter also 
occurred in an android-based application for 
training learners' learning autonomy outside 
of schools. An android-based application 
could improve learners' interest in learning 
mathematics. Thus, it influenced learners' 
learning outcomes (Batubara, 2017). In PBL 
learning or the control group, the proportion 
reached the required completion, but it was 
not higher than MEA assisted by APM and 
MEA assisted by Linear System Pro 
application. In the PBL group, the learners 
were not eager to solve the problems. Thus, 
the teacher motivated and guided the 

learners. Miranti, Agoestanto&Kurniasih 
(2015) also found that PBL made teachers 
help the learners. Thus, the learners did not 
do the problem autonomously; moreover, 
they organized the research and presented 
their works. These situations made the 
learners have the low problem-solving 
eagerness. Habibah (2016) also found that 
mathematics problem-solving skills of 
learners taught by MEA were better than 
those with PBL. 
 
Two Way ANOVA Test 

Two Way ANOVA Test with SPSS 
Figure 2 shows the test results. 

 
Tests of Between-Subjects Effects 
Dependent Variable:   MMSL 
Source Type III Sum of Squares Df Mean Square F Sig. 
Corrected Model 1163,794a 8 145.474 5.004 ,000 
Intercept 339490.522 1 339490.522 11677.029 ,000 
LEARNING-MODEL 239.048 2 119.524 4.111 ,020 
SELF_EFFICACY 398.834 2 199.417 6.859 ,002 
LEARNING_MODEL*SELF_EFFICACY 320.573 4 80.143 2.757 ,033 
Error 2442.163 84 29.073   
Total 489903.000 93    
Corrected Total 3605.957 92    

R Squared = ,323 (Adjusted R Squared = ,258) 
 

Table 2 consists of 3 lines 
representing the research hypothesis test 
results. 
 
The Differences among Learning Models 
toward Mathematics Communication 
Skills 

The calculation obtained significant 
scores to determine different mean scores of 
the learning models toward mathematics 
communication skills, 0.020 < 0.05. Thus, 
the score shows a mean difference of MEA 
assisted by APM, MEA assisted by LSP, 
and PBL toward mathematics 
communication skills. 
 
The Differences among Self-Efficacy 
Categories and Mathematics 
Communication Skills 

The calculation obtained significant 
scores to determine different mean scores of 
self-efficacy categories: high, moderate, and 
poor, toward mathematics communication 
skills, 0.002 < 0.05. Thus, the score shows a 
mean difference of high, moderate, and poor 

self-efficacy categories toward mathematics 
communication skills. 
 
The Interaction of Learning Models and 
Self-Efficacy toward Mathematics 
Communication Skills 

The researchers used the obtained 
significant scores to determine the 
interaction of learning models and self-
efficacy models from the calculation. The 
score is 0.033 < 0.05. The researchers found 
an interaction between learning models and 
self-efficacy toward mathematics 
communication skills from the score. 

The hypothesis test with two-way 
ANOVA test found all hypotheses had 
differences among the variables. The 
differences were observable from the 
significant differences via post-hoc test by 
LSD test. Here are the explanations: 
 
Learning Model 

The significant differences between 
the three learning models are based on post-
hoc tests. 
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Table 4 the Post-Hoc Test of the Learning Models 
Learning Model Learning Model  Mean Difference Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 
MEA APM MEA LSP Application .3.22* 1.382 ,022 ,47 5.97 

PBL 5,50* 1.382 ,000 2.75 8.25 
MEA with LSP Application MEA APM -3,22* 1.382 ,022 -5.97 -,47 

PBL 2.28 1.348 ,094 -,40 4.96 
PBL MEA with LSP Application -2.28 1.348 ,094 -4.96 ,40 

MEA APM -5,50* 1.382 ,000 -8.25 -2.75 
Based on observed means. 

The error term is Mean Square (Error) = 29,073 
*The mean difference is significant at the 0,05 level. 

 
Table 4 shows the post-hoc test of 

LSD. The mean of learners' mathematics 
communication skills taught by MEA 
assisted by APM is higher than learners 
taught by MEA assisted by LSP. The result 
is observable from the mean difference of 
post-hoc test of the two models, 3.22. On 
the other hand, the learners' mathematics 
mean score of learners taught by MEA 
assisted with LSP is insignificant. The result 
is similar with learners taught by PBL with 
a mean difference of post-hoc test, 2.28. The 
role of mathematics communication skills in 
the MEA model was important. The model 
made learners cooperate in groups to find 
the problem-solution. Then, they delivered 
the results in front of the class to collect 
responses from other groups (Putri et al., 
2017). Sidiq& Kania (2018) also found that 
learners’ activities taught by APM could 
improve their learning achievements and 

masteries. Thus, their mathematics learning 
outcome averages on each cycle could 
improve. Hidayah et al. (2018) stated that 
integrated manipulative property in 
mathematics lessons could improve learners' 
conceptual understanding. Learners had 
positive and active responses. They also 
cooperated to solve the worksheet assisted 
with APM SLPDV, manipulative property 
of two-variable linear equation system. 
Hidayah et al. (2018) also found that 
learners positively responded to individual 
APM so they could actively participate and 
think. 
 
b. Self-efficacy 

The researchers determined the 
differences of learners’ self-efficacy 
categories toward mathematics 
communication skills based on post-hoc test 
table. 

 
Table 5. Advanced Self-Efficacy Test 

Multiple Comparisons 
Dependent Variable: MMSL 

LSM 
SELF_EFFICACY  SELF_EFFICACY Mean Difference Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 
HIGH MODERATE .4.57* 1.660 ,007 1.26 7.87 

POOR .7.21* 1.857 ,000 3.52 10.91 
MODERATE HIGH -4,57* 1.660 ,007 -7.87 -1.26 

POOR 2,65* 1.316 0.47 ,03 5.26 
POOR HIGH -7,21* 1.857 ,000 -10.91 -3.52 

MODERATE -2,65* 1.316 ,047 -5.26 -,03 
Based on observed means. 

The error term is Mean Square (Error) = 29,073 
*The mean difference is significant at the 0,05 level 

 
Table 5 shows the post-hoc LSD test 

result of the inter-group differences. 
1) High self-efficacy and moderate self-

efficacy categories have as significant 
difference, α = 0,007 < 0,05. 

2) High self-efficacy and poor self-efficacy 
categories have as significant difference, 
α = 0,000 < 0,05. 

3) High self-efficacy and poor self-efficacy 
categories have as significant difference, 
α = 0,007 < 0,05. 

Self-efficacy makes individuals 
differ in actions as the follow-up of the 
feeling and cognition. Thus, the differences 
influence the learners' confidence. Rahmi et 
al. (2017) found that self-efficacy was 
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influential in learners' mathematics 
communication skills. The high self-
efficacy learner category in mathematics 
skills would have higher mathematics 
communication skills and vice versa. 

Susanti (2018) also found that high self-
efficacy learners had better academic 
achievements than learners with poor self-
efficacy. 

 
c. The Interaction of Learning Model and Self-Efficacy 
 

 
 

From the graphics, the lines are not 
parallel. This matter indicates interaction 
between the learning model and self-
efficacy toward mathematics 
communication skills. 
 

Learning Model Self-efficacy Average 
MEA APM High 81.20 

Moderate 75.53 
Poor 70.57 

MEA with LSP Application High 73.20 
Moderate 73.83 
Poor 68.00 

PBL High 76.00 
Moderate 68.52 
Poor 70.88 

 
From the post-hoc test, the 

researchers found the interaction between 
the learning model and self-efficacy toward 
mathematics communication skills. Learners 
taught by MEA with APM had high self-
efficacy. Thus, their mathematics 
communication skill average score was 
higher than those taught by MEA with LSP 
application. The high self-efficacy learner 
categories obtained 81 for MEA with APM 
group and 73 for MEA with LSP application 
group. On the other hand, learners taught by 
PBL with the high self-efficacy category 
had better mathematics communication 

skills than those taught by MEA assisted 
with LSP application. The high self-efficacy 
learners with the PBL model obtained a 
score of 76, while learners with MEA 
assisted with LSP application obtained a 
score of 73. Juhrani et al. (2018) revealed 
that high self-efficacy learners could reveal 
written mathematics ideas in mathematics 
communication. Thus, they could find the 
solution to the given problems although they 
made minor mistakes and lack of 
carefulness. Moderate self-efficacy learners 
taught by MEA with APM had higher 
mathematics communication skill average 
scores than those taught by MEA with LSP 
application. The moderate self-efficacy 
learner categories obtained 76 for MEA 
with APM group and 74 for MEA with LSP 
application group. 

On the other hand, learners taught by 
PBL with moderate self-efficacy had better 
mathematics communication skills than 
those taught by MEA assisted with LSP 
application. The moderate self-efficacy 
learners with the PBL model obtained a 
score of 74, while learners with MEA 
assisted with LSP application obtained a 
score of 69. Poor self-efficacy learners 
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taught by MEA with APM had lower 
mathematics communication skill average 
scores than those taught by MEA with LSP 
application. The poor self-efficacy learner 
categories obtained 68 for MEA with APM 
group and 71for MEA with LSP application 
group. On the other hand, learners taught by 
PBL with poor self-efficacy had better 
mathematics communication skills than 
those taught by MEA assisted with LSP 
application. The poor self-efficacy learners 
with the PBL model obtained a score of 68 
while learners with MEA assisted with LSP 
application obtained 71. Poor self-efficacy 
learners had difficulties expressing their 
mathematics ideas. Thus, the obtained 
solutions were incorrect (Juhrani et al., 
2018). The researchers found learners taught 
by MEA assisted with LSP application were 
active in finding solutions to the problems. 
They had the motivation to check the truth 
of the answers with the Linear System Pro 
application. They did it, starting with the 
substitution method, elimination, and 
graphic drawing. However, some learners 
still had problems using android, although 
the teachers had guided them. Umbara & 
Rahmawati (2018) found that software-
based learning activity could promote 
smooth learning, although the users might 
find difficulties at the beginning. It 
happened due to different mechanisms that 
required habitual adaptation.  
 
CONCLUSION 

From the result and discussion, the 
learners’ mathematics communication skills 
improved while receiving MEA assisted by 
APM, MEA assisted by Linear System Pro, 
and PBL with a proportional completion of 
75%. However, the highest one was found 
in MEA assisted by APM. The learners’ 
mathematics communication skills from 
three groups could reach the applied 
minimum standard mastery score. Learners 
from MEA with APM group achieved a 
percentage of 83%, MEA with Linear 
System Pro achieved a percentage of 78%, 
and PBL model group reached 75%. The 
mean End Analysis learning model could 

improve learners' mathematics 
communication skills. Learning media with 
manipulative property and android-based 
applications, such as Linear System Pro, 
positively influenced learners' mathematics 
communication skills. The posttest results of 
the learners were better than their pretest 
results. However, their practices still had 
some difficulties. MEA learning model with 
APM, MEA learning model with Linear 
System Pro, and PBL model could create 
high, moderate, and low self-efficacy 
interactions toward learners’ mathematics 
communication skills. High self-efficacy 
learners that received MEA learning model 
with APM, MEA learning model with 
Linear System Pro, and PBL had higher and 
better mathematics communication skills 
than those with moderate or poor self-
efficacy categories.   
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