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Abstract: The ability to think critically and creatively is needed in solving math problems. Secondary school students
in Indonesia still possess these two abilities according to the results of PISA research. Therefore, learning studies that
influence these two abilities are still feasible to do. This study aims to examine the effect of MEA learning with
contextual worksheets on the ability to think critically and creatively in solving math problems. The study was a
quasi-experimental study using a post-test only control group design. The research population consisted of 137 class
X students of SMK Kharisma Mengwi, Badung Regency, Bali for the 2019/2020 school year, which was spread into
five classes with equivalent math abilities. A random sampling technique determined a sample of 2 classes. Data on
the ability to think critically and creatively in solving mathematical problems were collected using a test in the form
of a description. Data were analyzed using the MANOVA test. The results of the analysis show that MEA learning
with contextual worksheets has a positive effect on the ability to think critically and creatively in solving math
problems (F = 90.018; p <0.05).
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Introduction

Thinking skills are one of the skills of students developed at school. Thinking is a mental
activity to manipulate or manage and transform information into memory (Santrock, 2011).
Thinking can be divided into critical thinking and creative thinking. Critical thinking is related
to the ability to carry out assessments to make conclusions based on valid evidence (Costa &
Kallick, 2008; Eggen, Wahono, & Kauchak, 2012). Meanwhile, creative thinking is related to the
ability to find something new (Daryanto, 2009; Sudjana, 2009; Yeni, 2010; Yunianta, Rusilowati,
& Rohmad, 2012).

Critical and creative thinking is essential in problem-solving because according to
Aljaberi & Gheith (2015). Problem-solving is one of the most important cognitive activities and
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can be used by a person in various contexts related to the lifestyle of the information technology
revolution and accelerating changes in aspects of life. The ability to solve math problems of
students in Indonesia is still low. It can be seen in the 2018 PISA survey results (OECD, 2018).
The achievement of Indonesian students in PISA is still weak in solving non-routine or high-
level problems. The questions tested in PISA consist of 6 levels (level 1 is the lowest to level 6 is
the highest).

Meanwhile, students in Indonesia are accustomed to routine problems at levels 1 and 2.
Indonesia ranks 72 out of 78 countries with an average score of 378 for mathematics, with an
average international score of 489. It shows that students' mathematical problem-solving
abilities in Indonesia require special attention for repair. The results of other studies show that
many students are less able to make reasonable solutions, both in mathematics and in different
tields of study in everyday life (Boero & Dapueto, 2007; Ruseffendi, 1991).

Concerning aspects of mathematical problem-solving abilities, students are required to
have the ability to think critically and creatively to understand, plan, and carry out solutions in
solving mathematical problems. Critical thinking is a crucial ability for everyone who is used to
solving life problems by thinking seriously, actively, carefully analyzing all the information
they receive by including rational reasons to correct every action to be taken is correct (Liberna,
2012). In addition to critical thinking, the ability to think creatively is also essential in problem-
solving.

The MEA learning model is a learning model for understanding, explaining, and
communicating the concepts in a problem presentation through a mathematical modeling
process (Permana, 2010; Chamberlin & Moon, 2008). The advantages of MEA learning in the
learning process are that students can do/solve critical and creative thinking problems.
Students participate more actively and can explore their ideas, and students who have low
mathematical abilities can respond to problems in their way (Mahmuzah, 2015). Beside, MEA
learning also has weaknesses. Such as students' difficulty in making meaningful problem-
solving questions for students. Their difficulty in putting forward direct problems that can be
understood by students and many students who have difficulty responding to problems given.
Quickly students get bored because they get too difficult questions, less the fun of learning for
students because of the difficulties they face, and the lack of time in learning (Rina, Rizky, &
Nurfitriana, 2017). It requires innovation that can maximize the application of MEA learning.
One of the media that is considered capable of overcoming the AEC learning's weaknesses is
contextual worksheets. Contextual worksheets are a medium that can be used as a guide for
students to investigate and find the material being studied and relate it to real-life situations to
encourage students to apply it in their lives (Trianto, 2009; Sanjaya, 2013; Wardhani, Wiworo,
Guntoro, & Sasongko, 2010). The author believes that contextual worksheets can help overcome
the weaknesses of the AEC learning because contextual worksheets have the advantage of being
able to direct students to think critically so that the time needed in problem-solving can be
optimized. With contextual worksheets where questions lead to everyday life, students can find
answers to why they have to study the material obtained in learning (Shoidah, Rachmadiarti, &
Winarsih, 2012).

The use of worksheets allows teachers to teach more optimally because the stages of
learning activities are directed according to the worksheets. Some of the functions of student
worksheets include a tool or media to create an effective teaching and learning situation,
complementing the student learning process to attract more student attention (Djamarah &
Zain, 2000; Sanjaya, 2013). In writing contextual worksheets, there are several requirements in
making so that these worksheets can be said to be good. Three conditions must be met in
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writing worksheets so that the worksheets can be said to be good, including educational
requirements, construction requirements, and techniques (Darmojo & Kaligis, 1992).

The MEA learning model effectively used in mathematics learning can be seen in the
research conducted (Hanifah, 2015). In her study, the achievement and improvement of the
mathematical representation ability of students who took the MEA learning with the scientific
approach were better than students who took the learning with the scientific approach. There is
a difference in the increase in students' mathematical representation ability who get MEA
learning with a scientific approach with students who get learning with a scientific approach in
terms of their initial mathematical abilities (high, medium, low). This article examines the effect
of MEA learning with contextual worksheets, which is thought to improve students 'critical and
creative thinking skills in solving students' mathematics problems.

Method

This research is a quasi-experimental research with a population of all class X students
of SMK Kharisma Mengwi, located in Badung district, Bali, in the 2019/2020 school year. The
population numbered 137 students spread into five classes with equal mathematical abilities.
This equivalence is obtained by testing equality based on mathematics's summative results in
the previous semester. Sampling was done randomly (random) using a lottery system for all
classes that became the population. From all classes, two classes were selected randomly as the
research sample. After obtaining two classes, they are drawn again to determine one class to be
the control class and the other to become the experimental class. From the draw's results, it was
obtained that Class X TB2 was the experimental group, and Class X TB1 was the control group.
The research design used was Posttest-Only control design. This design uses two groups,
namely the experimental group and the control group. The experimental group is a class that is
taught with MEA learning assisted by contextual worksheets, while the control group is a class
that is taught using conventional learning.

The instrument used in this study was a mathematical problem-solving test in the form of
a description. This test is used to measure the ability to think critically and creatively solve
mathematical problems in the material series and number series. The scoring technique in this
study used an analytical scoring rubric for each item. The maximum test score is obtained by
adding up the maximum score for each item. The research instrument has met the validity and
reliability requirements based on instrument testing. The content validity test was conducted
with two experts, namely, a mathematics teacher at SMK Kharisma Mengwi and a lecturer for
S2 Mathematics Education at the Ganesha University of Education. The test using the Gregory
technique on both expert opinions resulted in valid test content. The construction validity and
reliability tests were also carried out on class XI students of SMK Kharisma Mengwi. The
construction validity test resulted in a coefficient of 1 and a reliability coefficient of 0.60. The
data analysis technique used is Multivariate Analysis of Variance (MANOVA). It is preceded by
prerequisite tests in the form of bivariate normal test, homogeneity test of variance-covariance
matrix, and correlation test between dependent variables. Normal bivariate test with
Mahalanobis distance plot with chi-squared quantile and its correlation, covariance variant
matrix similarity test with Box M test, and correlation test between the two dependent variables
critical thinking ability and creative thinking ability with moment product correlation test.
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Result and Discussion

After conducting the research, the researcher obtained the data and then analyzed it.
The results of the analysis are then summarized and concluded. The summary of the analysis
results can be seen in Table 1. and Table 2. below.

Table 1. Summary of Analysis of Critical Thinking Ability in Problem Solving

Variable Group
Experiment Control

Sample 28 28

Mean 83 69

Table 2. Summary of Analysis of Creative Thinking Ability in Problem Solving

Variabel Group
Experiment Control

Sample 28 28

Mean 82 70

The table shows that the average critical thinking ability in the experimental class is 83
greater than the average critical thinking ability in the control class of 69. Likewise, the average
creative thinking ability in the class experiment is 82 greater than the average. the average
creative thinking ability in the class control is 70.

The prerequisite test shows that critical and creative thinking skills have a normal
bivariate distribution in both the experimental and control groups. The Mahalanobis distance
plot can be seen with the chi-square quantile that spreads close to the straight line, as shown in
Figure 1 and Figure 2.

Mahalanebis Distance

Figure 1. Mahalanobis Distance Plot of Critical and Creative Thinking Ability with Chi-Square Quantile in
Experiment Group
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Waralanahis Distamoe

Figure 2. Mahalanobis Distance Plot of Critical and Creative Thinking Ability with Chi-Square Quantile in Control
Group

Apart from using the Mahalanobis distance plot with the chi-squared quantile, the
bivariate normal test was also tested by determining the significance of the product-moment
correlation coefficient of both. The Mahalanobis distance correlation test results for critical and
creative thinking skills with the chi-quadrate quantile can be seen in Table 3 and Table 4 below.

Table 3. Summary of Normal Bivariate Test Correlation in Experimental Group

Mahalanobis Distance Qi

Mabhalanobis Pearson 1 576"
Distance Correlation

Sig. (2-tailed) .000

N 28 28
Qi Pearson .576* 1

Correlation

Sig. (2-tailed) .000

N 28 28
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Table 4. Summary of Normal Bivariate Test Correlation in Control Group

Mahalanobis Distance Qi

Mahalanobis Pearson 1 .695*
Distance Correlation

Sig. (2-tailed) .000

N 28 28
Qi Pearson .695 1

Correlation

Sig. (2-tailed) .000

N 28 28

The correlation coefficient between the Mahalanobis distance of critical and creative
thinking skills and the chi-square quantile in the experimental group was 0.576 (p <0.5) and in
the control group was 0.695 (p <0.05). That shows a significant correlation between the
Mahalanobis distance of critical and creative thinking skills and the chi-square quantile in the
two groups. This result strengthens the distribution approaching the straight line depicted in
Figure 1 and Figure 2.Thus; the ability to think critically and creatively has a bivariate normal
distribution.

The similarity test of the variance-covariance matrix of critical thinking skills and
creative thinking skills between the experimental and control groups resulted in a Box M value
of 4.64 (p> 0.05), which means that the covariance variant matrix is homogeneous. The
correlation test between the ability to think critically and creatively in the experimental group
was 0.753. The control group was 0.735, both of which were in the range of 0.3 - 0.8, fulfilling
the requirements for using MANOVA (Candiasa, 2010). Thus all the prerequisite tests for
MANOVA are fulfilled.

The null hypothesis (Hg) tested in this study is as follows

H, :{ﬂl} _ {ﬂz}
H3 Hy
Note:

H : scores of students' critical thinking skills who take the MEA learning with
contextual worksheets,

Ha : scores of students' critical thinking skills who follow conventional learning
models,
Ha : scores of creative thinking abilities of students who take the MEA learning with

contextual worksheets,
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Ha : scores of students' creative thinking abilities who follow conventional
learning models.

The result of analysis using MANOVA shows the value of F = 90.018 and has a
significance of less than 0.05 (p <0.05), which means the rejection of Ho. These results indicate
that MEA learning with contextual worksheets has a positive effect on the ability to think
critically and creatively in solving math problems..

The MANOVA test results indicate that MEA learning assisted by contextual worksheets
affects thinking critically and creatively in solving math problems. This result is inseparable
from the advantages of MEA learning, namely real learning, which cannot be separated from
students' daily lives. Students can construct knowledge from realistic problems. Students can
create a pattern of documentation in their cognitive structure to position themselves in
problem-solving. Students can identify, evaluate, and review their active mindset. Can develop
students' critical thinking and creative skills in solving mathematical problems. Students can
share with other students about problem-solving solutions. That results in students getting used
to solving math problems in everyday life. The use of contextual worksheets supports the
advantages of MEA learning. Worksheets is a tool commonly used by teachers to train students
in solving math problems. There is much use of contextual worksheets. It can make it easier for
students to construct knowledge of daily problems, create patterns in themselves to solve math
problems, identify, evaluate, and review so that student worksheets can help students solve
math problems in everyday life.

In addition to affecting problem-solving, MEA learning assisted by contextual
worksheets can improve students' critical thinking skills in solving math problems. It can be
seen in contextual worksheets, where students are invited to process a problem related to
everyday life. With critical thinking in processing a problem, seeing patterns and shapes of
student questions can solve these students' math problems.

The MEA learning assisted by contextual worksheets also affects the ability to think
creatively in problem-solving. With MEA learning assisted by contextual worksheets, students
are trained to think creatively, because the problems given in contextual worksheets are
problems in everyday life so that students will solve the problems faced not only with the
formulas that have been taught but in different ways so that students can solve the math
problems it faces.

The MEA learning's weakness, as described earlier, can be overcome by using small
groups to discuss problems in contextual worksheets so that students can discuss more
effectively and efficiently. In these groups, students are directed to do practice questions
following the instructions on the worksheets. Students will be more active in discussing
students with other students and between students and teachers. It can be seen here that with
the help of contextual worksheets, communication is formed in many directions so that the
weaknesses of the MEA can be resolved. Other weaknesses of MEA learning, which sometimes
require more time, can also be determined. With the help of contextual worksheets, student
work is more focused so that the time needed to solve the problem is shorter.

The downside of further MEA learning is that students cannot know what may be vital
for them to study, especially in areas with no previous experience. With the help of contextual
worksheets, where questions are designed to lead to everyday problems, students can find out
and understand why they are studying the material presented. By relating the problem to daily
problems, they can solve the math problems they face in their everyday life.
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When students have no interest or do not believe that the problem being studied is
challenging to solve, they will feel reluctant to try. Contextual worksheets can overcome the
weaknesses of this MEA learning because, with contextual worksheets that refer to questions or
problems in everyday life, the questions in contextual worksheets will be more creative to
stimulate students to work on contextual worksheets. Then the weaknesses of MEA learning, as
revealed by knowledge (Rina, Rizky, & Nurfitriana, 2017), can be overcome with contextual
worksheets.

The description above can illustrate that with contextual worksheets, assisted MEA
learning can affect students' critical and creative thinking skills in problem-solving because
students are allowed to analyze the problems they encounter themselves and discuss with their
groups so as to generate critical and creative thinking in solving mathematical problems.
Therefore, MEA learning with contextual worksheets can be used as a learning option to
improve students 'critical and creative thinking skills in solving students' mathematical
problems. This finding is in line with the results of research conducted by Istianah (2013), which
showed an increase in critical thinking skills due to MEA learning.

Conclusion

Based on the results of research and discussion, it can be concluded that learning by
using MEA learning assisted by contextual worksheets can improve students 'critical and
creative thinking skills in solving students' mathematics problems. Recommendations for
further research could be to develop learning media that support MEA, or more to analyze the
extent to which MEA learning affects students' critical and creative thinking abilities.
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