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ABSTRACT

Combinatorics is a branch of mathematics that is very important, but this topic has not received serious attention in
educational research compared to other branches of mathematics such as geometry, calculus and algebra in Indonesia.
Meanwhile, in secondary and undergraduate education, existing research reports that students’ combinatorial thinking
ability tend to be low. Efforts to improve students’ combinatorial thinking ability in one of the Vocational Schools in
Medan, Indonesia, are carried out through the development of the Numbered Heads Together (NHT). NHT is one
cooperative learning structure. The result showed that NHT learning improved students’ combinatorial thinking ability.
Keywords: combinatorics, combinatorial thinking ability, numbered heads together

INTRODUCTION

At present, trends in mathematics education,
mathematics does not only discuss concepts and
numbers, but also takes part in everyday life and
becomes a tools of solving problems in daily life. Even
though the implementation of combinatorics in real life
is very broad, combinatorics that have long been
known and studied in school are part of mathematics
that are very little discussed, (Syahputra, 2016).

As a branch of mathematics, combinatoric studies
discrete objects that can be enumerated. According to
Bernoulli, combinatorics was the art of enumerating all
possible ways from a number of certain objects that are
arranged and placed back with certain pattern
(Batanero, et al., 1997). The objects studied by
combinatorics emphasize objects that are discrete
numbers with their settings and repositions. Around the
16th century, people already knew combinatorics,
especially in the application of game theory. In the
17th century people associated combinatorics with
Pascal triangles. Bernoulli and Leibniz developed
further combinatorics in statistics. Combinatorics is
closely related to other topics in mathematics, such as
number theory, probability, and inferential statistics
(Batanero, et al., 1997; English, 2005; Usry, et al.,
2016). Along with the development of technology, the
application of combinatorics is increasingly widespread
as in the fields of physics, chemistry, biology,
communication, computation, and optimization
problems (Batanero, et al., 1997; English, 2005;
Lockwood, et al. 2015; Syahputra, 2016; Usry, et al.,
2016).

However, combinatorics is rated as a difficult topic
in mathematics. It is hard to learn and master by
students (Melusova and Vidermanova, 2015;
Syahputra, 2016) and a lot of evidence shows that
students have difficulty in solving enumeration
problems (Lockwood, 2015). Usry, et al. (2016) stated
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that both of student in secondary school and higher
education, students’ achievement were weak in this
topic. Studies have found that many students from
various education level have difficulty to solve
problems involving enumeration.

The research conducted by Syahputra (2016) in
Indonesia, on 36 high school students and 67 students,
showed that the first-year combinatorial thinking
ability of mathematics education students were very
bad. Students are given five combinatorial problems,
then the results are 35% correct for problem number
one, 10.68% correct for problem number two, there is
nothing right for problem number three, 1.9% correct
for problem number four, and only 0.97 % correct for
problem number five.

Batanero, et al. (1997), found five types of errors
when student facing combinatorial problems: 1.
Interpretation of the wrong question. 2. Incorrect
identification of the types of objects used both identical
and different, especially letters, numbers, and
inanimate objects. 3. Arithmetic operations that are
wrongly used in finding solutions. 4. Use of the wrong
formula and 5. Incorrect or meaningless answers given.
Meanwhile, the results of the Syahputra (2016) study
concluded that the low combinatorial thinking ability
because students failed to understand the given
problems. Students did not understand how to use
enumeration process in the calculation. Students
obsessed with the fastest formula to solve the problem
without considering how the mathematical model of
that combinatorial problems.

When conducting a preliminary study at SMK PAB
1 Helvetia (Vocational School), Medan, Indonesia,
found a similar problem as described above. The
researchers found that the combinatorial thinking
ability at the school were low. The researcher gave a
question about the rules of enumeration and then
continued with an interview about students’ views on
combinatorial problems. The low ability of students to
solve combinatorial problems was effected by learning
received by students. Students too often learned in
class using expository learning methods. Efforts to
improve combinatorial thinking ability using ordinary
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learning model have proven to be less effective.
Therefore, another more appropriate learning model is
needed. Ordinary learning models will only make
students bored, not challenged, passive, or easy to give
up. One alternative to solve the above problems is
using cooperative learning model. Research related to
combinatorial thinking ability has not been widely
investigated by researchers. The reason, and the
description above encourages researchers to carry out
development research in an effort to improve
combinatorial thinking ability in SMK PAB 1 Helvetia.

Combinatorics in the Secondary School Curriculum
Heitele included combinatorics as one of the ten
stochastical fundamental ideas that must exist,
explicitly or implicitly, in each teaching situation in a
stochastic curriculum (in Batanero, et al., 1997).
Meanwhile, Freudenthal said that teaching probability
must consider combinatorics as a backbone of the basic
probability (English, 2005). Furthermore, English
(2005) stated that combinatorics provide a basis for
solving meaningful problems in various ways and with
various representational tools, including manipulative
materials. Combinatorial problems also facilitate the
development of enumeration processes, guesses,
generalizations, and think systematically.

According to Batanero and Sanchez (2013), in
secondary schools, students were expected to
determine the probability of an event by establishing a
probability distribution for a simple sample space,
calculating and interpreting the expected values of
random variables in simple cases, and describing the
sample space in a compound experiment . They are
also expected to learn to identify mutually exclusive
and shared events, understand conditional probabilities
and independence, and utilize their knowledge of
combinations, permutations, and calculation principles
to calculate these different probabilities. At the end of
secondary school, students must understand how to
draw conclusions about the population from random
samples; a process that involves understanding how a
sample can be distributed.

To fulfill the matters above, there is an urgent need
to examine more explanations in combinatoric teaching
and learning as an interesting part of the school and
university mathematics curriculum (Rezaie and Gooya
(2011). In the Indonesian curriculum, in combinatorics
topic, student learn permutations and combinations in
probability topic. This topic is taught very limited,
discussions are only on permutation applications and
combination formulas, while teachers are more likely
to follow the processes contained in mathematical
textbooks, mathematics textbooks generally provide
formulas and examples of permutations and
combinations. Mathematical textbook that overcome
difficulties of students in solving combinatoric
problems have not provided (Syahputra, 2016).

Combinatorial Thinking Ability

The way of thinking in solving combinatorics
problems is referred to by Rezaie and Gooya (2011) as
combinatorial thinking ability, combinatorial thinking

ability are an important part of mathematical thinking
abilities. Learning combinatorial concepts requires
special ways of thinking. The same was stated by
Gadino, et al. (2007); combinatorial thinking ability is
different from other mathematical abilities because
combinatorial thinking ability develop students’
knowledge by using an uncomplicated approach,
namely by sign or semiatic approach.

Combinatorial thinking ability is a process of
thinking both consciously and unconsciously related to
the process of examining various information, feeling
the symptoms of a pattern, feeling the symptoms of
similarities and differences from the object, and trying
to connect or associate various patterns. Furthermore,
combinatorial thinking ability are the basis for solving
problems in other branches of mathematics, such as
problems in statistics (Batanero, et al., 1997), or
problems related to algebra and arithmetic. Therefore,
combinatorial thinking ability is one of the abilities that
is very important to be possessed by students before
learning several fields of mathematics such as
geometry, statistics, algebra and arithmetic.

According to Godino, et al. (2005), there are five
indicators that a person has combinatorial thinking
ability, namely understanding the problem correctly,
changing problems into mathematical symbols, making
problem solving strategies, making conclusions, and
making explanations of conclusions obtained.
Meanwhile, according to Lockwood (2013), related
ways of thinking students at a level that facilitates a
deeper understanding of how students conceptualize
enumeration problems, put forward three aspects of
mutual relations, namely: the relationship between
formula/ expression, calculation process, and set of
results.

The results of Rezaie and Gooya (2011), about the
combinatorial thinking ability of undergraduate
students at one of the universities in Iran, states that
there are four levels in combinatorial thinking ability,
namely examining appropriate cases, ensuring and
calculating  all appropriate  cases, making
announcements from all cases, and change the problem
into combinatorial problems. The four levels are the
main key to forming students’ combinatorial thinking
ability. To improve students’ combinatorial thinking
ability, English (2005) says it can be done by:

Foster independent thinking

Students are faced with problems that are still in
their cognitive reach and then are given the opportunity
to explore combinatorial problem situations without
direct instruction. The rich and meaningful context in
which this problem can be solved means that student
have sufficient resources to overcome problems
without assistance. However, the teacher’s question
right when the child is working on the problem can
increase the student’s understanding of the
combination. The teacher can ask students to explain
and justify their solutions so that they can reject some
of their original ideas, or to modify, correct, or
consolidate their original arguments.
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Encourage  flexibility in
representations

Representational fluency has been shown to be at
the heart of an understanding of many of the key
constructs in elementary mathematics and science.
Combinatorial situations lend students to a variety of
solution approaches and representations. When
presented with novel combinatorial problems, student
will naturally display a number of different solution
approaches.

approaches  and

Focus on problem structures

One of the major goals of mathematics education is
that student see the connections and relationships
between mathematical ideas and apply this
understanding to the solution of new problems. Hal
tersebut hanya bisa dimungkinkan ketika siswa dapat
mengabstraksikan struktur masalah dengan tepat.

Encourage sharing of solutions

It is recommended that student share their
solutions to combinatorial problems with their peers.
Student should describe and explain how they arrived
at their solutions and why they consider their solutions
to be effective ones. When students share their
solutions, they provide us with insights into their
combinatorial understanding and also provide
important opportunities for their peers to give
constructive feedback.

Provide problem-posing opportunities

The ability to pose problems (in addition to solving
them) is becoming increasingly important in today's
society. By including problem posing in students’
experiences with combinatorics, we can increase their
access to the combinatorial concepts and procedures
and enhance their understanding of combinatorial
problem structures.

Provide novel probability problems

Novel  probability problems that  utilise
combinatorial ideas provide rich opportunities for
student to predict, experiment, and analyse
probabilistic situations.

In addition to the above, Lockwood (2015) said to
teach students with problem solving techniques by
trying one or more simpler versions of the problem as a
means of gaining insight into solution techniques that
can be applied to the initial problem. The utilization of
combinatorial enumeration is very useful in the domain
of combinatorial enumeration. The strategy of using
small cases is a powerful problem solving resource,
and the nature of counting problems makes them
particularly appropriate for the strategy of using
smaller, similar problems. Meanwhile, Melusova and
Vidermanova, (2015), say that among the strategies
used to solve new combinatorial problems, the
elements of the set of results show the most success.

Rezaie and Gooya (2011) identified four levels of
understanding in  combinatorial  thinking that
emphasizes enumeration tasks. These levels are as
follows: (1) Investigating “some cases”. The student’s

first attempt to deal with the problem was to find “all
cases” using the “multiplication principle”; (2) “How
am I sure that I have counted all the cases?”. Students
take one step further and try to convince themselves
that they have indeed “counted all cases”. Students
review the problem and think about it in a more
systematic way; (3) Systematically generating all
cases; (4) Changing the problem into another
combinatorial problem.

Cooperative Learning Model

There is an idea that states that when people work
together to achieve goals it will be better than when
people work individually. The idea is the basic idea of
the cooperative learning model. Cooperative learning is
developed, researched and found to be effective
intructionally in elementary and secondary schools.
Cooperative learning refers to a set of instructional
methods in which students work in small, mixed ability
learning groups. There are evidence that students
working together in small cooperative groups can
master materials better than can students working on
their own (Slavin, 1991).

Meanwhile, according to Taylor (1993), the
mechanism underlying high level mental work is a
copy of social interaction. Schoenfeld (2013) says that
ideas formed by individuals are often built and refined
in collaboration with others. This implies that even
though cognitive, even high-level work in humans,
begins a person’s interaction with others. In school,
students can learn through interaction with adults and
peers who are better able through cooperative learning.

According to Slavin, et al. (1991), cooperative
learning can be used as the primary instructional
method in reading, writing, and mathematics. If
students handle most of the checking and management,
teachers are free to teach individuals and small
homogeneous groups. Cooperative learning is not only
an innovation in itself, but also a catalyst for other
needed changes in curriculum and instruction. If
educational methods are major effects of changes in
student achievement, they must address the many
elements of the classroom organization and instruction
at the same time. Furthermore, Davidson and O’leary
(1991) say that cooperative learning shows the power
of divergent thinking and learning.

Cooperative learning motivates students to help
each other learn. Students can translate teacher
language into a language that their friends understand
better when studying together. Students who fail to
understand the concept presented by the teacher can
benefit when discussing the concept with peers who are
struggling with the same question. In cooperative
learning, students learn by doing it. Students must
arrange their thoughts to explain ideas to teammates,
they must be involved in cognitive elaboration which
greatly increases their own understanding. Students can
give individual attention and assistance to each other.
Because they work together, students can do a very
good job of knowing whether their peers have ideas or
need additional explanations. The positive learning
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environment helps and gives a sense of comfort when
learning.

The cooperative learning model gives autonomy to
the teacher to interact with students directly or
indirectly, so that the teacher can be able to improve
students’ combinatorial thinking ability through
structured tasks. The cooperative learning model also
supports students to be able to actively participate in
classroom learning. One stucture in cooperative
learning that may increase class participation among all
students is Numbered Heads Together.

Numbered Heads Together

The Numbered Heads Together (NHT) learning
model was developed by Spencer Kagan around the
1990s. This learning model involves students in
reviewing the material covered in a lesson and
checking or examining their understanding of the
content of the lesson. Indirectly train students to share
information, listen carefully and talk calculatingly, so
students are more productive in learning (Kagan,
1991). According to Yenni (2016), the use of NHT
methods in mathematics learning resulted in students
becoming more active in learning activities, increasing
creativity and involvement of students in the teaching
and learning process. Meanwhile, Kartikasasmi, et al.
(2012) stated that the application of the NHT learning
model with the SETS approach can develop students’
creativity and learning outcomes. Some studies also
show that mathematics learning outcomes of students
who use the NHT method are better than the
mathematics learning outcomes of students who use
conventional learning (Haydon, et al., 2010; Yenni,
2016; Wahyuni, et al., 2014).

NHT is a cooperative learning strategy in which
teachers (a) assign students to small (4 member),
heterogeneous learning groups, (b) ask them to number
themselves from 1 to 4, (c) direct questions to the
entire class, and (d) tell students to put their heads
together, come up with the best answers they can, and
make sure that everyone on the team knows the
answers (Brandt, 1991; Kagan, 1991). NHT is designed
to develop fundamental thinking skills seperti recalling,
applying, deducing, predicting (Kagan, 2003b).

Kagan (1991) said that NHT includes teams,
positive interdependence and individual accountability,
all of which lead too cooperative interaction among
students. Positive interdependence is built into the
structure: if any student knows the answer, the ability
of each students is increased. Individual accountability
is also built in: all the helping is confined to the heads
together step; students know that once a number is
called, each student is on his or her own. The high
achievers share answers because they know their
number might not be called, and they want their team
to do well. The lower achievers listen carefully because
they know their number might be called.

The NHT type of cooperative learning syntax
consists of: 1) Preparation; 2) Formation of groups; 3)
Each group must have a textbook or guidebook; 4)
Discussion of problems; 5) Calling member numbers or
giving answers; 6) Give conclusions (Ibrahim and Nur,

2000). In this study, the syntax was further developed
in an effort to improve students’ combinatorial thinking
ability.

Preparation

The teacher prepares instructional materials which
consist of: Lesson Plan (LP), Student’s Worksheets
(SW), Teacher’s Handbook (TH), Student Book (SB),
and test instruments to measure students” combinatorial
thinking ability (CTAT) compiled based NHT. In this
study, LP, SW, SB and TH, must meet valid and
practical requirements first based on expert judgment.
Before conducting learning using NHT, CTAT has
fulfill validity and reliability requirement empirically.

Problems that are used as challenges for students
when learning is a combinatorial problem originating
from the real life of students. The problem is a problem
that reflects: (1) fundamental counting principle and
that utilizes tree diagrams, systematic lists, and tables;
(2) Combinatorial configuration involving (a)
selection, (b) distribution, and (c) partition. It is not
difficult to arrange combinatorial problems from real
life that are interesting, challenging and meaningful for
students because of the broad combinatorial application
(English, 2005). Problems that are assigned to students,
starting from a simpler problem, then slowly bring
students face to face with more complex problems in
accordance with Lockwood’s idea (2015). So the
problem to be solved is bottom-up. The initial problem
assigned to students must be resolved by recording
every possibility without having to be too difficult; for
example, students can solve problems using tree
diagrams or schemes, tables or members of a set.

On SW, structured information and questions are
provided which act as scaffolding to solve the problem.
Scaffolding also facilitates the way students
conceptualize in solving combinatorial problems
consisting of: the relationship between
formula/expression, calculation process, and set of
results (Lockwood, 2013). Problems assigned to
worksheets are sought to be transformed into other
combinatorial problems (Rezaie and Gooya, 2011).
Meanwhile, the SB contains combinatorial materials,
practice questions and what students can use to learn
independently at home.

Problems within SW are also included in the SB,
along with alternative answers. But the alternative
answers to the SB on the problem are just a short
answer to anticipate students just move the alternative
answers in SB to SW when students work in groups.
Student CTAT is compiled using indicators proposed
by Godino, et. al. (2005), namely understanding the
problem correctly, changing the problem into
mathematical symbols, making problem solving
strategies, making  conclusions, and making
explanations of the conclusions obtained. These
indicators are included in structured questions on each
problem in the CTAT. This is in accordance with the
chosen learning approach, namely students learn by
work (Dewey, 1938).
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Group formation and numbering

In the implementation of learning it is necessary to
organize students in the classroom. Teachers must
implement learning strategies that allow students to
interact with their friends (Simamora, et al., 2019). In
this NHT, the teacher divides students into groups, then
shares the numbers with each student in the group.
Each student will study in his group.

In this study, each group was formed with members
of four students. Each group consists of: - one high
achiever, two average achievers, and one low achiever.
Next, the teacher asks students to number each group
member from number 1 to 4. The students are taught in
class, but also for helping their group learn. Often,
there is some sort of group goal (Slavin, 1991). In
addition, group formation also takes into account
ethnicity, gender and the comfort of each student in the
group.

Problem posing

The teacher asks students to work on the SW and
open the SB that has been shared with each group. SW
was divided into two sets of each group at the previous
meeting. Meanwhile, SB was distributed one set to
students at the previous meeting. SW is not given to
each student to avoid students working individually.
Next, each group was asked to discuss the questions on
the SW together. In this NHT, students are not taught
by direct learning, but by constructing their knowledge
through scaffolding (Vygotsky, 1978) given by the
teacher and structured questions in the SW and from
the teacher, and information from the SB Students are
given the opportunity to explore each problem.

Problem solving with team

In this phase each student thinks together to
complete the tasks in the worksheet as well as they can.
Students are also asked to describe and ensure that each
person in the group knows the answers to the questions
that have been compiled in the SW. During group
discussions, students are assisted by teachers and peers.
The teacher acts as a facilitator. In accordance with
Vygotsky's beliefs, students who are taught through
problem solving will improve student cognition
(Taylor, 1993).

When solving problems or answering structured
questions in SW, Siska does the math. Students work
like mathematicians propose and solve problems;
students experience directly the characteristics of
mathematics as a social institution, submission and
problem solving (Ernest, 1991). In the discussion of
solving students ‘problems, students’ curiosity is
developed through combinatorial problems originating
from everyday life, gaining knowledge, increasing
problem solving skills, providing good understanding
and thinking independently. The teacher does not only
train students to solve problems or routine operations
(Polya, 1973).

Calling number
After the specified time, the teacher calls one
number and the students from each group with the

same number raise their hands. In this study, there were
eight groups of students. Providing opportunities for
eight students who have the same number to present
answers to problems in SW, it will take a lot of time.
The eight people were asked to come forward to show
their work, then the teacher chose two students; one
student who gave a complete and correct answer and
one student who gave an interesting answer. The two
people were asked one by one to present the answer.

Concluding

At this stage, the teacher and the students conclude
the answers to each question with the structure of the
problem. If in a meeting, problems that must be
resolved by a group of students are more than one
problem, then the Issuance phase, Discuss the problem,
Call the member number or give an answer, and Give
conclusions, repeated again. At the end of the lesson,
before closing the meeting, the teacher gives
homework to be done by students in private as an
exercise.

METHOD

This research is development research (design
research). This study uses a model of development of
Thiagarajan et al. (1974) which is also often referred to
as 4-D to develop instructional materials. Development
research is carried out to obtain learning tools that are
valid, practical, and effective (Nieveen & Folmer,
2013) and improve students’ combinatorial thinking
ability.

The research was conducted at SMK PAB 1
Helvetia which is one of the Vocational Schools in
Medan, Indonesia. Subjects in this study were class X
SMK PAB 1 Helvetia (10" year vocational school) in
2018/2019 academic year, while the objects in this
study were learning using the NHT type cooperative
learning model. The learning test using NHT was
conducted twice, each in class X Multimedia 1 and
Class X Multimedia 2, which each class consisted of
32 students. The trial design used in this study was pre-
experimental approach, namely one-group pretest-
posttest design (Sugiyono, 2017). The design of this
study is presented in Table 1:

Table 1. Nonequivalent Control Group Design

E: 0, X 0,

0, = Pre-test combinatorial thinking ability in the

experimental group (Trial Class)

0, = Post-test combinatorial thinking ability in the

experimental group (Trial Class)

The results of the combinatorial thinking ability
test of the experimental group before and after the
experiment were tested with differences in the mean
calculated by sample related t-test (Sugiyono, 2017) or
Paired-Samples T Test. In this case the researcher used
a two-tails test at the 95% confidence level.
Meanwhile, the submission of descriptive hypotheses
in the analysis of each trial is:

Hy, : “There is no difference in combinatorial
thinking ability of students before and
after learning”
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H, : “There are differences in combinatorial
thinking ability of students before and
after learning”

As explained above, the instrument used to measure
students combinatorial ability is Combinatorial
Thinking Ability Test (CTAT) in the form of an essay
test which is divided into two groups, namely: pretest
and posttest, each of which consists of five questions.
The test has been tested for validity and reliability
before use. Before the CTAT results data were
analyzed using the t-test, first the wvalidity and
homogeneity of the pretest and posttest data were
tested. The normality of the data was tested using
Kolmogorov-Smirnov, while checking the variance of
the data was tested using Levene. The test is carried out
using SPSS 20 software.

RESULT AND DISCUSSIONS

The results of testing the normality of data using
Kolmogorov-Smirnov using the results that the pretest
and posttest data, both in trial 1 and Trial 2 showed that
the data were normal distribution. Checking the
homogeneity of variance pretest-posttest, both in Test 1
and in Trial 2 shows that the data is homogeneous or
comes from the same population. In trial 1, it was
found that the average result of the student’s pretest
was 29; posttest 68.25. Meanwhile, in Trial 2, it was
found that the average result of the student’s pretest
was 31.75; posttest 76.25. Both in Test 1, and Trial 2,
the results of statistical analysis using Paired-Samples
T Test showed that H, was rejected and H; was
accepted. So, it was concluded that there were
differences in combinatorial thinking ability of students
before and after learning. Because the average posttest
results of students are better than the pretest, it can be
concluded that NHT can improve combinatorial
thinking ability.

In Trial 1, even though students’ combinatorial
thinking ability had improved, the results of the
development of the NHT learning model did not meet
the effective criteria, because the average
combinatorial thinking ability of students had not
reached the minimum  completeness criteria.
Meanwhile, in Trial 2, the results of developing the
NHT learning model have reached effective criteria.
So, the results of the development of the NHT model
have met the criteria valid, practical and effective in
Trial 2.

The cause analysis of the ineffectiveness in Trial 1
was carried out qualitatively. At the time of Trial 1 it
was found that there were several groups whose
members did not feel comfortable with each other. In
addition, while teaching students using instructional
materials (SW and SB), there were still problems that
were too difficult for students to understand and then
scaffolding on tasks was still not sufficiently helpful
for students. To overcome this, in Trial 2, each group
member was certain to feel comfortable with each other
first. Instructional materials that used by students were
revised; each problem used simple language and could
guide students to understand the subject matter
(Yerizon, et. al., 2018). In addition, scaffolding on

instructional materials was equipped with more visual.
Test results in Trial 2 showed that these efforts prove
effective, the more students had good combinatorial
thinking ability, the more the minimum completeness
criteria were achieved.

The increase in students’ combinatorial thinking
ability is inseparable from the integration of
Vygotsky’s theory into the NHT learning model.
Vygotsky (1978) states that the experience of students
when solving problems with their study groups with a
socio-cultural approach will improve mental function
higher. In cooperative learning, students learn by doing
in accordance with the ideas of Dewey (1938) and
Slavin (1991). In NHT learning, students discuss with
their peers. Students explain one another to learn.
When students organize their thoughts to explain their
ideas and engage in cognitive skills and then increase
their combinatorial thinking ability.

Dewey (1986) said: “The most important attitude
that is formed is desire to go on learning”. With this
NHT learning, students’ desire to learn or want to
know increases. This can be noted from the high
involvement. This is in accordance with the results of
Yenni’s research (2016) which states that the
application of NHT in mathematics learning results in
students becoming more active in learning activities,
increasing creativity and involvement of students in the
teaching and learning process.

The increase in combinatorial thinking ability of
students in this study is also inseparable from feeling
comfortable and feeling happy when learning using
NHT. Discussion with problem solving, as Schoenfeld
(2013) said, provided a way into the joys of doing
mathematics and the pleasures of discovery. As
previously explained, the problems assigned to students
in NHT learning are combinatorial problems that are
made interesting and meaningful, while at the same
time, challenging for students and making students are
able to work effectively (English, 2005).

The idea of English (2005) in enhancing students’
combinatorial thinking ability, fostering independent
thinking of students, encouraging flexibility in learning
and representation, focusing on problem structures,
encouraging sharing of solutions, and providing novel
probability problems covered by NHT learning. This
design affect the effectiveness of the NHT in
improving combinatorial thinking ability of SMK PAB
1 Helvetia students.

The increase in combinatorial thinking ability of
students in this study is in accordance with what was
said by Slavin, R.E. (1985) that most studies show that
high, average, and low achievers are equally from the
cooperative experience; a few have shown greater
gains for low achievers; and others have shown the
greatest gains for high achievers. Furthermore
Kartikasasmi, et al. (2012) stated the same, that the
application of the NHT learning model with the SETS
approach can develop students’ creativity and learning
outcomes.
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CONCLUSION

Reasoning. In Graham A. Jones (Ed.). Exploring

NHT proposed by Spencer Kagan (1991), in this
study, was further developed based on ideas from
various experts. The development of the NHT model is
realized by the compilation of instructional materials
and operationalizing these materials when testing.
From the discussion above, it can be concluded that the
combinatoric thinking ability of students has increased
after learning using NHT learning in class X of SMK
PAB 1 Helvetia. The results of this study were
obtained through pre-experimental research design
with one-group pretest-posttest design. Therefore,
further research is still needed by using control groups
to get better conclusions or more convincing ones. In
addition, it is also recommended, if the students learn
with cooperative learning, it is certain that group
members feel comfortable with each other;
instructional materials that used by students using
simple language and facilitating students with
scaffolding with a visual matter so that materials can
guide students to learn by solving problems.
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