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Abstract

This article discusses the analogical reasoning of students' types in solving trigonometric problems based on cognitive
styles. This research was conducted at MAN I Probolinggo, eighteen students was asked to complete cognitive style
tests and math ability tests. It was found that students' answers can be grouped into two types of cognitive styles,
namely systematic and intuitive. From each group, one student was taken to be interviewed with the aim of getting a
more detailed explanation of each type of analogical reasoning. The results show that the two types can be explained
as follows, first, the type of systematic cognitive style, students can understand the problem given, mention in detail
all the information that is known and asked, use all known information about the problem, read and understand the
problem, map the structure relational problems, applying a structured way to solve problems that have been planned
in advance. In the intuitive cognitive style type, students can understand the problem only by reading the problem
once, mention some information that is known about the problem, use the information that is known in the problem,
read and understand the problem, apply problem-solving methods. pre-planned but unstructured. Therefore, teachers
must encourage and enable students to use analogical reasoning optimally in learning mathematics.
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1. Introduction

Mathematics is not just completing a series of exercises or mimicking a teacher-taught process, but doing
math means coming up with strategies used to solve problems, implementing them, seeing if they lead to the
desired solution, and checking back to see if the answers presented make sense(Van de Walle et al., 2013).
For this reason, all students must have the same opportunity and support to learn mathematics with a deep
understanding (Graham, & Fennell, 2001). Learning mathematics is expected to produce someone who is
creative, critical, competent, and able to solve daily problems with a good mindset. NCTM(in. Hasbi et al.,
2019)”establishes five standards in mathematics that students must possess, namely problem-solving skills,
communication skills, connections, reasoning and proof, and representation skills”. The reasoning is an
important element in learning mathematics because, in addition to using reasoning to solve problems,
reasoning is also the goal of learning mathematics(Hill, & Ball, 2004). Mathematics learning must be able to
develop students' problem solving and reasoning abilities. NCTM (2000) "One of the benefits of reasoning in
learning mathematics is to help students improve their ability from simply remembering facts, rules, and
procedures to understanding skills". Mathematical material and mathematical reasoning are two things that
cannot be separated, meaning that mathematics material is understood through reasoning, and reasoning is
understood and trained through mathematics learning (Depdiknas, 2006). Reasoning is a very important
ability in learning mathematics because besides being used to solve problems, the reasoning is also the goal
of learning mathematics. This is supported by the statementLehrer, & Schauble, (2000); Bergqvist, (2007);
Jeannotte, & Kieran, (2017) state that reasoning is very important in mathematics, both in learning
mathematics and in the use of mathematics.

According to the standard process NCTM (2000) several abilities classified as mathematical reasoning
include (a) drawing logical conclusions, (b) providing an explanation of models, facts, properties,
relationships, or patterns, (c) estimating answers and process solutions, (d) ) use relationship patterns to
analyze situations, or make analogies, generalize, and construct conjectures, (e) propose counterexamples, (f)
follow inference rules, check the validity of arguments, prove, and construct valid arguments, and (g))
construct a direct proof, circumstantial proof, and proof by mathematical induction. Based on this statement,
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making an analogy is an indicator of student reasoning. Mofidi et al. (2012) argued that analogy is a way of
focusing on equations that are interrelated and independent of several connected objects. Analogy is the
ability to understand and operate on the basis of the similarity of the structure of an object whose surface
features are not always the same, is also considered an important part of human capacity to adapt to new
contexts (Richland et al., 2004; Richland, & Simms, 2015; Richland, & Begolli, 2016). Meanwhile, according to
Kariadinata (2012: 14), analogy is comparing two different things based on their similarities. Apart from
looking for similarities between two different things, analogy also draws conclusions on the basis of these
equations. Based on some of the opinions above, analogy is a way of looking at two different things by
paying attention to the similarities in nature and the relationship between the two.

Learning mathematics involves two aspects of reasoning, namely deductive reasoning and inductive
reasoning. Isoda & Katagiri (2012) stated that: "Analogical reasoning is a method of thinking that is very
important for building perspectives and finding solutions". When students carry out the problem-solving
process, analogical reasoning is of course already in it because analogical reasoning is needed to make it
easier for students to solve these problems. Meanwhile, Gentner& Smith (2013) "analogical reasoning is
reasoning that uses special cases, where what is known in one case can be used to predict information about
other cases". A process to derive conclusions using the general nature of the structure of the relationship
between a known problem (basic form or source) and a new problem (Bassok, 2001; Holyoak et al., 2001). In
line with English (2004) states that analogical reasoning consists of reasoning with classical analogies,
reasoning with problem analogies, and reasoning with pedagogical analogies. Thus, analogical reasoning is
the process of drawing conclusions using the similarity of properties and structure of the relationship from a
known problem source to apply to the target problem.

Analogical reasoning has a very important role in learning mathematics. Mofidi et al. (2012) revealed
that one of the effective ways teachers can teach mathematical concepts is by using problems that involve
analogical reasoning. Analogical reasoning ability in mathematics learning can be used to teach a
mathematical concept to students by describing an abstract concept into concrete so that students are able to
understand mathematical concepts. According to Piaget, students' intellectual development has reached the
final stage (formal operation) at the age of 12, at that age at the junior high school level to be precise (Huitt,
& Hummel, 2003; Lefa, 2014; Bormanaki, & Khoshhal, 2017). Furthermore, based on research conducted by
Hendrawata (2018) shows that the analogical reasoning of junior high school students is still low so that
students' analogical skills in solving math problems need to be improved. To better see the emergence of
analogical reasoning, researchers will conduct research at the Madrasah Aliyah (MA) level. According to
Shadiq (2013) "In trigonometric material, a student can draw conclusions cos (300 + 600)= cos 300 + cos 600
because in the source problem 3 (2 + 5) = (3 x 2) + (3 x 5). Of course this is not the same because cos (300 +
600) = cos 900 = 0 while cos (300 + 600) = V3 + ~. However, for 3 (2 + 5) = 3 x 7 = 21, while for (3 x 2) + (3
5) =6 + 15 = 21. In general, 3 (x + y) = 3x + 3y while for cos (A + B) = cos A + cos B, so the analogy of the
distributive property of multiplication to the addition of real numbers does not apply to the concept of
trigonometry. To train students to use analogical reasoning, the teacher needs to guide students to correct
these errors by asking questions about meaning 3 (a + b) and the meaning of cos (A + B) so that students can
decide for themselves whether the analogy can be used ”. The relationship between the knowledge that
students already know and learning new knowledge will make it easier for students to learn mathematics.
Therefore, it is necessary to carry out further research related to students' analogical reasoning in
trigonometric material.

Each student has different characteristics in thinking and solving problems. Students' thinking
processes are influenced by the speed at which these students receive and process information(Vahrumé&
Rahaju, 2016). If it is associated with the definition of reasoning, namely thinking activities to draw
conclusions correctly based on several statements whose truth has been proven previously (Sadiq et al,
2007), students' reasoning is influenced by cognitive styles. Cognitive style is one of the distinguishing
aspects which refers to the characteristics of a person is receiving, processing, storing, thinking, and using
the information in response to a task or various types of environmental situations (Alamolhodaei, 2002).
Understanding cognitive style according toSternberg & Williams (2009) "Cognitive style is the basis that
differentiates between individuals when they interact with elements of a situation and is also an important
approach to understanding and how someone thinks". Meanwhile, according to (Altun & Cakan,
2006)"Cognitive style has a broader meaning, which refers to the way people obtain information and views
their surroundings as stimuli and interacts with it." Cognitive style is a stable personal attribute that reflects
the consistent way in which individuals organize and process information, and ultimately make decisions
and actions (Sagiv et al., 2010).

Systematic and intuitive cognitive style is one dimension of cognitive style related to mathematics
learning which is also the focus of this research. Individuals with a systematic (rational) style tend to apply
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rule-based thinking (Smith & DeCoster, 2000). They analyze situations and logically evaluate alternatives in
an attempt to find the underlying rules. These rules help them organize the world into systematic patterns
that they can rely on when choosing how to act (Scott & Bruce, 1995). Individuals with an intuitive style tend
to apply associative thinking (Smith & DeCoster, 2000), also called experiential thinking (Norris & Epstein,
2011). They have a holistic and global perception (Scott & Bruce, 1995)and are often unaware of their
thinking patterns. They integrate associations and rely on intuition, taking into account not only facts but
also feelings and context (Sternberg, 1998). An artist, for example, tends to have an intuitive style. In the
workplace and in other contexts, artists tend to analyze situations in complex and holistic ways, connecting
pieces of information associatively. Based on the description above, it is very important to conduct research
to reveal how students' analogical reasoning in solving trigonometric problems in terms of cognitive style.
Therefore, this study aims to describe the analogical reasoning of MA students who have a systematic and
intuitive cognitive style in solving trigonometric problems.

2. Materials and Methods

This study includes research with a qualitative approach. The data obtained in this study are written data
and interview data in solving trigonometric problems which will then be analyzed and concluded. Selection
of subjects begins with class selection by determining the group of students in MAN 1, Probolinggo City,
namely class XI MIA 2 which consists of 18 students. Furthermore, the researcher gave two tests to all
students, namely the Cognitive Style Test (TGK) and the Mathematical Ability Test (TKM), so that two
subjects were selected, namely two students of MAN 1 Kota Probolinggo class XI 2020/2021, namely
students who have a systematic and intuitive cognitive style. of the same gender and the same math abilities.
The instruments used in this study included cognitive style tests (TGK), mathematics ability tests (TKM),
analogical reasoning tests (TPA), and interview guides. Before being used, the four instruments were guided
and validated by a psychology lecturer and two experts, namely two mathematics lecturers.The problem can
be seen in Figure 1.

Baing. who has a height of 155 cm {measured
from the eyvel. stands upright at a distancsof 12
m from the flagpole. He saw the top of the
flagpolse with an elevation angle of 459 So the
height of the flagpole was ...

Figure 1. Triconometry Problem to Ohserve
Student Analomical REeasoning

2.1 Data Collection Technique

Data collection in this study was carried out by means of tests and interviews. In this study, the tests used
were the Cognitive Style Test (TGK), Mathematics Ability Test (TKM), and the Analog Reasoning Test
(TPA). TGK is used to classify students based on a systematic and intuitive cognitive style. TKM is used to
determine the mathematical abilities of each subject which have been grouped into 2 groups, namely
systematic cognitive style and intuitive cognitive style. After that, the subjects who have been determined to
work on TPA 1 get data about students 'analogical reasoning in solving trigonometric problems, TPA 2 aims
to triangulate MA students' analogical reasoning data in solving trigonometric problems.Interviews are
conducted after students have finished working on the TPA so that no information is missed and the validity
of the data obtained is guaranteed. This study uses direct and semi-structured interviews. Interviews in this
study were conducted after the research subjects completed the TPA. Interviews between researchers and
subjects were recorded using audio-visual tools to obtain accurate data and no information was missed.

2.2 Data Analysis Technique

To ensure the validity of the data in this study, the first step needed is a research data checking technique. In
qualitative research, data is obtained from various sources using various data collection techniques.
Therefore, the authors used time triangulation to double-check the results of the TPA and interviews by
giving tests at different times. Activities in data analysis are data condensation, data presentation, and
verification/conclusion.

3. Results and Discussions

From the two groups with different types of answers, the first group involved a systematic cognitive style.
The second group involves core cognitive styles. To find out more about students' analogical reasoning, here
are the results of interviews with the two students, namely student 1 (S1) and student 2 (S2.
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3.1 Analogical Reasoning in Problem Solving Process of (S1)

51 has written all the facts in the problem. This means that S1 understands what is given and what should be
found in the problem. From the student sheet, it is known that S1 also writes, as shown in Figure 2.
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Figure 2. Conjecture by S1

The following is an interview with S1 regarding analogical reasoning in solving problems step encoding,
inferring, maping, and applying.

Encoding

P: Okay, now from question number 1 first. What information do you get from this question?

S: The distance between Rino and the flagpole is 12 m, the elevation angle is 45% and Rino is 155 cm high.

P: Okay, after you write down what is known. Then you are told to find what the problem is?

S: Asked to find the height of the flagpole, Ma'am

Q: Have you read the previous question, how many times do you need to read it to understand this
problem?

S: Maybe three ma'am.

P: Why three times? When reading how?

S: To make sure all known information is complete while thinking about how to solve it later.

Based on the presentation of S1 analogical reasoning data in solving problems, by that S1 mentions
known information in the source of the problem and can show the sentence in the question, and can
determine the information asked, mention the information in the question in the target problem and can
show the sentence in the problem. and can determine the information asked for in the target problem.

Inferring

Q: OK, what are the next steps you took to solve the problem ?.

S: I drew it first, Ma'am, according to what you know there are pictures of people and a flagpole.

P: Then to do this problem which concept did you use ?.

S: After I saw the picture, I used tangent trigonometric ratios to find the height of the flagpole ma'am.

Based on the written results and the interview transcript above, that S1 uses the source of the problem
information to answer questions by illustrating in the picture first and arranging ways to solve the source of
the problem by looking for the relationships contained in the source of the problem.

Mapping

Q: How to find the height of the flagpole in that problem ?.

S: I was confused Ma'am if | immediately looked for the altitude. I drew this first, then after I saw the picture
I couldn't immediately find the height of the flagpole, ma'am. So I have to know the value of x first.

P: How do you find x?
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S: Use the trigonometric ratio of the front and the sides of the right triangle Ma’am.

Q: Why did you use that method to solve the problem?

S: Since the x we want to find is the front side of the angle of 45° Ma’am, besides that we also know the sides
of the corner Ma’am.

Based on the data analysis, that S1 pays attention to problem-solving and uses the concept of problem-
solving to solve the problem, namely the concept of tangent trigonometric comparison by looking at the
relationship between the sides and angles of a right triangle to find unknown sides. at length and can
explain the reasons for using the concept.

Applying

P: OK, how do I solve that problem ?.

S: You see Ma'am, at first I wrote down all the known information and asked about the problem. Then I
picture ma'am. After I saw the picture I made, before finding the height of the pole I had to know the length
x. Now to find x I use the trigonometric ratio tangent bu because x is the front side of the known angle.

P: Then how high is the flagpole ?.

S: After I get the x value, I proceed to find the height of the flagpole by adding the x value and the height of
the rino. So the height of the flagpole is 13.55 m Ma'am.

Based on the presentation of analogical reasoning data from S1 in solving problems, it can be concluded that
51 solves problems appropriately using the appropriate comparison concept.

3.2 Analogical Reasoning in Problem Solving Process of (52)
The following are the results of the Analogy Reasoning Test and excerpts of the interview transcript of the

encoding, concluding, mapping, and implementing stages.
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Figure 3. Conjecture by 52

Encoding

P: Okay, now from that question, what information do you get from that question?

S: Distance 12 meters, height 155 cm Rino and elevation angle 459 Ma’am.

P: Then what are you looking for?

S: The height of the flagpole, Ma'am.

P: You have read the question earlier, about how many times you read it so you understand
about this ??

S: Just once, Mom.

Based on the presentation of S2 analogical reasoning data in solving problems, that 52 mentions the
information that is known in the problem and mentions the information that is known and can determine
the information asked in the problem but is incomplete in stating the known information.
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Inferring

Q: What are the next steps you took to solve this problem?

S: 1 drew it first Ma'am according to what was known in the question.

P: Then to do this problem which concept did you use?

S: It seems offensive Ma'am.

Q: What is the reason you use tangents?

S: Um.... Yes, because the photo, Ma'am, what you are looking for is the front.

P: So how do you do this to solve this problem?

S: So at first I drew it, Ma'am. Then I was told to find BC. I use comparisons tangent trigonometry Ma'am.

Based on the written results and the interview transcript above, that S2 Uses all known information about
the problem to answer the question by illustrating in the picture first and solving the source problem
correctly using the concept of trigonometric comparisons on a right triangle by looking at the relationship
between the sides and the angle in a right triangle but can't explain it.

Mapping

Q: How to find the flagpole height in this case?

S: I will look at the photo ma'am. After I gave the ABC to the picture, then I used the trigonometric
comparison Ma'am.

P: Then how do you find the height of the flagpole?

S: After obtaining the length of the tangent, then Rino height is added up.

Based on data analysis, it can be concluded that S2 pays attention to problem-solving and uses the concept of
problem-solving to solve the problem, namely the concept of tangent trigonometric comparison by looking
at the relationship between the sides and angles of a right triangle to find the unknown side length.

Applying

Q: How did you solve the problem?

S: I drew it, Ma'am .. Then I looked for the AB length first to find the height of the flagpole. I am finding the
length AB using tangents.

P: How about after that?

S: After that, to find the height of Ma'am's flagpole, the rest was added to Rino's height.

P: It means that the flagpole is 13.55 m high, right?

S: Yes ma'am, that's the result.

Based on the presentation of analogical reasoning data from S1 in solving problems, it can be concluded that
51 solves problems appropriately using the appropriate comparison concept.

3.3 MA students' Analogical Reasoning with Systematic Cognitive Style in Solving Trigonometric
Problems
Based on the results of the study, it shows that students systematically solve a problem using similarity

through previous knowledge that is similar to the problem to be solved. At the Encoding stage, students
understand the problem systematically by reading the questions three times. Students systematically
mention in detail all the information that is known and asked in the questions correctly without any
information left behind. This is in accordance with the opinion of Martin (1998) which states that individuals
with a systematic cognitive style tend to analyze and interpret problems carefully before starting the solving
process to avoid repetition of problem-solving steps so that they appear to be very careful.

In the closing stage, the subject systematically uses all known information about the source of the
problem to answer questions by illustrating in the picture first. Systematic subjects use all the information
about the source of the problem that has been illustrated in the form of a picture to find related concepts,
namely the relationship between the sides and angles in a right triangle and the trigonometric ratio of
tangents. At this stage, the subject of systematics also writes in detail the trigonometric comparisons starting
from tan, sin, and cos on the grounds that it is easier to find the length in question and is not wrong when
working. This is in accordance with the opinion of Martin (1998) that students with a cognitive style analyze
and interpret problems systematically and make careful plans before starting the completion process.
Students can choose the right procedure to solve the problem by analyzing the relationship between the
problems contained in the questions and the selected procedure. In addition, students in a systematic
cognitive style appear to be very careful when selecting procedures and using related concepts and all
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known information in questions.

At this stage the subject systematically finds low-level (low-level) relationships between interrelated
concepts to be used in solving the source problem. This is in accordance with English (2004) which states that
at the stage of concluding the subject is systematically looking for lower-level relationships (lower order)
contained in the problem. At the Mapping stage, the subject systematically looks for high-level relationships,
namely the components in the source of the problem related to the problem-solving target component. This
is in accordance with the opinion of English (2004) "the Mapping stage of the subject looks for high-level
relationships (high order), namely building information on each problem". At the application stage, the
subject systematically applies the source problem-solving method to solve the target problem that has been
planned beforehand so that the subject systematically resolves the target problem using the source problem-
solving structure. This is in accordance with the opinion of English, (2004) "students in solving target
problems pay attention to the source of the problem and apply the problem source structure to the target
problem".

3.4 MA Students” Analogical Reasoning with Intuitive Cognitive Style in Solving Trigonometry
Problems
Based on the results of the study, it shows that the intuitive subject solves a problem using equations

through prior knowledge which is similar to the problem to be solved. In the Encoding stage, the subject
intuitively understands the problem by reading the questions only once. The intuitive subject can name
some information that is known in the problem and not know other information which is known
information from the source of the problem. The intuitive subject also does not completely write down
known information about the target problem on the answer sheet. In the interview, the intuitive subject also
mentioned information that was not fully known about the target problem even though he finally realized
and completed the information. This is in accordance with the opinion of Martin (1998) who revealed that
they tend not to take problem-solving steps sequentially, often jumping from one stage of analysis or
information gathering to another and back again.

At the conclusion stage, the intuitive subject uses the information known in the problem to be
illustrated in advance in the picture to answer the question. Furthermore, the intuitive subject uses all the
information about the source of the problem that has been illustrated in the form of an image to find related
concepts. In formulating steps to solve the source of the problem, the intuitive subject appears to be
conducting an experiment, seen from the answer sheet and revealed from the results of the interviews that
have been conducted. But in the end, the intuitive subject was able to determine the concept of tangent
trigonometric comparison to solve the source problem. This is in accordance with the opinion of Jena (2014)
which states that students who have an intuitive cognitive style have a tendency to solve problems through
unplanned analytical stages, based on their experiences, and try to explore various alternatives that can
produce solutions quickly.

At the Mapping stage, the intuitive subject looks for high-level relationships, that is, the components in

the source problem are related to the target problem-solving component. This is in accordance with the
opinion of English (2004) "at the Mapping stage the subject looks for high-level relationships, namely
building information about the problem".
At the application stage, the intuitive subject applies a pre-planned problem-solving method so that the
subject systematically solves the target problem using the source problem-solving structure. This is in
accordance with the opinion (English, 2004) which states that students in solving target problems pay
attention to the source of the problem and apply the problem source structure to the problem target.
Although in planning that is done, intuitive subjects tend to jump up and down seen from the results of their
work and from the results of interviews with intuitive subjects. This is in accordance with the opinion of
Kent (1985) "individuals with an intuitive cognitive style prefer trial and error, rely on cues, and easily jump
from one solution to another".

4. Conclusion

This study describes students' analogical reasoning in solving trigonometric problems based on a systematic
and intuitive cognitive style. The results showed that at the Encoding stage, students understood the
understanding of the questions given by reading the questions three times. Students systematically mention
in detail all the information that is known and asked about the source of the problem and the target of the
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problem correctly without any information being left behind. In the Inferring stage, students systematically
use all known information on the source of the problem to answer questions by illustrating in the picture
first. The subject systematically uses all the information about the source of the problem which has been
illustrated in the form of an image to find related concepts. The subject systematically concludes that the
concepts used in problem-solving can be used to target problem-solving. This shows that the systematic
subject has mapped the relational structure from the source of the problem to the target problem by
identifying the similarity of these relational structures.

In the Encoding stage, the subject intuitively understands the problem by reading the questions only
once. The intuitive subject can enumerate some known information in the problem and other unknown
information which is unknown information at the source of the problem. At the basic conclusion stage, it
intuitively finds low-level relationships between interrelated concepts for use in solving the source problem.
Whereas at the mapping stage, the intuitive subject looks for high-level relationships, namely the
components in the source of the problem associated with the target component of problem-solving. At the
application stage, the subject applies the source problem-solving method to solve the target problem that has
been planned beforehand so that the subject systematically resolves the target problem using the source
problem-solving structure. However, the intuitive subject cannot explain the reasons for using the method to
solve problems.
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