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Abstract

This study aims to see the Analogy Reasoning Process Based on the Hots Development of Prospective
Students When students solve the problems given by the researcher. While learning is taking place,
prospective teacher students are given basic concepts to find the distance between 2 points, the distance
between a point and a line and the bisector of the angle between two lines. So it is hoped that prospective
teacher students can use it to solve problems on the basis of analogies and analogy targets. Based on
the analogy of events on the basis of analogy and target analogy, it is expected that students' thinking
processes include High Order Thinking Skills. So that after college students are able to apply High
Order Thinking Skills when teaching at school. When students solve problems, students who are
classified as High Order Thinking Skills (C4, C5, and C6 according to Bloom's B S and According to
Krulik et al. Critikel thinking, and creative thinking) the results of student data analysis all optimize the
use of concepts that have been mastered previously, able to avoid inaccuracies. complete thinking.
substructure in the process of assimilation and accommodation, as well as avoiding mismatches in the
use of thinking substructures in the process of assimilation or accommodation. What happened was (1)
the problem accommodation process, (2) the strategy accommodation process, (3) the problem
assimilation process, (4) the strategy assimilation process, (5) the relationship assimilation process, and
(6) the relationship accommaodation process. The processes in the steps of analogical reasoning when
Problem-Solving in constructing the conic section equation are characterized by the following
behavior/activities. In addition, this study found 2 interesting things, namely; (1) categorization or type
of analogical reasoning when solving problems based on the hierarchy of thinking Krulik (2003) and
(2) Not all students are able to determine the use of generally accepted concepts in constructing the
equation of a conic section.

Keywords: assimilation, accommodation, Basic Analogy, Target Analogy, Construction of new
knowledge, High Order Thinking Skill.

1. Introduction

Mathematics is a very important material
because mathematics is closely related to other
sciences. Aminu  (1990) argues that
mathematics is not only the language of
science, but an essential nutrient for thinking,
logical reasoning and progress. Mathematics
frees the mind and also provides an assessment
of intellectual abilities to individuals by
pointing out the direction of improvement. In

fact, with analogy reasoning ordinary students
can be turned into gifted students (Supratman,
et al 2017). Despite the fact that there are still
many students who experience misconceptions
in understanding the concept (Supratman,
2018). The fact that many conjectures in
problem solving can be built with reasoning,
especially with analogy reasoning (Supratman,
S., 2019). Even problem solving through
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analogy reasoning can produce divergent
thinking (Supratman, Herawati L, Akbar R E,
2019).

Therefore, the essence of Mathematics
lies in its beauty and intellectual challenge.
Both scientific breakthroughs and
technological developments are facilitated by
the proper language of Mathematics. This
implies that there is a strong relationship
between progress in mathematics and
technological progress. Thus, every human
being needs a certain amount of competence in
basic mathematical topics for the purposes of
handling money, running daily business,
interpreting mathematical graphs and charts
and thinking logically. (Bandura, 1997) In
order for the abilities gained in learning
mathematics to help the process of discovery
and development of other fields, of course, you
must first achieve the objectives of learning
mathematics itself (Pala, 2016:1-2).

In learning mathematics, students are
expected to be able to understand the concepts,
and procedures for solving mathematical
problems. However, currently there are still
many students who have not been able to
understand the concepts and procedures of
solving mathematical problems well. Because
according to Subanji & Supratman (2015) there
are still students who are wrong in solving
problems because the procedures taught are
different from the questions. faced. This is
because most mathematical concepts are
abstract concepts that are difficult for students
to understand, so a mathematical ability is
needed that can help students understand
mathematical  concepts. One of the
mathematical thinking skills is mathematical
reasoning ability which is based on increasing
students' high order thinking skills. It is realized
that an increase in High order tinking skills
(HOTSs) needs to be carried out. As'ari AR, et
al. (2019:6) states that there must be certain
advantages in causing the government to often
direct all its resources to improve student
HOTS. It is said that HOTS enable children to
have analytical competence, think critically,

solve problems, increase creativity, and
produce innovations.

This mathematical reasoning ability is
one of the mathematical abilities that are
expected to be mastered by students after
learning takes place. Regulation of the Minister
of National Education Number 22 of 2006
concerning Content Standards also states that
the objectives of learning mathematics, one of
which is to use reasoning on patterns and
characteristics, to manipulate mathematics in
making generalizations, compiling evidence, or
explaining mathematical ideas and statements.

Sumarmo (2015:198) also mentions that
this mathematical reasoning ability can develop
logical, analytical, and critical thinking
processes. This can be seen in the indicators
that have been mentioned, namely directing
students to be able to draw analogy
conclusions, generalizations, and construct
conjectures where the process is related to
logical, analytical, and critical thinking
processes.

Furthermore, Sumarmo (2015: 456)
argues that based on an analysis of the work of
several experts, mathematical reasoning can be
classified into two types, namely inductive
reasoning and deductive reasoning.

Furthermore, Sumarmo (2015: 460)
explains that deductive reasoning is drawing
conclusions based on agreed rules while
inductive reasoning is drawing conclusions
based on observations of limited data. This
inductive reasoning consists of several parts,
including  transductive,  analogy, and
generalization, so that the analogy intended in
this discussion is analogy reasoning.

The author examines the ability of
analogical reasoning in learning because the
ability of analogical reasoning is able to help
students understand mathematical concepts and
then be able to solve given mathematical
problems.

For this reason, it is very important to
increase the development of HOTS for
prospective teachers, so that if they become
teachers they have the skills to improve the
HOTS of their students. Mathematics frees the
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mind and also provides an assessment of
intellectual abilities to individuals by pointing
out the direction of improvement. And the
reality is that ordinary students can be turned
into gifted students (Supratman, 2017). Despite
the fact that there are still many students who
experience misconceptions in understanding
the concept (Supratman, 2018). The fact that
many teachers have difficulty in understanding
the curriculum content that must be taught
(Supratman, S Ryane, R Rustina, 2016).

Therefore, the ability and mastery of problem-
solving concepts and procedures need to be
mastered by the teacher. So that prospective
teachers must master the concepts and
procedures in problem solving. Reasoning This
analogy implies that there is a strong
relationship between advances in mathematics
and advances in technology. Thus, every
human being needs a number of competencies
in basic mathematical topics for the purposes of
handling money, running daily business,
interpreting mathematical graphs and charts
and thinking logically (Bandura, 1997). Apart
from all this, revealing the thinking process of
students in receiving knowledge is very
important so that teachers do not get caught up
in delivering the material in accordance with
the thinking processes of students, right? As for
using the analogy process, Piaget adopts the
theory of Subanji and Supratman (2015).

2. Theoretical Framework

2.1. Understanding Reasoning

We know that the thinking process is
continuous and according to the thinking
hierarchy. According to Krulik, Rudnick and
Milou (2003: 89) thinking is divided into four
categories, including (1) recall (remembering),
(2) basic thinking (3) critical thinking, and (4 )
creative thinking and reasoning are part of the
thinking process. While reasoning according to
Piaget (Bybee. 1982: 133) "reasoning
manifested are systematic and involve logically
complex processes”. In addition, according to
Braine and O'Brien (Brown, C. 2007: 122)

reasoning is logical and abstract thinking in the
freedom to use the content of the rules used.

2.2. Understanding Analogy and Analogy
Reasoning

Analogy according to Polya (1954: 14) from the
word "analogy" the origin of the word
"analogy" comes from the Greek which means
"proportion”. Furthermore, Polya (1954: 13)
explains, analogy is a kind of similarity. This,
one might say similarity on a more definite and
more conceptual level, but could be expressed
a little more accurately. According to Gentner,
Holyoak, and Kokinov (2001), the general
sense of analogy is the basic human ability to
reason with a relational pattern. Humans are
able to detect patterns to identify repeating
patterns in the face of variations in elements, to
abstract from patterns, and to communicate
abstractions. The definition is literally
analogous to similarity (Gentner and Markman,
1995; Goldstone, 1995; Markman and Gentner,
2000; Medin, Goldstone, and Gentner, 1993).
Furthermore, Gentner and Markman, (1995)
explain similarity involves overall fit at all
levels. According to this view, the fit in
relational structure rather than object attribute
fit, even in the overall similarity assessment.

Analogy occurs when there are two interrelated
events in its formation, namely the first event is
used as the basis of analogy (DA) for the next
event (Target Analogy) (TA) on the basis of
similarities in using propositions
(propositions/formulas), predicates, and objects
(Holyoak). KJ and Thagard P, 1989).
Furthermore, Holyoak K J and Thagard P said,
analogy mapping can be seen as a process of
finding the correspondence between the
elements of the existing structure in DA and
TA. In proportional representation, the
elements will include propositions, predicates,
and objects. Bullgren, Deshler, Schumalter, and
Lenz, 2000; Mc.Daniel and Dannelly, 1996
(Slavin, 2006: 199) "Analogyes can help
students learn new information by relating it to
concepts they already know", whereas
according to Reed (Tusyani, 2011: 302),
analogy requires that solving problems using
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solutions of the same problem to solve the
current problem. Halpern (Matlin, 1994: 350)
states that analogy is using previous problem
solutions to solve new problems. Fischbein, E.
(2002: 127) explains, analogy is a very rich
source of models. Two bodies, two systems are
said to be analogous if, on the basis of certain
partial similarities. One feels entitled to assume
that the respective entities are equal in other
respects as well. Gentner (1999: 17) explains,
analogy is central in the study of learning and
discovery, and analogy allows the transfer of all
concepts, situations or different domains, and is
used to explain new topics.

Several scholars have defined analogy
reasoning (Gentner, D, 1983a; Matsumoto, D,
Yoo, S.H., and Fontaine, J., 2008; Geathner and
Rattermann, 1991; Holyoak, K.J. and Thagard
P, 1989; Trench, Oberholzer and Minervino. R.,
2002). Gentner, D, (1983a) suggests analogy
reasoning is a type of reasoning that applies
between certain cases, one case that is known
about is used to conclude new information
about another new case. Matsumoto, D, Yoo,
S.H., and Fontaine, J., (2008) argue, analogy
reasoning is a reasoning in which decisions
about one thing or event are concluded based on
the similarity of objects, including other things
or events that are known. Holyoak, K.J. and
Thagard P (1989) argue that the essence of
analogy reasoning lies in the mapping process:
establishing an orderly correspondence
between the elements of the basic analogy
source and the elements of the analogy target.
Trench, Oberholzer, and Minervino (2002)
state, analogy reasoning presupposes the
transfer of knowledge from a known situation
(source of analogy / analogy basis) to a new
situation on the target of analogy with the aim
of increasing understanding of the latter. Based
on the explanation above, it can be concluded
that analogy reasoning is a process of cognition
related to the development of representational
abilities, understanding, and operating on the
basis of the similarity of structures in suitable
objects, whose surface features are not always
the same.

Holyoak and Hummel (2001) explain, analogy
reasoning has long been believed to play a
central role in learning mathematics and
problem solving. In addition, analogy provides
an important example of what appears to be a
very general cognitive mechanism, which takes
input from each specific domain on the basis of
an analogy that can be represented in an explicit
proportional form, and operates on the basis and
target of the analogy to produce specific
conclusions on the basis of analogy. analogy
targets. Analogies are often used in problem
solving and inductive reasoning because they
can capture significant parallels in different
situations. Analogy reasoning is considered an
important part of students' ability to adapt to
new contexts.

English (2004:.4-10) states, analogy consists of
classical analogy, problem analogy and
pedagogical analogy. The explanations for
classical analogies, problem analogies, and
pedagogical analogies are as follows:

2.3. Kinds of Analogies

2.3.1 Classic analogy

A classic or conventional analogy is an analogy
that takes the form A:B::C:D (for example:
3:9::2:---, becomes: 3:9::2:6), provided that C
and D things must be related in the same way.
the same as the relationship between A and B.
In this case, 3 becomes 9, it is multiplied by 3,
so to fill in the empty column (---), 2 multiplied
by 3 becomes 6. That's one example of a simple
analogy. The ability to link an A:B pairtoa C:D
pair involves a higher relationship.

2.3.2 Analogy problem

Analogy problems to overcome the ability to
reason through analogy in problem solving. In
this study, students must recognize the
similarity in the relational structure between a
known problem (called a basis/source/basic
analogy) and a new problem (a target analogy)
i.e. a “structural alignment" or "mapping"
between two problems must be discovered. In
this case, students in solving new problems
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must be based on solving problems that have
been solved before.

2.3.3 Pedagogical analogy

Such reasoning has received less attention even
though instructional analogies have long been
used in mathematics and science education.
Analogy pedagogy is designed to provide a
concrete representation of abstract ideas. That
is, this analogy is a real source for students to
be able to build mental representations of
abstract ideas or processes presented.

2.4. Understanding Higher Order Thinking
Skills (HOTYS)

2.4.1 Definition of HOTS

According to Bloom B S (1956) Midahwati
(2020) Higher Order Thinking Skill (HOTS) is
a thinking ability that does not just recall
(recall), restate (restate), or refer without
processing (recite). HOTS questions in the
context of an assessment measure the ability to
transfer one concept to another, process and
apply information, find connections from
different kinds of information, use information
to solve problems, examine ideas and
information critically.

However, HOTS-based questions do not mean
more difficult questions than recall questions.
Viewed from the dimension of science,
generally HOTS questions measure the
metacognitive dimension, not just measuring
the factual, conceptual, and procedural
dimensions. The metacognitive dimension
describes the ability to relate several different
concepts, interpret, solve problems (Problem
Solving), choose problem solving strategies,
find (discovery) new methods, argue
(reasoning), and make the right decisions.

In the Minister of Education and Culture
Number 21 of 2016 concerning the content
standards of primary and secondary education,
it is explicitly stated that learning outcomes in
the realm of knowledge follow Bloom's
taxonomy which has been revised by Bloom,
B.S. (1956,18), Lorin Anderson and David
Krathwohl (2001) consisting of the following

abilities: knowing (knowling-C1),
understanding (Understanding -C2), applying
(applying-C3), analyzing (analyzing-C4),
evaluating (evaluating-C5), and creating
(Creating-C6). The thought process can be seen
in the following figure.

Order

thinking -

Skills Analying
Low
Order understanding
thinking remberin
Skills g

Figure 8 Cognitive Thinking Process in
Bloom's Taxonomy

Then the dimensions of cognitive processes by
Puspendik are grouped into 3 levels. Level
1(LOTS): C1 knows and C2 understands, Level
2 (undestanding): C3 (apply), and Level
3(HOTS): C4 (analyzes), C5 (evaluates), and
C6 (creates).

2.4.2 Writing HOTS Questions

To write the HOTS items, the question writer is
required to be able to determine the behavior to
be measured and formulate the material that
will be used as the basis for the question
(stimulus) in a certain context in accordance
with the expected behavior. In addition, the
description of the material to be asked (which
requires high reasoning) is not always available
in the textbook. Therefore, in writing HOTS
questions, mastery of teaching materials is
needed, skills in writing questions (construction
questions), and teacher creativity in choosing
stimulus questions according to the situation
and conditions of the area around the
educational unit. The following is the flow of
the preparation of the HOTS questions.

2.4.3 Composing HOTS Questions

1) Analyzing KD that can be made about
HOTS questions. Because not all KD
models can be made HOTS questions. For
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this reason, teachers individually or in the
MGMP forum can carry out KD analysis
which can be made HOTS questions

2) Arrange a grid of questions. Aims to assist
teachers in writing HOTS items. In general,
the grid is needed to guide teachers in: (a)
choosing KD that can be made HOTS
questions, (b) choosing basic material
related to KD to be tested, (c) formulating
guestion indicators, and (d) ) determine the
cognitive level.

3) Choose an interesting and contextual
stimulus. The stimulus used should be
interesting, meaning that it encourages
students to read the stimulus. Interesting
stimuli are generally new, have never been
read by students. While contextual stimulus
means a stimulus that is in accordance with
the reality in everyday life, is interesting,
encourages students to read.

4) Write question items according to the
guestion grid. The questions are written in
accordance with the rules for writing HOTS
items by paying attention to 3 aspects,
namely substance/material, construction,
and language.

5) Create scoring guidelines or answer keys.
The scoring guidelines are made for the
form of description questions, while the
answer keys are made for the form of
multiple choice questions and short entries.

Based on the explanation above, it can be

concluded that: HOTS according to the concept

of Anderson and Krathwol, (2017) is a high-
level thinking skill that requires a more
complex thought process including, analyzing,
evaluating, and creating supported by the
ability to understand (understanding), so that:

(1) able to think critically (critical thinking); (2)

able to give reasons logically, systematically,

and analytically (practical reasoning); (3) able
to solve problems quickly and accurately

(problem solving); (4) able to make decisions

quickly and accurately (decision making); and

(5) being able to create a new product based on

what has been learned (creating).

3. Adaptation from Piaget

Environmental  adaptation  begins  with
disequilibrium that gives rise to the process of
assimilation and accommodation. With this
process, the cognitive structure develops
through the process of changing, merging, or
forming new schemes until equilibrium
condition occured. The adaptation process
begins with the desire to absorb the structure of
the problem (intelligent behavior) that is an
input to the cognitive structure in the initial
level equilibrium conditions. That resulted in
disequilibrium  (imbalance) between the
structure of the problem with the cognitive
structure. Therefore, there is an adaptation of
the cognitive structure through assimilation and
accommodation.  After assimilation and
accommodation there will be a cognitive
structure at the new level of equilibrium.

A person's cognitive development basically has
three elements, namely structure, function, and
content (Piaget, 1985; Bybee, 1982). Structure
is the organization of schemata in the cognitive
structure. The function shows the nature of
intellectual activity, including assimilation and
accommodation that continues throughout
cognitive development takes place. While the
content is knowledge mastered / known by
someone. The development of cognitive
structures in a person can run if a person is
always willing to accept stimulus from his
environment (adapt) so that there is
assimilation and accommaodation.

Assimilation of motor or cognitive action
is based on hidden cognitive structures. Figure
is the construction of new knowledge when the
problem is complex. Then the problem
structure is integrated into the student's
cognitive structure. Whereas if the structure of
the problem is integrated by first changing the
cognitive  structure it is said to be
accommodation. The event of assimilation and
accommodation can be in the elements of
problems, relationships, and strategies. As in
Figure 1. Nex
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Figure 1. The process of assimilation and accommodation (Modification from Supratman,

Ratnaningsih N and Ryane S, 2017)

3. Research Method

This research is qualitative research. As for
looking for research subjects using exploratory
methods, namely by exploring as many as 82
prospective teacher students using analogical
reasoning and HOTS thinking in solving
problems in Analytical Geometry in the
semester of the 2022 academic year. As for
revealing data that thinks verbally, Think out
1)

Loads is done, namely student teacher
candidates. think hard and be expressed orally
and in writing with the help of visual video
recordings and interviews in an unstructured
way so that it does not interfere with the
activities of prospective teacher students and
can be seen again by researchers.

The research instruments are as follows

A : B

The set of points that have the same
distance from the x-axis, and the y-axis, is

y=x

The set of points that are equidistant from line
d and point F is...

2)
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The set of points whose distance from
the x-axis and to the y-axis is equal to
2:1,isy =2x

The set of points whose distance from F and to
linedis2:1is...

3)

equaltol:2,isy = %x

The set of points that has a ratio of the
distance to the x-axis, and to the y-axis

The

to F, and to the line d equal to 1:2, is ...

set of points that has a ratio of the distance

Figur 2 Diadopsi dari AhmanMaedi, S (2013)

Results

The various student performances are shown in
Table 1. A total of 24.39% of students were able
to do correct solving for parabolic equations
through analogical reasoning, and did it with

HOTS. Meanwhile, as many as 26.83.03% and
29.73% of students were able to solve ellipse
and hyperbola equations well through
analogical reasoning, and did it with HOTS.

Tabel 1 Hasil pemecahan masalah dari tugas penalaran analogy

Result (n = 82)
3 Non Analogy Analogy
E Task Anl\sl\c/)ver Incorrect | Correct | Incorrect HI\IOO_P S HOTS
Al A2 A3 A4 A5
1 Parbola . 2 9 5 16 20 20
§ (2,44%) | (8,2%) | (6,10%) | (19,51%) | (24.39%) | (24,39%)
2 Ellips 2 1 10 5 24 20 22
£ | (1,22%) | (12,20%) | (6,10%) | (29,27%) | (24,39%) | (26,83%)
3 Hyperbola 8 3 14 5 16 20 24
B | (3,66%) | (12,20%) | (6,10%) | (19,51%) | (24,39%) | (29,27%)
Al: Result problem solvi wrong, and cannot do analogical reasoning
A2: Result problem solvig result, but not via analogical reasoning
A3: Result problem solving wrong, but is able to use analogical reasoning
A4: Result ploblem solving rigt, via analogical reasoning but not HOTS
A5: Result problem solving correctly, using analogical reasoning, and able to answer HOTS

Interviewer (Q) : Have you made a guess,

concept to solve problem A: B?

Subject 1 (S1): Already, this (while showing
the result)
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¥y —y1) _ (x —x1)
2 =y1) (2 —x1)
-0 _ -0
(1-0) (1-0)
y=Xx
Q :Howdo I getit?
S1: Since the distance from S to the x-axis is
the same as S to the y-axis, then S (1.1),
and the starting point (0,0).
Q : Can this concept be used for C:D problems?
S1: That, I find it difficult, finally I can't solve
the problem C: D
Meanwhile, the researcher found that the
students' problem solving was correct but not
through analogical reasoning, namely 6.10%
for each parabolic task, hyperbola task, and
ellipse task. After the interview, it turned out
that the students had read books, and opened the
internet. So those in solving C:D problems don't
see the concept of solving problems in A:B.
Most students are able to do problem solving
correctly through analogical reasoning, but
only a few of them are able to use analogical
reasoning to solve problems. Researchers
analyzed the results of exploring students'
answers to the truth, then conducted interviews
with them, including:
Q : Have you ever come across a problem like
this?
S6: Never (be directing the implementation of
problem-solving as expected)
Q : You Alleged, what is the concept of the
right to build the A: B?
S6: 1) On the basis of Analogy:
The first way Let's say S(xy) is
approximate, S on the x-axis is S1(x,0) and
the estimated S on the y-axis is (0,y) so that
the ratio between S to S1 with S to S2 is
with the center (0,0) got
Comparison of |S5;]: |SS,| = 1:1
(

\/(x -x)? =y — Y1)25\/(x —x)? = (Y —y2)? =

1:1

W —x32 = (y —0)%:/(x — 0)2 — (y — )2
=1:1

(02 —yZ:x2 -0z =1:1

\/F:\/le:l
N
y=x

Q : Is the concept to solve problems in A: B
can be used to solve the problem of C: D?

S6: Could, but there is a variation concept. if A:
B using distance point to the line only,
whereas to solve the problem C: D is the
distance of the point to the line variation
with distance point to point. (While
showing the calculation) PF = PD If P (X,
y), and d coincides with the y-axis and F
on the x-axis, then d = x = 0,
consequently V(1,0) and F (2,0)

|PF|:|PD|=1:1

V(a—x)?2+ (0 —y)?
J(—a—x)2+ (y —y)? = 1:1 for task 1

J(@? = 2ax + x2) + y2:/(a? + 2ax + x2) + 0
=1:1
J(@ —2ax +x2) +y2=
Va? + 2ax +x2+0
a? — 2ax + x% + y? = a® + 2ax + x?

y? = 4ax
y = 2+/ax
Q : Are there other possibilities for the

problem?

S6: Yes, Second way in task 1: create and
complete the necessary sketches both on
DA on DA S(x,y), S1(x,0) as projection on
the x-axis, S2(0,y) as approximation S on
the y-axis, the x-axis (sx) and the y-axis
(sy) already exist.

— )2 —_N2 X _1.
JEx—x)2+0-y) .W—l.l
X
JO—y2:—=1:1
Y1

y=x

Likewise in TA: point P(x,y) on the curved line
and F(a,0) on the x-axis and D on the d-line, so
that it will be obtained in task 1: if F(a,0), V(
0,0) then the line — d = x = —a consequently
D(-a,y),

|PF|:|point P and d — line | = 1:1
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x+a
J@=02-(0-y)2:———=1:1
V12 — 02
J(@? — 2ax + x? +y2:x+Ta=1:1

(a? = 2ax + x? + y2) = (x + a)?

a? — 2ax + x* + y? = x? + 2ax + a®

—4ax +y*>=0

y? = 4ax

y = 2vax

The result of solving the problem is the same
between the first and second method

Next, S6 explains the second task

On the basis of analogy: Let S(x,y) projection S
on the x-axis S;(x,0) and the projection S on
the y-axis is S,(0,y) so that the ratio of the
distance from S to S1to Sto S, is center (0,0)
got

1SS11 = IS5,

VO =x1)2 + Ry — )2/ (x = x2)2 + (v — ¥2)?
=2:1

V=22 + 2y — y1)%:y/(x — 0)2 + (y — y,)?
=2:1

GJ(0)% +y2:\/4x2 — 02 = 2:1

\/?: \/ﬁ =2:1

Vy?=2/x?

y = 2x

In the analogy target: Let P(x,y) project P on
the x-axis F(2a,0) and the approximate S on
the y-axis is D(—a, y) so that the ratio between
P to F with P to D with V (0,0) got

|PF |:|PD| = 2:1 got y2 = 12ax + 3x2
Second way

On the basis of analogy: Suppose that S(x,y)
projection S on the x-axis S;(x,0) and the
projection S on the y-axis is S, (0, y) so that the
ratio of the distance S to S; with S to the x —
line d = x = —a with center (0,0) we get
|SS1|: | point S to x — line| = 2:1 got y =
2x

Target Analogy

In the analogy target: Let P(x,y) projection P on
the x-axis F(2a,0) and the projection S on the y-
axis is D(-a,y) so that the ratio of the distance P
to F with P to the d-line with V(0,0) we get
|PF|: |point P to d — line| = 2:1 got

y? —12ax —3x*>=0or
y? = 12ax + 3x? using the first method with the
second method the result is the same

3rd task

First Way

On the basis of analogy: Suppose S(X, V)
projection of S on the x-axis is S; (x, 0) and the
projection of S on the y-axis is D(x,0) so that
the ratio of the distance S to F with S to D with
the center (0,0) got

|SS1]:1SS,] =1 : 2 got

1
Target analogy

if for example VV(0,0) and F (a, 0), then
D(—2a, 0), consequently the d-line x+2a. so

|PF| : |PD| distance = 1: 2
Got 4y%2 — 10ax + 3x2 =0
Second way

On the basis of analogy: Suppose
S(X,y) projection S on the x-axis S; (x,0) and
the projection S on the y-axis is S,(0,y) , then
the x-line x = 0 so that the ratio of the distance
S to S; with S to S, with center (0,0) get
|SS;|: |point S to x — line| = 1: 2 got
y=1x
Target Analogy

Let P(x,y) project P on the x-axis
F(a,0) and the approximate S on the y-axis is
D(—2a, y) so that the ratio between P to F with
P to the d-line with \V/(0,0)

|PF|: |point P to d — line| = %got

4y? —10ax +3x2 =0

The result of solving the problem is the same
between the first and second method

This research examines and describes
analogical reasoning when students solve
problems in constructing the conic section
equation through analogy problem solving in
the HOTS category. The study was conducted
based on the adaptation of Piaget's theory
(process of assimilation and accommaodation).
The findings of the test results of the instrument
are based on the assignment sheet (Supratman,
2013a and 2014a) and when students solve
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analogy problems. There are students who use
various concepts according to the concepts
mastered (cognitive structure) and adapt to the
concept of the problem (problem structure) they
are facing. In solving analogy problems,
students solve problems through analogical
reasoning, and 3 groups of students are
obtained, namely (1) students are not able to
construct the conic equation correctly due to a
step error when solving the problem, (2)
students are able to construct the conic equation
in one way, and (3) students are able to
construct the conic equation in two ways
including HOTS.

Discussion

Analogous reasoning when solving problems in
constructing the conic equation based on
Piaget's adaptation (process of assimilation and
accommaodation) in general, students take steps

sequentially, namely: @ problem
accommodation  process, (2)  strategy
accommodation  process, (3)  problem

assimilation process , (4) strategy assimilation
process, (5) relationship assimilation process,
and (6) relationship accommodation process.
The steps of the assimilation and
accommaodation process along with the scope of
their activities are listed in Table 1 and Table 2
below.

Table 1 Steps for Analytical Reasoning When Solving Problems based on Piaget's Adaptation in

Method 1 (Problem Substructure 1)

Order of Steps Activity DA TA
Correspondence 1 (Problem constructing equations of
straight/curved lines constructed by distance
1. problem .
. comparisons)
accommodation a n
process
Correspondence 2 (complete the graphic sketch as
required) u v
Correspondence 3 (The x-axis in DA already exists,
while in TA interprets the horizontal line as the x- Sx Sx
axis)
Correspondence 4 (Y-axis on DA already exists, and
d-line on TA already exists) > g
2. strategic Correspondence 5 (Equally take any point to
accommodation represent the point in the equation of a straight line / b 0
process curve in DA and in TA)
Correspondence 6 (Create S2 as the S image on the y-
axis for DA, and make D as the P image on the d-line c p
for TA)
Correspondence 7 (Creating S1 as an image of S on
the x-axis for DA, using the existing F on the curved d q
line
Correspondence 8 (Giving position S2 on DA, and on , ,
TA: D) ¢ P
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Correspondence 9 (Giving position S1 on DA, and on & ,
TA: F) 4
Correspondence 10 (Using distance between two o ,
3. problem assimilation points: |SS2| on DA and |PF| on TA)
process Correspondence 11 (Usage between two points: |SS1| £ s
on DA and |PD| on TA)

Correspondence 12 (Comparison of the distance h h

4. strategy assimilation between two points to the distance of two points)
process Correspondence 13 (1:1/ 2:1/ 1:2 ratio was performed 1 1

on DA and TA)

Correspondence 14 (Use of quadratic operations on « «

DA and TA, even though there is an error in TA)

Correspondence 15 (Use of root operations on DA
and TA) W W
5. proses asimilasi Correspondence 16 (DA and TA both use addition . ]

hubungan and subtraction operations) J
Correspondence 17 (DA and TA both use K K
multiplication and division operations)
Correspondence 18 (Results of assignment 1 on DA
ms Z1
and TA)
Correspondence 19 (Name the resulting
6. relationship straight/curved line equation)

accommodation m z

process

Table 2 Steps of Analytical Reasoning When Solving Problems based on Piaget's Adaptation in Method

2 (Problem Substructure 2)

Urutan Langkah Activity DA

TA

1. proses akomodasi masalah

Correspondence 1 (Problem
constructing equations of
straight/curved lines constructed
by distance comparisons)

2. strategic accommodation process | Correspondence 3 (X-axis on DA

Correspondence 2 (complete the
graphic sketch as required) u

already exists, whereas on TA S7
interprets horizontal line as x-
axis)

Sx

Sx
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Correspondence 4 (Y-axis on DA
already exists, and d-line on TA
already exists)

Ja

Correspondence 5 (Equally take
any point to represent the point in
the equation of a straight line /
curve in DA and in TA)

Correspondence 6 (Creates S1 as
an image of S on the x-axis for
DA, using the existing F on)

Correspondence 7 (Giving
position S1 on DA, and on TA: F)

d’

3. problem assimilation process

Correspondence 8 (Using
distance between two points:
|SS1| on DA and |PF| on TA)

Correspondence 9 (|S to the y-
axis| on DA and |P to the d-line|
on TA)

4. strategy assimilation process

Correspondence 10 (The ratio of
the distance between two points
to a point to a line)

Correspondence 11 (1:1 ratio
performed on DA and TA)

5. relationship assimilation process

Correspondence 12 (Use of
guadratic operations on DA and
TA, even though there is an error
in TA)

Correspondence 13 (Use of root
operations on DA and TA)

Correspondence 14 (DA and TA
both use addition and subtraction
operations)

Correspondence 15 (DA and TA
both use multiplication and
division operations)

Correspondence 16 (Results of
task 1 on DA and TA)

Z;

6. relationship accommodation
process

Correspondence 17 (Name the
resulting straight/curved line
equation)
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Analogous reasoning when students solve
problems in constructing conic equations based
on Piaget's adaptation can occur in three types,
namely (1) the problem substructure is
imperfectly integrated into the student's
cognitive structure during the assimilation
process after the accommodation process. (2)
the problem structure is not perfectly integrated
into the student's cognitive structure during
accommodation  (there is a problem
substructure that is not integrated into the
student's cognitive structure during the
accommodation process), and (3) the problem
structure is perfectly integrated into the
student's cognitive structure during the
accommodation process. assimilation and
accommodation.

The first type, the problem substructure
is imperfectly integrated into the student's
cognitive structure during the assimilation
process after the accommodation process is the
simplest thought process. The problem
substructure is not perfectly integrated into the
cognitive structure, meaning that students in
solving problems through analogical reasoning
do not fully construct the conic equation. When
solving problems, students take the wrong
(wrong) problem-solving steps. This happens
because students do not correspond to all
elements in DA with all elements in TA based
on the substructure of the problem. However,
the students' steps in corresponding elements of
DA with elements in correct TA fulfill the
characteristics of some critical thinking from
Krulik et al. (2003), so that these students are
categorized as semi-critical analogy reasoning.

This type of student has actually done
problem solving by looking at the similarity of
the problem, the similarity of the supporting
elements, and the use of concepts in problem
solving. However, S1 and S2 when solving
problems there were steps that were carried out
less systematically, resulting in wrong problem
solving. S1 and S2 did not realize that there
were steps that they were actually able to
complete, but because there were steps that
were skipped, there was a process error which
in the end the result of solving the problem was

wrong. The wrong steps were actually able to
be completed by them (S1 and S2), as
evidenced by their ability to complete almost
the same steps and even more complex and
difficult steps in the next step. In addition, they
have no desire to reflect on the problem-solving
steps.

S1 in constructing the conic section
equation uses method 1. The wrong step taken
by S1 in TA is when S1 solves the problem
when J4a? —dax + x2 +y% =
2vVa? + 2ax + x? squared for each segment.
However, 2 is not squared so that we get
4a? — 4ax + x* + y? = 2(a® + 2ax + x?), it
should be like this (4a? — 4ax +x?+y? =
4(a® + 2ax + x?) in task 2. In addition, in
task  3: S1 intends  to square

Jaz —2ax+x2+y? = %\/4(12 + 4ax + x?

for each segment, but% is not squared so that we
get a? — 2ax + x% + y? =%(4a2+4ax+
x?) should a?—2ax+x%+y?= %(432 +
4ax + x?).

According to Holyoak and Thagard, P
(1989) the student made a mistake in
transferring from DA to TA. In this case, DA
is +/y2 = 2Vx2 not squared first, but directly
to the root which results iny = 2x. Thereis a
disconnect between DA and TA, that is, there
are unequal steps between steps in DA and steps
in TA. In DA, S1 should square each side of
J¥? = 2VxZs0 we get y? = 4x. This is if S1 has
roots J4aZ —dax +x2 +y2 =
2Va? + 2ax + x2 on task 2 or
JaZ —2ax+x2 +y2 = %\/4:12 + 4ax + x2 in
task 3 there will be difficulties, although not
absolutely every step must be the same.

S2 in constructing the equation of the
conic section using method 2. The wrong step
is not changing x = -a becomes x + a = 0 and
x = —2a becomes x+ 2a = 0. As a result,
the distance of the point to the d-line for task 1
and task 2 uses ——— should —— and on task

3 using % should be J’% While in the
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next step S2 is able to change 4a% — 4ax +
x? +y? = 4x% — 4ax + a? becomes
3x2-y? + 3a2 = 0 which is considered
more difficult.

According to Holyoak and Thagard, P
(1989), the student (2 made an error in
transferring from DA to TA. In DA: the y-axis
equation is written in the form “x = 0” while in
TA: the d-line equation is written in the form
"x = —a and x = —2a" so that there is a
discrepancy.

In  other words, the thinking
substructure used by the subject of the semi-
critical analogy reasoning group to interpret the
problem substructure uses a thinking
substructure that is not in accordance with the
problem  substructure  (Subanji  2007).
Meanwhile, based on Gentner (1983) these
students (S1 and S2) paid less attention to
systematics and transparency. The systematic
understanding is that the relational system must
go through a strong structure, no steps are
skipped, while what is meant by transparency is
that the appropriate elements must be similar.
According to Lee & Sriraman (2010) the
student (S1 and S2) made a relational error.

S1 and S2 are said to do problem
solving through analogical reasoning because
they are able to analyze the similarity of the
problem, the concepts that must be used,
complete and use the elements needed in DA
and TA. This they (S1 and S2) do when faced
with a new problem for them and the problem
is not a routine problem in the form of an
analogy problem. Furthermore, they (S1 and
S2) did problem solving  through
correspondence between elements in DA and
elements in TA. What is meant by the elements
is the problem, the concept used, supporting the
use of the concept in problem solving both in
DA and TA. S1 and S2 do problem solving in
TA based on the incidence of AD, such a
thinking pattern is problem solving through
analogical reasoning (Canadas et al. 2007).
Thus S1 and S2 do problem solving through
analogical reasoning.

When solving problems, S1 and S2
perform problem solving through analogical
reasoning characterized by the ability to
analyze problems, determine the adequacy of
data to solve problems, decide the need for
additional information in a problem, and
analyze situations. However, S1 and S2 were
not able to validate from a conclusion (an error
occurred). Based on the opinion of Krulik et al.
(2003), S1 and S2 perform critical thinking
steps. However, S1 and S2 were not able to
validate a conclusion (a misstep occurred) so
that the problem solving was wrong. Thus, S1
and S2 are categorized as solving problems
through semi-critical analogy reasoning.

The cause of S1 and S2 was an error in
this step, because they (S1 and S2) did not
reflect on their work. They do not question
whether the steps they take are systematic? Are
the steps they took in TA in accordance with the
steps they took in DA? Are the steps in
troubleshooting wrong? Thus allowing the error
to be corrected, and can make improvements so
that it can produce the correct answer.

The second type, students of this group
consist of S3 and S4. S3 and S4 integrate the
problem structure into their thinking structure
imperfectly in the accommodation process
which continues in the assimilation process.
This incident shows that in the process of
accommodation and assimilation there is a
problem substructure that is not integrated into
the student's thinking structure. This student
does not perfectly correspond the elements in
DA with elements in TA based on the structure
of the problem. S3 and S4 correspond to
elements in DA with elements in TA based on
only one problem substructure. The
substructure of the problem in question is to
construct the conic section equation in one way.
Understanding one way S3 and S4 construct a
conic equation by comparing the distance
between two points to the distance between two
points or constructing a conic equation by
comparing the distance between two points
with the distance from the point to the line. S3
and S4 do problem solving through
correspondence in constructing the conic
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section equation to fulfill the critical thinking
characteristics of Krulik et al. (2003). Based on
this, S3 and S4 are categorized as critical
analogy reasoning.

In constructing the conic equation S3
and S4 have been able to construct a thinking
structure even though it is not perfect, by
looking at the similarity of the problem, the
similarity of the existing elements, making
other elements needed in the use of concepts
and based on similarities, and the use of
concepts in DA and TA so that the conic section
equation is constructed. But they do not realize
that in solving the problem, apart from what
they do, there are other ways to solve the
problem.

Constructing the conic section equation
uses method 1 and does not use method 2.
Likewise, S4 constructs the conic section
equation using method 2 without using method
1. So that each one only uses one method in
constructing the conic section equation.
Meanwhile, constructing the conic equation can
be done in 2 ways, namely method 1 and
method 2. Method 1 means that students in
constructing the conic equation, compare the
distance between two points with the distance
of two points. Method 2 means that students in
constructing the equation of a conic section,
compare the distance between two points with
the distance from the point to the line.

S3 constructing the conic section
equation begins by looking at the problem in
DA.: finding the set of points constructed by the
ratio of certain distances between these points
(represented by S) to the x-axis and y-axis. The
problem in TA: determine the set of points
constructed by the comparison of the distance
between the points P to F with P to the d-line.
S3 solves the problem that the distance is only
built between 2 points, so in comparison the
distance must be related to 2 points. This
knowledge, prompted S3 to compare the
distances on the DA: |SS; | : |SS,|. S3 makes S;
and S; an image of S on the x-axis and y-axis,
respectively. As a complete comparison of the
distance. Based on the comparison on DA, S3
solves the problem |PF|: |PD]|. S3 considers the

horizontal line as the x-axis, so the F points on
the horizontal line correspond to the point S1.
Likewise, D is the image/projection of P on the
d-line corresponding to the point S,.

S4 constructs the equation of a conic
section of the ratio of a certain distance between
the point S to the x-axis and S to the y-axis.
The problem in TA : determine the set of points
built by the comparison of the distance between
the points P to F with P to the d-line. S4 solves
the problem of distance comparison on TA
based on distance comparison on DA: [SSi|:|S
y-axis|. S4 assumes that P in column C
corresponds to S in column A, the horizontal
line F in column C corresponds to S1 of the
image S on the x-axis, and the d-line in column
C corresponds to the y-axis in column A.

Comparison on TA: |PF|:|P to the d-
line|, where F is the point on the horizontal line
as the x-axis so that it corresponds to the point
S1. Likewise, D is the image/projection of P on
the d-line corresponding to the point S2. The
next step is to follow the required comparison,
which is 1:1 for task 1, 2:1 for task 2, and 1:2
for task 3. S3 and S4 do the calculations they
face without making mistakes, so the conic
section equation is constructed.

This pattern of thinking is analogous
reasoning and according to Gentner (1983) this
type of student (S3 and S4) lacks adaptation to
problems so that all problem structures are not
integrated into the student's thinking structure.
According to Holyoak and Thagard, P (1989)
students do not do further learning so that they
are satisfied with what they get. According to
Krulik et al (2003) this type of student has a
critical thinking level. The reason is said to be
critical thinking because students are able to
analyze problems, decide the need for
additional information in a problem, determine
the adequacy of data to solve problems, and
analyze situations.

The third type, the perfection of the
thinking structure in the process of assimilation
and accommodation is the highest thought
process. This means that students are able to
integrate the structure of the problem into the
structure of their thinking perfectly during the
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assimilation and accommodation process. This
is proven, students are able to construct the
conic section equation in two ways, namely
method 1 and method 2. This means that
students are able to correspond all elements in
DA with all elements in TA based on the
structure of the problem. The ability of students
to correspond all elements in DA with all
elements in TA so that the conical wedge
equation is constructed to fulfill the
characteristics of creative thinking from Krulik
et al. (2003). Thus the student is categorized as
creative analogy reasoning. Students belonging
to the creative analogy reasoning group subject
are S5 and S6. S5 and S6 solve complex
problem structures into several substructures of
problems by analyzing the problem and the
possibility of several possible solutions.

When facing the problem of analogy,
S5 and S6 have suspected that there is a link
between problems in AD and problems in TA.
S5 and S6 believe that solving problems in the
column A:B relationship is not possible using
the equation of a straight line through two
points and the equation of a line through one
point (0,0) and gradient 1, then he pays
attention to the problem and what each sketch
has. the graphs in columns A and C. S5 and S6
solve problems through analogical reasoning in
constructing a conic section through method 1
and method 2. This is shown; from the
beginning, seeing the similarity of the problem,
namely looking for a set of points that have a
certain comparison on the corresponding line
and point, then completing the same
corresponding element and using the same

concept in solving TA problems, always based
on DA. According to Krulik et al. (2003), S5
and S6 do problem solving through analogous
reasoning at the level of creative thinking, and
according to Bloom, B.S. (1956,) including
HOTS thinking so that S5 and S6 are
categorized as doing problem solving through
creative analogy reasoning and HOTS.

According to Gentner (1983), this type
of student has the ability to map analogies and
adaptations, while according to Holyoak, K.J.
& Thagard P, (1989) are able to see the source
of a reasonable and useful analogy, mapping,
transfer, subsequent learning. Based on English
(2004), these students (S5 and S6) are able to
see the alignment of the problem, the
relationship between concepts in DA and TA,
the ability to solve TA problems based on DA.
Meanwhile, according to Lee & Sriraman
(2010) these students have the ability to do
similar perceptions or surfaces, transition
similarities, and relational similarities.

The factor causing the perfection of the
thinking structure during the accommodation
process followed by the assimilation process,
because students (S5 and S6) solve problems
through analogical reasoning so that the conic
section equation is correctly constructed in 2
ways, namely method 1 and method 2. These
students (S5 and S6) is able to read the problem
situation, complete the data needed in solving
the problem and solve the problem perfectly so
that the conic equation is constructed correctly.
As for seeing more clearly Piget's adaptation, it
can be seen in Figure 3 as follows
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problem accommodation in DA

Strategic Accommodation in DA

a) problem structure

assimilation problem in DA

b) thinking structure
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Figure 3 Piaget's Adaptation Process in Analytical Reasoning S5 and S6 in Task 1, Task 2, and Task 3

Conclusion

What happened was (1) the problem
accommodation process, (2) the strategy
accommodation process, (3) the relationship
accommodation  process  the  problem
assimilation  process, (4) the strategy
assimilation process, (5) the relationship
assimilation process, and (6) the problem
assimilation process. The processes in the steps
of analogical reasoning when Problem-Solving
in constructing the conic section equation are
characterized by the following
behavior/activities. In addition, this study found
2 interesting things, namely; (1) categorization
or type of analogical reasoning when solving
problems based on the hierarchy of thinking

Krulik (2003) and (2) Not all students are able
to determine the use of generally accepted
concepts in constructing the equation of a conic
section.
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