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Abstract: Students’ Conjectures on Open Classical Analogy Problem: Expanding or
Narrowing?. Objectives: This study aims to describe students’ mathematical conjecture in the
context of open classical analogy problem. Methods: This descriptive research describes students’
conjectural profiles using open classical analogies. Data were collected from the responses of 68
students. Data analyzed using constructor example, process, and quality of the conjecture. Findings:
Results show that the example of constructing the conjecture has not paid attention to all possible
cases, while the process of the conjecture used by students was from simple to more expanding or
narrowing. Some of the proposed conjecture quality does not include the necessary constraints, and
some include unnecessary limitations. Students can add to statements that sharpen the conjecture
proposed previously. Conclusion: The results of this study indicate that in the construction of
conjectures in the context of an open classical analogy, students involve their critical thinking skills.
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B INTRODUCTION state that conjecture is a neglected aspect of

Making conjectures or guesses is one of
the skills that should be learned in every
mathematics learning. In the standard reasoning
and proving process, creating, and investigating
mathematical conjectures is a skill that every
student should proceed with (NCTM, 2000;
CCSSM, 2010). According to Mason, Burton,
and Stacey (2010), making conjectures is one of
the competencies that must be achieved in learning
mathematics. In Indonesia, the 2013 curriculum
stipulates that the activity of making conjectures
is part of the reasoning that will be developed in
every mathematics learning (Minister of Education
and Culture, 2013).

In fact, not many teachers teach students
to make conjectures. Belnap and Parrot (2013)

learning mathematics. At the lower level,
mathematics learning is oriented towards
understanding and applying known theorems,
while at the upper level, it is more aimed at
developing proof and logic. Furthermore,
conjectures are not only accessible to students
but also beginners because they are only
guesswork (Belnap & Parrot, 2013) and can
even be conditioned for elementary school
students (Komatsu, 2010).

Conjecture is a statement that is allegedly
true but has not been proven (Houston, 2009;
Mason et al., 2010; Sutarto et al., 2018).
Cafiadas & Castro (2007) stated that a
conjecture is a statement based on empirical facts
but has not been validated. The conjecture is still
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hypothetical (Astawa et al., 2018). Therefore,
conjecture is a statement as a result of logical
reasoning that has not been verified. Thus,
conjecture can be true or false. If an example of
a contradicting is found, the conjecture is wrong,
but if it can be proven true, then the conjecture
becomes a theorem.

In constructing conjectures, examples play
an essential role (Ellis et al., 2012; Lockwood et
al., 2016). The completeness of the sample will
determine the quality of the proposed conjecture.
The existence of a missed example case will
provide a considerable chance of possible errors
in the proposed conjecture (Balacheff, 1987,
Alcock & Inglis, 2008; Sa’dijah et al, 2023).

One type of conjecture is an analogy, and
in the process, each type of conjecture involves
analogical reasoning (Cafiadas et al., 2007).
Conjecture formed by analogy rests on things that
are already known. Thus a deep understanding
of what is learned becomes a prerequisite for
constructing conjectures through analogy. In this
case, knowledge allows a person to build meaning
through interpreting, making examples,
concluding, and comparing (Wilson, 2016;
Sa’dijah etal, 2021).

There has been much research on the use
of'analogy in making conjectures. Some of them
focus on the use of analogy in mathematics
learning to encourage students to make
conjectures on open classical analogy problems
(Lee & Sriraman, 2011); explore the use of
analogies when students construct conjectures
(Supratman & Rustina, 2016); conjecture
construction uses analogical reasoning in ordinary
students and gifted students (Supratman, &
Ryane, 2018), the use of examples by
mathematicians in the activity of proving
conjectures (Lockwood et 1., 2016), comparisons
between mathematicians and students in using
examples to make conjectures and substantiation
(Lynch & Lockwood, 2019).

Belnap & Parrott (2013) revealed that the
dimensions of characteristics and behavior of

making mathematical conjectures include the
overall process, the object under investigation,
the nature of observations, the quality of written
conjectures, and conjectural qualifications. The
process dimension is related to the approach
used, analysis, and mathematical knowledge used
to construct conjectures. The dimensions of the
object being observed are related to the examples
used or considered to construct the conjectures,
while the nature of the observations relates to
measurements or observations of precise criteria
and properties by considering impossible cases.
The dimensions of the quality of written
conjectures include the accuracy of conjectural
statements that can be tested and the use of
mathematical terminology, while the qualification
of conjectures is related to the belief and
evidence that conjectures apply in various
cases.

In terms of the process of making
conjectures using an analogy, Canadas et al.
(2007) stated that there are six steps required,
namely observing two cases, finding, and
determining the similarity of the two cases,
formulating conjectures based on similarity,
validation, generalization, and justification of the
constructed generalizations. The process of
constructing a conjecture using an analogy put
forward by Canadas et al. (2007) occurs in the
case of classical analogies, namely reasoning in
the form of A: B: C: D, where C and D are related
in the same way as the relationship between A
and B (English, 2004). In this classical analogy,
components A, B, and C are known, while
component D is unknown. This study focuses on
an open classical analogy with only component
A given, while components B, C, and D must be
formulated (Lee & Sriraman, 2011).
Furthermore, Lee & Sriraman (2011) state that
further research is needed to make conjectures
on open classical analogies outside the topic of
triangles.

Research reveals that students’ conjecture
profiles are important to map the weaknesses and
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strengths of the conjectures they propose. This
interest is supported by one of the unanswered
questions in Belnap & Parrott’s (2013) research,
how can constructing a conjecture be nurtured
and developed? In the Indonesian context, the
mapping will provide direction for many teachers
who have not yet practiced making conjecture
skills in mathematics learning.

Previous research related to student
conjectures, only seen from one aspect, for
example, from the part of the example
(Lockwood et al., 2016; Lynch & Lockwood,
2019) or the process (Cafiadas et al., 2007). In
this study, students’ conjecture profiles are seen
from the dimensions of the constructor examples,
the conjecture formulation process, and the quality
ofthe conjecture. With these three dimensions,
this study provides a more complete picture of
the conjecture constructed by students.

® METHOD
Participants

This study’s subjects were 68 students in
two science classes at a public senior high school
in Bojonegoro City, East Java province,
Indonesia. The two classes had the best academic
ability (especially in mathematics) compared to
other science classes. Information related to
student intellectual abilities was obtained from one
of'the mathematics teachers at the school. The
two classes were chosen because students had
never been trained to make and were not familiar
with conjectures in mathematics class. With an
excellent academic background in mathematics,
the data were expected to be sufficient regarding
their conjectural profile. Determination of
research subjects was carried out using a
purposive approach. Researchers recruit subjects
by giving tests.

Research Design and Procedures
This is a descriptive study that portrays the
conjecture profile of students on the open classical

analog. The research flow was carried out in the
following stages. This test question is given to
participants. Then the answers to the test
questions are grouped based on the variations in
the answers submitted by paying attention to the
consistency of the form of the answers to the two
problems being solved. Then the research subject
is determined through answers to test questions
based on these variations. One representative was
selected for each consistent group to be used as
a research subject by paying attention to the
communication skills of the prospective subject.
The subject’s answers on the test are then coded.
This coding is carried out based on the indications
that are read from the subject’s answers.

Instrument

The research instrument was a test and
students’ narrative. The test questions of test
instrument in this research were developed by
researchers through focus group discussions of
the research team. Then the research test
questions were validated by two different experts
before being given to students. The test was
consisting of two questions. The first question was
related to making conjectures in an open classical
analogy, and the other asked for a narrative flow
of the subject’s thinking when making
conjectures. The following are the test instrument
in this research.

1. What are the properties of three consecutive
integers? Then, define a property of n
consecutive integers (for n €” 4), which is
analogous to the property you specified for
three consecutive integers.

2. Describe the line of thought you used to
determine these traits.

Data Analysis

From the data obtained, data analysis was
carried out through 3 stages, data reduction, data
presentation and conclusion drawing. Data
reduction means summarizing, selecting the main
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things, focusing on the important things, looking
for themes and patterns and removing
unnecessary things. Presenting data means
displaying data that has been organized and
arranged in certain patterns and relationships.
Drawing conclusions is used to answer the
problem formulation. Data reduction and
presentation activities, as well as drawing
conclusions are carried out during and after the
data collection process.

The data were then analyzed by coding the
conjectures made by the participants. After that,

students’ narrative conjectures were also
analyzed, and the conjecture constructors, along
with their conjuncture validation, were cross-
checked. The validity of the data was validated
using triangulation method techniques. Method
triangulation was carried out by paying attention
to the match between test results and student
narratives. The participants’ conjecture profile
was considered from three dimensions, namely
examples of conjecture builder, process, and
quality of the conjecture. The indicators for these
three dimensions can be seen in table 1.

Table 1. The dimensions of the conjecture profile in the classical analogy

Dimension

Indicators

1 Example of a conjecture builder

Complete examples of conjecture builder cases

2 Process

* The approach used to construct conjectures
* Conjecture validation

 Accuracy of conjectural statements, testable and

3 Conjecture Quality

not nontrivial

* Conjecture truth

Modification from Lockwood et al. (2016); Lynch & Lockwood (2019), & Cafiadas et al.(2007).

B RESULTAND DISCUSSION

The conjecture proposed by the students
can be categorized into three groups, namely the
addition of n consecutive integers, the
multiplication of consecutive integers, and others.
The complete conjecture submitted by students
can be seen in table 2.

Table 1 describes the distribution of
students’ conjectures on the classical analogy
problem. The statements indicating the

conjectures in the table have been edited by the
researcher. The following demonstrates students’
conjectures divided into three-dimensional
profiles: conjectures builder examples, process
dimension, and conjecture quality dimensions.

Conjecture Builder Example Dimensions
Most of the examples that students use to

build conjectures are still partial and minimal. In

the conjecture construct for ; = 3, only one

Table 2. Students’ conjectures on the open classical analogy problem and their distribution

Conjecture forn = 3 Number of The conjecture for n > 4 Number of
responses responses
1. Addition
1.1.1 The sum of n consecutive
integers with n odd, always divisible 13

by the middle number, and the result is
n itself.

1.1.2 The sum of n consecutive
integers with n odd, always divisible
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1.1 The result of

summing three consecutive

integers is always evenly
divided by the integer in
the middle. Note: There is
one participant that
requires a number in the
middle not to be zero.

by the middle number.

Note:

There is one subject that requires the
number in the middle to be other than
Z€ro.

1.1.3 The sum of 5 consecutive
integers is always divisible by the
middle number.

1.1.4 The sum of 5 consecutive
integers is always divisible by the
middle number, and the result is 5
itself.

1.1.5 The sum of n consecutive
integers is the product of the many
numbers (n) with the middle number.

1.2 The result of
summing three
consecutive integers is
odd; if the first number is
even.

1.2.1 The sum of 5 consecutive
integers is always divisible by the
middle number, and the result is 5
itself.

1.2.2 The sum of 6 consecutive
integers is odd; if the first number is
even.

1.2.3 The sum of n (n odd)
consecutive integers is odd; if the first
number is even.

1.2.4 The sum of the first and last
numbers from an even number
sequence is odd, and vice versa.

1.3 The result of
summing three
consecutive integers is
even; if the first number
is odd.

1.3.1 The sum of 4 consecutive
integers is even,; if the first number is
odd.

1.3.2 The sum of 7 consecutive
integers is even; if the first number is
odd.

1.3.3 Not making

1.3.4 The sum of 8 consecutive
integers is even; if the first number is
odd.

2. Multiplication properties of n consecutive integers

2.1 The product of 3
consecutive integers is
divisible by 3.

2.1.1 Product of n successive integers
for n > 4 is divisible by 3.

2.1.2 Product of 5 consecutive integers
is divisible by 5.

2.1.3 Product of n consecutive integers
for n > 4 is divisible by n.

2.1.4 The product of n consecutive
integers is not divided by the prime
number, which is greater than the
largest number.

2.2.1 The product of n consecutive
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2.2 The product of 3
consecutive integers is
even (or is divisible by
2).

integers (n > 4) is divisible by 1, 2,
3,..., 1.

2.2.2 The product of n consecutive
integers is even.

2.2.3 The product of 5 consecutive
integers is even.

2.3 The product of 3
consecutive integers is
evenly divided by three
factorials.

2.3.1 Product of n consecutive
integers is divisible by n factorials.

2.4 Product of three
consecutive integers is
divisible by the middle
number (trivial).

2.4.1 The product of five consecutive
integers is evenly divisible by 2 and 3.
It can also be divided by the middle
number.

2. Other findings

3.1 For three consecutive
integers, multiply the
middle number by the
number on the right
minus the product of the
central number with the
number on the left. If
divided by the middle
number, the result must
be 2.

3.1.1 Forn (n = 4, and odd)
consecutive integers, multiply the
middle number by all the numbers to
1 the right minus the middle number's 1
product with all the numbers on the
left. The result is evenly divided by
the middle number.

participant considers all possible models. This
participant constructs conjecture 1.1, and the
examples used involve positive integers, negative
integers, and zeros. In this case, the three
consecutive numbers are all negative, all positive,
or mixed. The example made by this participant
has also looked at the first number in the three
consecutive integers he selected. There are
examples where the first number is odd, and some
are even.

Two more participants involve positive
numbers, negative numbers, and zeros, but there
is no example of all negative numbers. In
constructing the 2.1 conjecture, these two
participants have not considered the first number
in each model. The first number selected is all
odd. As many as 65 participants make all
examples of constructors of conjecture by
selecting three consecutive positive integers, only
9 of them presented the first number of cases
oddly and even.

For the case for 5 = 4, the example of
constructing a conjecture made by the participant
is no different from the case for . They pay less
attention to all possible issues, only one complete
participant in generating an example of a
conjecture builder. This one participant is also a
complete participant in presenting examples of
constructors for n = 3. The conjecture this
participant makes is conjecture 1.1.2.

Nearly all of the examples involved in the
participant constructing conjectures for are only
positive numbers. Only 4 participants, including
one participant whose sample is complete, use
negative integers and zero in the example.
However, those who make conjectures that do
notreplace n with a specific number (for example,
the conjecture 1.1.1), for the most part, have
sample three different values of n and consider
odd-even on the first number.

Referring to Ellis et al. (2019), participants
tended to choose examples that were easy,
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random, and limited from the aspect of the sample
criteria used. The following narrative passages
demonstrate the considerations students used in
selecting examples.

“Initially, I looked at problem no.l, and to
determine its properties I chose the numbers
that I thought were the easiest.”

“In making an example, I chose a random
number starting from the number 6.”

The limitations of the examples of
constructing students’ constructs can be seen
from examples that do not pay attention to all
possible cases. This can be seen from the minimal
involvement of negative integers and zeros in their
examples and paying less attention to the
possibility of the first number (which can be even
or odd) in the sequence of integers.

This finding reinforces the research results
by Lynch & Lockwood (2019), which states that
the examples that students choose are easy, but
the strategies they use in selecting samples are
often not related to the purpose of these
examples. This finding needs attention if teachers
want to train students to build conjectures through
examples, given the critical role of examples in
making conjectures (Lockwood et al., 2016;
Lynch & Lockwood, 2019).

Process Dimensions

In general, there are two approaches that
the participant uses to construct conjectures in
the open classical analogy when only component
Ais given (A: B: C: D); in this case, A given is
three consecutive integers. The first approach
determines B first (the conjecture of the n
consecutive integer property for ), followed by
deciding D to conjecture the n sequential integer
property for ). The second approach is the
opposite, determining D first followed by selecting
B. The first approach is chosen because it departs
from simple to develop, while the second
approach is chosen on the basis of effectiveness

or there are difficulties in implementing the first
approach.

One of the participants using the first
approach is a participant with conjectures 2.2
and 2.2.1. The participant’s explanation regarding
the approach he uses is as follows.

“At the beginning, I chose the numbers that [
thought were the easiest. And among the three
consecutive numbers, there must be an even
number (divisible by 2). So from that, I chose
the property. The product of 3 consecutive
numbers is divisible by 2. Then, I tried the
property for , and I could. I tried several
variations of n, and the product of the
consecutive number is divisible by 2. I tried
to divide the product of these numbers by 3
and 4, and it also worked, so I concluded that
if there are consecutive numbers, then the
effect of the consecutive numbers is divisible
byyif. "~

Participants using the second approach are
participants with conjectures 1.1 and 1.1.2. By
adding conditions to the conjecture, the number
in the middle cannot be equal to 0. The
participant’s explanation regarding the approach
he uses is as follows.

“When working on this problem, [ tried to
make the n-number property in sequence for first
and tried to prove whether the property was
appropriate or not for the sake of effectiveness
in working on the problem. Once I feel it fits, |
choose one of n consecutive numbers. [ also try
for n other consecutive numbers to prove whether
the properties really apply to n different.

There are also participants (conjectures 1.1
and 1.1.3) who actually intend to use the first
approach but have difficulty. Finally, use the
second approach. Here’s the explanation.

“At first, I tried to determine the properties
of three consecutive integers first, but I was
confused in determining the properties when
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, because I cannot find all numbers in that
property. So I tried to determine the properties
for, then I experimented. I started withn =5
because it is not much different from , which
is both odd, and I found the property, the
sum of the five numbers, then divided by
the middle number, then the quotient is

In the process, for the first approach,
something happened not in one cycle. A
participant tries to determine the property of 3
consecutive integers and tries it for () consecutive
integers but fails. The participant has successfully
looked for another alternative trait for, and finds
its match for (). The following is the narrative of

5.0“ one of the participants (Figure 1).

2. Awr Berpiir 1eacoba - :

Pesrarma, sa4a Ki;at hasit peripmakian 3 bilongan bulat berurugan adatah genap Jika bilongon
4000 patama adaih bitangan ganjii. Teggpin  poda Saak encoba demgon T yang berbeda, Sy
fengmukan exidaweocokan - Jad saya gansi Mengounakan Sifat Yag tain . Saya loererapa Kaiy
hancoba bevaraga Sifat - Daw gang maenyrut Saya poling mudeh admah NG kav 3 witangan bwiay
.qﬁ“% Yerurutan Gdﬂl?h bit- Genap (wavs dibagi 2. Dan darf (embukhian yang saya taxuKan

Translation:

First, I tried the property of the sum of three consecutive numbers is even if the first number is
odd. However, while trying with different n, I found a mismatch. So, I replace it by using
another trait. I tried nature several times. In my opinion, the easiest property is the property that
the product of three consecutive integers is even (divisible by two). This turned out to be true, |
tried with whatever the value of 7. the result is an even number.

Figure 1. The narrative of one of the participants

From the validation aspect, most of the  then showing that the conjecture is still valid. For

participants used other examples to validate their
conjectures. For conjecture 1.1 and “derivatives”
(conjecture 1.1.1-1.1.5), all participants (28
people) validated by adding a different example,

example, one of the participants made the 1.1.1
conjecture, constructing the conjecture made
examples for ; = 5and ; = 7 (Figure 2), and
validated using , = g (Figure 3).

n=E—+G b FTII-5+6tRr0+9 =

—. Hoail Q,m'\um\a\nan = \:)\‘\g:{ﬂ??\] :ﬁmmﬂ cton hobes dibag

At Aow \ms\‘\h\jm akon mwvﬁﬂ}u\cmv‘ banﬂakn\ja .

T\=®-—D6,1:& G006 ¢ ?1‘& .

3 . ) ER i=
—» Wosil penjusitobon 7 Wlorgon Bomrug\:o%ac@v\ hobiy dibegyi bilang
WS{R\A down \/\O\E‘f\h\\o oo M“uh\uttam \gg;\qgtp\qa '[\'_

|
ba ghga

Translation:

n=5->56,7,89=5+6+7+8+9=35

The sum of five consecutive integers is divisible by the number at the very middle

and the sum will show the number of “n”
n=7-26,7,8910,11,12=6+7+8+9+10+11+12=63

The sum of seven consecutive integers is divisible by the number at the very middle and
the sum will show the number of “n”

Figure 2. Constructing the conjecture made examples for ;; = 5and
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. a1 1

K )‘ T L= J
n-@ —P?’@'g’m’“'lltl%’\q’[;-=7+&+9HDM@

—® How! Qh\'\u\m\ﬁb\a\n 9 \m‘iavgan tsutupn Aoy =@)
lergo  down L\Qﬁ\hﬂo obon Wanun jukicom

okeon \n aois  da ¢ bl
buv\&Ph“UlD\ . b09 “90‘”

Translation:

the sum will show the number of “n”

n=9->7,8,9,10,11,12,13,14,15=7+8+9+ 10+ 11+ 12+ 13+ 14+ 15=99
The sum of nine consecutive integers is divisible by the number at the very middle and

Figure 3. Constructing the conjecture validated using

In fact, there is one participant, with
conjectures 1.1 and 1.1.5, trying to use the
general form representation of 5 consecutive
integers, but it is not used to validate his

conjecture. He uses it to answer self-made
problems that are still related to the nature of
5 consecutive integers, as shown in Figure
4.

bt Regmiaho @5

Tomes = 1y = hoo papmian samoo bilagny- \
Ll ‘:lb{)o—;
h- i’f = \3

>
N=0r = \ad ki hares v blagn o
G. D (n-z),tn—ﬁ.mhmm,(hm:(na) Liy
i/

T (CI)Qlfﬂt(J/

Voo cnle o sood “BeBn U konkor \)llq@?;)h\-bo/m{»oq S don

Sbden 1 dm 9 gsdat
-0 ALY, U3 e

Translation:

__ the sum of all integers

number of integers
85
n=—17
5

If there is a question, “find five consecutive integers whose sum
is 85.”, then n can be found by the following formula:

Then, we should find two integers before 17 and two integers
after 17, (n — 2),(n — 1), (n), (n + 1), (n + 2). Thus, we obtain
15, 16, 17, 18, 19.

Figure 4. Constructing the nature of 5 consecutive integers

5-7\}»8 x 5 xlo

y i i v 12
99(\0‘, qanyi|  gunep GonjH  Yenap
7 A
Yenap 9anap /9{r\up
\\\\/,/-' .
‘)mut

Translation: genap is even number, ganjil is odd number

Figure 5. An example of what the participant does when validating conjectures 2.2.2.
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There are (no more than 5 participants)
participants who validate the conjecture not by
other examples but by analyzing the examples that
have been made. Figure 5 is an example of what
the participant does when validating conjectures
22.2.

From the process of compiling conjectures,
the approaches used by students can be
categorized as expanding or narrowing. The
approach extends (Figures 7 and 8) when
students determine the properties of 3 consecutive
numbers first, followed by n consecutive integers

(ne”’4), while the narrowing approach (Figures 9
and 10) is made the opposite. The open-minded
nature of the classical analogy proposed facilitates
this to happen. These results confirm that the
submission of conjectures in the context of an
open classical analogy provides a space for
creativity for students (Lee & Sriraman, 2011).
Both of these approaches can produce the correct
conjecture, so in learning that aims to develop
the ability to construct conjectures, it is best to
give students space to choose their own
approaches.

conjecture
n=23

2

examplen = 3
1
A 4
3
| example n = 4

conjecture
nz4d

Figure 7

conjecture

Figure 7 and 8. Students determine the properties of 3 consecutive numbers first, followed by 5,

consecutive integers (y; = 4)

conjecture
n=23

1

mgl?.%u
2 n=

canjecture 4
n=3

example n =3

Figure 9

example n = 4 conjecture
1 n=4

2

k4

conjecture 3

nej examplen = 3

Figure 10

Figure 9 and 10. The reverse refinement approach

Conjecture Quality Dimensions

In general, the conjectural statements the
participant makes are testable. All conjectures
that are made can be expressed in the form of
implications if P then Q. However, one nontrivial
conjecture (2.4 conjecture) and three conjectures

do not require sufficient conditions (conjecture
1.2.2, conjecture 1.3.1, and conjecture 1.3. 4)
because it applies to all cases.

Conjecture statement 2.4 made by the
participant, “the nature of multiplying three
consecutive numbers regardless of the exact value
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the result is divisible by the middle value.” The
participant builds this conjecture by making five
examples of 3 consecutive integers, and all of them
are positive but have paid attention to the first
number. The participant uses two examples, the
first number is even, and the other three are odd.
This conjecture is a trivial conjecture because the
proof is already contained in the conjecture
statement. That s, if g, };, - are three consecutive
numbers, then g - b - ¢ must be divisible by J.

Here are three examples of a conjecture
made by the participant, which really does not
require necessary conditions.

Conjecture 1.2.2 “The sum of 6 consecutive
integers is an odd number if the first number
is an even number.”
Conjecture 1.3.1 “The sum of 4 consecutive
integers is even if the first number is an odd
number.”
Conjecture 1.3.4 “The sum of consecutive
integers of 8 numbers is an even number if
the first number of the sum is an odd number.”
The three conjectures (1.2.2, 1.3.1, and
1.3.4) do not require sufficient conditions. The
three conjectures are valid for the first number,
even or odd. Iftraced, this condition’s emergence
is analogous to the condition that the participant
makes in the conjecture for ;3 = 3. Theydo not
realize that, for certain n, this condition is not
necessary.

In terms of structure, the participant’s
conjecture for i3 = 4 has the same structure as
the conjecture for , except for one participant.
This participant constructs the 1.2 conjecture for
and the 1.2.1 conjecture for . The participant’s
structural changes were because they did not find
the properties in the 1.2 conjecture for . The
following is a complete descripti of the participant.

“For, I choose the property of 3 integers if
the add up is odd if the first number is even.
However, for , 1 did not find the similarities in the
properties I found for . So, I tried another
property and found the property for, that if the
sum is divided by the middle number, it will all be
the same (5).

In terms of truth, conjecture 1.1, and its
derivatives, the truth still requires a condition that
the number in the middle should notequal 0. Only
one out of 28 participants make conjecture 1.1
and its derivatives, which write these conditions.
This one participant makes the conjectures 1.1
and 1.1.2 and is aware of the universe of the
conjecture. This one participant did a complete
analysis of the conjectures he made using
examples. Before deciding to conjecture 1.1.2,
this participant began to analyze for and , taking
the example that all numbers are positive, and
the first number is odd. Next, he tries, with the
first number being even. Finally, this participant
makes three examples in figure 6 so that he can
add his conjectural conditions.

*Syprat yang etgo adatah , N ganyl biangan beurutan boleh dipwal; dengan Ivilangan pertama
butat negpeg fetapi dengan biangan yong beradce db fngah Hdak boleh O

Example:n=5->-1,0,1,2,3=3/1=3
n=5->-2,-1,0,1,2=0/0=8

Scomoh 1 n=65— —[101@2:3 ’3/r 3
n: 5= -3, L2 =000 X
n=3%-—-,0,,21314,5 : Wy =2V
Translation:

The third property is if the number of integers, 72, and then it can be started with any
negative integer but the integer in the very middle should not be zero.

n=7->-1,0,1,2,3,4,5=14/2=17

Figure 6. Participant makes three examples and able to add his conjectural conditions
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In terms of the proposed conjecture quality,
most students still focus on the similarity of the
surface when making analogies when compiling
the conjecture and its development. For example,
when constructing conjecture 1.1 and its
“derivatives,” the student is still unaware of the
need for the conjecture to apply. Another evidence
that students focus on surface similarity can be
seen in students constructing Conjecture 1.3 and
Conjecture 1.3.1. They still attach the conditions
to the 1.3.1 conjecture just like the conditions
they put in the 1.3 conjecture, even though it is
not needed. These results are consistent with the
research carried out by Lee & Sriraman (2011)
and English (2004).

One interesting thing from some of the
conjectures that students submitted was adding

additional statements to sharpen the conjectures
they previously proposed (see conjunctions 1.1
and 1.1.1; conjunctions 1.1 and 1.1.4;
conjectures 2.2 and 2.2.1; conjectures 2.3 and
2.3. 1). This shows that the task of making
conjectures in an open classical analogy makes
students engage their critical thinking skills.
From the aspect of testing validity, a
symbolic representation for consecutive numbers
(for example, 17, m + 1,and 7 + 72) has not
been an option for students. In fact, none of the
students used the general notation for odd
(2n + 10r 2n — 1) and even (24;) numbers.
Only two students try to use the general notation
of consecutive numbers, one of which is shown
in Figure 4. One other student uses it to validate
the 1.3.1 conjecture, as illustrated in Figure 11.

L+ +3+y

moal S (F-1)+ k4 (kt)t (k12) = 4k <2

= 2 kE+) (D
aum'lah dani eCSama an 1 -'terqut‘-{-n,' 3\anb hnena_
bl (2k+0) =) dﬂ?u# ck bc:?; 2
"-___‘_-—. -
Q.
Translation:
1+2+3+4
Let=> - D+27+ M+ + P+2) =474+ 2

=2027+1)
The total of equation 1 is proved old number because
= 227+ 1)/2 is divided by 2

Figure 11. Student uses it to validate the 1.3.1 conjecture

Figure 11 shows that although the
participant tries to use the general notation for
consecutive numbers in the validation process,
he forgets that the conjecture’s first number is
odd. The k-1 representation without any
explanation is not sufficient if what is meant is an
odd number.

The research finding indicates that the
students paid less attention to the requirements
of the conjecture in the context of the open

classical analogy meant that. In the expands
approach, the conditions that exist in the initial
conjecture are still used in the developed
conjecture, even though it is not needed. This
requires reflective thinking in proposing
conjectures in the context of an open classical
analogy (Kholid et al, 2020; Sa’dijah et al, 2021).
Students are also not familiar with using symbolic
representation for consecutive integers, odd
numbers, or even numbers. In this case, students
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do not have a multi-structural understanding of
integers’ concepts (Afriyani et al, 2018; Sa’dijah
etal, 2018). On the positive side, the process of
making conjectures in the context of an open
classical analogy allows students to think flexibly,
expanding, or narrowing.

B CONCLUSION

Even though students have never learned
to make conjectures, this study’s results indicate
that they are “able” to do it. Students’ conjecture
profile in the dimensions of the conjecture builder
example still does not cover all possible cases.
In the process dimension, especially the validation
is only limited to using other examples, while in
the aspect of the approach, some expand and
narrow. In the dimensions of the conjecture’s
quality, they tend to pay less attention to the
requirements. There are some drawbacks to the
conjecture they propose, but this is a positive
indication for teachers who plan to develop
conjecture skills in their students. The open
classical analogy can be chosen as the context.
The reason is that the open classical analogy
allows one the freedom to select the appropriate
properties or characteristics of the object while
at the same time considering its possible
application in different analogous cases. The
results of this study also indicate that in the
construction of conjectures in the context of an
open classical analogy, students involve their
critical thinking skills.

The limitations of the conjecture builder
examples found in this study need to be followed
up on the cause and why high school students,
who should be formal, tend not to use generic
forms to validate their conjectures. The follow-
up can be done by looking at the learning process
that students have received or in the form of
designing learning to overcome this. Regarding
the approach during the construction of the
conjecture that can expand or narrow in the
context of the open classical analogy found in this

study, it is necessary to study further what types
of conjecture are suitable for both approaches.
The finding of further study may answer the
possibility of an equally good conjecture when
approached using both approaches.
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