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addition and subtraction operations to obtain the n" term formula. The third
step is called extending; the subject expands the pattern into more general
structures by looking at the relationship between quantities. (2) Trial and error
strategy by looking at patterns that consist of three steps. The first step is called
relating, namely, the subject connects small positive integers by using arithmetic
operations to obtain the first term and the second term. The second step is
called searching, where the subject finds similarities by finding the formula for
the first, second, and third terms. The third step is called extending, where the
subject expands the pattern into more general structures by looking at the
pattern that applies to the first, second, and third terms.

INTRODUCTION

One of the basic competencies that must be mastered by grade eight junior high school
students is to make a generalization of number patterns and configuration of objects [1] which
emphasize of linear patterns material [2],[3]. Even in the NCTM document also recommended
giving patterns material starting from kindergarten to senior high schools [2]. The
recommendation of giving patterns material are because patterns are one of the important
concepts in mathematics to be studied[4]. Patterns in mathematical contexts are defined as
predictable order [2],[3]. Whereas generalization in the mathematical context is defined as the
activity of expanding ideas from certain cases so that the idea applies generally [5]. Thus, the
pattern generalization in this study is defined as the activity of extending the idea of the
formation of terms from a linear pattern, so that it is applicable to find the value of the n" term
generally.

Patterns are classified into repeating patterns and growing patterns [2],[3]. Repeating
patterns area pattern with repetitive cycles it is called repetitive units, whereas growing
patternsarea pattern that involve progression from step to step [3],[6]. Furthermore, growing
patterns can be either linear or quadratic patterns [3]. The linear pattern is that the first difference
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is constant[6], where the n" term formula of a linear pattern is U, =an+b with a=0. While the
quadratic pattern is a pattern that has the second difference that is constant [3],[6], where the n®

term formula of a quadratic pattern is U =an®+bn+c with a=0. This study focused on a

linear pattern because the learning patterns of the junior high school level is more emphasis on
the linear pattern [2].

Previous research shows that the strategies used by students in generalizing of linear
patterns are dominated by the use of numerical strategies [7]. One of numerical strategy is a trial
and error strategy. This trial and error strategy is a strategy of generalizing linear patterns that
starts from creating a formula for a small case, then trying for the next case. If the formula does
not match, then the student will change the formula until he can obtain the n" term formula.
However, students who use this trial and error strategy fail a lot, because students do not know
the coefficients of linear patterns, which in turn students fail to generalize linear patterns [7]. It is
can be said that failure in using the trial and error strategy is due to not knowing the steps in
using the trial and error strategy to generalize the linear pattern. For the alternative solution to
student failure using this trial and error strategy, this study will present the thought processes of
students who have successfully used a trial and error strategy in generalizing linear patterns. So
the difference of this study with previous research is if previous research shows that students fail
to generalize linear patterns caused by using a trial and error strategy [7], while this study will
show that students have succeeded in generalizing linear patterns using trial and error strategies.

The benefit of this research is to provide a new theory about the successful use of trial and
error strategies to generalize linear patterns. Because all this time the trial and error strategy is
considered to be the cause of students' failure to generalize patterns. The results of this study are
useful for students who use trial and error strategies in generalizing linear patterns. The results of
this study can also be used by teachers to guide their students using trial and error strategies in

generalizing linear patterns.
METHOD

This research approach uses descriptive qualitative research that aims to describe the
thought processes of students who use trial and error strategies in generalizing linear patterns.
This research was conducted in one of the junior high schools in Lumajang district in the
2019/2020 academic year in the odd semester. From 23 grade eight students, there were 2
students who successfully used the trial and error strategy in generalizing linear patterns. Both
students will be the participants of this study.

The instrument of this study is a linear pattern problem with the representation of terms
using numbers (Figure 1). The reason researcher use number representations for the linear
pattern is based on the results of research that students who tend to use numerical strategies in
generalizing number pattern can also lead to a trial and error strategy[7]. So instruments in the
form of number patterns can be used to find out the trial and error strategy in generalizing linear
patterns.

The procedure of this study consisted of two stages. The first stage is determining the
research participants. The results of the work of 23 eighth grade students who completed the
generalization of the linear pattern (see Figure 1) were collected and classified based on the
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generalization strategy used. From the 23 students' answers, 2 students used the trial and error

strategy. Furthermore, these 2 students were selected as research participants.

Consider the number pattern is below.
0,10, 14,18, ...

Determine:

(a) Numbers in the 5t to 10%hterms!
(b) The formula of the nt term!

(¢) Numbers in the 57t term!

Figure 1. Research Instrument

The second stage is to analyze the thought processes of the 2 research participants.
Analysis of the participants’ thinking process uses a framework of generalization actions
consisting of three categories, namely relating, searching, and extending [8]. The act of relating to
this study is the act of connecting between two or more terms in a number pattern. The act of
searching is an act of repetition, for example calculating ratios or searching for patterns to find of
similarity. The act of extending is the act of extending a pattern into a more general structure.

This research data is qualitative, namely the results of work and interview transcripts with
research participants. The results of the participants' work were analyzed to find the process of
using a trial and error strategy. While the interview transcripts data from the research participants
are used to validate the findings from the analysis of partisipats' work. Also, coding of interview
transcripts was carried out to find terms that emerge from the partisipats' thought process in
solving linear pattern problems using trial and error strategies. By analyzing the results of the
work and interview transcripts of the participants, it is expected that participants' thought
processes can be found that use trial and error strategies in generalizing linear patterns.

RESULTS AND DISCUSSION

From the results of the analysis of the participants' answers obtained two types of thought
processes in generalizing linear patterns using trial and error strategies. The first thought process
is a trial and error strategy by looking at quantity relationship. The second thought process is a
trial and error strategy by looking at patterns. Each of these thinking processes is explained
below.

The Thinking Process of Trial and Error Strategy by Looking at Quantity Relationships

The thought process of the trial and error strategy by looking at the quantity relationship is
the process of thinking in generalizing of the linear pattern starting with the trial and error
strategy and continuing by looking at the quantity relationship, so as to generalize the linear
pattern. The work results of the first participant is using a trial and error strategy by looking at
the quantity relationship can be seen in Figure 2.
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Figure 2. Work Result of the First Participant Using Trial and Error Strategy

From Figure 2 it can be seen that the participant's thought process consists of 3 steps.
Furthermore, the steps of the trial and error strategy used by the first participant (P1) can be seen

from the following interview results.

R ¢ Where did you get the 5t term?

P1  : From 18 plus 4, so that it is obtained 18 + 4 = 22

R : Where did you get the formula a, — 4?

P1  : ais the first term, n is the fifth term that is a term in question, and 4 is the
difference.

Because the difference is negative, so I write -4, so I wrote a, — 4.
Then I substitute #» = 5, then obtained 6 . 5 —4 = 26. Then I compared it with 22,
and the results were wrong. Then I find another way.

R ¢ Why did you write down the formula a(z + b) — 4?

P1 : Because my method was wrong, I tried adding a difference (b) to n, so I tried to
find the fifth term, which is 6(5 + 4) — 4 = 6 (9) — 4 = 50 turned out wrong.

R : Why did you write down a(n — b) — 4?

P1  : Because it was wrong, so I tried to reduce it.
I take 7= 0,50 6(6 —4) — 4 = 6(2) — 4 = 8, turned out wrong.

R :  How do you get the formula 47 + 2!

P1 : Earlier I took 7 = 6, it was wrong, that is (12 — 4) = 8. Because the resulting number

is approaching the 20d term, then I try to add 2. So I wrote it (12 — 4) + 2 it's the
same as 8 + 2 produce 21 term.

The 20dterm means # = 2, so, from 8 + 2 I changeitto 4.2 + 2.

I continue to try to the 3t term, obtained 4 . 3 + 2 = 14 it is correct.

I tried again to the 4™ term and obtained 4 . 4 + 2 it is correct.

Then I write the n term formula is 47 + 2.

R :  Have you ever gotten the number pattern material?
P1 : 1did,butl forgot how.

From the result of work and interview with participant, obtained the first step is to form
the n" term formula by using the first term, the term in question is the fifth term, and using the
difference, so the participant write the first formula is Uz = 6# — 4. Then this formula is used to
determine the fifth term, by substituting » = 5, then obtained U; = 30 — 4 = 26 (this result is not
appropriate when the participant uses the difference to determine the 5" term, so the participant
replaces it with a new formula). In the second step, the participant tries to find a new formula
by adding different (b), that is «(# + 4) — 4. Then the participant tries this formula to determine
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the second term, by substituting # = 2, the result is obtained U, = 36 — 4 = 32 and tried for the
fifth term, that is U; = 54 — 4 = 50 and this is wrong. Next, the participant changes the formula
from a(n + b) — 4 to a(n— b) — 4, that is substitutes with subtraction. Then the participant proves
this formula to determine the 6" term, that is U, = 12 — 4 = 8. In the third step, the participant
connects 8 with the 2™ term. Because 8 is approaching the 2™ term, the participant add 2 to
become 10. Then the participant writes (12 — 4) + 2 = 10, and written back tobe 8 + 2=4.2 +
2. The participant tried to use the same pattern to determine the 3" and 4" terms, that is 4 . 3 + 2
=14 and 4. 4 + 2 = 18 it is correct. So the participant of writing the n” term formula is U, = 47
+ 2. The thought process of the first participantcan be seen in Figure 3.

Step 1 The Problem of Number Patterns

To form N'TH term formula using the first term (6), the term in
question (n), and the difference that is considered the difference
The formula is tested using the term in question written (-4)

and the results are compared with the term sought v
indifference.

A 4

U, =6n—4(it is wrong)

To form a new formula by
Step 2 adding n with different, so that
v it is obtained
U,=6(n+4)-4 . —» U, =6(n-4)—4
Test this formula and wrong, which
then forms a new formula with a
subtraction operation Test this formula by taking
nis 6, obtained
4
U, =12-4
- _S_ — _3 ___________________________________________________________ Connect with the 2nd term,
tep Re-tested using the 3rd because}?le re;ul;lsd
approaching the 2nd term.
and 4th terms and Written to y'PP g
correct be
U,=4n+2 | « 4.2+2=10 | «—— (12-4)+2=10

Figure 3. The Thinking Process Using Trial and Error Strategies by Lookingat Quantity Relationships

From Figure 3 we get a participant thinking process that uses a trial and error strategy by
looking at the quantity relationship in generalizing a linear pattern consisting of three steps. The
first step is called relating, namely, the participant connects between the first term, the term in
question, and the difference. The participant makes the initial formula of the relationship
between the first term, the term in question, and the difference to find the term in question, that
is U, = an — 4. Then the participant tests the initial formula that has been obtained to determine
the term in question, which is 5" term. The test results show that the initial formula obtained is
wrong, and the participant directly changes the initial formula. The most important thought
process in this first step is the participant’s focus on numerics. The results of this study are
consistent with the results of previous studies that students who focus on numerics will tend to
use a trial and error strategy [7]. The results of other studies also showed that students based their
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decisions on only one test of the formula obtained [9]. Where the participant tests once the
formula is obtained incorrectly, then the participant directly changes the wrong formula. The
second step is called searching, where the participant tries to find similarities by changing the
initial formula obtained using addition and subtraction operations to obtain the n” term formula.
Where the participant changes the initial formula to U, = a(# + 4) — 4 and changed back to a(7 —
4) — 4. The thought process in this second step is that the participant remains focused on the
initial formula and only modifies the formula by adding or subtracting with a difference. Then the
participant re-tested the formula in the second step and found that the n™ term formula was still
wrong. The third step is called extending, where the participant tries to find the n™ term
formula by comparing the quantity obtained from the wrong formula with the quantity in the
number pattern. The result is the participant managed to find a quantity relationship which is
then used to generalize the linear pattern. This quantities relationship is important in generalizing.
Where through quantity relations one can generalize easily [10],[11]. Previous research has shown
that students who tend to focus on numerics and are not flexible to try other strategies and do
not see the possible relationship between strategies, will tend to fail in generalizing [7]. The
results of this study have shown something new, namely students who are trapped in a trial and
error strategy and are then able to see the relationship of two quantities or can see the
relationship between the two strategies of generalization; it will be able to generalize correctly.
The Thinking Process of Trial and Error Strategy by Lookingat Patterns

The thinking process using a trial and error strategy by looking at patterns is a thought
process in generalizing patterns that start from a trial and error strategy and continued by looking
at patterns that are formed, to generalize linear patterns correctly. The results of the work of the
second participant using a trial and error strategy by looking patterns can be seen in Figure 4.
Next, the researcher (R) conducted an interview with the second participant (P2) to find out the
participant's thought process in generalizing linear patterns using a trial and error strategy by

looking at pattern below.

R ¢ Where did you get the formula 22 + 2 and 32 + 1?

P2 : TItry to produce 6, then for 32 + lalso I try to produce 10.

R ¢ Why did you write down 2?

P2 : Try from a small number.

R :  Why did you cross out 22 + 2 and 32 + 1?

P2  : Because the n" term formula cannot be determined, so I crossed it out.

R : Where did you getit 2x2+4, 3x2+4, 5x2+4, Tx2+4 .,

P2 : Ttried again.

R : It has nothing to do with what was written before 22 + 2?

P2 : Not

R :  How about the 5t term?

P2 : 'This means the 5% term is 8x2+4=20. So it is not by following the 5th term, so I will
not continue.

R : Where did you getit nx4+2.

P2 : T was writing for the first term is 2x1+4, then I return with 4 in front, so that4+2.

Then I proceed to the second term, that is 2x4+2in to produce 10, and I try again
for the 3rd term, that is 3x4+2 also produces 14. So I wrote the general form is

U,=nx4+2.
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Figure 4. Work Results of Second Participant Using Trial and Error Strategy

From Figure 4 and the interview, excerpts obtained the participant thought process in

generalizing linear patterns using a trial and error strategy by looking at pattern consisting of

three steps. The first step is participant try to determine first term with small number is 2 and

doing calculations in order to get the results is 6, namely by using 2° + 2 which yields 6. Then the

participant tries to find a formula for the second term, that is 3° +1which yields 10. But the

participant could not find the n™ term formula, so it was crossed out by the participant. Then, the

participant proceeds to the second step, which is trying to find a formula again by writing a new

formula, that is 2x2+4 for the first term. But the participant also cannot generalize this new

formula. Then, the participant proceeds to thethird step, where the participant tries to form a

new n" term formula by reversing the formula 2x2+4becomes4+2. The participant tries to
find the 2™ term, that is2x4+2=10, and try again for the 3" term, that is 3x4+2=14. So by
looking at the similarity of the last formula,the participant generalizes linear patterns, that is

nx4+2. The thinking process of the second participant that also uses a trial and error strategy by

looking at patterns in generalizing linear patterns can be seen in Figure 5.
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Step 1 The Problem of Number Patterns

Form the initial NTH term formula by using small
numbers to produce the first and second terms

y

v v
U, =2°+2 U,=3"+1

v v

The formula is not found in common, so
try to find another formula.

The formula is true for the first, second, third, and fourth
terms, but the partisipant cannot find similatiry, so the
partisipant tries the formula again by turning over.

U, =4+2
The partisipant uses this formula to
Step 3 find the 204 and 3rdterms.
\ 4
A 4 v
U,=4-2+2=10 U,=4-3+2=14
Y A

The partisipant found similarities so that
' the correct generalization results.

U, =4n+2

Figure 5. The Process of Thinking Using Trial and Error Strategy by Lookingat Patterns

From Figure 5, the participant's thought process consists of three steps. The first step is
called relating, that is, the participant connects small positive integers by using arithmetic
operations to obtain the first term and the second term. The participant did not see any
difference, where the participant focused on forming the formula to determine the first term.
Because the formula for obtaining the first term is different from the formula for obtaining the
second term, the participant does not use the initial formula that has been obtained. The thought
process in this first step is the participant focus on numerics and focus on a portion of number
patterns, that is the participant only focuses on the first term and the second term. The results of
previous studies indicate that students who focus on the first term and the second term will
experience failure in generalizing patterns, due to being trapped in a recursive strategy [12][13][2].
Other research results also show that students who only focus on a part of a number pattern
(selective processing) will fail to generalize the pattern[14]. The results of this study indicate that
students who focus on the first and second terms (selective processing) will be trapped in a trial
and error strategy. Then the second step is called searching, where the participant re-
formulates the first term, second term, and third term to find similarities between terms in a
number pattern. The thought process in this second step is that the participant remains focused
on forming a new formula for the first, second, and third terms, without modifying the formula
obtained previously. Furthermore the participant still could not find any similarity from the new
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formula for the first, second, and third terms. In the third step is called extending, the
participant is trying to find patterns that apply to the first term, second term, and third term to
obtain the n" term. Finally the participant managed to find a pattern that applies to the n® term.
The results of this study are also consistent with previous research showing that students who
tend to focus on numerics and do not see the possible relationship between strategies, will tend
to fail in generalizing[7]. The results of this study have shown something new, namely students
who are trapped in trial and error strategies and are then able to see patterns from formulas that
were made before; they will be able to generalize correctly.

From the two thought processes that use a trial and error strategy in generalizing linear
patterns, a comparison of thought processes using a trial and error strategy by looking at
quantities relationship and by looking at patterns that can be seen in Table 1.

Table 1. Comparison of Thinking Processes from Trial and Error Strategies that Looking at Quantities
Relationship with Looking at Patterns.

Steps Looking at Quantities Relationship Looking at Patterns

Step 1 Form the initial 0 term formula by using the Form the initial n” term formula by
first term, the term in question, and the using small numbers (for example 2) to
difference to look for the term in question. get the first term and the second term.

Step 2 Change the initial n™ term formula by using Form a new n" term formula for the
addition and subtraction operations while first term, second term, and third term
focusing on the difference and initial formula. by removing the initial n™ term formula.

Step3  Compares the quantity obtained from the Looking at the same pattern to get the
formula in the second step with the quantity in  first, second, and third terms, so got the
the number pattern, so that the correct n™  correct n® term formula.
term formula is obtained.

From Table 1 it is known that the most important finding of this study is the trial and error
strategy can be used as a generalization strategy if the trial and error strategy is followed by a
quantity relationship strategy and a pattern-finding strategy. In addition, the factors causing the
emergence of a trial and error strategy are generalization processes that focus on numerics and
focus on selective processing, which only focus on the first and second terms, and only focus on
the terms in question. The reason for the emergence of a trial and error strategy is also because
students forget about the formula for determining the n” term. This means that learning linear
patterns should emphasize the concept of linear patterns that do not only emphasize
memorization. Because understanding concepts have an important role in learning mathematics
[15],[16]. It is also important to equip students with basic knowledge in solving mathematical
problems [17]—[21].

CONCLUSIONS

Although this research is limited to only two participants, the results of this study
contribute to the discovery of new things, namely that the trial and error strategy can be used as a
linear pattern generalization strategy if it is related to the quantity relationship strategy and the
pattern-finding strategy. Future studies can examine other trial and error strategies that can be
used to generalize linear patterns, or examine trial end error strategies from quadratic,
exponential, or cubic patterns.
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