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Abstract

Context and relevance. In the era of 21st-century learning, creative thinking
is very important, especially in mathematics. Numerical estimation, which
is a basic part of numeracy, requires accuracy as well as flexible and in-
novative thinking. Studying how students use creative strategies to solve
estimation problems helps us understand their difficulties, especially when
time is limited, and improves teaching methods. Objective. This study aims
to examine the creative thinking processes of junior high school students
in solving numerical estimation problems, focusing on four dimensions of
creativity: fluency, flexibility, elaboration, and originality. Hypothesis. The
stages of creative thinking (fluency, flexibility, elaboration, and originality)
of junior high school students emerge in the process of solving numerical
estimation problems. Methods and materials. This study used a qualitative
approach involving junior high school students. From 55 students, two partic-
ipants (S1 and S2) were selected to explore their creative thinking processes
in depth. Data were collected through numerical estimation tests, observa-
tion, think-aloud protocols, interviews, and field notes. Data analysis was
conducted in six stages: reviewing, reducing, grouping, categorizing, coding,
and validating the findings through member checking. Results. Junior high
school students, in solving numerical estimation problems, demonstrate flu-
ency in generating various strategies, elaboration by drawing on prior experi-
ences, flexibility in adjusting approaches, and originality through unique new
strategies. Conclusions. In solving numerical estimation problems, junior
high school students demonstrate creative thinking, fluency, elaboration,
flexibility, and originality. It is recommended that teachers should be encour-
aged to adopt diverse teaching strategies that foster creative thinking and
go beyond procedural methods. Instruction should accommodate varying
creative styles, encouraging all students to explore, reflect, and express new
ideas in problem-solving.
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Pe3rome

KoHTeKcT 1 aKTyanbHOCTb. B ycnosusx obpasosartensHoro npouecca XXI
Beka TBOPYECKOE MbILLIEHNE CTaHOBUTCA OCOGEHHO BaXKHbIM, NMpexae BCero
B MaTemaTvke. Yncnosas oLeHKa SBMSETCS HEOTbeMIIEMON OCHOBOW BbI4MC-
NUTENbHON rPaMOTHOCTM U TPeOYeT OT YHaLUMXCA HE TONMbKO TOYHOCTM, HO U
rMBKOCTK, a TakXe CMOCOBHOCTU MbICIINTL HECTAHAAPTHO. AHanNM3 TOro, Kak
LLKOSbHMKMN MPYMEHSIIOT TBOPYECKME NMOAXO0AbI NPY PeLLEHNM 3afa4y Ha OLIEHKY,
NO3BOMAET NyYLLe NOHATL BO3HMKAIOLLME Y HUX TPYAHOCTU (OCOBEHHO B yCIo-
BUAX feduumTta BPEMEHN) U YCOBEPLUEHCTBOBATbL MeToAbl 06y4eHus. Lienb.
Llenb paHHOro nccnefoBaHns — U3y4YnTh MPOLLECCHI TBOPHECKOrO MbILLUMIEHNA
yyalLLmxcs cpefHen LUKOMbl NPY peLLeHny 3aa4 Ha YMCIIOBYIO OLEHKY, yAenss
0cob60oe BHUMAHWE YeTbIpeM acnekTaM KpeaTUBHOCTU: 6ernoctu, rmbékocTH,
paspaboTaHHOCTU (geTanu3aumn) u opuruHanbHocTu. FunoTtesa. Otanbl
TBOPYECKOro MbILUMeHns (6ernocTb, rmbKoCTb, pa3paboTaHHOCTb U OpuUrk-
HaNbHOCTb) Y Y4aLLMXCA CPeQHEN LLKOIbI NPOSBMSAIOTCS B MPOLecce peLleHns
3apad Ha 4mncroByto oueHky. MeTtopabl 1 matepuansl. B faHHom nccneposa-
HMM MCNOSMb30BasCA Ka4eCTBEHHbIA aHann3 ¢ y4acTMeM y4qalmuxcs cpegHen
wkonbl. 13 55 y4eHrKoB 6binm 0To6paHbl ABa yHacTtHuka (S1 n S2) gna yrny-
6IEHHOr0 M3Y4YeHWs1 UX NMPOLIECCOB TBOPYECKOro MblneHns. C60p AaHHbIX
OCYLLECTBNANCA C MOMOLLIbIO TECTOB Ha YMCIIOBYIO OLIEHKY, HabMnoAeH s, Npo-
TOKOSI0B «MbILLIIEHWSI BCITYX», UHTEPBbLIO V1 MONEBbIX 3aMeTOK. AHann3 AaHHbIX
NPOBOAMIICA B LUECTb 3TaAMNoB: peLeH3MpoBaHne, CoKpalleHme, rpynnmpoBka,
Kareropvsauus, KoAMpoBaHUe N Banupaums nony4eHHbIX pedynsTaTtos Hepes
NpoBepKy y4acTHukamu. Pe3dynbTtaTtbl. [Npy pelleHnn 3apad Ha YYCNOBYHO
OLIEHKY Y yHaLLMXCs CpefHen LIKOmMbl HAabNoAatoTcsa crepytoLume nposisieHns
TBOPYECKOro MbILLINEHNs: 6ernocTe — B BbIpabOTKe MHOXEeCTBa CTpaTerui;
pa3paboTaHHOCTb — Yepes obpalleHne K NpoLLIOMY OfbITY; FTMOKOCTb — B
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ajanTtaumm NprMeHseMbIX NMOAXOA0B; OPUIMHANBbHOCTb — B CO3[aHWU MO-
HacTosLLeMyY HOBbIX cTpaTeruii. Beisoabl. [pu pelueHnn 3agad Ha YMcnoByo
OLIeHKY y4alumecsi cpefHen LUKOSbl AEMOHCTPUPYIOT TBOPHECKOE MbILLIIEHWE,
6ernocTb, pa3paboTaHHOCTb, TMOKOCTb U OPUrMHaNbLHOCTL. PekomeHayeTcs
NOOLLPATL YHMUTENen K NCNonb30BaHMO pa3Ho06pasHbIX CTpaTernii 06y4eHus,
KOTOpblE Pa3BMBaIOT TBOPHECKOE MbILLIEHNE U BLIXOAAT 3a paMKu npoueayp-
HbIX METOOB. O6yquV|e OO/DKHO y4nTbIBaTb pasfinyHblie TBOpYeCKne CTunu,
noby>xpaas BCex yyalumxcs mccneposatb, penekcmpoBaTth U BblpaXaTtb HO-
Bble MAeun B MpoLecce peLueHns 3ajad.

KnroyeBble cnoBa: 4dvcrnoBas oueHKa, 6ernoctb, rmbkocTb, paspaboTaH-
HOCTb, OPUIMHaNBHOCTb

®duHaHcupoBaHue. ViccnegosaHue 66110 NOAAEPXAHO hakynbTETOM nejarornyeckoro obpasosa-
HVS1 ¥ MOArOTOBKM yunTene YaneepcuteTa Tagynako, KOTOpbIi NpefocTaBu huHaHcMpoBaHue Ha
npoeefeHne nccnefoBaHusa nof Homepom 2653/UN28/KU/2024.

BnarogapHocTU. ABTOpPbI BbIpaxaroT 6r1arofapHocTb IHCTUTYTY nccnefoBaHnii U 06LLeCTBEHHOrO
cnyxenus Yausepcuteta Tagynako, ampekTopy lFocyaapcTeeHHon mnagilen cpegHen wkonbl Ne 1
ropoga lMany, a Takxe y4alumMmcs, NPUHABLLUM y4acTne B AaHHOM UCCef0BaHNN.

[ononHuTenbHble AaHHble. [JaHHble AOCTYMHbI NO ccebinke: https:/data.mendeley.com/preview/
tcdr7cv3xz?a=340147a6-f74d-43cc-b06b-ff231338d364 nnu no 3anpocy k astopy M. Puzany.
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TBOPYECKOr0 MbILLNIEHUS yHaLLMXCSA NPY PELLEHUN 3aAa4 Ha YMCITOBYHO OLIEHKY: U3YYeHWe criyyasi B
cpegnHelt wkone. lMevxonornyeckasi Hayka n obpasosaHue, 31(3), 260-274. https://doi.org/10.17759/

pse.2026310319

Introduction

Numerical estimation is a crucial cognitive skill
for students, as it is frequently utilized in academic
contexts. For example, estimating the sum of
1/2 + 3/4 can be efficiently accomplished using
the 1/2 benchmark approach. Since 3/4 is greater
than 1/2, it is quickly concluded that the sum will
be greater than 1. This estimation skill is also
widely applied in everyday life, such as estimating
travel time or the completion time of a task.

The estimation process involves thoughtful
consideration of relevant variables, effective use of
limited information, and creative thinking. Therefore,
effective estimation requires not only a solid
foundational understanding of mathematics but also
creative skills to generate estimates that closely
approximate the actual value based on available
information. Fedyk and Xu (2020) emphasized
creativity’s critical role in conceptualizing abstract
ideas applicable to a range of high-value tasks,
including estimation. For instance, arithmetic
estimation problems — such as evaluating (6 x 346)
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+ 43 — require creativity to manipulate expressions
for mental arithmetic simplification. The expression
can be transformed into (6 x 350) +~ 42 = (6 +
42) x 350 = 1/7 x 350 = 50, a result easily derived
without a formal algorithm. Estimation skills are
essential for students responding to open-ended
questions, aiding verification of answer accuracy
and preventing logical misconceptions. This aligns
with Barnatchez et al. (2024), who highlighted
estimation as a flexible and efficient strategy for
controlling measurement errors.

Estimation assists individuals in finding
answers quickly and accelerating task completion.
For example, estimation skills prove essential when
answering objective test questions commonly
used to assess a broad range of material across
numerous items. Without these skills, individuals
may struggle to complete tasks efficiently,
particularly essay-type questions where limited time
may lead to underperformance. For instance, when
identifying the decimal equivalent of 3/8 from the
options a) 0,125, b) 0,375, ¢) 0,575, and d) 0,775,
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students with estimation skills will quickly narrow
down choices. Since 3 is smaller than 4, 3/8 is less
than !5, eliminating options ¢ and d. Additionally,
because 3 exceeds 2, the value must be greater
than 0,250, leaving option b as the correct answer.
This skill supports not only mathematical proficiency
but also enables rapid decision-making across
disciplines such as business, social sciences,
and natural sciences. These insights align with
findings by Dandekar et al. (2024), demonstrating
how predictive analytics based on health data
have transformed patient care through improved
accuracy and timeliness of decisions.

Effective estimation requires creativity
to obtain approximate values for the desired
outcomes. This ability involves the skill of
selecting strategies that are appropriate to
the characteristics of the problem as well as
the mental representations constructed by
individuals. Adeoye (2023) states that analyzing
problem-solving requires skills, innovation, and
creativity in deriving solutions. Katzat et al.
(2021) argue that a deeper understanding of a
problem is key to designing more effective and
inclusive cognitive interventions. In addition, the
nature of the problem — including estimation
tasks — affects the strategies employed. The
findings of Candido et al. (2022) and Park (2020)
highlight that the representation of a problem
influences students’ choice of strategies”.

This study aims to describe the creative
thinking processes of junior high school students
in solving numerical estimation problems. By
understanding these processes, the study seeks
to provide valuable insights for teachers in
designing adaptive and responsive instructional
strategies that address students’ cognitive
needs. Furthermore, the findings are expected
to contribute to improving the effectiveness of
mathematics education by fostering students’
creativity in estimation tasks, thereby supporting
curriculum development in mathematics education.

Materials and methods

This study employed a qualitative research
design involving junior high school students in
Palu City, Indonesia. From a pool of 55 students
who participated in a mathematics ability test, two

participants (S1 and S2) were selected to allow for
an in-depth exploration of their creative thinking
processes. Data collection on students’ creative
thinking in solving numerical estimation problems
was conducted through problem-solving tests,
observation, think-aloud protocols, in-depth
interviews, field notes, and audio recordings.
The study focused on four key indicators of
creative thinking as defined by Lopez Martinez
et al. (2024): fluency, flexibility, originality, and
elaboration. Data analysis followed the six-step
framework outlined by Rizal et al. (2023): (1) data
review, (2) data reduction, (3) data grouping,
(4) data categorization, (5) data coding, and (6)
validation through member checking.

Results

Based on in-depth interview data, written
tests, and observations of students’ creative
thinking processes in solving numerical
estimation problems, the explanation is
presented as follows.

Creative thinking process

of the first subject (S1)

The data from the work results and interviews
with men are presented in the following table.

Creative thinking process of the first
subject (S1). Based on the written response and
interview in Table 1, the creative thinking process
of subject S1 in solving a numerical estimation
problem involved using a rounding strategy
and a specific approach. S1 rounded 27% to
25%, 59% to 60%, and 10/29 to 10/30. Through
reformulation, 25% was expressed as 25/100
and 60% as 60/100, leading to the following
expression: 25/100 + 5/4 — 10/30 x 60/100 = ...

Furthermore, the subject applied the
compatible number strategy and reformulated
the expression by simplifying 25/100 to 1/4,
10/30 to 1/3, and 60/100 to 6/10, resulting in:
1/4 +5/4 -1/3 x6/10 = ...

Through the compatible number strategy,
the subject paired compatible numbers. The
expression 1/4 + 5/4 was simplified to 6/4,
and 1/3 x 6/10 was computed as 6/30. Further
reformulation simplified 6/4 to 3/2 and 6/30 to 1/5,
leading to the expression of 3/2 — 1/5 = 13/10.

263




Pusan M., CucsoHo T.1.3., Hypxasamu H., [xydpu, 3. (2026) Rizal M., Siswono T.Y.E., Nurhayadi, Djufri E. (2026)

MpoLecc TBOPHECKOro MbILLNEHNS YHaLLUXCS. .. Students’ creative thinking process in solving numerical...
Mcuxonornyeckas Hayka v obpasosaHve, Psychological Science and Education,
31(3), 260-274. 31(3), 260-274.

Table 1

The creative thinking process of S1 in numerical estimation for Problem 1

1. Solve using estimation to obtain the results of the following arithmetic operations: 27% + 5/4 —10/29 x 59%
Answer

Method 1 | Method 2
Student works
.11 . 5 ¢
w3 ol w22 2”;/"“/ s iale
= 7% 44245
o T8l s el x £2 : m it <G
N : ._.......; ........................... 40 50 _w l'
= - e _—_'7--1'3-\" -~ — - T
S o b
REE T o o
2ttt 0 15 ~ e 2 - 5t
LRET 5 3 10 0
.................................. i e

Interview results
P : Why did you change 27% to 27/100 and 59% [P : Can you explain this? The expression 27% +

to 59/100? 5/4 — 10/29 x 59% — why did you change
them to 30%, 5/5, 10/30, and 60%?

S1 : To make the calculation easier. | also rounded |S1 : |rounded them to make the calculation easier.
27/100 to 25/100, 10/29 to 10/30, and 59/100
to 60/100.

P : Then what did you do? P : Then what?

S1 : Irewrote the expression as 25/100 + 5/4 — S1 : So, the expression becomes 30% + 5/5 —
10/30 x 60/100. 10/30 x 60%.

P : What next? P : What next?

S1 : |simplified 25/100 to 1/4 and 10/30 to 1/3. S1 : Iconverted 30% into a fraction, which is

30/100. So, the expression becomes 30/100 +
5/5 — 10/30 x 60/100.

P : Then? P : Then?
S1 : The expression became 1/4 + 5/4 — 1/3 x S1 : 1did the multiplication first, so | rearranged it
6/10. | added 1/4 + 5/4 = 6/4, and multiplied as 10/30 x 60/100 — 10/30 + 5/5.
1/3 x 6/10 = 6/30.
P : Then? P : Why did you change the order?
S1 : |simplified 6/4 to 3/2 and 6/30 to 1/5. S1 : Because | wanted to solve the multiplication
first before adding the other fractions.
P : Then? P : And after that?
S1 : So, it became 3/2 — 1/5. S1 : 10/30 x 60/100 = 600/300. Then 10/30 + 5/5
= 35/105.
P : What was the final step? P : Finally?

S1 : Ifound the least common denominator: 3/2 — |S1 : So, the result is 600/300 — 35/105 = 565/195.
1/5=(15—2)/10=13/10

To arrive at 13/10, the subject converted Least Common Multiple (LCM) of 2 and
the fractions to have a common denominator 5. Therefore, 3/2 — 1/5 was rewritten as
using their fundamental knowledge of the (15-2)/10=13/10.
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Table 2
The creative thinking process of S1 in numerical estimation for Problem 2
2. Solve using estimation to obtain the results of the following arithmetic operations “3227 +169,62 + 226,37 =...
Answer
Method 1 | Method 2
Student Works
§x 320 4+ 1o, 00 + 330,50 \
....................... Y%—bo— A
2 2700 Wy c
.............. 380+ 3¢
. 3 0 \ o, ho || | [ ?"5,52' ....... *
R 280,001 35 R
o 169,62 AT
: 7 P 2 X iia) 08
PO 100,00 7547
e 4‘0 ' OO
Interview Results
P : Explain this! P : Explain this!
S1 : Irounded 327 to 320. So that it is easy forme |S1 : |rounded 327 to 320.
to calculate, it is divided by 32.
P : Then? P : Why did you round 327 to 320?
S1 : Irounded 169,62 to 170,00 and 226,37 to S1 : To make it easier to calculate.
230,00. Then, 320+-32=10
P : Then? P : Then, what’s the result?
S1 : 10x6+170,00+230,00. S1 : 91, then 91x6=546, then 546+169,62=715,62,
then 715,62+22637=941,99.
P : Then?
S1 : 6x10=60 and 170,00+230,00=400,00, so
60+400,00= 460,00.

BasedonTable2, S1completedtheestimation and the divisor was adjusted to 26 to simplify
using the rounding and compatible number and accelerate mental computation. Additionally,
strategy, changing 327 to 320 and adjusting the 189235 was rounded to 190000, and 218745 was
denominator to 32 in order to simplify mental rounded to 220000. The calculation was carried
arithmetic calculation, resulting in 320 + 32 = 10.  out step-by-step, beginning with 26000000 +
Next, applying the rounding strategy, 169,62 was 26 = 1000000, followed by 190000 + 220000 =
rounded to 170,00 and 226,37 to 230,00. The 410000. S1 then reformulated the equation as
final form obtained was 6 x 10 + 170,00 + 230,00. 1000000 + 190000 + 220000 resulting in a final
The subsequent calculations were carried out estimate of 1410000.
as follows: 6 x 10 = 60 and 170,00 + 230,00 =

400,00, which were then combined to yield 60 + Creative thinking process
400,00 = 460,00. of the second subject (S2)

Based on Table 3, S1 completed the The data from the work results and interviews
calculation using a combination of the rounding  with women are presented in the following table.
and the compatible number strategy. The According to Table 4, S2 approached the

number 23419908 was rounded to 26000000, estimation by reformulating the expression,
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Table 3
The creative thinking process of S1 in numerical estimation for Problem 3
3. Solve using estimation to obtain the results of the following arithmetic operations: 241928 | 189735 1218745
Answer 26
Method 1 [ Method 2
Student Works
26.000.000 ¥ 150 000 + 270,000 Jawab
D 22200 rlaee
26 '
.26.000:000 134 = 26
24,000.000 + 190 00 + 220.000 i

..............................................................

Interview results

S1 : 23419908/26, | rounded the numerator to P : Can you explain this, kid?
26000000, then divided by 26, so it becomes
26000000/26
P : Then? S1 : Ilrounded 23419908+26 to 26000000, so
26000000+26=26.
S1 : 189235 is rounded up to 190000. P : Why is the result 267
P : Then? S1 : Because 26000000+-26=26.
S1 : 218745 is changed to 220000. P : Then?
P : Then? S1 : 200000+26=200026.
S1 : 26000000\div 26=1000000, then | added P : Then?
1000000 +190000+220000=1410000,00
S1 : 1410000,00 S1 : 200026+220745, and the result is 420771.

converting 27% to 27/100 and 59% to 59/100,
resulting in 27/100 + 5/4 — 10/29 x 59/100.
Subsequently, S2 applied rounding and
reformulation strategies, 27/100 was changed to
30/100, 10/29 to 10/30, and 59/100 to 50/100,
yielding a more manageable expression for
mental arithmetic computation: 30/100 + 5/4 —
10/30 x 50/100.

According to Table 5, S2 utilized a rounding
strategy by rounding 327 down to 320 and
applying a compatible numbers strategy
by adjusting 320 to 32 to facilitate mental
computation. Similarly, 6 was rounded up to
10, simplifying the operation to: 10 x 320 + 32 =
3,200 + 32 = 100.
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Moreover, 169,62 was rounded to 165,00 and
226,37 t0 225,00, resulting in a simplified supporting
mental computation. The final expression becomes:
10 x 320 + 32 + 165 + 225, further calculated
mentally as: 3200 + 32 + 390 = 100 + 390 = 490.

Based on Table 6, S2 combined rounding
and compatible number strategies. 23419908 is
rounded to 23000000 and 26 to 23, simplifying
the mental calculation into 23000000 -+ 23
= 1000000. Similarly, 189235 is rounded
to 190000 and 218745 to 200000, thus the
form becomes 190000 + 200000 = 390000.
Therefore, the estimated result through mental
calculation is 1000000 + 190000 + 200000 =
1000000 + 390000 = 1390000.
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Table 4

The creative thinking process of S2 in numerical estimation for Problem 1

4. Solve using estimation to obtain the results of the following arithmetic operations: 27% + 5/4 -10/29

% 59%
Answer
Method 1 Method 2
Student Works
oo -0 oo
2745 .10 59 30 45 N0 x bo et A A <5 Saat I
q e
6w 4 29 o o0 30 + 3oh x 60l X % - —‘199
.......... " 30"‘)\60‘1‘ +%_:_|l%
2 b Ty s I SR =108
S G T i "2 feak it
SERCRNIT RS s
e e 28 33
3 (b8
\og 10 00
59 - B o5
B 23 2
-_:8__ ‘\,.:é = a _2_2 = 23 ./
00 © 29 \ 0
[
Interview results

P Why did you convert 27%+5/4-10/29x59% P Explain that, kid!
into this form?

S2 | converted 27% into the fraction 27/100, S2 | rounded 27% to 30% and 59% to 60%. |
and 59% into 59/100. So, | obtained the form rewrote it as 30%x60%+5/4-10/29.
27/100+5/4-10/29x59/100.

P Then? P What next?

S2 I rounded 27/100 by adjusting the numerator | S2 | changed 5/4 to 5/28 and 10/29 to 10/28. So
to 30/100, 59/100 to 50/100, and 10/29 by the expression becomes 30%x60%+5/28-
rounding the denominator to 10/30. 10/28.

P Then what next? P Then?

S2 | can rewrite it as 30/100+5/4-10/30x50/100. | S2 | converted 30% into the fraction 30/100 and
| simplified 30/100 to 6/20, 10/30 to 1/3, and 60% into 60/100.

50/100 to 1/2.

P Then? P Then?

S2 So, it becomes 6/20+5/4-1/3x1/2=6/20+5/4- S2 Now, the expression is 30/100x60/100+5/4-
1/6. | found the LCM (Least Common Multiple) 10/29. | simplified 30/100 to 3/10 and 60/100
of the denominators 6, 4, and 20. to 6/10.

P Then? P Then?

S2 6/20+5/4-1/6 becomes 18/60+75/60- S2 3/10 6/10=18/100 and 5/28-10/28=-5/28.
10/60=83/60.

P Then?
S2 18/100+(-5/28)=23/100=23%.
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Table 5
The creative thinking process of S2 in estimating calculations for Problem 2
5. Solve using estimation to obtain the results of the following arithmetic operations: 6"3:27 +169,62 + 226,37 =...
Answer
Method 1 Method 2
Student Works
Vo x 320 4 165,00 4 115,00 *6x3271 | 9311310+ 320 sV0x6 2bo
32 32 32
* 100,60 + 220.40 =391 000
= 3200 4. .390.00. ..% 100 * 390,00 % 450.00, 3 X loe 4
20 R *39Lho0 +loe 39 4o
Interview results
P : Why do you work like this? P : Howisit, kid? Try to explain it!
S2 : 6x327/32. | rounded 327 to 320, to make S2 : Irounded 327 to 320. So, 320/32=10, then
it easier to count 320 divided by 32. Then | 10x6=60
rounded 6 to 10.
P : Then what next, kid? P : Then?
S2 : 320x10 = 3200, then 3200/32 S2 : lrounded 169,62 to 170,60 and 226,37 to
220,40
P : Then what next? P : Then?
S2 : Irounded 169,62 to 165,00 and 226,37 to S2 : |added 170,60+220,40=391,00
225,00. So, 165,00+225,00=390,00
P : Then? P : Then?
S2 : |added up these results, 3200/32+390,00 = S2 : 391,00+60=391,60
100+390=490,00

Table 6
The creative thinking process of S2 in estimating calculations for Problem 3

23419908

6. Solve using estimation to obtain the following arithmetic operation results: =—— + 189235 + 218745
26
Answer
Method 1 [ Method 2
Student Works
LR 000, 7 1,000,600 + 390. 13 g
e 31900000 200000 % 10001000, T, 230: 00¢ 9.908 4 189.235 1 219.945
26
= 1:.390..000 = 23.419 .9083
¥?_”' 26 = \‘000-000

26.000. 0oo

99 .235 + 219 . 745 = 407.990 - 4ol

= \L.000 000 + Yol - \.000.40)
4‘

Interview Results
P . Tryto explain your work, kid. | P : Can you explain your work?
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S2 : |rounded 23419908 to 23000000 to make S2 | rounded 23419908 to 26000000 to make it
it easier to calculate. | rounded 189235 to easier to divide by 26.
190000 and 218745 to 200000.
P : Then? P : Then?
S2 : 23000000/23+190000+200000. S2 So, 26000000 divided by 26 = 1000000.
P : Then? P : Then?
S2 : 23000000/23+190000+200000=1000000 + S2 189235+218745=407980, then | rounded it to
390000=1390000. 401. So, 1000000+401=1000401
Discussion diverse strategies and exploring multiple

Creative thinking process of subject S1

S1’s creative thinking process in solving

the first part of the problem

Based on the data in Table 1, S1 utilized
various estimation strategies including rounding,
compatible numbers, special strategies, and
reformulation to transform problems into forms
suitable for mental calculation, resulting in
accurate estimation. This approach reflects strong
problem-solving skills. Izzah et al. (2023) stated
in their research findings that each junior high
school student may have different strategies and
solutions when solving open-ended problems.

In addition, S1 tends to seek unique
approaches, exploring multiple solutions and
even combining various strategies to arrive at an
estimated result, although occasionally relying
on procedural calculations involving algorithms.
For example, S1 integrates rounding and the
compatible number strategy to estimate 30% of
27%, modifying values such as 5/4 to 5/5 and
10/29 to 10/30 to ease mental calculations. The
percentage is converted into fractional form,
resulting in an expression like 30/100 + 5/5 —
10/30 60/100 and simplified to 3/10 + 5/5. This
approach highlights S1’s proficiency in selecting
and adjusting numerical for S1 to optimize
mental calculation. Ramadani & Wulandari (n.d.)
found that in mathematical modeling, junior high
school students created unique models and
used a logical and systematic approach to find
solutions.

S1’s creative thinking process

while solving the second part of the problem

In addressing complex numerical estimation
problems, S1 proceeds gradually, applying

approaches to enhance calculation accuracy.
This process reflects a high degree of flexibility
as S1 utilizes various techniques to generate
several possible estimates through mental
computation. Ramadani & Wulandari (n.d.)
stated that these junior high school students
tend to rely on trial-and-error and procedural
methods in solving problems.

In solving problems, S1 integrates multiple
estimation strategies while drawing on prior
experience with mixed arithmetic operations.
This is in line with the findings of Tun¢ (2020),
who stated that junior high school students,
in solving proportional and non-proportional
problems, use varied strategies and adjust them
according to the type of problem.

S1’s creative thinking process

while solving the third part of the problem

S1 approaches problem solving by
employing multiple estimation strategies and
alternative methods, modifying numerical forms
while still adhering to procedural patterns based
on algorithmic calculations to support mental
computation. Tung (2020) revealed that students
solve problems using different strategies
and adapt them to the type of questions to
be solved. Giiner at al. (2021) stated that in
solving problems, students choose appropriate
strategies to obtain the correct answer.

Creative thinking process of subject S2

S2's creative thinking process

while solving the first part of the problem

S2  consistently  performs  numerical
estimations using various strategies, reformulating
expressions and proceeding stepwise to facilitate
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mental calculations. For example, simplifying
30/100 to 6/20, 10/30 to 1/3, and 50/100 to 1/2
transforms the expression into 6/20+5/4-1/3x1/2.
Calculating each part separately simplifies it
further to 6/20 + 5/4 — 1/6. These findings align
with Rathgeb-Schnierer et al. (2021), who stated
that elementary school students develop flexible
mental calculation skills by focusing on key
themes in finding solutions.

S2 solves numerical estimation problems by
carefully combining strategies and leveraging
prior knowledge, such as the Least Common
Multiple (LCM) of 20, 4, and 6 to obtain 83/60
from the expression 6/20 + 5/4 — 1/6. Li et al.
(2024) stated that students independently
and effectively solve complex mathematical
problems by integrating a variety of strategies.
Puspayanti (2023) states that students are able
to connect concepts with real-life situations.

S2's creative thinking process

while solving the second part of the problem

S2 consistently applies various estimation
strategies, often combining multiple approaches
and simplifying expressions to facilitate accurate
mental calculation. Li et al. (2024) and Pisfil et
al. (2024) state that students have the potential
to cultivate critical and flexible thinking, as well
as generate original ideas, when equipped with
the skills to solve complex problems.

S2 explored alternative methods, although
most adhered to a procedural approach. Enciso
et al. (2024) state that in problem-solving,
individuals can systematically evaluate various
possibilities to obtain alternative solutions in
complex situations. Puspayanti (2023) states that
junior high school students can effectively solve
complex mathematics problems by applying the
Mathematical Problem-Solving Mastery (MPS)
model using procedural knowledge. Tsukanova
(2024) states that students are able to work
systematically, deepen their knowledge, and
develop problem-solving skills.

S2's creative thinking process

while solving the third part of the problem

S2 solves numerical estimation problems
by combining rounding and compatible number

270

strategies, exploring other methods but generally
adhering to a structured and procedural
approach until reaching a suitable form for mental
computation. This aligns with Diaby (2022), who
stated that in performing calculations, students
apply the properties of operations by utilizing
procedural knowledge in a systematic, step-by-
step manner to obtain results.

Moreover, S2 applied her experience in
performing mixed arithmetic operations with
three numbers simultaneously, simplifying
and adjusting expressions to enable efficient
mental calculation and accurate estimation.
Li et al. (2024) stated that students are able
to solve complex mathematical problems by
independently and effectively simplifying while
integrating various strategies.

Creative thinking process of S1 and S2

in solving numerical estimation problems

Based on the above description, the creative
thinking processes of S1 and S2 in solving
numerical estimation problems were examined
using four creativity indicators: fluency,
elaboration, flexibility, and originality, as follows:

Fluency

S1 approached the numerical estimation
problems by employing diverse strategies such
as rounding, compatible numbers, special
techniques, reformulation, converting decimals
to fractions, and reshaping problems to facilitate
mental calculation. They often rely on prior
experience, explore multiple possible solutions,
and adopt a structured yet flexible problem-
solving style. S2 used similar strategies,
including rounding, adjusting numbers for easier
mental calculation, and drawing on experience.
This is in line with Yasin et al. (2023), who stated
that the process of mathematical problem-
solving by students involves understanding
the problem, relating it to prior experiences,
extracting essential components, identifying
relationships among elements, exploring
possible alternatives, predicting patterns, and
selecting the most appropriate solution based
on the identified regularities. Diaby (2022)
stated that in performing calculations, students
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apply the properties of operations by utilizing
procedural knowledge in a systematic, step-by-
step manner to obtain results.

Elaborative

In solving numerical estimation problems,
S1 adjusted the numbers to simplify mental
calculations and applied various efficient
strategies to obtain the estimated results quickly.
Meanwhile, S2 employed a similar approach but
with greater caution and reflection, which resulted
in a slower problem-solving process. This is
consistent with the findings of Tun (2020) and
Giiner et al. (2021), who revealed that students
solve problems by employing various appropriate
strategies to obtain the correct answer.

Flexibility

S1 demonstrated flexibility by employing
various estimation strategies, adjusting numbers
to simplify mental calculations, performing
division, and then solving the problem completely.
These findings align with Rathgeb-Schnierer et
al. (2021) stated that elementary school students
develop flexible mental calculation skills by
focusing on key themes in finding solutions. S2
also employed a variety of estimation strategies,
emphasizing the simplification of numerical forms
to facilitate mental computation and carefully
verify each solution step. Li et al. (2024) stated
that students are capable of independently
and effectively solving complex mathematical
problems by integrating various strategies.

Originality

S1 performed estimation using a wider
variety of strategies and actively sought new
approaches to obtain results more quickly.
Hsiao et al. (2022) stated that junior high school
students can be encouraged to enhance their
creativity through various ways of thinking in
solving problems to arrive at a final solution.
S2 solved the numerical estimation problem
by carefully combining various strategies,
employing clear and structured methods based
on prior knowledge. Chen et al. (n.d.) stated
that in solving complex problems, students tend
to adopt certain strategies to obtain accurate

solutions. This study reveals that junior high
school students demonstrate originality and
the ability to generate new ideas in solving
estimation problems.

Conclusions

Based on the analysis, junior high school
students simplify arithmetic calculations in solving
numerical estimation problems by employing
strategies such as rounding, the use of compatible
numbers, converting decimals to fractions, and
reformulating problems. Among these, rounding
and compatible numbers emerged as the most
dominant strategies, while some students
also applied fraction conversion and problem
reformulation. The application of these strategies
reflects fluency, through the ability to generate
multiple solution alternatives; flexibility, by adapting
methods to the context of the problem; elaboration,
through the adjustment of numbers and the detailing
of solution steps; and originality, by combining or
developing more efficient approaches.

Future studies should involve more students
from various schools to gain a broader and more
generalizable understanding of creative thinking
in numerical estimation. Factors such as learning
style, gender, cognitive type, motivation, and
family background also need to be considered.
Learning models like PBL and STEM, as well
as interactive technologies, could be explored
to foster creativity. Longitudinal research is
recommended to examine the long-term effects
of these factors. In addition, extending the scope
beyond numerical estimation would provide
a more comprehensive picture of students’
creativity in mathematics and problem-solving.

Limitations. This study is a case study and
thus does not allow generalization to the wider
student population. This study only highlights
the creative thinking processes of junior high
school students in solving numerical estimation
problems, without considering other factors that
may influence their creative thinking abilities.
Additionally, the analysis focuses exclusively on
students’ approaches to numerical estimation
problems, limiting the reflection of their creative
thinking skills in broader contexts.
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1 ocyLLecTBNan obLiee PyKOBOACTBO MccefoBaTenbckum npoueccom. OH cnoco6cTBOBan yTOHHEHUIO
aHaNTMYECKOW CTPYKTYPbI U MHTEPMNPETALMM PEIYNLTATOB, KACAKOLLMXCS KOrHUTUBHbBIX NPOLIECCOB C y4e-
TOM FeHAEepPHbIX Pasnnyni.

H. Hypxasgn — okasbiBan nomoLLb B C60pe MONeBbIX AAHHBIX Y KOOPAVHUPOBAN B3aMMOLENCTBME CO
LLKOSIaMU 1 yYallMMUICsl, y4acTBOBaS B paclLUMpOBKe U KOOMPOBAHUM OTBETOB y4aLLMXCS, @ Takxke nof-
Jep>XXuBan npoLecchl peLeH3MpoBaHNsa U pedakTMpoBaHUsS PyKOMUCH.

3. Oxycpu — yyacTeoBan B NpoBefAeHUM KJTACCHbIX HabMofeHun 1 o6ecneynBan KOMMYHUKaLUUIO C
HEerMosIHOM cpefHeit LUKOMOoW, rae NPOBOAUIOCE UCCefoBaHWe, NoMoras aHanmaMpoBaTh NUCbMeHHbIe
pa6oThl yHaLLMXCS U 3aHMMarncs (popMaTMpoBaHMEM PYKOMUCH.
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