INT Journal of Mathematics Education p-1SSN 2089-6867
Volume 14, No. 2, 2025 e—ISSN 2460-9285

https://doi.org/10.22460/infinity.v14i2.p531-550

The role of scaffolding in shaping reflective mathematical
thinking of dependent field students in numeracy problems

Setiyani!, Gunawan?*, Stevanus Budi Waluya®, Yohanes Leonardus Sukestiyarno?®,
Adi Nur Cahyono?, Mutia*, Wahid Yunianto®

!Department of Mathematics Education, Universitas Swadaya Gunung Jati, West Java, Indonesia
2Department of Mathematics Education, Universitas Muhammadiyah Purwokerto, Central Java, Indonesia
SDepartment of Mathematics Education, Universitas Negeri Semarang, Central Java, Indonesia
4Department of Mathematics Education, IAIN Curup, Bengkulu, Indonesia

SMINT Didaktik, School of Education, Johannes Kepler University, Linz, Austria

“Correspondence: gun.oge@gmail.com

Received: Oct 28, 2024 | Revised: Jan 30, 2025 | Accepted: Feb 3, 2025 | Published Online: Mar 7, 2025

Abstract

In learning mathematics, reflective thinking is often overlooked due to an excessive emphasis on
final results, which causes students to struggle in evaluating and reconstructing their problem-solving
processes. Reflective thinking skills are necessary for students to solve problems, including
numeracy. This study adopts a qualitative approach, focusing on the problem-solving process of two
seventh-grade students with a Dependent Field (DF) cognitive style and similar initial mathematical
abilities. Data were collected through the Group Embedded Figures Test, in-depth interviews, and
initial mathematical and reflective thinking ability tests. Based on the research results, DF students
couldn't analyze arguments from various perspectives and see if there were deeper implications. This
finding reflects the characteristics of DF, who don't perform the 'result in context' process, leading to
a lack of ability to understand, interpret, and use numerical results in concrete/situational contexts.
This also includes the ability to relate numbers to real-world situations, make appropriate
interpretations, and take suitable actions based on those numerical results. The results of this study
can serve as a foundation for designing differentiated instruction that emphasizes the development
of reflective thinking skills, particularly in numeracy, through approaches involving technology,
models, pedagogy, or other learning strategies.
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1. INTRODUCTION

When solving problems, students engage in various cognitive actions, such as
understanding the problem statement, selecting the necessary data for the solution, applying
concepts and operations to the solution, solving the problem, and determining whether the
solution is correct (Stmen, 2023). In this context, problem-solving ability is considered a
vital skill for individuals, and reflective thinking is regarded as a key factor in supporting
the problem-solving process (Toraman et al., 2020). Furthermore, Whalen and Paez (2019)
emphasize the importance of mathematical reflective thinking skills for students, as it
enables them to evaluate, analyze, and reflect on their own thought processes in solving
mathematical problems. This indicates that by mastering reflective thinking skills, students
can identify errors or mistakes, understand various approaches to solving problems, and
improve the strategies used.

Reflective thinking skills also assist students in connecting previously learned
mathematical concepts to new problems, enabling them to develop a deeper understanding
and more flexible problem-solving (Toraman et al., 2020). Additionally, reflective thinking
encourages students to become independent and critical learners (Antonio, 2020), as they
learn not only to accept the final answer but also to understand the process and reasoning
behind it (Mohamad & Tasir, 2023). Therefore, reflective thinking skills play a crucial role
in building a mindset that values not only outcomes but also the processes involved.

Several researchers have documented their findings regarding the role of reflective
thinking skills in middle school students’ mathematical problem-solving abilities. Reflective
thinking is an essential advanced skill for students to nurture in the globalization era, as the
complexity of problems in different areas of modern life becomes increasingly demanding
(Hendriana et al., 2019). Reflective thinking skills significantly determine students' success
in understanding and solving complex mathematical problems (Milner & Wolfer, 2023,
Zerdali & Egmir, 2025). Furthermore, Kholid et al. (2024) reveal that without adequate
reflective thinking skills, students often fail to thoroughly evaluate their problem-solving
steps. This shows that weak reflective thinking abilities hinder students from effectively
connecting the necessary mathematical concepts to solve problems accurately (Ceylan,
2024; Katranc1 & Sengiil, 2020). Reflective thinking tends to emerge when students
experience confusion, often occurring while working on challenging problems (Sa'dijah et
al., 2020). The low performance of Indonesian students in PISA assessments indicates their
struggle to solve PISA-level problems (Akbar et al., 2022), which aligns with the findings
of the researcher’s preliminary study. Based on the results of a preliminary research
involving 42 eighth-grade students from SMPN 2 and SMPN 4 Cirebon, it was found that
students' reflective thinking processes were still low when solving numeracy problems
(Setiyani, Waluya, Sukestiyarno, Cahyono, et al., 2024).

To equip students with reflective thinking skills, it is important to consider how to
develop these skills. The thinking process is a sequence of mental processes that occur
naturally or in a planned and systematic manner, in the context of space, time, and the
medium used, resulting in changes to the affected object. Dewey divides the reflective
thinking process into three levels: pre-reflective, reflective, and post-reflective situations
(Tan, 2014). The pre-reflective situation is when students show confusion or doubt about a
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problem. The post-reflective situation occurs when that confusion or doubt is resolved.
Meanwhile, the reflective phase is a transition from pre-reflective to post-reflective, where
a change in student behavior is observed as they engage in investigative thinking. According
to Surbeck, the mathematical reflective thinking process consists of three phases: reacting,
elaborating, and reflecting (Lee & Park, 2014). Reacting means responding to the situation
or problem at hand with opinions based on theories or concepts, such as the ability to use
mathematics in other fields of study or daily life and the ability to identify mathematical
concepts or formulas involved in the problem. Elaboration is defined as the ability to
compare one situation with another based on experience or by referring to general principles.
Reflecting involves deep thinking to solve problems and re-evaluating the solutions that have
been used. The reflective thinking process, according to Mezirow and Kember, consists of
four stages: habitual action, understanding, reflection, and critical reflection (Ghanizadeh &
Jahedizadeh, 2017). Lee further states that there are six processes of reflective thinking:
problem identification, defining the problem, seeking possible solutions, trying one of the
possible solutions or the best solution, evaluation, and acceptance or rejection (Lee, 2005).
Baron (1981) mentions five stages in the reflective thinking process: problem recognition,
constructing various possibilities, reasoning, revision, and evaluation. Meanwhile, Zehavi
and Mann (2005) mention four processes of reflective thinking: technique selection, solution
process monitoring, insight, and conceptualization. The reflective thinking process
constructed by the researchers in this study is based on modifications from previous studies
(Setiyani et al., 2022; Setiyani, Waluya, Sukestiyarno, & Cahyono, 2024) with the following
stages: reacting, seeking possible solutions, elaboration, and critical reflection.

The process of mathematical reflective thinking in solving problems is greatly
influenced by each student's cognitive style (Blackburn et al., 2015; Verawati et al., 2020)
as the way students understand, process, and evaluate information determines how they
reflect on their learning experiences (Ekawati & Asih, 2019). Numerous literatures have
identified cognitive styles, including Witkin’s introduction in 1977 of two cognitive styles,
namely Independent Field and Dependent Field (Witkin et al., 1977). Students with an
independent cognitive style are able to break down the components of a problem, answer
using various strategies (Syamsuddin et al., 2020), connect the concept of integer and
rational number operations with other mathematical concepts, and respond well to numerical
problems even if they have not encountered them before (Setiyani, Waluya, Sukestiyarno,
& Cahyono, 2024). Scaffolding has been found effective in helping students with a IF
cognitive style to construct other ideas, thus finding simpler methods to solve problems
(Huertas et al., 2017). Based on previous research (Setiyani, Waluya, Sukestiyarno, &
Cahyono, 2024), this research will examine the reflective mathematical thinking process of
students with a DF cogpnitive style in solving numerical problems. The characteristics of
numeracy problems are chosen because they relate to reflective thinking, which involves
consciously reflecting on acquired knowledge, constructing meaning and new skills, and
making accurate predictions and decisions (Subekti et al., 2022). Therefore, this study aims
to describe the mathematical reflective thinking process of students with a DF cognitive style
when solving numerical problems. Based on the obtained reflection process, the researcher
attempts to design appropriate scaffolding to enhance the mathematical reflective thinking
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skills of students with a DF cognitive style. Thus, the scaffolding developed is expected to
assist DF students in overcoming difficulties when facing numerical problems and facilitate
the more effective development of reflective thinking skills. This gradual approach allows
students to learn progressively, with support tailored to their needs, enabling them to build
deeper understanding and confidence in solving numerical problems. The findings of this
study aim to provide practical strategies for teachers, focusing on designing adaptive
learning approaches that effectively utilize scaffolding to support the cognitive development
of students with a DF cognitive style.

2. METHOD

This study adopts a descriptive method with a qualitative approach. Qualitative
descriptive research, is a method rooted in the philosophy of postpositivism, designed to
investigate the conditions of natural objects, where the researcher serves as the primary
instrument (Creswell & Creswell, 2017). This approach provides a comprehensive
understanding of the data (Wijaya et al., 2024) enabling a more detailed and well-rounded
analysis the reflective mathematical thinking ability from DF students in numeracy problems
so that the scaffolding design can be identified.

The cognitive styles in this research consist of two characteristics: Dependent Field
(DF) and Independent Field (IF), determined using the cognitive style test developed by
WITKIN. The classification of characteristics is based on criteria established by Kepner and
Neimark (1984), where subjects who provide 0 to 9 correct answers are categorized as
students with a DF cognitive style, while those who answer correctly between 10 and 18 are
classified as independent field. The subjects of this study are students with a DF cognitive
style because these students tend to require more external support, such as guidance or
scaffolding, during the mathematical problem-solving process. The stages of subject
selection process are illustrated in Figure 1.
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Figure 1. Selecting research subject

This study was conducted from July 2023 to January 2024, involving 92 an initial
participants from seventh-grade students at three junior high schools located in Cirebon. The
summary of the GEFT test results is presented in Table 1.
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Table 1. Test GEFT result in 3 schools
Cognitive Style

No School Independent Field Dependent Field
1 SMPN 5 Kota Ciebon 4 32
2 SMPN 11 Kota Cirebon 1 32
3 MTs. Husnul Khotimah 2 Pancalang 11 22
Total 16 76

The selection of DF subjects was based on several considerations, including the level
of reflective thinking achieved, willingness to participate as research subjects as expressed
in the students' consent statements, fluency in verbal communication, recommendations
from mathematics teachers, equivalence in initial mathematical abilities, and data saturation.
Details of the research subjects are presented in Table 2.

Table 2. Test GEFT result

Research Subject Codes Skor GEFT  Cognitive Style Reflective Thinking Score
S-04 6 Dependent Field 38
S-05 7 Dependent Field 56.7

The numeracy problems in this study were adapted from questions developed by
Putra et al. (2016) as an instrument to explore students’ mathematical reflective thinking
processes. These questions were tested for validity, practicality, and potential effects. After
analyzing the research subjects’ answers, a think-aloud process was conducted through
interviews using a guide previously developed by Setiyani, Waluya, Sukestiyarno and
Cahyono (2024) to confirm the results. If the responses to the numeracy problem-solving
tasks aligned with the interview statements, the qualitative data were considered valid. In
cases of discrepancies, further exploration was conducted with the research subjects to gather
additional information and identify findings. The findings from the numeracy problems for
each research subject, categorized by cognitive style, were then compared to derive the main
discovery about students’ mathematical reflective thinking processes. The selection of
subjects was repeated until data saturation was achieved, indicated by consistent or recurring
patterns across multiple subjects.

To ensure the data obtained were unbiased, this study employed triangulation.
Specifically, time triangulation was used by examining the data through written tests and
interviews conducted at different times or under different conditions. If the data
demonstrated consistency (revealing many similarities), the results from the reflective
thinking ability tests and interviews were deemed valid. If inconsistencies remained,
additional data collection was conducted at another time and compared with the previous
data. The data consistent with the final collection were considered valid.

The data analysis technique followed the stages proposed by Miles and Huberman
(1994), which include: data reduction, which involves verifying students’ work by
discarding irrelevant data, clarifying, selecting, focusing, abstracting, and transforming raw
field data into meaningful information; data presentation, which involves organizing and
categorizing the reduced data into specific categories to facilitate conclusion drawing; and
conclusion drawing/verification, which is the process of summarizing or verifying the data.
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In this study, raw data collected from the field were reduced to extract only the information
necessary to describe the reflective thinking processes of students with DF cognitive styles
in number-related topics. After data reduction, the collected data were organized and
categorized. The data were then presented in a more concise narrative form to make drawing
conclusions easier. Conclusion drawing involved summarizing the data and verifying its
accuracy concerning the reflective thinking processes of students with DF cognitive styles
in solving number-related problems.

3. RESULTS AND DISCUSSION
3.1. Results

Students with different cognitive style characteristics have variations in constructing
their knowledge when solving numeracy problems. Dependent field students provide an
opportunity to explore how scaffolding can assist them in developing mathematical
reflective thinking patterns. The detailed thinking process of S-4 and S-5, who have a DF
cognitive style and the same initial mathematical ability, is as follows : In the reacting stage,
S4 experienced perplexity. The sign that S4 encountered difficulties aligns with S4’s
statement that "I just saw this problem, it feels like an Olympiad question." The researcher
encouraged S4 to still attempt to solve the problem. S4 tried to identify some information
contained in the problem. The following is an excerpt from the interview with S4 during the
reacting stage:

Resercher (R) : From the problem you've read, what is the current height of Mount Anak
Krakatau, and what was the height of Mount Krakatau at the time of its eruption?
Be mindful of the meaning of the "+" sign in the height provided!

S4 : Every year, the height of Anak Krakatau volcano increases by 20 feet. Currently,
its height is 230 meters above sea level. When Krakatau erupted, it was 813
meters high. I'm marking this with a +, meaning positive, above sea level...

S4 assumed that the numeracy problem was like a math Olympiad question, making
it seem difficult to solve. S4’s thought structure didn’t match the structure of the problem.
Therefore, it can be concluded that S4 experienced perplexity. To overcome this perplexity,
S4 read the problem repeatedly, wrote down the information from the problem, as shown in
Figure 2.

a - kiap Tahuan Aanany oA A wrakwabtauwu Ciagginga A 20 \eaw Saak 1al R e . L
T LTHO ™ di akac Qerm uksuan \aukx .
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In English :

a. Each year, Mount Anak Krakatau increases in height by +20 feet. Currently, it stands at +230
meters above sea level. When Mount Krakatau erupted, it had a height of +813 meters above
sea level.

b. Integers (addition, subtraction, multiplication, division)

c. 1 foot = 0.3048 meters

Figure 2. Reacting S4
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Based on Figure 2, S4 did not write down what was being asked in the problem and
was incomplete in writing the information, such as missing when Krakatau erupted. This
impacted the stage of seeking various possible solutions. S4 stated they would find the
difference between Anak Krakatau and Krakatau and determine the annual increase in
height. This is in line with S4's statement:

S4 1 "The question is, when will the height of Anak Krakatau equal its parent Volcano. It’s just
about the year, right? Maybe I'll find the difference first"

In the stage of finding various possible solutions, S4 was confident their answer
would be correct. S4 calculated the difference between the two mountains as shown in Figure 3.

Yumng krueubau 12w 2 @12 - 230 In English .
> : cg3 Mount Krakatau 813 m = 813 — 230 =583

Figure 3. Elaboration S4 (1)

Based on Figure 3, S4 was able to calculate the difference between two integers, then
continued by dividing the difference between Krakatau by 0.3048 (1 foot). S4 was unsure
about the steps taken, as seen in the following excerpt:

R : Whatsteps should be taken to ensure consistency between meters and feet when solving the
problem?

S4 . There'sanote that 1 foot equals 0.3048, the difference is 583 meters. So, 583 meters divided
by 0.3048 meters... hmmm... but in the problem, the height increase of Krakatau is 20 feet,
so 583 divided by 20... wrong... wrong... the units are in feet, right? So, this 583 is in
meters... this part is wrong ; I need to change the unit first...

S4 thought to find the height of Anak Krakatau by finding the difference in height and then
dividing it by 1 foot. S4’s thought structure was still not aligned with the problem structure. S4
experienced critical reflection, realizing that some information wasn’t completely identified, such as
the annual height increase. S4 thought it should be divided by the annual height increase. At this
point, S4 also realized that the increase was in feet, prompting S4 to convert it to meters. The effort
S4 made to overcome perplexity involved trying to divide the difference by the length unit and
dividing the difference by the annual height increase. S4 experienced perplexity during the process
of elaborating can be seen in Figure 4.
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Figure 4. Elaboration S4 (2)

After calculating the annual height increase of Anak Krakatau, S4 proceeded to find
the year when Anak Krakatau would reach a height of 583 meters. Next, S4 tried starting
from 29 to determine the year when Anak Krakatau reached 583 meters. However, S4 was
still unsure about the method used, which involved trial and error, as per the following
statement:

R : After finding the difference in height before and after the eruption, what is the next step?
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S4 1 "I will calculate the annual height increase of Anak Krakatau...The method is 0.3048
multiplied by 20... the result is 6.0960... So if I keep adding 6.0960, it will take a long
time... let’s start from 29..."

S4's effort to overcome perplexity was by trial and error with numbers up to 583
meters. This can be seen in Figure 5.
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Figure 5. Elaboration S4 (3)

Based on Figure 5, S4 tried different numbers starting from 29 to obtain the year
when Anak Krakatau reached 583 meters, resulting in 176.7840. Next, S4 added 176.7480
with 176.7840 to get 353.5680, and so on. S4 became doubtful and confused when the final
result was 530.3520. If added again with 176.7840, it would exceed 583 (707.136). This is
in line with S4's statement:

S4 : "l added 176.7840, and the result is 353.5680. Added 176.7840 again, the result is
530.3520... the height difference is 583 meters... if 530.3520 is added with 176.7840, the
result is too much, around 700... hmm... what should I do? Should I break it down one by
one?"

R : "What do you mean by breaking it down, Jasmine?"

S4 . "adding it up with 176.7840, maybe | should try adding 6.0960 instead"

S4's thought structure was still not aligned with the problem structure. After the final result,
S4 realized that if added with 176.7840, it would exceed 583 meters. S4's effort to overcome
perplexity was by trial and error with the increment of 6.0960, as shown in Figure 6.
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Based on Figure 6, S4 added 54.8640 with 6.0960, resulting in 60.9600. Since this
was still far from the expected 583 meters, S4 continued adding the same value, 60.9600,
and so on, until reaching 583 meters. When reaching 548.0400, S4 did not add with 548.0400
because it would result in thousands. This is in line with S4's statement:

S4 1 "If I add 548.0400, it will be in the thousands... so I'll add 60.9600... the result is 270
years, so in 2023, the height of Anak Krakatau matches its parent volcano in 2023 + 270,

which is 2.293."
R : "Areyou sure 'current' in the problem means 2023?"
S4 1 "Yes, ma’am, it’s 2023. Hmm, wait a minute, if I add this final result with the annual

increment, will it fit the number?"

S4 realized the mistake in calculating the year when Anak Krakatau would match its
parent. This is evidenced by many scribbles. S4 thought 548.6400 could be added with the
annual height increase, which is 6.0960. S4’s written answer during the critical reflection
stage can be seen in Figure 7.
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Figure 7. Elaboration S4 (5)

Next, S4 began calculating the final result obtained, which was 548.0400 plus 6.0960
for five increments. The final result obtained was 579.1200. S4 was confident that this final
answer was close to 583 meters. This aligns with S4's statement:

R : What would be the next step you would take after obtaining the results from the yearly
height increase calculations?

S4 1 "From here I continued adding the annual height increase...so 548.0400 plus 6.0960
equals 554.7360. Added 6.0960 again to get 560.8320. Added 6.0960 again to get
566.9280, and let’s add two years' worth, shall we? So adding 12.1920 results in
579.1200..This is the closest to 583 meters”

This statement indicates that S4 was confident the answer was correct because it was
close to 583 meters. S4’s exploration when continuing the calculation by adding the annual
height increment can be seen in Figure 8.
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Figure 8. Elaboration S4 (6)
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Next, S4 added the “current” year, 2023, with 275, because when Anak Krakatau
reached 579.1200 meters, it took 275 years. S4’s calculation can be seen in Figure 9.

=S5

= L0288 + 275 - 229§ So,_ Mount Anak Kral_<atau will reach the same height
=S as its parent volcano in the year 2298.

Figure 9. Critical Reflection S4

Based on Figure 9, S4 performed an addition operation of the current year with the
obtained year when the height reached 583 meters and wrote a conclusion. In the critical
reflection stage, perplexity occurred, as per the following interview excerpt:

R . "After obtaining the answer, did you check your calculations again?"

S4 1 "Yes, I looked at the calculation again, especially this part, Miss... Hmm... wait, | think |
made a mistake... yaah, wrong again, ma’am..."l calculated 54.8640... that’s just the result
of 6.0960 multiplied by 9, ma'am... not 29. It should be 176.7840 plus 6.0960... I'll calculate
it again.

S4 realized the mistake in the calculation but did not recognize the incomplete
information in the problem. S4 did not try to reread the problem but only rechecked the
calculations. S4's attempt to address perplexity was to recalculate from a height of 176.7840
(starting from 29 years), as shown in Figure 10.
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Figure 10. Elaboration S4 (8)

Based on Figure 10, S4 started the calculation at a height of 176.7840, then added
the annual increase, and so on. The height increase was the result of estimating a number
where the final result did not exceed 583 meters. To verify this, when S4 obtained a result
of 579.1200 meters, they tried adding 6.0960 again and obtained a result that was more than
583 meters, which was 585.2160. S3 was still unsure whether the calculation was correct, so
they rechecked it, as shown in Figure 11.

A

€
ShHES , 92890 a+ 2

te , 1920 -
s7 9 120600

Figure 11. Elaboration S4 (9)
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Next, S4 was convinced that it would take 95 years for the height of the child volcano
to reach 583 meters because if they took 96 years, the result would be more than 583 meters,
which was 585.2160. To find out when Anak Krakatau’s height would match its parent, S3
added the current year, 2023, to 95 years, as shown in Figure 12.

2023 + Qg = Lig
Figure 12. Elaboration S4 (10)

Based on Figure 12, S4 was confident that in the year 2118, the height of Anak
Krakatau would be the same as its parent. This aligns with the following excerpt:

R : "According to Jasmine, does the answer make sense?"
S4 1 "Yes, ma'am, ['ve checked the calculation again, and there’s nothing wrong... this time ['m
sure, ma'am."

The excerpt from the interview indicates that S3 was confident that the obtained
answer was reasonable. Therefore, according to S3, the difficulty in finding the year when
Anak Krakatau would reach 583 meters was resolved by rechecking the calculations. S3 also
made a conclusion, as shown in Figure 13.

Jodt Yoy andk  keukabow  akan  Sekingu ‘-nqunja
quq tuhun 211G

So, Mount Anak Krakatau will reach the same height as its parent
volcano in the year 2118.

Figure 13. Critical Reflection S4

Based on Figure 13, S4 believed that the final answer obtained was reasonable. The
description of S4’s reflective thinking process represents an incomplete clarificative
reflection. The effort to overcome obstacles focused more on rechecking the
calculations/procedural aspects without paying attention to detailed information in the
problem. In the final answer obtained, S4’s thought structure was still not aligned with the
problem. Based on the analysis of S4’s reflective thinking process, the pattern found by the
researcher was incomplete or pseudo clarificative reflection. The detailed process of S4's
mathematical reflective thinking while solving the problem is explained in Table 3.

Table 3. Explanation of S4's reflective thinking process

Code Remarks
MS Determine the year when the height of Anak Krakatau equals that of Krakatau.
a Identify the height of Anak Krakatau.
I Identify the height of Krakatau.
I Identify the units (1 foot = 0.3048 meters).
I3 Identify the annual increase of Anak Krakatau, which is 20 feet per year.

Iy Find the height difference between Krakatau and Anak Krakatau.
S1 Calculate the height difference between Krakatau and Anak Krakatau.
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Code Remarks
E: Divide the height difference by the unit in feet.
E> Recognize the mistake in the approach used.

RK1 Divide the height difference by the annual increase of Anak Krakatau (in feet).
Es Recognize the mistake in the approach used.

RK; Calculate the annual height increase of Anak Krakatau in meters (convert unit concepts:
1 foot = 0.3048 meters using rational number operations, 20 x 0.3048 m).

Es Calculate the height when Anak Krakatau reaches 583 meters by trial and error.
Es Recognize the mistake in the approach used.
RKz  Calculate the height when Anak Krakatau reaches 583 meters by trial and error again.

Es: Identify the current year as 2023.

Is Add the "current year" to the result obtained in step E5’.

Es Recognize the mistake in the approach used.
RKs  Calculate the height when Anak Krakatau reaches 583 meters by trial and error again.
Es» Add the "current year" to the result obtained in step E5”’.

Ee Conclude the answer obtained within the context of the problem.

RKs Reflective Thinking Process

----- Determine the year when the height of Anak Krakatau equals that of Krakatau.

The detailed process of S5's mathematical reflective thinking while solving the
numeracy problem is explained in Table 4.

Table 4. Explanation of S5's reflective thinking process

Code Remarks
MS Determine the year when the height of Anak Krakatau equals that of Krakatau.
a Identify the year when Krakatau erupted.
I1 Identify the annual increase of Anak Krakatau, which is 20 feet per year.
I Identify the height of Anak Krakatau.
I3 Identify the height of Krakatau before it erupted (813 meters).
14 Identify the unit conversion, where 1 foot = 0.3048 meters.
Is Calculate the annual height increase of Anak Krakatau.
S Find the height difference between Krakatau and Anak Krakatau.
Sz Determine the year when Anak Krakatau reaches a height of 583 meters
S3 Calculate the annual height increase of Anak Krakatau by converting units.
E: Calculate the height difference between Krakatau and Anak Krakatau.
E> Recognize the mistake in the approach used.
RK1 Recalculate the height difference between Krakatau and Anak Krakatau.
E, Determine the year when Anak Krakatau reaches a height of 583 meters (the
difference) by multiplying both numerator and denominator by the same number,
10,000.
Es Recognize the mistake in the approach used.
RK> Determine the year when Anak Krakatau reaches a height of 583 meters (the
difference) by rounding the numbers.
Es Identify the current year as 2023.

Is Add the "current year" to the result obtained in step E3’.
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Code Remarks
(= Conclude the answer obtained within the context of the problem

RK3 Determine the year when the height of Anak Krakatau equals that of Krakatau.
----- Identify the year when Krakatau erupted.

The process of S4’s and S5’sincomplete clarificative reflection while solving
numerical problems can be seen in Figure 14.

Figure 14. Mathematical reflective thinking S4 and S5

Next, incomplete or pseudo-clarificatory reflection was observed in DF students,
specifically S4 and S5. When faced with perplexity, S4 and S5 repeatedly conducted
investigations by clarifying information when identifying it, clarifying while choosing the
operations to use, clarifying during calculations involving division of integers and rational
numbers, recalling formulas needed to solve the problem, but did not monitor the solution
process. DF students made mistakes during the reaction stage, resulting in inaccurate
solutions. Upon reaching the final answer, DF students did not monitor the solution process
or think it through thoroughly. For instance, when DF students obtained a final result of
2120.16 in the context of a year, they could not decide to round it to 2121, as the remaining
0.16 indicated the following year. This means that DF students were unable to analyze
arguments from multiple perspectives and assess if there were deeper implications. This
became a research finding on DF students' characteristics, showing they do not engage in
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the process of "result in context,” which means they lack the ability to understand, interpret,
and use numerical results (numbers or data) in concrete or situational contexts. It also
includes the ability to link numbers to real situations, make appropriate interpretations, and
take corresponding actions based on those numerical results.

3.2. Discussion

Seventh-grade students, most of whom have a DF cognitive style, often face
difficulties in solving numeracy problems. To help them achieve the expected competencies,
scaffolding can be provided (Reiser, 2003). Generally, scaffolding can take the form of
modeling, providing hints, asking questions, instructing, explaining, and giving feedback
(van de Pol et al., 2015). Scaffolding guidelines are structured based on the students'
difficulties or problems, enabling them to reach higher levels of ability. The scaffolding
guidelines in this study serve as a form of learning assistance for DF students to improve
their reflective thinking skills in solving numeracy problems.

In this study, scaffolding was integrated with the Project-Based Learning (PjBL)
model and was included in the teacher's guidebook, which had been validated by experts.
The implementation took place over eight sessions, conducted in the classroom and utilizing
the laboratory. Initially, students were not accustomed to the application of this innovative
model and often complained about the numeracy problems given. To address this,
researchers provided engaging learning resources and guidance to help students access
learning materials at home. This strategy facilitated FI students who tend to learn
independently and rely less on others.

For the first syntax, identifying fundamental questions, the teacher introduced
integers using students' prior knowledge of natural numbers. This approach aligns with
Gallardo (2002), who stated that students can learn about integers by transitioning from
natural numbers, from arithmetic to algebra. For example, we know that the addition of
natural numbers will result in a natural number, such as 4 + 5 =9, where 4, 5, and 9 are
members of the set of natural numbers. If presented in a general form, we geta + b = ...,
which will also yield a natural number, later called c, so the equation becomes a + b = ¢
where a, b, and c¢ are natural numbers. However, a different fact is found when presenting
an equation in the form a + ... = ¢, where a and c are natural numbers. To complete this
equation, it is not always possible to do so with natural numbers. For example, 4 + ... = 9
can be solved using fingers to find 5 to complete the equation. Next, if presented with 9 + ...
= 4, how can this equation be solved to be true? Obviously, this cannot be done using only
the domain of natural numbers; we need to expand the domain of numbers used. This activity
stimulates students to think reflectively by connecting or relating integers to natural
numbers. Scaffolding at this stage is provided at level 2, and the teacher also prepares
concrete and digital media (Scaffolding level 1) to help relate integer learning to real life.
The importance of linking mathematical processes with real life or familiar contexts for
students has been revealed in several studies.

Next, in steps 2, 3, and 4 of the PjJBL model, which are designing project plans,
creating schedules, and monitoring, students worked on projects related to integers and
rational numbers in groups, such as finding temperature values in various countries, daily
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pocket money, mobile phone battery usage within a day (related to percentages), etc. While
working in teams, students develop skills in planning, organizing, negotiating, and solving
problems related to the tasks to be completed, determining who is responsible for each task,
and how information will be gathered and presented (Noviyana, 2017). If students encounter
difficulties in completing tasks on their own, full and continuous instructional support is
needed; in this case, a guidance approach (scaffolding) helps students build understanding
of new knowledge and processes (Bature & Jibrin, 2015). Projects are designed to allow
students to learn by doing and apply ideas in real-world activities similar to those performed
by professionals (Krajcik & Shin, 2014). The scaffolding provided at this stage is level 2.

In the fifth stage, which is evaluating project work, students present their projects to
review the work done collaboratively. Project-based learning is a learning approach that
gives students the freedom to plan learning activities, carry out projects collaboratively, and
ultimately produce work products that can be presented to others (Greenier, 2020; Jacobsen
& Bgrsen, 2019; Kokotsaki et al., 2016; MacLeod & van der Veen, 2020). At this stage, the
teacher's role is to assign and provide tasks that actively engage students in thinking,
encourage and carefully listen to ideas presented by students both verbally and in writing,
consider and provide information on what is explored during discussions, and monitor,
assess, and encourage students to participate actively, which can be presented so that
students' problem-solving skills improve (Gunawan et al., 2023).

Evaluating students' learning experiences is the final stage of the PjBL model. The
teacher and students reflect on the activities and results of the projects that have been
completed. The teacher provides feedback, which ultimately leads to new findings to address
the problems posed in the first stage of learning. The scaffolding provided at this stage is
level 3, which involves encouraging reflective discussions. Teachers can facilitate reflective
discussions among students to help them gain a deeper understanding of their experiences in
the project or task. Teachers can ask questions that help students reflect on their experiences
and think about ways to improve future projects or tasks. Scaffolding in PjBL should be
flexible and adjusted to the students' level of understanding and ability. This allows them to
progressively take responsibility for their own learning in the context of the projects they are
working on (Waiyakoon et al., 2015). The findings of this study can provide a basis for
designing differentiated learning that focuses on enhancing reflective thinking skills,
especially in the context of numeracy, through technology, models, pedagogy, or other
learning strategies.

4. CONCLUSION

In the Reacting stage, DF students read the problem in its entirety and are able to
absorb the information well, but they struggle to record it completely. They identify
information by recalling previously learned concepts and applying them based on
experience. However, they are unable to interpret the problem using mathematical symbols.
DF students find it difficult to extract key information from word problems because they are
overly focused on the overall context. As a result, they tend to be slow in identifying the
essential elements needed to solve the problem. In the Seeking Possible Solution stage, these
students rely heavily on teacher instructions before they begin solving the problem. They
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may not trust their ability to tackle the problem independently without external help.
Consequently, DF students depend on examples and written steps. They tend to seek
concrete examples or written steps provided by the teacher or textbooks to understand how
to solve numeracy problems. These students struggle to develop mathematical concept
understanding on their own and are often not flexible in adapting strategies when faced with
slightly different numeracy problems because they tend to follow what has been previously
taught.

In the Elaboration stage, DF students solve problems without prior consideration and
directly execute the solution. Students with reflective thinking ability are willing to correct
mistakes and solve problems by recalling methods they have observed from previous
experiences. In the Critical Reflection stage, DF students believe the final answer they have
obtained is correct but are unable to connect this final answer to real-life situations. This
study is limited to problem-solving in the numeracy domain of numbers. Other contexts,
such as algebra, geometry, data, and uncertainty, have not been explored, leaving
opportunities for future researchers to develop suitable scaffolding. Furthermore, the
scaffolding designed in this study has not been implemented in a classroom setting to assess
its effectiveness in enhancing mathematical reflective thinking skills.

Acknowledgments

The authors would like to express gratitude to to Ministry of Education, Culture,
Research and Technology, Directorate General of Higher Education, Research, and
Technology.

Declarations

Author Contribution : S: Conceptualization, Visualization, Writing - original draft, and
Writing - review & editing; G: Conceptualization,
Visualization, Writing - original draft, and Writing - review &
editing; SBW: Formal analysis, Methodology, and Writing -
review & editing; YLS: Formal analysis, Methodology, and
Writing - review & editing; ANC: Formal analysis,
Methodology, and Writing - review & editing; M:
Conceptualization, Visualization, Writing - original draft, and
Writing - review & editing; WY Writing - review & editing.

Funding Statement : This research was funded by the director general of
Strengthening Research and Development with the Ministry of
Research, Technology and Higher Education of the Republic of
Indonesia for supporting and funding this research.

Conflict of Interest : The authors declare no conflict of interest.

Additional Information  : Additional information is available for this paper.



Iy volume 14, No 2, 2025, pp. 531-550 547

REFERENCES

Akbar, F. N., Kusmayadi, T. A., & Fitriana, L. (2022). Pre-reflective thinking in solving
PISA-like questions in terms of self-confidence. AIP Conference Proceedings,
2566(1), 020002. https://doi.org/10.1063/5.0116609

Antonio, R. P. (2020). Developing students' reflective thinking skills in a metacognitive and
argument-driven learning environment. International Journal of Research in
Education and Science, 6(3), 467-483.

Baron, J. (1981). Reflective thinking as a goal of education. Intelligence, 5(4), 291-309.
https://doi.org/10.1016/0160-2896(81)90021-0

Bature, 1. J., & Jibrin, A. G. (2015). The perception of preservice mathematics teachers on
the role of scaffolding in achieving quality mathematics classroom instruction.
International Journal of Education in Mathematics, Science and Technology, 3(4),
275-287.

Blackburn, J. J., Robinson, J. S., & Kacal, A. (2015). Determining the effects of reflection
type and cognitive style on students' content knowledge. Journal of Agricultural
Education, 56(3), 195-209. https://doi.org/10.5032/jae.2015.03195

Ceylan, O. (2024). Changes in scientific process skills and reflective thinking skills towards
problem-solving of gifted students: a summer school practice. Reflective Practice,
25(3), 286-303. https://doi.org/10.1080/14623943.2024.2314012

Creswell, J. W., & Creswell, J. D. (2017). Research design: Qualitative, quantitative, and
mixed methods approaches. Sage publications.

Ekawati, M., & Asih, E. C. M. (2019). Mathematical reflective thinking process based on
cognitive style. Journal of Physics: Conference Series, 1211(1), 012069.
https://doi.org/10.1088/1742-6596/1211/1/012069

Gallardo, A. (2002). The extension of the natural-number domain to the integers in the
transition from arithmetic to algebra. Educational Studies in Mathematics, 49(2),
171-192. https://doi.org/10.1023/A:1016210906658

Ghanizadeh, A., & Jahedizadeh, S. (2017). Validating the Persian version of reflective
thinking questionnaire and probing Iranian university students' reflective thinking
and academic achievement. International Journal of Instruction, 10(3), 209-226.
https://doi.org/10.12973/iji.2017.10314a

Greenier, V. T. (2020). The 10Cs of project-based learning TESOL curriculum. Innovation
in Language Learning and Teaching, 14(1), 27-36.
https://doi.org/10.1080/17501229.2018.1473405

Gunawan, G., Ulia, N., Akhsani, L., & Untarti, R. (2023). Statistical literacy process of
prospective mathematics teachers: A case study of Pisa model Problems. Journal of
Higher Education Theory & Practice, 23(7), 45-58.
https://doi.org/10.33423/jhetp.v23i7.6011

Hendriana, H., Putra, H. D., & Hidayat, W. (2019). How to design teaching materials to
improve the ability of mathematical reflective thinking of senior high school students
in Indonesia? Eurasia Journal of Mathematics, Science and Technology Education,
15(12), em1790. https://doi.org/10.29333/ejmste/112033


https://doi.org/10.1063/5.0116609
https://doi.org/10.1016/0160-2896(81)90021-0
https://doi.org/10.5032/jae.2015.03195
https://doi.org/10.1080/14623943.2024.2314012
https://doi.org/10.1088/1742-6596/1211/1/012069
https://doi.org/10.1023/A:1016210906658
https://doi.org/10.12973/iji.2017.10314a
https://doi.org/10.1080/17501229.2018.1473405
https://doi.org/10.33423/jhetp.v23i7.6011
https://doi.org/10.29333/ejmste/112033

548 Setiyani et al., The role of scaffolding in shaping reflective mathematical thinking ...

Huertas, A., Lopez, O., & Sanabria, L. (2017). Influence of a metacognitive scaffolding for
information search in B- learning courses on learning achievement and its
relationship with cognitive and learning style. Journal of Educational Computing
Research, 55(2), 147-171. https://doi.org/10.1177/0735633116656634

Jacobsen, A.J., & Bersen, T. (2019). Students’ positioning in transdisciplinary project-based
learning. In A. A. Jensen, D. Stentoft, & O. Ravn (Eds.), Interdisciplinarity and
problem-based learning in higher education. Innovation and change in professional
education (pp. 117-132). Springer International Publishing.
https://doi.org/10.1007/978-3-030-18842-9_10

Katranci, Y., & Sengiil, S. (2020). The evaluation of inquiry learning skills towards math of
middle school students in terms of inquiring, evaluating, reasoning, and reflective-
thinking skills for problem-solving. Egitim Ve Bilim, 45(201), 55-78.
https://doi.org/10.15390/EB.2020.7765

Kepner, M. D., & Neimark, E. D. (1984). Test—retest reliability and differential patterns of
score change on the Group Embedded Figures Test. Journal of Personality and
Social Psychology, 46(6), 1405-1413. https://doi.org/10.1037/0022-3514.46.6.1405

Kholid, M. N., Santosa, Y. T., Toh, T. L., Wijaya, A. P., Sujadi, I., & Hendriana, H. (2024).
Defragmenting students’ reflective thinking levels for mathematical problem
solving:  does it work?  Reflective  Practice, 25(3), 319-351.
https://doi.org/10.1080/14623943.2024.2320140

Kokotsaki, D., Menzies, V., & Wiggins, A. (2016). Project-based learning: A review of the
literature. Improving Schools, 19(3), 267-277.
https://doi.org/10.1177/1365480216659733

Krajcik, J. S., & Shin, N. (2014). Project-based learning. In R. K. Sawyer (Ed.), The
Cambridge handbook of the learning sciences (pp. 275-297). Cambridge University
Press. https://doi.org/10.1017/CB09781139519526.018

Lee, H.-J. (2005). Understanding and assessing preservice teachers' reflective thinking.
Teaching and Teacher Education, 21(6), 699-715.
https://doi.org/10.1016/j.tate.2005.05.007

Lee, O., & Park, E.-y. (2014). A comparison of reflective thinking type in students with and
without writing disabilities. International Information Institute (Tokyo). Information,
17(9A), 4095-4100.

MacLeod, M., & van der Veen, J. T. (2020). Scaffolding interdisciplinary project-based
learning: a case study. European Journal of Engineering Education, 45(3), 363-377.
https://doi.org/10.1080/03043797.2019.1646210

Miles, M. B., & Huberman, A. M. (1994). Qualitative data analysis: An expanded
sourcebook. Sage.

Milner, M., & Wolfer, T. A. (2023). Using the reflective judgment model to understand and
appraise effective reasoning by social work students. Journal of Social Work
Education, 59(1), 78-90. https://doi.org/10.1080/10437797.2021.1970064

Mohamad, S. K., & Tasir, Z. (2023). Exploring how feedback through questioning may
influence reflective thinking skills based on association rules mining technique.
Thinking Skills and Creativity, 47, 101231.
https://doi.org/10.1016/j.tsc.2023.101231


https://doi.org/10.1177/0735633116656634
https://doi.org/10.1007/978-3-030-18842-9_10
https://doi.org/10.15390/EB.2020.7765
https://doi.org/10.1037/0022-3514.46.6.1405
https://doi.org/10.1080/14623943.2024.2320140
https://doi.org/10.1177/1365480216659733
https://doi.org/10.1017/CBO9781139519526.018
https://doi.org/10.1016/j.tate.2005.05.007
https://doi.org/10.1080/03043797.2019.1646210
https://doi.org/10.1080/10437797.2021.1970064
https://doi.org/10.1016/j.tsc.2023.101231

Iy volume 14, No 2, 2025, pp. 531-550 549

Noviyana, H. (2017). Pengaruh model project based learning terhadap kemampuan berpikir
kreatif matematika siswa [The influence of the project based learning model on
students' creative mathematical thinking skills]. JURNAL e-DuMath, 3(2), 110-117.

Putra, Y. Y., Zulkardi, Z., & Hartono, Y. (2016). Pengembangan soal matematika model
PISA konten bilangan untuk mengetahui kemampuan literasi matematika siswa
[Development of PISA model mathematics questions with number content to
determine students' mathematical literacy abilities]. Jurnal Elemen, 2(1), 14-26.
https://doi.org/10.29408/jel.v2i1.175

Reiser, B. J. (2003). Why scaffolding should sometimes make tasks more difficult for
learners Proceedings of the Conference on Computer Support for Collaborative
Learning: Foundations for a CSCL Community, Boulder, Colorado.

Sa'dijah, C., Kholid, M. N., Hidayanto, E., & Permadi, H. (2020). Reflective thinking
characteristics: a study in the proficient mathematics prospective teachers. Infinity
Journal, 9(2), 159-172. https://doi.org/10.22460/infinity.v9i2.p159-172

Setiyani, S., Waluya, S. B., Sukestiyarno, Y. L., & Cahyono, A. N. (2022). Mathematical
reflective thinking process of prospective elementary teachers review from the
disposition in numerical literacy problems. International Journal of Educational
Methodology, 8(3), 405-420. https://doi.org/10.12973/ijem.8.3.405

Setiyani, S., Waluya, S. B., Sukestiyarno, Y. L., & Cahyono, A. N. (2024). Construction of
reflective thinking: A field independent student in numerical problems. Journal on
Mathematics Education, 15(1), 151-172. https://doi.org/10.22342/jme.v15il.pp151-
172

Setiyani, S., Waluya, S. B., Sukestiyarno, Y. L., Cahyono, A. N., & Santi, D. P. D. (2024).
Assessing numeracy skills on flat shapes and scaffolding forms in junior high school.
International Journal of Evaluation and Research in Education (IJERE), 13(1), 422-
432. https://doi.org/10.11591/ijere.v13i1.25186

Subekti, F. E., Sukestiyarno, Y. L., & Rosyida, I. (2022). Mathematics pre-service teachers'
numerical thinking profiles. European Journal of Educational Research, 11(2),
1075-1087. https://doi.org/10.12973/eu-jer.11.2.1075

Stmen, O. O. (2023). Reflective thinking in the problem-solving process: A model proposal.
Sakarya University Journal of Education, 13(1), 6-23.
https://doi.org/10.19126/suje.970213

Syamsuddin, A., Juniati, D., & Siswono, T. Y. E. (2020). Understanding the problem solving
strategy based on cognitive style as a tool to investigate reflective thinking process
of prospective teacher. Universal Journal of Educational Research, 8(6), 2614-2620.
https://doi.org/10.13189/ujer.2020.080644

Tan, C. (2014). Reflective thinking for intelligence analysis using a case study. Reflective
Practice, 15(2), 218-231. https://doi.org/10.1080/14623943.2013.868792

Toraman, C., Orakci, S., & Aktan, O. (2020). Analysis of the relationships between
mathematics achievement, reflective thinking of problem solving and metacognitive
awareness. International Journal of Progressive Education, 16(2), 72-90.

van de Pol, J., Volman, M., Oort, F., & Beishuizen, J. (2015). The effects of scaffolding in
the classroom: support contingency and student independent working time in relation


https://doi.org/10.29408/jel.v2i1.175
https://doi.org/10.22460/infinity.v9i2.p159-172
https://doi.org/10.12973/ijem.8.3.405
https://doi.org/10.22342/jme.v15i1.pp151-172
https://doi.org/10.22342/jme.v15i1.pp151-172
https://doi.org/10.11591/ijere.v13i1.25186
https://doi.org/10.12973/eu-jer.11.2.1075
https://doi.org/10.19126/suje.970213
https://doi.org/10.13189/ujer.2020.080644
https://doi.org/10.1080/14623943.2013.868792

550 Setiyani et al., The role of scaffolding in shaping reflective mathematical thinking ...

to student achievement, task effort and appreciation of support. Instructional Science,
43(5), 615-641. https://doi.org/10.1007/s11251-015-9351-z

Verawati, N. N. S. P., Hikmawati, H., & Prayogi, S. (2020). The effectiveness of inquiry
learning models intervened by reflective processes to promote critical thinking
ability in terms of cognitive style. International Journal of Emerging Technologies
in Learning (1JET), 15(16), 212-220. https://doi.org/10.3991/ijet.v15i16.14687

Waiyakoon, S., Khlaisang, J., & Koraneekij, P. (2015). Development of an instructional
learning object design model for tablets using game-based learning with scaffolding
to enhance mathematical concepts for mathematic learning disability students.
Procedia - Social and Behavioral Sciences, 174, 1489-1496.
https://doi.org/10.1016/j.sbspro.2015.01.779

Whalen, K., & Paez, A. (2019). Development of a new framework to guide, assess, and
evaluate student reflections in a university sustainability course. Teaching and
Learning Inquiry, 7(1), 55-77. https://doi.org/10.20343/teachlearninqu.7.1.5

Wijaya, T. T., Hidayat, W., Hermita, N., Alim, J. A., & Talib, C. A. (2024). Exploring
contributing factors to PISA 2022 mathematics achievement: Insights from
Indonesian teachers. Infinity Journal, 13(1), 139-156.
https://doi.org/10.22460/infinity.v13i1.p139-156

Witkin, H. A., Moore, C. A., Goodenough, D., & Cox, P. W. (1977). Field-dependent and
field-independent cognitive styles and their educational implications. Review of
Educational Research, 47(1), 1-64. https://doi.org/10.3102/00346543047001001

Zehavi, N., & Mann, G. (2005). Instrumented techniques and reflective thinking in analytic
geometry. The Mathematics Enthusiast, 2(2), 83-92. https://doi.org/10.54870/1551-
3440.1025

Zerdali, E., & Egmir, E. (2025). Examining The relationship between secondary school
students' reflective thinking skills for problem solving and metacognitive awareness.
International Journal of Education in Mathematics, Science, and Technology, 13(1),
224-243.


https://doi.org/10.1007/s11251-015-9351-z
https://doi.org/10.3991/ijet.v15i16.14687
https://doi.org/10.1016/j.sbspro.2015.01.779
https://doi.org/10.20343/teachlearninqu.7.1.5
https://doi.org/10.22460/infinity.v13i1.p139-156
https://doi.org/10.3102/00346543047001001
https://doi.org/10.54870/1551-3440.1025
https://doi.org/10.54870/1551-3440.1025

