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ABSTRACT

Mathematical creative thinking is essential for problem solving because it enables students
to generate multiple solutions, apply diverse strategies, and develop relatively novel
approaches. However, classifying students’ creative-thinking levels does not indicate
where difficulties occur during problem solving. This study aimed to describe the
diagnostic profile of elementary school students’ mathematical creative thinking in
problem solving through Newman Error Analysis (NEA). A qualitative multiple-case
study was conducted with 29 sixth-grade students at St. Clara Catholic Elementary School
in Tomohon. Students completed an open-ended problem-solving task assessing fluency,
flexibility, and novelty and were classified into MCTL levels 0—4. One student
representing each MCTL level was purposively selected for semi-structured interviews
based on the five NEA stages: reading, comprehension, transformation, process skills, and
encoding. The findings showed that MCTL 2 was the most prevalent level (34.5%).
Students at lower MCTL levels tended to experience difficulties in comprehension and
transformation, whereas those at higher levels generally understood and transformed
problems appropriately but still experienced procedural and encoding errors.
Transformation emerged as an important intersection between mathematical creative
thinking, particularly flexibility and novelty, and problem-solving difficulties. Integrating
MCTL and NEA provides a more informative diagnostic profile for designing adaptive
scaffolding based on students’ creative-thinking characteristics and problem-solving
needs.

This is an open access article under the CC—BY-SA license.
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INTRODUCTION

Mathematical creative thinking is an important ability to be developed in mathematics learning because problem
solving requires students not only to obtain correct answers but also to generate alternative solutions, apply diverse strategies,
and develop relatively novel approaches (De Vink et al., 2022). In mathematical problem solving, creativity can be manifested
through fluency, flexibility, and novelty. Fluency refers to the ability to generate several relevant and correct responses or
solutions; flexibility refers to the ability to use different strategies, methods, or representations; and novelty refers to the
ability to generate solutions that are relatively new within the students’ context. These three characteristics have been widely
recognized as important dimensions of mathematical creativity in problem solving and problem posing (Assmus & Fritzlar,
2022; Bruhn & Liiken, 2023; Silver, 1997).

The characteristics of fluency, flexibility, and novelty can be used to distinguish levels of students’ mathematical
creative thinking. (Siswono, 2011) developed a five-level classification of creative thinking, ranging from MCTL 0 to MCTL
4. This classification reflects differences in the combination and quality of creativity indicators demonstrated by students
when solving mathematical problems. Students at MCTL 0 demonstrate none of the three indicators, whereas students at
higher levels demonstrate increasingly complex combinations of fluency, flexibility, and novelty. Such a classification is
useful for describing the level of students’ mathematical creative thinking; however, it primarily indicates what level of
creativity students demonstrate rather than where and why difficulties occur during the problem-solving process.

This limitation is important because students who are classified at the same level of mathematical creative thinking
may experience different types of difficulties. A student may have difficulty understanding the information contained in a
problem, while another student may understand the problem but be unable to transform it into an appropriate mathematical
representation or alternative strategy. Therefore, classification of creative-thinking levels needs to be complemented by a
diagnostic analysis of the problem-solving process. Such an analysis can provide more specific information for developing
feedback and instructional support based on students’ individual characteristics and difficulties (Ndolu & Lalang, 2023;
Tollner et al., 2025; Van Den Berg et al., 2016).

One framework that can be used to identify difficulties in mathematical problem solving is Newman Error Analysis
(NEA). Newman (1977) identified five stages that students need to successfully pass through when solving mathematical
problems: reading, comprehension, transformation, process skills, and encoding. These stages provide a systematic pathway
for identifying difficulties, beginning with recognizing and interpreting information in the problem, transforming the
information into an appropriate mathematical model or strategy, carrying out the required procedures, and communicating
the final answer. Recent studies have shown that students’ difficulties are not limited to computational procedures but may
also arise during comprehension and transformation, particularly when solving contextual mathematical problems (Fatawu
et al., 2023; Maghfiroh & Wahyuningsih, 2024; Niluh Lisa Arianti et al., 2025).

The integration of NEA with mathematical creative thinking is particularly relevant at the transformation stage.
Transformation requires students to move beyond understanding the information presented in a problem and translate it into
a mathematical model, representation, operation, or solution strategy (Lu & Kaiser, 2022). This process is closely related to
flexibility because students may need to consider and compare different ways of representing or solving a problem (Bicer,
2021). It may also be related to novelty when students restructure the given information and construct an approach that differs
from conventional procedures. (Schoevers et al., 2020) emphasized that mathematical creativity involves an interaction
between domain-general creative abilities and domain-specific mathematical skills, while (Elgrably & Leikin, 2021)
demonstrated the relevance of problem-solving expertise to the generation of new mathematical problems and strategies.
Thus, examining the transformation stage may provide insight into how students’ creative-thinking characteristics are
manifested in the problem-solving process.

Nevertheless, mathematical creative thinking and NEA represent different analytical perspectives and should not be
treated as identical constructs. MCTL is used in this study to describe the characteristics and level of students’ mathematical
creativity based on fluency, flexibility, and novelty, whereas NEA is used to identify the location and characteristics of
difficulties within the problem-solving process. Their integration can therefore provide complementary information: MCTL
indicates the quality of students’ creative thinking, while NEA indicates the stage at which problem-solving difficulties occur.
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This distinction provides a basis for developing a more informative diagnostic profile of students’ mathematical creative
thinking.

Previous research has begun to examine the connection between Newman Error Analysis and mathematical creative
thinking. (Kartono & Suciawati, 2025), for example, mapped the five Newman stages onto dimensions of creative thinking
in contextual problem solving and found that difficulties were more frequently observed at the transformation, process skills,
and encoding stages. Their study provides important evidence that NEA can be considered alongside mathematical creative
thinking in examining students’ problem-solving processes. However, the study involved 25 eighth-grade students and
focused on relations and functions at the junior secondary level. Consequently, less is known about how Newman error
patterns are manifested across different levels of mathematical creative thinking among elementary school students,
particularly when solving open-ended geometry problems.

The present study addresses this gap by focusing on sixth-grade elementary school students and examining Newman
error patterns across MCTL levels 0—4 using fluency, flexibility, and novelty as indicators of mathematical creative thinking.
Rather than examining NEA and creativity as separate constructs, this study maps the five Newman stages onto students
representing different MCTL levels to identify patterns in the location and type of problem-solving difficulties. The study
was conducted at the beginning of the semester, after students had previously learned about the area and perimeter of plane
figures but before classroom instruction was specifically directed toward developing mathematical creative thinking.
Therefore, the findings are positioned as an initial diagnostic profile or baseline of students’ mathematical creative thinking
and problem-solving difficulties.

Based on this rationale, this study aims to describe a diagnostic profile of sixth-grade students’ mathematical creative
thinking in problem solving based on Newman Error Analysis. Specifically, the study examines patterns of reading,
comprehension, transformation, process skills, and encoding among students representing MCTL levels 0—4 and identifies
possible intersections between the creativity indicators of fluency, flexibility, and novelty and the stages of Newman Error
Analysis.

METHOD

This study employed a qualitative approach with a multiple-case study design. The design was selected because the
study aimed not only to classify students according to their levels of mathematical creative thinking but also to examine the
thinking processes underlying their responses and errors when solving mathematical problems. The multiple-case study
design enabled an in-depth analysis (Rashid et al., 2019) of students’ mathematical creative-thinking characteristics and
problem-solving difficulties using Newman Error Analysis (NEA). 29 sixth-grade students from St. Clara Catholic
Elementary School in Tomohon, North Sulawesi, Indonesia, participated in the study during July—August 2026. All students
had previously learned the mathematical content addressed in the research task, particularly the area and perimeter of plane
figures. Data collection took place at the beginning of the semester, before classroom instruction specifically aimed at
developing mathematical creative thinking was implemented. This timing allowed students’ performance to be examined as
an initial diagnostic profile of their mathematical creative-thinking abilities. All students first completed an open-ended
mathematical problem-solving test and were then classified into MCTL levels based on (Siswono, 2011). Subsequently, one
student from each MCTL level (MCTL 0—4) was purposively selected as a focal participant for a semi-structured interview,
resulting in five focal participants. Selection was based on the completeness of the written responses, the students’ ability to
explain their problem-solving processes, and their willingness to participate in the interview.

Table 1. Indicators of Mathematical Creative Thinking

Indicator Description

Fluency Students can solve mathematical problems with appropriate and correct answers that are not
limited to a single response, although the solution method may remain the same.

Flexibility Students can solve mathematical problems using several different strategies or solution

methods while obtaining the same correct answer.
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Novelty Students can find a mathematical solution using a new approach expressed in their own words
or different from their peers, an uncommon approach, or a solution that has not previously been
taught by the teacher and is constructed by the student.

Source: Researcher, adapted from (Ndolu & Lalang, 2023)
Table 2. Criteria for Classification of Mathematical Creative Thinking Levels

Level Creativity Characteristic

MCTL 0 Students are unable to demonstrate the three indicators of creative thinking in solving
mathematical problems.

MCTL 1 Students demonstrate only fluency in solving mathematical problems correctly.

MCTL 2 Students demonstrate novelty or flexibility in solving mathematical problems correctly.

MCTL 3 Students demonstrate fluency and novelty or fluency and flexibility in solving mathematical
problems correctly.

MCTL 4 Students demonstrate all three indicators fluency, flexibility, and novelty in solving mathematical

problems accurately and correctly.
Source: Researcher, adapted from (Siswono, 2011)

The research instruments consisted of: (1) an open-ended mathematical problem-solving test developed based on
the mathematical creativity indicators of fluency, flexibility, and novelty (Sa’dijah et al., 2019; Silver, 1997); and (2) a semi-
structured interview guide referring to the five stages of Newman Error Analysis, namely reading, comprehension,
transformation, process skills, and encoding. The test used was adapted from the instrument developed by (Ndolu & Lalang,
2023), with adjustments to the students’ context and the research objectives. The content suitability and readability of the
problems were examined before use through expert review and a limited readability test.

The research was conducted through four stages: (1) administration of the problem-solving test; (2) analysis of
creative thinking to determine the MCTL level; (3) selection of research participants; and (4) interviews based on Newman
Error Analysis. Data were analyzed sequentially by identifying mathematical creativity indicators (Ndolu & Lalang, 2023),
classifying MCTL levels (Siswono, 2011), analyzing errors using Newman Error Analysis (Newman, 1977; Singh et al.,
2010), and then conducting cross-case analysis to construct a diagnostic profile of mathematical creative thinking at each
MCTL level.

Data trustworthiness was maintained through technique triangulation by comparing test and interview results,
member checking with participants, and peer debriefing with a mathematics education expert to enhance the credibility of
the findings. The following presents the research implementation flow.

Open-ended A%?H:Iiliy()f: Sl Purposive
Task Flexibility. of MCTL Sampling
Novelty =
- |
Semi-Structured

Interview Based on
Newman Error

Analysis Diagnostic Profile of

il | Crosscase Mathematical Creative
X Analysis T
* Comprehension Thinking Ability
* Transformation
*Process Skills
*Encoding

Picture 1. Research Implementation Flow
Source: Authors’ design based on the research procedures.
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RESULT AND DISCUSSION

Results
Profile of Mathematical Creative-Thinking Levels (MCTL)

Test analysis showed that students’ mathematical creative thinking varied across MCTL levels. Of the 29
respondents: 2 students were classified as MCTL 0; 7 as MCTL 1; 10 as MCTL 2; 6 as MCTL 3; and 4 as MCTL 4. The
distribution of students’ creative-thinking levels is presented below.

mEMCTL 0
= MCTL 1
= MCTL 2

MCTL 3
= MCTL 4

Diagram 1. Level of Mathematical Creative Thinking Ability
Source: Authors’ Analysis Based on the Research Data.

The distribution indicates that students’ mathematical creative thinking at the beginning of the semester was
relatively diverse. Because this study is diagnostic in nature, the distribution is not used to represent the creativity level of
the elementary-school student population in general.

Error Patterns Based on Newman Error Analysis

The Newman Error Analysis indicated that error patterns differed across levels of creative thinking. Students at
lower MCTL levels tended to experience errors beginning at the comprehension and transformation stages, whereas students
at higher MCTL levels were generally able to understand and transform the problems but could still make errors at the process
skills or encoding stages.

Table 3. Participant 1 with MCTL 0

Reading The student was able to read the problem text; however, inappropriate phrasing while reading
made it difficult for the student to recognize and understand the intended meaning of the
problem. When asked to read the problem again, the student continued to mis-segment several
key parts of the text, particularly around the term “difference” and the measurement symbols.
During the interview, the student stated, “I can read all the sentences in the problem, but I am

confused about the meaning of the word ‘difference’ and the measurement symbols.”
Comprehension tf; EH ai[‘;_if_l‘ﬂ“*mll i1 The student could not understand the purpose of the problem
and could not accurately identify what was given and what
was asked. The student stated: “I read the problem

Apa vang ditanya pada soal:

. TP repeatedly, but I was confused about what to write as the
Lyl given information. I did not really understand what was being
asked.”
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=

Transformation
| The student could not transform the verbal problem into an
‘ appropriate mathematical model or formula and was unsure which

. operation to use. The student stated: “I did not know which formula
D to use, so I just added the numbers for the measurements as I

remembered.”

Process Skills "“"“'"
The student made fundamental calculation errors and could not
proceed correctly. The student stated: “I just calculated the numbers
without really knowing what to do. I filled in the answer, but when I

D multiplied, the result was wrong.”

The student stopped at the final numerical calculation and did not
provide a complete conclusion or appropriate unit. The student
stated: “I only stopped at the last number. I did not know how to

Encoding write the final conclusion or the unit.”

Source: Student Work, Research Documentation (2026)
Table 4. Participant 2 with MCTL 1

Reading No error was identified. The student could read and identify the basic information in the
problem.
Comprehension

An error was identified. The student did not fully understand the relationships among the
information in the problem and tended to use the available numbers without explaining
their meaning. This was consistent with the interview response: “I was confused about
what the numbers in the problem were for, so I just put the numbers into a calculation.”
Transformation =~ === —
|

] L

o 5s k%
r“l | afn Y _31:1.'----.*"751'
L 1 . AP llil"‘_ "
™ BEm iz 415 |
Bw ¥

1
An error was identified. The student had difficulty transforming the contextual problem

into a mathematical model and determining how to separate or combine the parts of the
figure. This was consistent with the interview response: “I was confused about how to cut
the picture, so I just wrote the formula without separating it into two figures.”
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An error was identified. The student made errors in applying the area formula and
performing calculations. This was consistent with the interview response: “I was in a
hurry when calculating and was not careful, so there were numbers and formulas that I
calculated incorrectly.”

Frscwam . [
-

I“' =

[.h'l_l Ein J{: F'ﬂl .u_ﬁ.: i
Encoding = Em ﬁ'

An error was identiﬁed. The student was unable to state a final conclusion in accordance
with the problem context. The student stated: “I was confused about how to write the
answer sentence, so I just calculated to the bottom and stopped.”

Source: Student Work, Research Documentation (2026)

Table 5. Participant 3 with MCTL 2

Reading No error was identified. The student could read and recognize relevant 1nformat10n
Comprehension T .’,‘nN ol Fenboh A g == I
|F) PRy o

2 900 Stund -,c"altnm.h :.vnu N"" Wt onl b
S Po‘u-: Mo Dod,

No error was identified. The student understood the given and requested information. The
student stated: “I understand the problem because the lengths and widths of each figure
are given, and what is asked is the area of the combined figure, so I immediately wrote

all the given 1nformat10n on my answer sheet

| =

Transformation | |
W oen? i

An error was identified. The student still had difficulty determining a creative solution.
Although the student understood the problem, an alternative strategy for finding the area
of the composite figure was not developed. The student stated: “I know the given
measurements and that I have to find the total area, but I was confused about using another
way to divide the figure, so I used the one way that is usually taught.”
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An error was identified. During the work, the student made errors in applying formulas
and performing calculations. The student stated: “I know the problem gives the length
and width, but when I calculated the area by multiplication, one of the numbers was
calculated incorrectly. I was also not careful when adding the areas of the first and second
figures.”

| = - —_— =
Wt |

o
Encoding ul ol J "l

An error was identified. The student did not present the final answer completely. The
conclusion did not state the solution corresponding to the question. The student stated: “I
only calculated the numbers down to the bottom, but I did not write the final conclusion
for the question about the area of the figure.”

Source: Student Work, Research Documentation (2026)

Table 6. Participant 4 with MCTL 3

Reading No error was identified. The student could read and identify important information in the

problem.

Comprehension
No error was identified. The student understood the meaning of the problem and could
determine the concept to be used. The student stated: “I understand the problem because
the length and width are already given, and what is asked is the area of the figure. So I
know I have to use the area formula.”

Transformation
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No error was identified. The student could construct an appropriate solution model, such
as dividing the composite figure into several simpler parts to determine the area. The
student stated: “The figure is a composite, so I divided it first into several smaller square
or rectangular parts so that it would be easier to calculate each area one by one.”

Process Skills

An error was identified. The error occurred during calculation. The student had an
appropriate strategy but was not sufficiently accurate in carrying out mathematical
operations, so the final result was incorrect. The student stated: “The way I divided it was
correct, but when calculating length times width, I got one number wrong, so the total
area was wrong.”

Encoding —-

An error was identified. The student was unable to communicate the final result
adequately. The answer was not accompanied by a conclusion clarifying the meaning of
the calculation. The student stated: “I only calculated the numbers down to the bottom,
but I forgot to write the final conclusion of the answer to the area problem.”

Source: Student Work, Research Documentation (2026)
Table 7. Participant 5 with MCTL 3

Reading No error was identified. The student could understand the information presented in the
problem.

Comprehension

No error was identified. The student understood the concept and purpose of the problem.
The student stated: “I understand the problem. It says that the areas of Regions I, I, 11,
and IV are given, and we are asked to calculate the area of Mr. Wullur’s land using two
different methods.”

o -—

No error was identified. The student could select an appropriate strategy and demonstrate
more than one possible solution. The student stated: “I can make two methods. First, I
calculate the area of each region one by one and then add them. Second, I combine the
measurements first and then calculate the total area.”
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Process Skills

An error occurred occasionally. The student generally carried out the procedures
correctly, but a small technical calculation error occurred because of insufficient
accuracy. The student stated: “Actually, I know the steps, but when multiplying and
adding the numbers, I made a small mistake because I was not careful.”

7 m

Encoding An error was identified. Although the student had obtained the result, the final conclusion
was not written completely. The student stated: “T have calculated the area to the end and
obtained the result, but I forgot to write the conclusion sentence answering the question
about the area of the land.”
Source: Student Work, Research Documentation (2026)
Table 8. Summary of the Comparison of the Five Cases
MCTL Level Reading Comprehension Transformation Process Skills Encoding
0 Dominant Dominant Dominant Dominant Dominant
1 Not dominant Dominant Dominant Consequential Consequential
2 Not dominant Not dominant Dominant Dominant Consequential
3 Not found Not found Not found Dominant Dominant
4 Not found Not found Not found Occasional Dominant
Source: Authors’ Processed Data (2026)
Notes:

Dominant = the main location of difficulty in the case;

Occasional = a technical error or lack of accuracy;

Consequential = an error that may occur as a consequence of a difficulty at an earlier stage.
Diagnostic Profile of Mathematical Creative Thinking

Cross-case analysis indicated a tendency for the location and complexity of problem-solving difficulties to differ
across MCTL levels. Students at MCTL 0-1 showed difficulties in understanding information and constructing mathematical
models, which limited their ability to generate diverse solution strategies. In contrast, students at MCTL 3-4 were able to
generate several solution strategies and demonstrated flexibility in thinking, although some remained insufficiently accurate
in calculation or in writing the final answer.

These findings produce a diagnostic profile showing a relationship between indicators of mathematical creativity
and stages of error in problem solving. As fluency, flexibility, and novelty increase, fewer errors appear at the reading,
comprehension, and transformation stages. Errors that remain among students with high creativity are generally procedural
(process skills) or administrative (encoding).

Discussion

The findings of this study indicate that students’ problem-solving difficulties varied across levels of mathematical

creative thinking. Students at MCTL 0-1 tended to experience difficulties at the comprehension and transformation stages,
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whereas the MCTL 2 case showed a more specific difficulty at transformation, and students at MCTL 3-4 were generally
able to understand and transform the problem but still experienced difficulties in process skills and encoding. This pattern
suggests that the location of problem-solving difficulties may shift as students demonstrate increasingly developed
characteristics of mathematical creative thinking. However, because the study employed a qualitative multiple-case design
with five focal participants, this pattern should be interpreted as a case-based tendency rather than as evidence of a causal
relationship between creativity and error patterns.

Lower MCTL Levels: Difficulties in Comprehension and Transformation

The difficulties observed among the MCTL 0 and MCTL 1 participants were concentrated mainly in comprehension
and transformation. The MCTL 0 participant had difficulty identifying the meaning of important terms, determining what
information was given and what was being asked, and selecting an appropriate mathematical operation. Similarly, the MCTL
1 participant was able to read the problem but had difficulty understanding the relationships among the given quantities and
transforming the contextual situation into a mathematical model. These findings indicate that difficulties at the early stages
of problem solving can constrain students’ subsequent ability to generate and apply alternative solution strategies. This
finding is consistent with research showing that understanding the meaning and structure of a mathematical problem is an
important foundation for successful problem solving. (Utami et al., 2024), for example, found that students could experience
errors beginning with difficulties in understanding the meaning and context of mathematical problems when analyzed using
the Newman procedure. Their study, however, focused on three senior high school students solving trigonometric problems
from the perspective of mathematical resilience. In contrast, the present study identifies similar comprehension difficulties
among elementary school students and further connects those difficulties to their MCTL levels.

The findings are also consistent with (Maghfiroh & Wahyuningsih, 2024), who examined 34 fifth-grade students
solving mathematical story problems and identified conceptual understanding, operational ability, and problem-solving as
important components of students’ performance. Their study emphasizes the difficulty elementary students may experience
when interpreting contextual mathematical situations. The present study extends this finding by showing that such difficulties
are particularly visible among students at lower levels of mathematical creative thinking. Thus, the issue is not merely whether
elementary students can solve story problems, but also whether they possess sufficient conceptual understanding to move
from the context of a problem toward a mathematical representation. The transformation difficulty found in MCTL 0-1 is
further supported by (Jupri & Drijvers, 2016). Their study of 51 Indonesian students found that formulating a mathematical
model was a major difficulty in solving algebraic word problems, particularly when students had to transform contextual
information into equations, schemas, or diagrams. Although their participants were older students and the mathematical
content was algebra, the similarity lies in the role of transformation as a critical point between understanding a problem and
carrying out mathematical procedures. The present study contributes a different perspective by showing that transformation
difficulties are not only associated with mathematization but also appear prominently among students who demonstrate lower
levels of mathematical creative thinking.

MCTL 2 and Transformation as a Critical Point for Flexibility

The MCTL 2 participant demonstrated an important transitional pattern. The student was able to read and
comprehend the problem but had difficulty developing an alternative strategy for determining the area of the composite
figure. The student understood the mathematical information and knew what had to be calculated, but remained dependent
on the conventional strategy that had usually been taught. Thus, the main difficulty was no longer understanding the problem
but restructuring the understood information into another possible solution strategy. This finding is particularly relevant to
the concept of flexibility in mathematical creativity. (Wang & Star, 2023) distinguish between algorithm-oriented flexibility
and structure-informed flexibility and emphasize that procedural flexibility involves selecting strategies that are appropriate
to the mathematical situation rather than simply applying standard algorithms. The MCTL 2 participant in the present study
appeared to rely primarily on a familiar solution path even though the problem allowed more than one way of decomposing
the composite figure. This suggests that the student’s difficulty was not primarily procedural knowledge but the ability to
reorganize mathematical information and recognize alternative solution structures.

The finding also complements (Elgrably & Leikin, 2021), who investigated mathematical creativity in relation to
problem-solving expertise through problem posing and mathematical investigations. Their study demonstrated the relevance
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of mathematical expertise to students’ ability to generate new mathematical problems and strategies. While their research
involved different participants, a different task, and a dynamic geometry environment, the present study similarly suggests
that generating alternative approaches requires more than simply understanding the mathematical content. Students need to
reorganize existing knowledge and use it flexibly in a new problem situation. The present finding also differs in emphasis
from (Kartono & Suciawati, 2025). Their study is the closest previous work to the present research because it explicitly
mapped Newman Error Analysis onto mathematical creative thinking among 25 eighth-grade students solving contextual
problems on relations and functions. They found that students generally performed better at reading and comprehension,
while more substantial difficulties emerged at transformation, process skills, and encoding. The present study similarly
identifies transformation as an important difficulty, but it shows a more differentiated pattern across MCTL levels. In
particular, transformation was dominant for the MCTL 2 case, while it had already been overcome by the MCTL 3 and MCTL
4 cases. This difference may be related to the age of the participants, the mathematical content, and the analytical purpose of
the studies. Whereas Kartono and Suciawati examined the distribution of NEA errors across students, the present study
focuses on how the location of errors varies across different levels of mathematical creative thinking.

Higher MCTL Levels: Procedural and Encoding Difficulties

The MCTL 3 and MCTL 4 participants demonstrated a different pattern. Both participants were able to read,
comprehend, and transform the problem appropriately. The MCTL 3 participant could decompose the composite figure into
simpler parts and construct an appropriate solution model, while the MCTL 4 participant demonstrated more than one strategy
for determining the required area. Nevertheless, both participants still experienced difficulties in process skills, particularly
through calculation errors. The MCTL 4 participant also experienced an encoding difficulty because the final answer was not
communicated in a complete concluding statement. This pattern is consistent with several studies using Newman Error
Analysis. (Ramadhani et al., 2024), for example, found that students with different levels of mathematical ability could
experience errors in comprehension, transformation, process skills, and encoding when solving linear-program word
problems. Similarly, (Fatawu et al., 2023) who examined 70 senior high school students solving algebraic word problems,
used NEA to identify errors across the problem-solving process. Their findings demonstrate the usefulness of NEA for
distinguishing errors that occur at different stages rather than treating incorrect answers as a single type of failure.

The present study, however, provides a different interpretation of these procedural and encoding errors because they
occurred in students who had already demonstrated higher levels of mathematical creative thinking. In other words, the
presence of an error did not necessarily indicate a failure to understand the mathematical problem. Instead, the MCTL 3 and
MCTL 4 cases suggest that students may possess an appropriate conceptual representation and flexible strategy while still
lacking sufficient accuracy or completeness when executing and communicating their solutions. This interpretation is also
compatible with the findings of (Firdaus et al., 2026), who reported errors across all Newman stages among 30 Grade XI
students solving statistical problems, with transformation, process skills, and encoding accounting for substantial proportions
of the identified errors.

A similar pattern is evident in the study by (Lien Malinda et al., 2026), which examined six third-grade elementary
school students solving addition and subtraction word problems using the Newman technique. Their study found that
elementary students may experience difficulties at different Newman stages when solving contextual problems. The present
study differs because its focus is not simply on identifying which Newman errors occur, but on examining how those errors
appear in students representing different levels of mathematical creative thinking. Thus, an important contribution of the
present study is the distinction between conceptual difficulties that restrict creative problem solving and technical or
communicative errors that remain after students have demonstrated more developed creative-thinking characteristics.
Transformation as the Intersection of Creative Thinking and Problem-Solving Difficulty

Across the five focal cases, transformation emerged as the most conceptually significant stage for understanding the
relationship between mathematical creative thinking and problem-solving difficulties. At lower MCTL levels, transformation
was difficult because students could not determine an appropriate mathematical model or strategy. At MCTL 2, the student
understood the problem but could not construct an alternative strategy. At MCTL 3 and MCTL 4, transformation was no
longer problematic because the students could construct appropriate solution models and, in the MCTL 4 case, generate more
than one strategy.
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This pattern provides a more nuanced interpretation of the role of transformation than studies that examine NEA
alone. (Jupri & Drijvers, 2016), identified mathematization and mathematical-model formulation as major sources of
difficulty, emphasizing the process of transforming contextual information into mathematical form. In the present study,
transformation encompasses this representational process but is additionally connected to the creative requirement to consider
alternative strategies. Therefore, transformation can be understood as a point at which students must simultaneously interpret
mathematical structure and reorganize that structure into a workable strategy.

The pattern is also consistent with the distinction between algorithm-oriented and structure-informed flexibility
proposed by (Wang & Star, 2023). A student who merely follows a familiar algorithm may successfully complete a routine
procedure but may struggle when a problem requires a different representation or strategy. The MCTL 2 case illustrates this
condition: the student understood the mathematical information but remained dependent on one familiar method. By contrast,
the MCTL 4 participant could construct two solution methods, indicating greater flexibility in reorganizing the problem
structure. This comparison strengthens the interpretation that transformation is not simply a procedural NEA stage but can
also reveal important characteristics of mathematical creative thinking,.

Theoretical and Practical Implications

The integration of MCTL and NEA in this study provides a complementary diagnostic perspective. MCTL describes
the characteristics and level of students’ mathematical creative thinking through fluency, flexibility, and novelty, whereas
NEA identifies the stage at which difficulties occur during problem solving. The combination therefore provides information
that neither framework provides independently. A MCTL classification alone may indicate that a student has limited creative-
thinking characteristics, but it does not specify whether the difficulty originates from understanding the problem, constructing
a mathematical representation, carrying out procedures, or communicating the answer. Conversely, NEA can locate errors
but does not explain how those errors relate to the students’ creative-thinking characteristics. This distinction has practical
implications for instructional scaffolding. For students at MCTL 0-1, instructional support should prioritize comprehension
and transformation through explicit identification of relevant information, visual representations, and guided construction of
mathematical models. For MCTL 2, instruction should provide opportunities to compare multiple representations and
deliberately generate alternative solution strategies rather than repeatedly applying one conventional procedure. For MCTL
3-4, instructional emphasis can shift toward verification, metacognitive monitoring, procedural accuracy, and mathematical
communication. These recommendations are consistent with the diagnostic pattern identified in the present study but should
be understood as instructional implications rather than experimentally tested interventions.

Overall, the findings suggest a tendency for problem-solving difficulties to shift from conceptual and
representational difficulties at lower MCTL levels toward procedural and communicative difficulties at higher MCTL levels.
This does not mean that higher creative thinking eliminates mathematical errors. Rather, the nature of the remaining errors
appears to change. The central contribution of the study is therefore not a claim that mathematical creativity causes fewer
errors, but the identification of a case-based diagnostic pattern in which MCTL and NEA provide complementary information
about students’ mathematical thinking and problem-solving processes. This finding extends previous NEA research by
linking the location of problem-solving difficulties to different characteristics of mathematical creative thinking, particularly
the role of transformation in the development of flexibility and novelty.

CONCLUSION

This study identified a case-based diagnostic pattern of mathematical creative thinking and problem-solving
difficulties among sixth-grade elementary school students. Students at lower MCTL levels tended to experience difficulties
in comprehension and transformation, whereas students at higher MCTL levels generally demonstrated adequate
understanding and transformation but still encountered procedural and encoding errors. Transformation emerged as a critical
intersection between mathematical creative thinking, particularly flexibility and novelty, and the stages of Newman Error
Analysis. The main contribution of this study is the integration of MCTL and NEA to provide a more comprehensive
diagnostic profile that identifies both students’ creative-thinking characteristics and the location of their problem-solving
difficulties. This profile has practical implications for differentiated instructional scaffolding: students at MCTL 0-1 need
support in understanding and representing problems, MCTL 2 needs opportunities to develop alternative strategies, while

2205


https://ejournal.unibabwi.ac.id/index.php/sosioedukasi/index

Volume 15 No. 3 September 2026 https://ejournal.unibabwi.ac.id/index.php/sosioedukasi/index

MCTL 3-4 requires greater emphasis on verification, procedural accuracy, metacognition, and mathematical communication.
Future research should involve more diverse elementary-school populations, mathematical topics, and learning contexts to
further examine and validate these diagnostic patterns.
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