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Abstract

Numeracy among pre-service mathematics teachers is frequently evaluated through test
scores alone, making changes in problem-solving processes difficult to capture. This study
examined changes in patterns of numeracy difficulties and problem-solving processes from pre-
test to post-test following the implementation of DIFUNDES-PROBLEMING. A mixed-
methods approach involving 38 mathematics education students at Universitas Jambi was
employed. Data were collected using parallel contextual numeracy instruments on systems of
linear equations and statistical reasoning, a holistic scoring rubric on a 0-100 scale, coding and
categorization informed by grounded theory procedures, and Wilcoxon signed-rank tests. Pre-
test results indicated incomplete problem-solving processes, with modelling, verification, and
reasoning often absent or only partially demonstrated. Post-test results showed a more
structured sequence of modelling, calculation, verification, and conclusion drawing, with mean
scores increasing from 45.57 to 76.76. Wilcoxon signed-rank tests indicated a statistically
significant improvement. Qualitative analysis of changes across the problem-solving indicators
showed the greatest improvements in modelling, calculation, and verification, whereas
contextual reasoning remained the primary challenge, particularly on items 1.d, 2.c, and 2.d.
These findings indicate that DIFUNDES-PROBLEMING contributed to meaningful
improvements in both numeracy achievement and the systematic quality of problem-solving
processes.
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INTRODUCTION

The Merdeka Curriculum emphasizes essential content, while the Minimum Competency
Assessment (AKM) measures numeracy beyond routine calculation: learners are expected to apply
mathematical knowledge and reasoning in contextual situations (Kemendikbud, 2020). Despite these
policy initiatives, national performance continues to present significant challenges, as reflected in the
results of the Programme for International Student Assessment (PISA) 2022 (OECD, 2022). Beyond
concerns about achievement, recent educational reforms have also emphasized how students learn and
transfer knowledge across contexts. Within this orientation, the Deep Learning approach in education
further emphasizes that learning experiences should not only lead to conceptual mastery but also enable
learners to transfer their understanding to new situations and construct meaningful learning experiences
(Anggraena et al., 2025).

Pre-service mathematics teachers face two related numeracy demands. First, they must solve
contextual numeracy problems themselves. Second, they must design instructions that enable students
to think, reason, and make decisions using quantitative information in similar ways. However, numeracy
preparation across teacher education institutions in Indonesia has not yet developed as systematically as
university-level numeracy programs in Australia, South Africa, and Ireland (Forgasz & Hall, 2019; Marx
& Winter, 2014; O’Sulivan, 2022). International literature similarly conceptualizes teacher numeracy as
the ability to mathematize problems and interpret quantitative information in authentic situations rather
than merely perform procedures accurately (Bolstad, 2020; Botha & van Putten, 2018; Dole & Geiger,
2018; Geiger et al., 2015). A gap between formal mathematical knowledge and its application in real-
world contexts has also been reported among pre-service mathematics teachers (Marhami et al., 2023;
Winarni et al., 2024). These findings indicate that numeracy involves not only procedural proficiency
but also interpreting context, constructing models, verifying results, and drawing conclusions.

In Indonesia, PISA-like and AKM-based numeracy instruments have been developed to assess
numeracy (Efriani et al., 2019; Oktiningrum et al., 2016), while studies continue to report difficulties in
mathematical reasoning among pre-service teachers and challenges in designing contextual tasks among
teachers (Aprilianti et al., 2022; Fanani et al., 2022; Herizal et al., 2022; Winarni et al., 2024). Although
numeracy training and intervention studies have demonstrated positive outcomes (Getenet, 2022; Novita
etal., 2022; Toklu & Hursen, 2021; Walsh et al., 2022), improvements are commonly reported through
pre-test and post-test scores (Forgasz & Hall, 2019; Vale & Westaway, 2024). Such evidence provides
limited information about how pre-service teachers change their ways of understanding contextual
problems, constructing mathematical models, verifying results, and interpreting solutions. Because
contemporary numeracy perspectives emphasize these processes alongside achievement outcomes
(Geiger & Schmid, 2024), research is needed that documents not only changes in numeracy scores but
also shifts in the problem-solving processes underlying those changes.

To address this need, instructional designs are required that do more than present contextual tasks:
they must accommodate variation in learning readiness, align learning goals with assessment evidence,
and provide authentic opportunities for modelling, verification, and contextual reasoning. These
requirements are theoretically supported by Differentiated Instruction, which adjusts learning
experiences to learners' readiness (Tomlinson, 2017); Understanding by Design, which strengthens
coherence among intended understandings, assessment, and instructional activities (Wiggins &
McTighe, 2005); and Problem-Based Learning and Project-Based Learning, which situate mathematical
concepts in authentic decision-making contexts (Permatasari et al., 2019; Viro & Joutsenlahti, 2020).
Within the Deep Learning approach in education, such integration is further expected to support
meaningful transfer of understanding across situations (Anggraena et al., 2025).

Accordingly, this study implemented DIFUNDES-PROBLEMING (Differentiated Instruction
and Understanding by Design integrated with Problem-Based Learning and Project-Based Learning) in
instruction on systems of linear equations in two variables and statistics. DIFUNDES-PROBLEMING
was selected because its integrated components provide a theoretically coherent response to incomplete
problem-solving processes, particularly weaknesses in modelling, verification, and contextual
reasoning, among pre-service mathematics teachers with diverse readiness levels. Changes following its
implementation were examined through a problem-solving rubric (Tekin-Dede & Bukova-Guizel, 2018)
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and paired qualitative analysis of contextual numeracy assessments administered in a pre-test and post-
test cycle. Operationally, DIFUNDES-PROBLEMING aligns these components within the Deep
Learning approach in education (Anggraena et al., 2025) to connect learning goals, assessment practices,
authentic problem-based learning experiences, and pre-service mathematics teachers' diverse levels of
readiness. This approach enabled the researchers to investigate whether shifts in numeracy difficulties
and problem-solving processes accompanied changes in numeracy achievement.

The novelty of this study lies in its process-oriented examination of contextual numeracy
development among pre-service mathematics teachers. Rather than reporting pre-test and post-test
improvements primarily as score changes, this study examines changes in patterns of numeracy
difficulties and problem-solving processes through comparative qualitative analysis of pre-test and post-
test essay responses, supported by holistic rubric scores. Using parallel contextual numeracy instruments
in systems of linear equations in two variables and statistics contexts, the study identifies not only
whether numeracy achievement increased but also which aspects of problem solving, including
understanding, modelling, verification, and contextual reasoning, improved, persisted, or remained
challenging after instruction. Thus, the study provides evidence of changes in the organization of
problem-solving processes underlying numeracy achievement, rather than representing improvement
solely as uniform score gains.

Against this background, the present study aimed to (1) analyze shifts in patterns of numeracy
difficulties and problem-solving processes across the stages of understanding, modelling, verifying, and
concluding; (2) describe shifts in rubric achievement as supporting quantitative evidence; and (3)
identify aspects of numeracy that improved, persisted, or still required further strengthening. By
comparing achievement and difficulty patterns between the pre-test and post-test, this article addressed
the following research question: How do patterns of numeracy difficulties and problem-solving
processes among pre-service mathematics teachers change following the implementation of
DIFUNDES-PROBLEMING?

METHOD

Research Type and Design

This article reports a mixed-methods analysis (Creswell, 2014) embedded within the
retrospective phase (reflection on action) of a broader Didactical Design Research (DDR) project
(Brousseau, 1997; Suryadi, 2019). The broader DDR project comprised prospective, metapedadidactic,
and retrospective analyses. However, consistent with the specific focus of this article, only the
retrospective phase is reported here. The retrospective analysis reported in this article examines changes
in patterns of numeracy difficulties and problem-solving processes among pre-service mathematics
teachers through comparative analysis of pre-test and post-test data following the implementation of
DIFUNDES-PROBLEMING. The prospective and metapedadidactic phases informed the development,
refinement, and classroom implementation of DIFUNDES-PROBLEMING but are not reported in detail
in this article. Accordingly, this article does not report the entire DDR process but emphasizes the mixed-
methods examination of changes in numeracy difficulties and problem-solving processes, with
numeracy achievement used as supporting quantitative evidence. The validity of the research
instruments was evaluated using the product-quality criteria proposed by Nieveen et al. (2007).

Setting, Time, and Participants

The study was conducted in the Department of Mathematics Education at Universitas Jambi
during the odd semester of the 2024/2025 academic year. Participants consisted of 38 fifth-semester
students from the 2023 cohort selected through purposive sampling (Creswell, 2014) based on their
willingness to participate in all stages of the study. All participants were pre-service mathematics
teachers enrolled in a mathematics teacher education program. Two participants did not complete the
post-test and were therefore excluded from post-test categorization, post-test mean-score calculation,
and paired pre-test—post-test analyses. Accordingly, pre-test descriptive analyses were based on 38
participants, whereas post-test descriptive analyses and paired analyses were based on the 36 participants
who completed both assessments.
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Research Instruments

The research instruments consisted of contextual numeracy pre-test and post-test instruments, a
holistic problem-solving rubric, and an open-ended essay reflection questionnaire administered after the
pre-test. The numeracy assessments were designed as parallel instruments with different contextual
settings but equivalent cognitive demands. The parallel forms were developed based on the same AKM
numeracy indicators, cognitive processes (understand, apply, and reason), and intended difficulty levels
(Kemendikbud, 2020)and were reviewed by three mathematics education experts as part of the
instrument validation process. In the pre-test, the contexts involved savings modelling using systems of
linear equations in two variables (Raka) and sea-temperature statistics (Banda Sea—Java Sea). In the
post-test, the contexts involved sea-temperature statistics (Flores Sea—Sumba Strait) and the modelling
of online transportation package costs and voucher usage within a specified budget.

Responses were scored using a holistic problem-solving rubric adapted from Tekin-Dede &
Bukova-Guzel (2018). The resulting scores were converted to a 0-100 scale and classified into four
achievement categories: Needs Special Intervention, Basic, Capable, and Advanced. The pre-test and
post-test instruments were validated by three mathematics education experts and achieved an overall
validity score of 3.94 out of a maximum score of 4.00, indicating a high level of validity based on the
validation criteria used in this study. Parallel items were constructed to enable the identification of
changes in patterns of numeracy difficulties and problem-solving processes while minimizing potential
practice effects resulting from repeated exposure to the same context.

Research Procedure

The research procedure comprised four stages. First, participants completed a two-hour
contextual numeracy pre-test and an open-ended essay reflection questionnaire on a separate day prior
to the implementation of DIFUNDES-PROBLEMING. Second, DIFUNDES-PROBLEMING,
integrating Differentiated Instruction, Understanding by Design, Problem-Based Learning, and Project-
Based Learning within the Deep Learning approach in education (Anggraena et al., 2025), was
implemented over four instructional days, comprising two days of instruction on systems of linear
equations in two variables and two days on statistics, with approximately 28 effective instructional hours
in total. Instruction incorporated differentiation based on learning readiness, authentic problem- and
project-based learning activities, reflective learning processes, and assessments aligned with learning
goals. Third, participants completed a two-hour contextual numeracy post-test, designed in parallel with
the pre-test, on a separate day following the four instructional days of DIFUNDES-PROBLEMING
implementation. Fourth, paired pre-test and post-test data from the 36 participants who completed both
assessments were comparatively analyzed to identify changes in numeracy difficulties, problem-solving
processes, and numeracy achievement.

Data Analysis Techniques

Quantitative analysis included the distribution of achievement categories, mean scores on a 0—
100 scale, normality testing using the Kolmogorov—Smirnov and Shapiro-Wilk tests, and Wilcoxon
signed-rank tests to compare pre-test and post-test scores for the 36 participants who completed both
assessments, because the post-test data did not satisfy the normality assumption. Quantitative analysis
was used as supporting evidence to describe overall changes in numeracy achievement.

Qualitative analysis of essay responses and reflection questionnaires was conducted through
coding and categorization informed by grounded theory procedures, following the stages of open coding,
axial coding, and selective coding (Corbin & Strauss, 1990; Creswell, 2014). Paired pre-test and post-
test essay responses from the 36 participants who completed both assessments were compared to identify
changes in patterns of numeracy difficulties, solution strategies, modelling processes, verification
practices, and contextual reasoning, while the post-pre-test reflection questionnaires were used to
provide additional evidence of participants' awareness of difficulties and intentions for improvement.
The coding results were subsequently synthesized into core categories to characterize shifts in numeracy
problem-solving processes among pre-service mathematics teachers.
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Data trustworthiness was strengthened through triangulation between test results and reflection
guestionnaires, systematic documentation of the analytical process, and re-examination of analytical
findings using artificial intelligence-assisted tools in comparison with the original research data. In this
study, artificial intelligence-assisted tools were used to support data organization, coding management,
and verification of analytical consistency. All coding decisions, category development, interpretation,
conceptual verification, and conclusion drawing were conducted and verified by the researchers.
Therefore, all academic and scientific decisions remained under the authority and responsibility of the
researchers.

RESULTS

The results are presented to address the focus of this article, namely changes in patterns of
numeracy difficulties and problem-solving processes among pre-service mathematics teachers from pre-
test to post-test following the implementation of DIFUNDES-PROBLEMING. This section sequentially
presents supporting quantitative evidence through achievement-category distributions and paired-
difference tests, patterns of numeracy difficulties identified in the pre-test, response patterns observed
in the post-test, and shifts in problem-solving processes revealed through comparisons of responses to
parallel items. Comparative qualitative analysis of paired pre-test and post-test responses served as the
primary basis for interpreting changes in how participants understood problems, constructed
mathematical models, verified results, and drew conclusions in contextual situations, whereas rubric
scores and Wilcoxon signed-rank tests were used as supporting quantitative evidence. Consequently,
the reported changes were based on broader patterns identified across participants rather than on
individual response excerpts alone.

Supporting Quantitative Evidence
A summary of holistic pre-test and post-test achievement is presented in Table 1.

Table 1. Distribution of Pre-test and Post-test Numeracy Achievement Categories

Achievement Category Pre-test Pre-test (%) Post-test Frequency Post-test (%)
(Rubric) Frequency
Needs Special Intervention 1 2.63 0 0.00
Basic 26 68.42 2 5.56
Capable 11 28.95 10 27.78
Advanced 0 0.00 24 66.67
Mean Score (0-100) 45.57 - 76.76 -

Note. Pre-test N = 38; post-test N = 36. Two participants did not complete the post-test and
were excluded from post-test frequencies, percentages, and mean-score calculation.

Interpretation of Table 1 indicates a substantial change in the numeracy achievement profile of
the participants. In the pre-test, most pre-service mathematics teachers were categorized as Basic
(68.42%), whereas in the post-test, most participants were categorized as Advanced (66.67%). The pre-
test mean score was 45.57 based on 38 participants, whereas the post-test mean score was 76.76 based
on the 36 participants who completed the post-test. These results suggest that, following the
implementation of DIFUNDES-PROBLEMING, a greater proportion of participants were able to
complete numeracy tasks at higher levels of competence. However, descriptive statistics alone could not
determine whether the observed differences were statistically significant. To determine the statistical
procedure for the paired comparison, score distributions were examined for the 36 participants who
completed both the pre-test and post-test. The results are presented in Table 2.
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Table 2. Tests of Normality

Variable Test Kolmogorov—Smirnov df  Sig. Shapiro-Wilk df Sig.
Occasion Statistic Statistic
Total Pre-test .104 36 .200* .980 36 .744
Score
Post-test 185 36 .003 .879 36 .001

Note. p = .200 represents the lower bound of the true significance value.
a. Lilliefors Significance Correction.

Table 2 shows that the pre-test scores were approximately normally distributed, whereas the post-
test scores showed a significant departure from normality based on both the Kolmogorov—Smirnov and
Shapiro-Wilk tests. Given this distributional pattern and the ordinal basis of the rubric scores, the paired
pre-test—post-test comparison was conducted using the Wilcoxon signed-ranks test.

Table 3. Wilcoxon Signed-Ranks Test for Pre-test and Post-test Scores
Test Statistic Post-test — Pre-test
z -5.1170
Asymp. Sig. (2-tailed) .000

Note.
a. Wilcoxon Signed-Rank Test.
b. Based on negative ranks.

The results presented in Table 3 indicate a statistically significant difference in numeracy
achievement between the pre-test and post-test among the 36 participants who completed both
assessments (Z =—5.117, p < .001). Post-test numeracy achievement was significantly higher than pre-
test achievement following the implementation of DIFUNDES-PROBLEMING. Nevertheless, the
primary focus of this article is not the magnitude of score improvement itself but rather the ways in
which patterns of numeracy difficulties and problem-solving processes changed following the
intervention. Therefore, the subsequent analysis focuses on examining these process changes through
coding and categorization of pre-test and post-test responses informed by grounded theory procedures.

Difficulty Patterns in the Pre-test Numeracy Assessment

Pre-test qualitative analysis was conducted using coding and categorization informed by
grounded theory procedures, comprising open coding, axial coding, and selective coding. During open
coding, essay responses from 38 pre-service mathematics teachers on savings modelling using systems
of linear equations in two variables and sea-temperature statistics contexts, together with reflection
questionnaires, were segmented into meaning units and assigned labels according to response
characteristics, including correct responses (J), errors or misconceptions (K), process limitations (M),
solution strategies (A), and improvement-oriented values or intentions (C). During axial coding, these
codes were organized into nine axial categories: K1 initial conditions (cognitive/affective), K2
contextual numeracy competence in systems of linear equations in two variables and statistics, K3 task
contexts (personal savings-related modelling and scientific sea-temperature statistics), K4 process
limitations (incomplete modelling and weak verification), K5 solution strategies, K6 accurate responses,
K7 errors or misconceptions, K8 process limitations in performance outcomes, and K9 reflective
awareness and improvement intentions. These categories were further organized into five themes: T1
phenomenon (K2), T2 contexts (K3), T3 moderating factors (K1 and K4), T4 strategies (K5), and T5
consequences (K6-K9). The relationships among the categories and themes were characterized as
causal, contextual, temporal, and hierarchical. Subsequently, selective coding was used to synthesize
these findings into core categories characterizing patterns of numeracy difficulties among pre-service
mathematics teachers.

The coding results indicated that the primary difficulty experienced by pre-service mathematics
teachers lay less in computational ability than in incomplete problem-solving processes. In many
responses, participants were able to perform particular calculations correctly; however, they did not
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consistently construct mathematical models, verify results, or connect the procedures used to the
contextual demands of the problem being solved. Consequently, contextual reasoning was often
fragmented, and some responses ended with answers or claims that were not adequately supported by
the solution process.

This pattern was also evident in the reflection questionnaires completed after the pre-test. Several
participants acknowledged that they tended to perform calculations immediately without first
constructing a mathematical model, verified their answers only superficially, or did not fully understand
the relationship between the available data and the problem context. At the same time, most participants
demonstrated an emerging awareness of these weaknesses and expressed intentions to improve their
approaches to problem solving. These findings suggest that awareness of difficulty had begun to
develop, although it had not yet been fully translated into changes in problem-solving processes.

To obtain a more comprehensive understanding of the relationships among initial conditions,
solution strategies, numeracy performance, and participant reflection, the results of open coding and
axial coding were further synthesized through selective coding into three core categories (KI11-KI3), as
visualized in Figure 1. KI1 (contexts, conditions, and strategies) integrates T2-T4 (K3, K1, K4, and
K5); KI2 (mastery and performance variation) integrates T1 and T5 (K2 and K6-K8); and KI3
(reflection and improvement directions) integrates T5 (K8 and K9). Figure 1 also represents the temporal
problem-solving process from initial conditions and limitations (K1 and K4), through solution strategies
(K5) and performance outcomes (K6-K8), to reflection and improvement intentions (K9), together with
distinctive difficulty patterns in the personal and scientific numeracy contexts.

Selective coding results (pre-test)

T2 Contexts
K3 Task contexts

T3 Moderating factors T1 Phenomenon
K1 Initial conditions

(cognitive/affective)

T4 Strategies T5 Consequences

K2 Contextual numeracy K6 Accurate responses

(SPLDV &

K5 Solution strategies

Themes K7 Errors / misconceptions

Personal: savings-related SPLDV modeling, calculation, -

verification, contextual
interpretation

K4 Process limitations K8 Process limitations

(incomplete modeli

weak verification)

modeling, calculation,
verification, interpretation

K9 Reflective awareness &
improvement intentions
\ J \ J

. : —

Integrates T2-T4 Integrates T1 & TS5 Integrates T5
4 3 4

statistics

Core categories KI1 Contexts, conditions, and strategies KI2 Mastery and performance variation KI3 Reflection and improvement directions
. . | T2-T4 (K3, K1, K4, K! - T
(selective coding) ntegrates (K3, K1, K4, K5) Integrates T1 and T5 (K2, K6—K8) Integrates T5 (K8, K9)
How contexts, initial conditions, and Variation in mastery/performance Reflective awareness and emerging
strategies shaped numeracy performance across items and contexts intentions to improve processes
Students’ ‘
problem-solving 2 AL .K“ — K5 —fp LV — " K.9
process Initial conditions & Solution strategies [ Performance outcomes Reflection & improvement
limitations intentions
(temporal) = S ionees s S— S - g - ceiho —
' '
Relationship Personal context (savings-related SPLDV) Scientific context p ics)
: incomplete modeling d
with numeracy ot : - 3 3 A
s limited verification uneven interpretation of statistical measures
e weak link between procedures and contextual demands weak alignment among data, procedures, and conclusions
Key interpretive message Relationship types

Pre-test numeracy difficulties were systemic and process-related, =) = temporal / causal

associated less with limited computation than with incomplete = = = = = contextual link

understanding, modeling, verification, and contextual conclusions. X N X

—y—/ = hierarchical (themes clustered — core categories)

KI3 shows emerging reflective awareness not yet fully translated
into process change. {

hierarchical (integration — core category)

Figure 1. Integrative Representation of Selective Coding Results from the Pre-test Contextual
Numeracy Assessment

Interpretation of the integrative representation in Figure 1 suggests that the numeracy difficulties
observed in the pre-test were systemic and process-related. KI1 describes the contexts, conditions, and
strategies that influenced numeracy performance; KI2 characterizes variation in mastery and numeracy
performance across items and contexts; and K3 represents reflective processes and emerging directions
for improvement identified by participants. The relationships among these three core categories indicate
that the predominance of the Basic category in Table 1 was not solely attributable to limited
computational ability. Rather, it was more closely associated with incomplete processes of
understanding problems, modelling situations, verifying results, and drawing contextual conclusions.
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Response Patterns in the Post-test Numeracy Assessment

Post-test qualitative analysis was conducted using coding and categorization informed by
grounded theory procedures, comprising open coding, axial coding, and selective coding. During open
coding, 63 codes (OC-PT) derived from 36 analyzable response sheets were mapped onto a continuum
of correct, incomplete, incorrect, and unfinished responses across items. During axial coding, these
codes were synthesized into nine axial categories using the Strauss and Corbin paradigm to examine
conditions, phenomenon, context, intervening conditions, strategies, consequences, and the
relationships between strategies and consequences. In selective coding, the overall findings were
condensed into six themes: T1 procedural readiness / initial conditions, T2 achievement phenomenon
(contextual numeracy competence in systems of linear equations in two variables and statistics), T3 task
contexts (scientific sea-temperature statistics and personal transportation—voucher decisions), T4
remaining metacognitive and procedural limitations, T5 solution strategies (modeling, calculation, and
verification), and T6 alignment of model, context, and conclusion. These themes were synthesized into
two core categories, KI1 (numeracy problem-solving processes) and KI2 (variation in numeracy
performance), which were used to characterize post-intervention numeracy response patterns among
pre-service mathematics teachers.

The coding results revealed noticeable changes in response patterns compared with the pre-test.
Solution procedures involving mean calculation, range determination, and modelling using systems of
linear equations in two variables were more frequently presented sequentially and explicitly.
Nevertheless, some difficulties remained. Challenges were particularly evident in items requiring
integrative reasoning and contextual argumentation, especially items 1.d, 2.c, and 2.d. These remaining
difficulties indicated that more systematic modelling and calculation did not necessarily ensure complete
contextual arguments across items.

These changes were also evident in the characteristics of participant responses. Some participants
were able to reject claims based on mean or range calculations, construct transportation—voucher models
systematically, and compare alternative decisions using the available data. However, some participants
still demonstrated inconsistencies between calculation results and written explanations, errors in
identifying appropriate comparison objects, or conclusions that were not fully supported by
argumentation. These findings indicate that improvements were observed primarily in the sequencing
and organization of solution processes, whereas the ability to construct complete contextual arguments
continued to vary among participants.

To obtain a more comprehensive understanding of the relationships among initial conditions,
solution strategies, performance variation, and numeracy response quality following the intervention,
the results of open coding and axial coding were further synthesized through selective coding into two
core categories (KI1-KI2), as visualized in Figure 2. KI1 integrates T1, T4, and T5 and captures
increasingly structured modelling—calculation—verification sequences following the intervention. KI2
integrates T2, T3, and T6 and characterizes continuing variation in numeracy performance across items
and contexts, including incomplete contextual arguments. Figure 2 also represents the temporal
problem-solving process from understanding the context through modelling, calculation, verification,
and drawing a contextual conclusion or argument to the resulting performance outcome. In the scientific
context, stronger sequencing of mean and range procedures was observed, while integrative contextual
argumentation remained difficult, especially on item 1.d. In the personal transportation—voucher context,
modelling using systems of linear equations in two variables became more systematic, while full
scenario comparison and argumentation remained uneven, especially on items 2.c and 2.d.
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Selective coding results (post-test)
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Figure 2. Integrative Representation of Selective Coding Results from the Post-test Contextual
Numeracy Assessment

Interpretation of the integrative representation in Figure 2 further suggests that post-intervention
change was characterized by an asymmetry between process organization and performance quality.
Whereas KI1 indicates that modelling, calculation, and verification became more systematically
structured, K12 shows that such procedural gains did not automatically produce uniformly complete or
correct responses across items and contexts. In this sense, alignment among model, context, and
conclusion (T6) emerged as a key interpretive dimension: responses could exhibit improved procedures
yet remain incomplete or incorrect when contextual conclusions were not coherently supported. This
pattern indicates that post-test numeracy performance should be understood not only in terms of more
structured problem-solving processes but also in terms of continuing variation in how participants
integrated quantitative results with contextual demands. This variation was subsequently examined
through paired pre-test and post-test responses on parallel items.

Pattern Shifts on Parallel Items (Pre-test to Post-test)

The group-level changes illustrated in Figure 2 were further examined through comparisons of
individual responses presented in Table 4. The table provides five paired case examples from parallel
items with equivalent cognitive demands but different contexts across the pre-test and post-test. In
addition to excerpts from responses in both testing phases, the table includes participants' reflections
collected after the pre-test. This arrangement makes it possible to examine more clearly the relationship
between awareness of difficulty and subsequent changes in performance.

Table 4. Development of Patterns of Numeracy Difficulties and Individual Responses from Pre-test to
Post-test (Parallel Items)

Pre-test Response and Reflection Description of

Student Questionnaire Post-test Response Change
AMD Pre-test Response: “I chose 28°C  “Mean of Flores Sea = Shifted from visual
for the Banda Sea and 30°C for the =~ 291+28:9+29.54+29.0+30.1+29.3+29.4 _ estimation without
. 7 R
Java Sea because | wevyed those 29.33°C. Mean of Sumba Strait = systema.tlc mean
numbers as a general picture of the .5, 26 c42014+289+29.3+28.6+28.8 calculation to
available temperature data. | did 7 - complete and
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Pre-test Response and Reflection

Description of

Student Questionnaire Post-test Response Change
not calculate the mean of all the 28.84°C. Difference = 29.33 — 28.84 =  systematic mean
data but only selected values that1 ~ 0.49°C.” (OC-PT-1a.1.2). calculation. The
thought represented each sea improvement
based on a brief observation.” (M- intention expressed
2a.1-01). in the pre-test

. . . reflection was

Rfeflectlon Questlonr'lalre: ‘.‘My reflected on
mistake was r?ot o.nly in .the final parallel item 1.a.1.
result but mainly in the incomplete
process and lack of verification.”
(C-04); “In the future, I need to
follow each problem-solving step
more systematically so that my
answers are more sequential and
accurate.” (C-02); “Writing the
mathematical model first before
calculating.” (A-08).

DSW Pre-test Response: “Wrong.” (K- “Question: Determine whether the Progressed from a
1b-01). following statement is true or false. Let one-word response

. . L xrepresent the number of additional days  without evidence
Ref!ectlon Questmrmawe: Lend and yrepresent the total cost. y — of process to
to give an answer directly because 10,000x = 120,000y — 20,000x = sequential
_ o 10,000x, ..., x = 7,..” (OC-PT-2a.1.4).  reasoning. The

to reach the conclusion quickly. participant's
(A_—O_l); “I want to try_ starting by intentions related
vyrltlng the mathematlcal model to modelling and
f!rst, such as_ forn_nng a syst_em of verification
linear equations in two variables expressed in the
before calculating.” (A-_08); _“I will reflection
alsg get _used to performing fln.a| questionnaire were
Yerlflcatlon so that the conclu.smn reflected in the
is truly supported by calculation.” post-test response.
(A-07).

LRT Pre-test Response: “Median “Mean temperature of Flores Sea = Demonstrated
calculates the average temperature =~ 28:929.0+29.1+29.3+29.4+29.5+30.1 _ conceptual

that occurs each day. Meanwhile,
mode is to find the dominant
temperature without knowing or
affecting the data. Both are
important to know the measure of
temperature or changes in sea
temperature.” (K-2b-03).

Reflection Questionnaire: “I am
confused about the concept of
median; sometimes I think it is the
mean. | am not yet used to ordering

7
29.32°C. Mean temperature of Sumba
Strait =
28.5+28.6+28.7+28.8+28.9+29.1+29.3 _

7
28.80°C. Median of Flores Sea =
29.3°Cand Median of Sumba Strait =

28.8°C.” (OC-PT-1b.2).

improvement in
distinguishing
between mean and
median. On
parallel item 1.b,
the participant
correctly calculated
both measures and
differentiated their
functions.
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Pre-test Response and Reflection

Description of

Student Questionnaire Post-test Response Change
data first before taking the middle
value, so I misinterpret it.” (M-2b-

02); “I think I will try to read more
carefully, write the mathematical
model more clearly, calculate
completely, and verify the result.”
(A-09).

NRA Pre-test Response: “Raka's “Disruption cost for 4 days is calculated ~ Progressed from
savings if he is sick for 5 days as 4 X Rp30,000 = Rp120,000.For savings-shortfall
within 30 days amount to Days 1-4, the Gojek package cost is calculations
Rp2,125,000 and are still Rp120,000 and the Grab package costis  without model
Rp475,000 short. An alternative is ~ Rp60,000 x 2 = Rp120,000.Remaining  verification to
to increase savings from pocket budget for Days 1-4, so that the total disruption-cost
money.” (J-1¢c-01). cost does not exceed Rp220,000, is analysis and partial
Reflection Questionnaire: “I have Rp220,000 = R.p120,000 - packagg-scenario
not checked in detail whether that RplO0,000,eqU|YaIent fo R_p25,000 per - comparison.
strategy is truly sufficient because | day. Based qn this calculation, total cost  However, the post-
did not substitute the values into over 8 days is not below the Rp220,000  test response

. budget.” (OC-PT-2¢.3). remained
the model completely. (M-lc-(?l, incomplete because
Part B Item 1._C); “I want _to write the participant did
the mathem_atlcal model first, not fully integrate
calculat.e with more complete steps, the package
and verlfy the result again before conditions across
concludmg the a.nswer. ” (A-F)S?; the entire eight-day
_“To m_ake it easier to solve similar period. Reflections
items in thg future, I need t_o get M-1c-01 and C-02
used to ertll:lg the model first appear to have
clearly, reading the item _more. been reflected in
carefully, and alwa_ys taking time the more
to recheck calcglatlon results systematic analysis
before concluding the answer.” (C- observed in the
02). post-test response.
BLW Pre-test Response: “Because with ~ “Daily temperature range in Flores Sea  Shifted from

the graph the extreme values are
already visible. | remember it; it is
just that from the graph the answer
is already visible.” (M-2a.2-01).

Reflection Questionnaire: “This
is where the role of verification is
very important in providing the
final answer to the item.”” (A-06);
“Modelling is possible, but I still
doubt this.” (A-08).

is larger than in Sumba Strait, so
temperature fluctuation in Flores Sea is
higher. Range = X.x — Xinin = 30.1 —
28.9 = 1.2For Sumba Strait, Range =
29.3 — 28.5 = 0.8.Verification.” (OC-
PT-1a.2.2).

graph-based
interpretation to
explicit calculation
of range and
verification of
results. The
reflection on item
2.a.2 was
consistent with the
more explicit
calculation and
verification

Page 416

Copyright (¢) 2026 Sri Winarni, Kamid, Asrial, Jefri Marzal



Preservice Mathematics Teachers' Contextual Numeracy: Difficulty and Changesin ...

Pre-test Response and Reflection
Questionnaire

Description of

t t
Studen Change

Post-test Response

observed in post-
test item 1.a.2.

Note. Codes in parentheses refer to pre-test open-coding categories (J/JK/M, A/C) and post-test codes
(OC-PT). Reflection questionnaires were administered after the numeracy pre-test, whereas evidence of
subsequent change was identified retrospectively through responses to parallel items on the post-test.

Interpretation of Table 4 indicates that, in several paired cases, improvement intentions expressed
in participants' reflection questionnaires were subsequently reflected in their post-test responses on
parallel items. The case of AMD illustrates a shift from visual estimation to complete and systematic
mean calculation. DSW progressed from brief responses lacking procedural evidence to more structured
algebraic reasoning. LRT demonstrated conceptual improvement in distinguishing between mean and
median. NRA showed development from unverified calculations to model-based analysis and scenario
comparison, whereas BLW moved from graph-based interpretation to explicit use of the range formula
accompanied by verification of results.

Nevertheless, these developments were not observed uniformly across all participants or across
all items. Improvements were most evident in tasks requiring modelling, calculation, and procedural
verification, whereas items demanding higher levels of contextual argumentation continued to exhibit
variation in response quality. These findings reinforce the results presented in Figure 2, indicating that
post-intervention changes did not occur as a uniform transformation but rather as gradual shifts in the
quality of problem-solving processes.

To illustrate the relationship between patterns of numeracy difficulties identified in the pre-test
and response patterns observed in the post-test, the synthesis of findings from both phases is presented
in Figure 3. The figure organizes the developmental pathway into five linked components: initial
numeracy difficulties, participants' reflections after the pre-test, the implementation of DIFUNDES-
PROBLEMING, post-test response patterns and achievement, and overall developmental synthesis.
Across these components, the pattern shows a shift from predominantly incomplete problem-solving
processes and Basic-level achievement toward more structured modelling, calculation, and verification,
accompanied by statistically significant improvement in numeracy achievement. Nevertheless,
difficulties in integrative contextual reasoning and evidence-based argumentation remained evident,
particularly on items 1.d, 2.c, and 2.d. Thus, Figure 3 represents numeracy development as a gradual
process involving reflection, instructional support, and increasingly organized problem-solving
processes rather than the complete elimination of difficulties.

Interpretation of Figure 3 further suggests that numeracy development in this study occurred
through the interaction of difficulty awareness, instructional support, and increasingly accountable
problem-solving practices. Improvements were most evident in the organization of modelling,
calculation, and verification, whereas integrative contextual reasoning remained the least stable
dimension of performance. This pattern aligns with the paired cases in Table 4, in which pre-test
reflection intentions were reflected in post-test procedural improvements but did not uniformly extend
to complete contextual argumentation. Taken together, Figure 3 integrates the quantitative evidence of
achievement change presented in Tables 1-3 with the qualitative patterns of difficulty, reflection, and
problem-solving development represented in Figures 1-2 and Table 4.
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Development of numeracy patterns from pre-test to post-test
1. Numeracy pre-test 2. Reflections after pre-test | 3. Implementation of 4. Post-test numeracy 5. Developmental synthesis
yP . DIFUNDES-PROBLEMING | | performance P Yy
i 4

¢ Most responses were * Emerging awareness of the Focus: * More struc}ured mo@ehn.g A. Quantitative growth
; I J réflacted ed f : - calculation — verification.
incomplete and reflects need for systematllc ) + modeling « Mean score: 76.76 (N = 36) ¢ Basic-dominant pre-test -
conceptual, procedural, processes and verification. ik g N anced et
and process-related * verification | * Advanced 24 (66.67%); post-test
difficulties. * Common intentions: Capable 10 (27.78%); o Mean 4557 76.76 |

model before calculating; * contextual interpretation Basic 2 (5.56%) (N = 36). )

* Dominant achievement verify before concluding; " T * Wilcoxon signed-ranks

collaborative discussion jtati

category: Basic read tasks carefully. ki (N=136):Z=-5.117, B. Qualitative growth
(68.42%, N = 38). Sdriecton p <.001. ¢ more coherent modeling

; 53 o B * more explicit verification

* Mean score: 45.57 » “I should begin by writing » » “h emam]mtg dlfﬁ;:u):t;esl. » * more contextually
= the mathematical model AncompeseconteLa iate i
(N=38). iy argumentation, especially appropriate interpretation
" —— 4 Intended outcomes: items 1.d, 2., and 2.d.

* Prominent difficulties: o [ CAPTores myaroness ]
calculating without " : : * stronger solution strategies * llustrative improvements: ! ———
s The mistake was not on/y. in = ARG * reflective intentons

ication: ted the final answer but also in * better verification habits mean caculation became more visble
veriication; oy the incomplete process and —~ DSW: more explicit after intervention
contex?ual reasoning; lack of verification.” (C-04) * stronger contextual algebraic modeling * not yet consistent across
ot argumentation — BLW: dlearer range | alleasoningitems |
statistical measures calculation and verification
(e:g. mean vs median). D. Key developmental pattern |
¢ Difficulties = Reflection -
Instructional support -
Improved numeracy
processes
¢ gradual shifts, not
complete elimination of
7difﬁcglties B i

Figure 3. Development of Numeracy Patterns from Pre-test to Post-test

DISCUSSION

The findings indicate that the implementation of DIFUNDES-PROBLEMING contributed to
changes in numeracy achievement and, more importantly, to shifts in the problem-solving processes
used by pre-service mathematics teachers. The statistically significant improvement identified through
Wilcoxon signed-rank tests (Tables 1-3) was accompanied by qualitative changes in how participants
understood contextual problems, constructed mathematical models, carried out calculations, verified
results, and concluded (Figures 1-3; Table 4). The main contribution of this study therefore lies not
merely in showing that scores improved, but in demonstrating that numeracy development involved a
gradual reorganization of problem-solving processes. This process-oriented interpretation is important
because numeracy among pre-service mathematics teachers should not be reduced to procedural
accuracy alone; it also involves the capacity to interpret quantitative information meaningfully in
authentic situations (Geiger & Schmid, 2024).

At the same time, the findings show that numeracy development was uneven across components
of problem solving. Improvement was more evident in modelling, calculation, and procedural
verification than in integrative contextual reasoning and evidence-based argumentation. Post-test
performance was not distributed evenly across all items: responses were generally more complete on
tasks emphasizing modelling and calculation, whereas items 1.d, 2.c, and 2.d, which required learners
to coordinate multiple quantitative results with contextual constraints, remained the most persistent
challenges, as already reported in the Results section. This pattern suggests that participants became
more systematic in executing solution procedures, while their ability to produce complete contextual
arguments remained less consistent. Procedural readiness appeared to improve more readily than the
capacity to integrate calculations, contextual information, and evidence-based justification in a fully
coherent manner (Geiger et al., 2015; Geiger & Schmid, 2024).
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The persistence of these difficulties was also evident in individual post-test responses. On item
1.d, CKD attempted to reconsider the effects of a temperature decline on several statistical measures but
produced inconsistent recalculations and did not fully explain why the measures were affected
differently (OC-PT-1d.3). On item 2.c, NRA progressed to disruption-cost analysis but did not fully
integrate the package conditions across the entire eight-day period (OC-PT-2c¢.3). Similarly, on item 2.d,
RNG compared voucher and package alternatives but did not completely coordinate voucher use,
package costs, daily costs, and the overall budget constraints (OC-PT-2d.3). These examples reinforce
the finding that participants increasingly organized their calculations and models systematically, while
integrating multiple pieces of contextual information into evidence-based conclusions remained more
difficult.

This uneven pattern was also reflected in comparisons between pre-test and post-test responses.
Pre-test difficulties were dominated by incomplete modelling, weak verification, and limited contextual
reasoning (Figure 1). Following the intervention, post-test responses showed increasingly structured
sequences of modelling, calculation, and verification (Figure 2), and several paired cases in Table 4
indicated that improvement intentions expressed in reflection questionnaires were subsequently
reflected in post-test responses on parallel items. Nevertheless, verification and contextual
argumentation remained variable across participants and items (Figure 3). These findings indicate that
post-intervention changes did not occur as a uniform transformation but rather as gradual shifts in the
quality of problem-solving processes.

This pattern is especially significant because the participants were pre-service mathematics
teachers. As future teachers, they are expected not only to solve contextual numeracy problems
themselves but also to facilitate learning experiences in which school students interpret contexts,
construct models, verify results, and justify conclusions. Previous research has similarly emphasized
that pre-service mathematics teachers' understanding of mathematical problem solving and its teaching
constitutes an important component of their professional preparation (Jiang et al., 2022). From this
perspective, the persistence of difficulty in contextual reasoning extends beyond performance in a
university course and may have implications for how these future teachers later facilitate numeracy-
oriented instruction in schools (Forgasz & Hall, 2019; Getenet, 2022; O’Sulivan, 2022).

The observed shifts may be interpreted in relation to the instructional mechanisms embedded in
DIFUNDES-PROBLEMING. Problem- and project-based activities provided structured opportunities
for participants to engage with contextual mathematical tasks. Project work in mathematics has been
shown to support multiple dimensions of mathematical proficiency (Viro & Joutsenlahti, 2020), while
evidence from sustained problem-based mathematics learning indicates improvements in problem-
solving performance, reasoning, and the use of multiple representations (Alashwal & Barham, 2025).
Differentiated Instruction may have helped accommodate variation in participants' readiness
(Tomlinson, 2017). The coherence emphasized through Understanding by Design, including
opportunities to rethink, revise, and evaluate solutions, appears to have strengthened attention to
evidence, verification, and alignment between learning goals, assessment, and explanation (Wiggins &
McTighe, 2005). Within the Deep Learning approach in education, these integrated components were
expected to situate mathematical concepts in authentic decision-making contexts and support
meaningful transfer of understanding (Anggraena et al., 2025). However, because contextual reasoning
requires the simultaneous coordination of models, calculations, contextual information, and
justification, improvement in this area appeared less consistent than improvement in more procedural
aspects of performance.

This interpretation is consistent with previous research showing that mathematical modelling
requires learners to coordinate multiple processes rather than merely execute mathematical procedures.
Guerrero-ortiz & Ferri (2022) identified challenges among pre-service mathematics teachers in
translating between representations and using mathematical knowledge meaningfully when engaging
with modelling tasks. Mathematical modelling activities have also been positioned as a means of
engaging pre-service mathematics teachers with complex and authentic interdisciplinary situations as
part of their professional preparation (Wiegand & Borromeo Ferri, 2023). Zuo et al. (2024) further
showed that developing pre-service teachers' competencies for noticing and supporting mathematical
modelling requires sustained, context-specific learning opportunities. Similarly, Wirth & Greefrath

Print ISSN: 2088-2157, Online ISSN: 2580-0779 Page 419



Preservice Mathematics Teachers' Contextual Numeracy: Difficulty and Changesin ...

(2024) emphasized the need to coordinate multiple stages of the modelling process and reported that
transferring an approach to a related modelling problem may remain challenging even when learners are
supported by a structured solution process. The present study extends these perspectives by showing
that, among pre-service mathematics teachers, improvements in modelling and calculation may become
evident while contextual evaluation and evidence-based argumentation remain less consistently
developed.

These findings carry several practical implications. For mathematics education lecturers,
instruction should move beyond emphasizing correct final answers and explicitly scaffold modelling,
calculation, verification, and contextual explanation through differentiated tasks, structured reflection,
and systematic opportunities to recheck solutions. For curriculum developers, numeracy curricula and
assessments should sequence learning experiences from relatively accessible modelling and verification
toward tasks requiring learners to coordinate multiple pieces of quantitative and contextual information,
evaluate alternative solutions, and construct evidence-based arguments. For developers of numeracy
learning programs, interventions such as DIFUNDES-PROBLEMING should provide repeated
opportunities for learners to justify decisions, evaluate the reasonableness of results, compare alternative
solutions, and revise incomplete arguments rather than focusing primarily on achievement-score
improvement. These experiences are particularly important for pre-service mathematics teachers, who
are expected eventually to facilitate similar numeracy processes in school classrooms.

Nevertheless, this study should be interpreted within the scope of the article. The analysis focused
on changes in numeracy difficulties and problem-solving processes during the retrospective phase of a
broader DDR project and did not directly examine participants' subsequent ability to design numeracy
instruction. The persistence of difficulty on items requiring integrative contextual reasoning suggests
that exposure to contextual tasks alone may not be sufficient to ensure fully developed argumentation;
sustained opportunities for reflection, explanation, and evidence-based justification may be required.
Therefore, the implications proposed here remain interpretive rather than demonstrative, and further
research is needed to investigate how improvements in pre-service teachers' own numeracy processes
may translate into their capacity to design, implement, and reflect on contextual numeracy learning for
students.

CONCLUSION

The implementation of DIFUNDES-PROBLEMING contributed to changes in both numeracy
achievement and numeracy problem-solving processes among pre-service mathematics teachers. The
statistically significant improvement identified through the Wilcoxon signed-ranks test was
accompanied by qualitative shifts in how participants understood contextual problems, constructed
mathematical models, carried out calculations, verified results, and concluded. Compared with the pre-
test, participants demonstrated more structured approaches to solving contextual problems through more
explicit modelling, more systematic calculation, and more consistent verification of results. However,
development was not equally evident across all dimensions of numeracy problem solving. Modelling,
calculation, and procedural verification showed clearer progress, whereas integrative contextual
reasoning and evidence-based argumentation remained the most challenging aspects, particularly on
items 1.d, 2.c, and 2.d, which required learners to coordinate multiple quantitative results with contextual
constraints. These findings indicate that numeracy development occurred through the gradual
reorganization of interconnected problem-solving processes rather than through simultaneous growth
across all dimensions. Because the participants were pre-service mathematics teachers, the persistence
of difficulty in contextual reasoning is pedagogically significant and may have implications for the
numeracy-oriented instruction they may later facilitate in schools.

Further research is needed to examine these changes over longer instructional periods and across
more diverse participants and mathematical topics, with particular attention to integrative contextual
reasoning and evidence-based argumentation. Longitudinal studies and research examining the
contributions of different components of DIFUNDES-PROBLEMING may further clarify how
numeracy problem-solving processes develop over time and how improvements in pre-service teachers'
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own numeracy processes may translate into their capacity to design, implement, and reflect on
contextual numeracy learning for students.
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