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Abstract

This study examines how Indonesian vocational high school (SMK) students communicate mathematically while
solving systems of three-variable linear equations (SPLTV) embedded in Papuan ethnomathematical contexts.
Using a qualitative descriptive design, the study involved ten Grade 10 students representing ten vocational
departments. Data were collected through students’ written solutions to ethnomathematics-based SPLTV tasks
(e.g., contexts involving culturally familiar objects such as noken and local economic practices) and follow-up
semi-structured interviews intended to clarify students’ reasoning, procedural choices, and interpretation of
results. Analysis employed a rubric-guided coding scheme comprising three observable indicators of
mathematical communication: (1) mathematical expression/modeling (translating contextual information into
variables and SPLTV equations), (2) identifying relevant information and coherently explaining solution
procedures, and (3) drawing contextual conclusions that interpret solutions in relation to the problem situation.
To ensure consistent reporting, each indicator was evaluated by evidence source written work (W), interview
evidence (I), or both (W+1) allowing the study to distinguish between students who understood an element but
did not document it in writing. Findings indicate that all participants were able to construct an SPLTV model from
the cultural context, and most were able to explain elimination—substitution procedures, although several omitted
key communication components (e.g., “given/asked” statements or an explicit concluding sentence) in their
written work. Overall, eight of ten students produced a valid contextual conclusion when evidence from written
work and/or interviews was considered, whereas two students struggled with core procedural steps and therefore
could not reach a meaningful conclusion. These results suggest that Papuan cultural contexts can support meaning-
making and initial modeling, but explicit support for procedural fluency and written communication norms
remains necessary to produce complete, accountable solutions.
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INTRODUCTION

Mathematics education is expected to cultivate a set of interrelated competencies that
enable learners to reason, represent, and communicate ideas effectively. The National Council
of Teachers of Mathematics identifies five key process standards problem solving,
communication, connections, reasoning, and representation as essential outcomes of school
mathematics. Among these, mathematical communication occupies a central position because
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it allows ideas to be externalized, examined, refined, negotiated, and transformed through
interaction with others and through reflection on one’s own thinking (NCTM, 2000). In this
sense, communication is not a “soft” add-on to mathematical competence; rather, it is a
mechanism through which mathematical reasoning becomes visible and therefore teachable,
assessable, and improvable.

NCTM (2000) conceptualizes communication as students’ capacity to (1) organize and
consolidate mathematical thinking through communication, (2) communicate reasoning clearly
to peers, teachers, and others, (3) analyze and evaluate others’ mathematical thinking and
strategies, and (4) use precise mathematical language to express ideas. Importantly, these
indicators imply that mathematical communication is multi-modal: learners communicate
through written symbols, oral explanation, diagrams, tables, and structured argumentation.
Contemporary work similarly emphasizes that students’ reasoning becomes more robust when
they can explain and justify their approaches in multiple forms (Jotangiya, 2021). Thus,
investigating mathematical communication requires attention not only to correctness of
answers but also to how students translate contexts into mathematical representations,
articulate procedures, justify decisions, and close solution processes with clear conclusions.

Despite its recognized importance, research consistently reports persistent challenges
in students’ mathematical communication. Baran and Kabael (2021) found that students’
mathematical communication remains relatively low, and Majid et al. (2022) reported
continuing difficulties in students’ ability to express mathematical ideas and reasoning. More
recent studies show that communication weaknesses may vary across students and contexts;
for example, differences in written mathematical communication by gender have been
documented among junior high school students (Qirom et al., 2023). These findings
collectively suggest that mathematical communication is not automatically acquired through
routine instruction and that it can be sensitive to task features, classroom norms, and students’
confidence in expressing ideas. Accordingly, strengthening mathematical communication
demands both instructional interventions and careful qualitative assessment that can reveal how
students construct and express mathematical meaning.

A key implication of this literature is that evaluating mathematical communication
cannot rely solely on final answers; instead, it requires structured criteria and analytic tools.
Qualitative assessments particularly those combining written work artifacts with interviews
can provide deeper insight into students’ reasoning and the communicative moves they use to
explain solutions (Sholikha & Palupi, 2023; Zabidi et al., 2023). Studies also suggest that peer
feedback and collaborative exchanges can strengthen students’ mathematical writing and
explanation skills, indicating that communication develops through interaction rather than
through solitary practice (Yang, 2023; Sun et al., 2023). In Indonesian secondary settings,
problem-based approaches have been reported to support creative thinking alongside
mathematical communication, reinforcing the idea that communication is intertwined with
problem-solving practices and the demand to justify solutions (Umam et al., 2021). However,
to make such claims credible especially in qualitative work researchers must clarify what
counts as “good communication,” how evidence is coded, and how interpretations are checked.

For that reason, recent scholarship has emphasized the importance of rubrics and coding
frameworks for assessing mathematical communication. Practical rubrics can make
expectations explicit and support systematic interpretation of qualitative evidence (Habig,
2020). Rubrics also allow researchers to evaluate students’ mathematical argumentation and
explanation in structured activities, helping distinguish between partially articulated reasoning
and well-justified communication (Lyon et al., 2020). Moreover, rubric-guided qualitative
coding can improve the comparability and reliability of analyses across students and tasks
(Davey & Morell, 2020), especially when researchers employ explicit indicator definitions and
observable evidence rules. Coding schemes have been used to identify patterns in student
responses and to differentiate types of reasoning and explanation (Vogelsang et al., 2021;
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Muhammad et al., 2021). In short, a robust study of mathematical communication should not
only cite a framework such as NCTM but also operationalize it through transparent rubrics and
analytic procedures that connect claims to identifiable evidence in written work and interview
data.

Alongside assessment concerns, another major direction in mathematics education
research is the integration of cultural contexts into instruction and assessment.
Ethnomathematics positions mathematics as embedded in cultural practices, artifacts, and ways
of reasoning, and it argues that connecting school mathematics to local contexts can strengthen
relevance and meaning for learners (Gusfitri et al., 2022; Romadon & Kartika, 2024). This
perspective aligns with culturally responsive pedagogy, which emphasizes recognizing
students’ cultural experiences and using them as resources for learning (Tran & Schepers,
2023). In mathematics, culturally responsive approaches often take the form of contextualized
word problems and modeling tasks that resonate with students’ lived realities, thereby
promoting engagement and deeper conceptual understanding (Nolan & Xenofontos, 2023;
Steffensen & Kasari, 2023). Such approaches can also support equity by creating learning
environments where students’ identities and cultural narratives are affirmed rather than
marginalized (Downing & McCoy, 2021). Moreover, culturally responsive modeling has been
linked to richer classroom discourse and more meaningful mathematical engagement,
particularly when tasks connect to authentic social or community issues (Clements et al., 2023;
Jiménez-Silva et al., 2025; Leyva et al., 2025).

However, the ethnomathematics literature also highlights an important methodological
challenge: cultural context must be integral to the mathematical activity rather than a superficial
“story wrapper.” Therefore, ethnomathematics task design requires careful validation to ensure
both cultural authenticity and mathematical rigor. Research on developing ethnomathematics-
based learning materials frequently emphasizes expert review and iterative refinement as
mechanisms for ensuring cultural and content validity (Romadon & Kartika, 2024; Sunzuma
& Umbara, 2025). Pilot studies and user feedback are also important for confirming that tasks
are comprehensible, meaningful, and aligned with targeted mathematical concepts (Rahayu et
al., 2025). Task design can be strengthened by explicitly mapping cultural elements, targeted
concepts, expected representations, and learning trajectories (Sukestiyarno et al., 2023). These
design principles are particularly relevant when the research aim includes communication
outcomes, because the cultural context can influence how students choose representations,
explain reasoning, and connect symbolic mathematics to real-world meanings.

In Papua, ethnomathematics offers a promising pathway for contextualizing
mathematics through culturally salient artifacts and practices. Yanti and Maranta (2023)
describe how Papuan ethnomathematics elements such as Asmat carvings and noken patterns
can be incorporated into mathematical problems. Such contexts may help students interpret
problems more meaningfully and provide concrete referents for mathematical modeling and
explanation. Yet, for international readers and for rigorous evaluation, ethnomathematics
integration must be demonstrated through clearly described tasks and analytic evidence.
Without transparent description of how cultural objects are embedded into problem structure,
readers cannot judge whether “ethnomathematics” functions as an epistemic resource (shaping
reasoning and representation) or merely as contextual decoration.

This concern is especially important in vocational high schools, where mathematics is
expected to support both academic development and workplace-oriented competencies.
Vocational education commonly emphasizes applied learning and transferable skills, and
communication competence is central to collaboration, technical reporting, and problem-
solving in professional contexts (Conrick et al., 2020; Lotter et al., 2024). Studies in vocational
settings suggest that real-world contexts and cooperative learning experiences can foster
mathematical communication and collaborative problem-solving (Gani et al., 2025), while
partnerships between schools and workplaces can strengthen the authenticity of learning tasks
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and the relevance of mathematical discourse (Lai, 2020). In the Indonesian context,
mathematics is integral to vocational areas such as engineering, automotive technology, and
information technology, where quantitative reasoning and clear communication support
technical decision-making (Chang et al., 2023; Sucipto et al., 2020). Nevertheless, vocational
mathematics education also faces challenges, including misalignment between school curricula
and industry demands and concerns about graduate readiness (Sudarsono et al., 2022; Wajdi et
al., 2022; Yusuf & Basrowi, 2023). Broader structural issues—such as skill mismatch and
employment outcomes—reinforce the urgency of instructional approaches that build both
conceptual understanding and communicative competence (Kulsum & Taufik, 2022; Rachmita
etal., 2021).

Within SMK' mathematics instruction, innovative approaches such as integrated
project-based learning and technology-supported collaboration have been proposed to
strengthen engagement and competence (Kurnaedi et al., 2022; Sudarsono et al., 2022).
Mobile-based and digital learning tools have also been discussed as pathways for linking
vocational learning to career readiness (Nurdianah et al., 2022). However, while these studies
underscore the importance of contextual and applied learning in SMK, fewer studies have
examined mathematical communication specifically as an analyzable construct particularly
communication evidenced through students’ written modeling, procedural explanation, and
concluding statements—within culturally contextualized tasks. In Papua, Rumainur and
Kogoya (2022) reported that an ethnomathematics approach positively influences SMK
students’ mathematical communication. This finding is important, yet it also raises a need for
more precise and transparent qualitative description: what aspects of communication improve,
what evidence supports the claim, and how do students communicate across modalities (written
work versus verbal explanation)?

A further reason to study mathematical communication in SMK concerns the nature of
algebraic topics that are foundational for vocational applications, including systems of linear
equations in three variables (SPLTV). Solving SPLTV problems requires students to
coordinate representations (equations, tables, and symbolic manipulation) and to communicate
how quantities relate within a modeled situation. Research indicates that students’
representation skills and algebraic thinking can be strengthened through instructional models
that foreground representation and explanation (Anggraini & Pratiwi, 2024). Students’ self-
efficacy also appears related to their willingness to engage in mathematical communication in
topics such as systems of linear equations, suggesting that confidence may mediate
communication quality (A’yuni et al., 2024). Experiential and context-rich teaching materials
have been associated with improved mathematical literacy in linear-equation topics,
reinforcing the potential of applied contexts for supporting understanding (Desy et al., 2024).
Likewise, instruction tailored to student characteristics may improve comprehension and
application of linear systems (Mulia & Aziz, 2023). These studies support the plausibility that
culturally contextualized SPLTV tasks—if designed authentically—could elicit richer
representations and explanations. Yet, existing literature still leaves under-specified how
students communicate their modeling decisions, procedural steps, and solution conclusions
when the context is culturally grounded rather than generic.

Taken together, the literature suggests three needs that motivate the present study. First,
although mathematical communication is widely recognized and frequently studied, persistent
weaknesses remain, and rigorous qualitative assessment requires transparent rubrics and
coding procedures (Habig, 2020; Lyon et al., 2020; Davey & Morell, 2020). Second,
ethnomathematics and culturally responsive pedagogy offer promising approaches for
contextualizing mathematics, but they require task transparency and validation to demonstrate
authenticity and analytic credibility (Romadon & Kartika, 2024; Sunzuma & Umbara, 2025;
Tran & Schepers, 2023). Third, vocational education contexts bring distinct goals and
constraints, making communication competence particularly consequential; yet SMK-focused
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research on mathematical communication especially in Papua and in the SPLTV topic remains
comparatively limited and often lacks cross-case synthesis grounded in clear evidence
(Rumainur & Kogoya, 2022). Therefore, the claimed gap is not merely that “SMK is rarely
studied,” but that there is a shortage of studies that (a) examine mathematical communication
in SMK using explicit, rubric-guided qualitative coding, (b) employ culturally meaningful
Papuan ethnomathematics tasks whose cultural and mathematical features are described
transparently, and (c) analyze student communication patterns across cases rather than
presenting isolated narratives.

In response to this gap, the present study focuses on vocational high school students’
mathematical communication when solving Papua ethnomathematics-based SPLTV problems.
Guided by NCTM’s communication standard (NCTM, 2000), this study operationalizes
mathematical communication into three observable indicators aligned with the demands of
SPLTV problem solving: (1) expressing the contextual situation as a mathematical model (e.g.,
translating cultural-context quantities into equations), (2) identifying given/asked information
and explaining solution procedures coherently (written and/or verbal), and (3) drawing
mathematical conclusions from obtained solutions. This operationalization is consistent with
the multi-modal character of communication emphasized in prior work (Jotangiya, 2021) and
is suitable for rubric-based qualitative analysis of student artifacts and interview explanations
(Vogelsang et al., 2021; Muhammad et al., 2021). In addition, because culturally
contextualized tasks may affect students’ engagement, confidence, and representational
choices, this study also examines supporting and inhibiting factors reported by students, in line
with qualitative approaches that use interviews to reveal learners’ experiences and challenges
(Sholikha & Palupi, 2023; Vedianty et al., 2024).

The study aims to contribute to mathematics education research in three ways. First, it
provides a rubric-guided qualitative description of SMK students’ mathematical
communication using evidence from both written work and interviews, responding to calls for
transparent qualitative assessment practices. Second, it strengthens the ethnomathematics
discourse by examining communication in tasks grounded in Papuan cultural elements, thereby
clarifying how cultural context can shape representation and explanation rather than serving
only as decorative context. Third, it situates the analysis within vocational education realities,
where communication competence is foundational for applied reasoning and workforce
readiness, and where culturally meaningful contexts may support engagement and relevance.
Ultimately, the findings are expected to inform the design of culturally contextualized learning
tasks and communication-focused instruction in SMK mathematics, particularly in Papua,
while offering empirically grounded insights that can be discussed within broader international
scholarship on mathematical communication and culturally responsive mathematics education.

METHOD

Research Design

This study used a qualitative descriptive design to develop a rich, evidence-based
description of how Grade X vocational high school (Sekolah Menengah Kejuruan—SMK)
students communicate mathematically while solving Papuan ethnomathematics-based
problems on systems of linear equations in three variables (SPLTV). Qualitative descriptive
designs are appropriate when the purpose is to document learning processes, reasoning
expressions, and contextual influences in naturalistic settings (Vodic¢kova et al., 2023; Silva et
al., 2020). Consistent with qualitative mathematics education research, the analysis integrated
student written work and semi-structured interviews to illuminate both the observable products
of communication (written representations and procedures) and students’ underlying
explanations (Mahfoodh, 2022; Yetkiner et al., 2022).
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Setting and Participants

The study was conducted in an SMK that comprises 10 departments and is supported
by six mathematics teachers. Participants were Grade X students drawn from these
departments. To ensure anonymity, students’ real names were replaced with acronyms, and the
departmental distribution of participants is presented in Table 1 (Research Subjects). The cross-
department structure is reported to provide contextual clarity about participants’ vocational
backgrounds and to support later cross-case interpretation of communication patterns.

Sampling Strategy and Rationale

Participants were selected using purposive sampling through consultation with
mathematics teachers. The inclusion criteria were: (1) good mathematics achievement, (2)
regular attendance, and (3) ability to express opinions during learning. This sampling approach
was intended to generate information-rich cases in which students could articulate
mathematical thinking clearly during interviews and in written work—an important
consideration for studies focused on communication processes rather than population estimates
(Sevimli & Unal, 2022; Muhtarom et al., 2020).

At the same time, the study recognizes that selecting students with strong achievement
and expressiveness can bias results upward (i.e., toward stronger communication), which
constrains generalization to “typical” SMK learners. Therefore, claims are interpreted as
describing mathematical communication within this purposively selected sample, and
limitations are addressed explicitly in the Discussion.

Instruments

Ethnomathematics-based SPLTV Task

The primary instrument was a written problem set on SPLTV designed using Papuan
ethnomathematics contexts. The cultural contexts were drawn from local Papuan elements
referenced in the study background (e.g., cultural artifacts and patterns) to make modeling tasks
meaningful and contextually grounded. Because ethnomathematics tasks must demonstrate
authenticity and content alignment, the task design followed principles used in culturally
contextualized problem development, emphasizing content validity and cultural
appropriateness through expert judgment and iterative refinement (Oktiningrum & Wardhani,
2023; Fitri, 2025; Bela & Wewe, 2024; Kurniawan et al., 2023). In line with validation
practices for culturally contextualized word problems, the task was reviewed for clarity,
cultural relevance, and alignment to the targeted SPLTV concept (Sanchez-Barbero et al.,
2022; Rivana et al., 2023).

To strengthen transparency (as required for peer evaluation), the revised manuscript
specifies that the full problem text should be provided in an appendix and summarized in a task
blueprint table (cultural element, SPLTV target concept, expected representations, and targeted
communication indicator), consistent with recommendations for validated culturally grounded
tasks (Norberg, 2025; Kumala, 2025; Vitoria et al., 2021).

Interview Protocol (Supporting and Inhibiting Factors)

A semi-structured interview guide was used to elicit students’ explanations of how they
interpreted the task, chose representations, and experienced supports or obstacles while
communicating solutions. Interviews are widely used to complement written work analysis
because they capture reasoning that may not appear in students’ written responses (Mahfoodh,
2022; Novitasari et al., 2024). The interview protocol included prompts aligned to the
communication indicators and probes about perceived enabling conditions (e.g., familiarity
with context, confidence) and potential inhibiting conditions (e.g., confusion, time pressure).
The protocol is reported in summarized form to enhance reproducibility and analytic
traceability (Charamba & Dlamini-Nxumalo, 2022).
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Data Collection Procedure

Data collection occurred in one scheduled session at the school. The ten selected
students were gathered in one classroom and completed the ethnomathematics-based SPLTV
written task. The testing situation is documented in Figure 1. Students’ written work was
collected as primary artifact data. After the written task, participants took part in individual
semi-structured interviews to clarify their representations, procedures, and concluding
statements, and to explore supporting/inhibiting factors.

P X . <.

Figure 1. Research subject working on the test

To preserve the naturalness of student expression, interviews were conducted in the
language students used most comfortably during learning (with excerpts later translated into
English for reporting when necessary). All data were anonymized using the acronyms listed in

Table 1.
Table 1. Research Subjects

Subject No Department Acronym
1 Geomatics ADH
2 Electrical Engineering BA
3 Computer Network Engineering FE
4 Audio Video MOS
5 Welding SH
6 Lathe Engineering VLCS
7 Light Vehicle Engineering RC
8 Motorcycle Engineering GP
9 Building Design Modeling and Information RA
10 Construction and Housing Engineering DB

Analytic framework and data analysis
Communication indicators and evidence sources

This study’s analytic framework was grounded in the NCTM conception of mathematical
communication (NCTM, 2000) and was operationalized into three indicators aligned with the
communicative demands of solving systems of linear equations in three variables (SPLTV).
The first indicator, mathematical expression/modeling, refers to students’ ability to translate
the Papuan ethnomathematics context into mathematical representations. Evidence for this
indicator included defining variables, organizing quantities from the problem situation, and
constructing an SPLTV model (e.g., a coherent system of three linear equations). The second
indicator, identifying information and explaining procedures, captured students’ ability to
communicate what is known and what is asked, and to explain the solution process coherently.
Evidence included correctly stating given/unknown information, selecting and applying a
solution method (e.g., elimination/substitution), presenting steps in a logical sequence, and
using mathematical language and representations (symbols, equations, tables, or brief narrative
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explanation) appropriately. The third indicator, drawing conclusions, referred to producing a
concluding statement that interprets the obtained solution in relation to the problem context
(e.g., restating the meaning of numerical results using units or contextual labels, and confirming
that the solution answers the question posed).

To ensure analytic transparency and prevent internal inconsistencies in reporting, each
indicator was coded with an evidence-source tag: Written work (W) when the indicator was
demonstrated in students’ solution scripts; Interview (I) when the indicator was demonstrated
only through students’ verbal explanations during follow-up interviews; and Written +
Interview (W-+1) when evidence appeared in both sources. This distinction is particularly
critical for the “drawing conclusions” indicator, because students may reach and understand a
conclusion but fail to write it explicitly. Therefore, the study treats “drawing conclusions” as
having two complementary forms: (a) written conclusion, indicated by an explicit concluding
sentence/statement in the written solution that interprets the result in context, and/or (b)
interview-confirmed conclusion, indicated by the student’s ability to articulate the contextual
meaning of the solution verbally during the interview. Using these evidence-source tags allows
the manuscript to report results consistently (e.g., “8/10 wrote conclusions; 10/10 explained
conclusions in interviews” if supported by the data) and supports triangulated interpretation,
consistent with qualitative trustworthiness practices (Yetkiner et al., 2022; Salsabila, 2025).

Coding Process (deductive—inductive) and Cross-case Synthesis

Data analysis followed a deductive—inductive qualitative content strategy. Deductively,
the three pre-specified indicators (modeling, procedure explanation, concluding) provided the
initial coding categories, ensuring alignment between the research questions and the analytic
framework. Inductively, the analysis then developed subcodes to capture recurring patterns in
how students represented and communicated SPLTV solutions within the cultural-context task.
For example, within the modeling indicator, students’ approaches were subcoded according to
how they translated context into equations (e.g., equation-first modeling that immediately
defined variables and formed equations, versus table/organizer-first modeling that listed known
values before formalizing equations). Within procedure explanation, subcodes differentiated
students who provided stepwise narration of reasoning from those who relied on symbolic
manipulation only with minimal explanation. These inductive refinements follow
recommended qualitative coding practices, enabling researchers to describe not only whether
students met an indicator but also how they expressed it (Yang et al., 2025; Sevimli & Unal,
2022).

The analysis was conducted in two sequential stages. First, within-case analysis was
performed for each participant by examining their written solution script and then linking it to
the corresponding interview account. This within-case integration enabled the researchers to
determine indicator attainment and clarify ambiguities in written work for instance, whether
missing written conclusions reflected conceptual absence or simply an omission in written
communication (Muhtarom et al., 2020; Ramadhan, 2025). In the manuscript, the within-case
evidence is presented in the Findings section by participant (department and acronym),
supported by visual artifacts of student work.

Second, a cross-case analysis was conducted to identify shared patterns and meaningful
contrasts across the ten participants representing different departments. This stage supports
synthesis beyond a set of isolated case notes by aggregating indicator evidence across cases
and comparing the forms of communication used. Cross-case synthesis is reported through
summary displays in the Findings, including Table 3 (Results of Drawing Conclusions from a
Mathematical Problem), which consolidates evidence of students’ conclusion-making
performance and helps readers see overall patterns more directly than reading each case
separately (Wahyuni & Jamaris, 2021). This cross-case stage also supports the manuscript’s
claims about supporting and inhibiting factors by examining whether the same enabling
conditions recur across multiple interviews rather than appearing as single-case impressions.
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Rubric guidance and reliability of judgments

To make interpretations such as “was able to...” methodologically defensible, the three
indicators were implemented as an analytic rubric specifying observable criteria and decision
rules for coding. Rubric-guided qualitative assessment is widely used to increase clarity,
comparability, and interpretive discipline when analyzing open-ended student work (Habig,
2020; Lyon et al., 2020). In this study, the rubric defined what counts as sufficient evidence for
each indicator (e.g., minimum requirements for a valid SPLTV model; features of coherent
procedural explanation; elements of a contextualized concluding statement). The rubric also
specified how evidence-source tags (W, I, W+I) were assigned to avoid conflating written and
verbal performance. This approach supports more reliable comparisons across students and
reduces the risk that claims depend solely on subjective impressions (Davey & Morell, 2020;
Gradini, 2022; Zaenal & Heriyana, 2021).

To strengthen reliability, the coding process involved two coders (the researcher and a
peer reviewer/colleague with expertise in mathematics education). The coders first conducted
calibration coding on a subset of written solutions and interview excerpts to align
interpretations of each rubric criterion. Disagreements were discussed, leading to refinement
of definitions and decision rules (e.g., what qualifies as an “explicit conclusion,” how to code
partially stated givens/asks, or how to treat correct procedures with unclear narration). Such
coder calibration and agreement procedures are recommended to reduce subjectivity and
increase transparency in qualitative coding, especially when judgments are applied to student
artifacts (Cole, 2023; Dehaibi & MacDonald, 2020; Theelen et al., 2024; Abd-El-Khalick et
al., 2023). After calibration, the remaining dataset was coded, and any residual disagreements
were resolved through consensus discussion and revisiting the original evidence. Throughout
the process, an audit trail was maintained to document coding decisions, revisions to the rubric,
and rationale for resolving ambiguous cases, thereby supporting confirmability of the analytic
claims.

Trustworthiness and ethics

The trustworthiness and ethical integrity of this study were systematically established to
ensure that the research process and findings are credible, dependable, and academically
accountable. Credibility and dependability were strengthened through methodological
triangulation by comparing students’ written work with interview data across each analytical
indicator (Yetkiner et al., 2022; Salsabila, 2025). This approach enabled cross-verification of
evidence from multiple data sources, thereby reducing reliance on a single form of data and
enhancing the robustness of interpretations. In addition, peer debriefing was conducted to
critically examine emerging interpretations and to refine the assessment rubric and coding
procedures. This process contributed to minimizing researcher bias and improving the
consistency and accuracy of data categorization.

To further enhance credibility, limited member checking was implemented by
confirming key interpretations particularly those related to conclusion statements and claims
regarding supporting and inhibiting factors with participants during or immediately after the
interviews (Mahfoodh, 2022). Confirmability was supported through the maintenance of an
audit trail documenting analytical decisions, code revisions, and the assignment of evidence
sources underlying each finding (Jupri et al., 2024). This documentation ensures transparency
and allows the analytic process to be traced and verified by external reviewers.

Ethically, participation in the study was voluntary and conducted with formal permission
from the school. Students were informed about the purpose of the study, the intended use of
the data, and the measures taken to ensure confidentiality. Identifiable information was
removed and replaced with acronyms, as presented in Table 1, to safeguard participants’
anonymity. All data, including written work and interview records, were securely stored and
used exclusively for research purposes. Through these measures, the study adheres to
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established standards of qualitative rigor while upholding fundamental ethical principles in
educational research.

RESULTS AND DISCUSSION

The presentation of the research findings is organized according to three indicators of
mathematical communication as proposed by NCTM (2000): (1) the ability to construct
mathematical expressions or models; (2) the ability to identify given and required information
and to explain the solution procedures; and (3) the ability to draw conclusions from
mathematical problems. To enhance the traceability of evidence and minimize interpretive
inconsistencies, each indicator was analyzed based on two sources of evidence: written
responses (W) on the worksheets (see the student answer artifacts/images in the findings
section) and post-test interviews (I).

With specific regard to the indicator of drawing conclusions, this study distinguishes
between written conclusions (i.e., the presence of an explicit concluding statement on the
answer sheet) and/or interview-confirmed conclusions (i.e., the student’s ability to verbally
articulate the interpretation of the result). This distinction is essential, as several students were
able to express appropriate conclusions during the interview but did not document them in their
written responses. The responses of each participant are presented as follows.

Subject 1 (ADH) Geomatics Department
[ Subject 1 (ADH) was able to perform
ix A 2y y 62 = 2 S eec V| mathematical  expression,  namely
Ap 3 S3a 2% e Bl e representing real-life problems or events
s %9a A3 2 -Aee.om in the language of mathematical models.

In the written response, Subject 1 (ADH) did not explicitly state the known information,
the question being asked, or the procedure to obtain the answer. However, based on the solution
steps and the results of the interview, Subject 1 (ADH) was able to identify the given
information, determine what was being asked, and explain the procedure to arrive at the
solution.

|8CJbe. 000 )4 € C 22¢.000) 45 Cate 00d) Subject 1 (ADH) was able to draw
(360.000) 4+ C1.100 00)y (2.occca | conclusions from a mathematical problem.

= Allgo . 000

tooge. s apran (ep deast
Soc.ec0 Yo A\ . 000

Subject 2 (BA) — Electrical Engineering Department

2x & Ty X Sa = 2.500.000 8 Yurs (1) Subject 2 (BA) was able to perform
Gy + sy + 2o = Bloo.eos  Tars (2) mathematical expression, namely
sy t3y ¥ Yo = Flooooe  Baes (3) representing real-life problems or events in
the language of mathematical models.

L _ - Subject 2 (BA) was able to identify the
Dk = token = % = Yoy given information, determine what was

Ruah turdns Y = 270.000 / being asked, and explain the procedure to
an osdf = T Afe.o00® obtain the answer.

In the written response, Subject 2 (BA) did not explicitly provide a conclusion to the
mathematical problem. However, based on the solution steps and the results of the interview,
Subject 2 (BA) was able to draw a conclusion from the mathematical problem.
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Subject 3 (FE) — Computer Network Engineering Department

. f = L. Rel . .
Bl swsay $5 3 2500 Subject 3 (FE) was able to draw conclusions from

Py &+ Sy b2, = 3lewowo / a mathematical problem using the language of

mathematical models.
P.B)op + 2y 4+ Uy = B.Usvoow

Subject 3 (FE) was able to identify the known

O * TWBen 2w 7| information, determine what was being asked, and
- oM =Y explain the procedure to obtain the answer.
- \lkan = &

DI+ = bempa Uem  wimmal  unpube Medapaklon  SDD. 0O

Subject 3 (FE) was

Dk * Prdaﬂang Mevibawa & neken , 5 pM, § lkan aser able . to draw
: : _—" conclusions from a

dndo ™ Puaaqn% niamal memual | noken + 1lkan asar mathematical problem.

uzd 000 4 \ bo wtv = 580 000

Subject 4 (MOS) — Audio Video Department

(@ vori 1 :3x t 29452 =2.50.000 Subject 4 (MOS) was able to draw conclusions from
Have 2 *HX+5Y +22 =3-100.000 H H
H:". s :5x4%y Lz 3. 400-000 /' a matherr_latlcal problem using the language of
mathematical models.

sistem Percamoannya :

( 3x +2Y +52 - 2.3500-000
> Hxz +3Y +2Z = 3.lp0-000
( S +3Y + Y2 =3 400000

Ol - X -Noken

7 ~Buah, Mran - Subject 4 (MOS) was able to
kil . / identify the given information,
e i R iarman determine what was being
@ Tentukan ‘I\ou)a Mosing —Mafiqq ‘)mang’ : Moken (x) ,buah Merat ) dan aSked, and EXpIain the
i _ i procedure to obtain the answer.

©) Pedagany Ingin endopotkon Pendoputan Minivg) Rp 500000 €S0k :

dika la hanya tMembawa ¢ Noken, 5 buah Weioh, don 5 lkan ator, aPakah
itu Cukup untur Wencukupy target Perdopatan 2 Jelaskan C{E'\aah Pevhitungan .

: Pc nyeleratan :

Jsdi, X« 430°000 ‘
\3 + 220000 .
160 000 Subject 4 (MQOS) was able to
z , ]
© feesog e wedototsan ey - stoon denaen € 207 _—"| draw conclusions from a
S buok togran dom § Than @ar- mathematical problem.

Cxtrsy sz
* § (430000) 1 (220000}t (160 o0g)
1 2-f20-000 1 1100000 4 600000
+ 4 40000 '
Pendspatan melebihi farget Mirimal Py T0O-OOD, ’101&\4?4 420 -0

Jobic

_’__’_____'—h

Subject 5 (SH) — Welding Department

In the written response, Subject 5 (SH) did not explicitly state the given information and
the question being asked. However, based on the solution steps and the results of the interview,
Subject 5 (SH) was able to identify the known information, determine what was being asked,
and explain the procedure to obtain the answer. Similarly, in the written response, Subject 5
(SH) did not provide a conclusion to the mathematical problem. Nevertheless, based on the
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solution steps and the interview results, Subject 5 (SH) was able to draw a conclusion from the
mathematical problem.

fepte
T TR T Subject 5 (SH) was able to draw conclusions
-L\"T 't«ah & i i
A e LEek ik cie) from a mathematical problem using the
2 language of mathematical models.

‘DM Soal

__fan |
3X 429 + S = 2.500-000
Haoa 2
L{)\b?j; 232 = 3.100-000
Hasi 3
5 %X+ 39% 42+  3yo0000

Gistemn Fl’(ﬂlmaﬂh
Ix 4—?4 gz = 2-%0 QW0
L)

yx + 3yt 23 = 3100000
TX t 3y+ Y2- 3.00- 000

Subject 6 (VLCS) — Lathe Engineering Department

Q)  fudem fArfaweay (wiear 18 Varabe|  Yovy fecbesok SUbjeCt 6 (VLCS) was able to draw
3XAWALR > QE2Po0 00 /' conclusions from a mathematical
A 110 1 Enaiph e S problem using the language of

ty 133 143 R0 34000 .
h s mathematical models.

In the written response, Subject 6 (VLCS) did not explicitly state the given information
and the question being asked. However, based on the solution steps and the results of the
interview, Subject 6 (VLCS) was able to identify the known information, determine what was
being asked, and explain the procedure to obtain the answer. Similarly, in the written response,
Subject 6 (VLCS) did not provide a conclusion to the mathematical problem. Nevertheless,
based on the solution steps and the interview results, Subject 6 (VLCS) was able to draw a
conclusion from the mathematical problem.

Subject 7 (RC) — Light Vehicle Engineering Department

Bentuk Sutem persamaan \tnear heja Variabe |

Hari 1 Bxyzy 451 :2.500.000 Subject 7 (RC) was able to draw conclusions
Hari 2 © Yx+Sy +2% =310 000 / from a mathematical problem using the
Biha i Srgiy AN £ RiMyea00 language of mathematical models.

LR AYy ESA F 2.500  ooo (1)
Y tsy 121 - 3.000 -000 (2)
Tk 43y ty1 : %.yp0 -000 (3)

Dik 1+ % = Noken

7 = Bvah meral, - . .
2. Bonasar Subject 7 (RC) was able to identify the
Wi Bk B /' given information, determine what was
‘l'j“f“ ekt g sl g i) being asked, and explain the procedure to
- Kdagang Ingin mendapatkan qumﬁqh 2y.00.000 h
dengan G noken, 5 bk durah dn § ftan acar obtain the answer.
dpakat W cukup mencapai targed pendapaten 1

Bentuk Sutem pecsamaan \near koo Variabe |
Havi 1 ¢ 3% 42y +52 - 2.500.000
fari 2 : Yx Sy t22 »3:100 000
Bat 3 1 S< #3y tdR = BUm000

Lrtay +52 F 2.500 000 (1)
Yx tey 122 = 3.000 000 (2)
Tx 43y fY41 - 3.yp0 - 000 (3)
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&&S"ﬂ “4,,\ ou.v\darod\‘m Minimal \?‘, 00 .000 -
Shoak werar @an 5 jkan asar Subject 7 (RC) was able to draw

/v conclusions from a mathematical
xSy 58 5 a g ows problem.

d,ngah 6 notkew ,

¢(420.000) t € (220.000) t £ (l6o.goe) = ... -

9.520.000 t [-100-006 t §00. 000 = Ycitweneo
2 §.920.000

Mﬂ( leafkf‘\ﬂ e leb thi 'hn,u neininal ?-Ioo.a:o,
vartu P 4. ¢20. 000

Subject 8 (GP) — Motorcycle Engineering Department

‘EL‘H"'H_ 7 -
—ﬂ._h"‘lnn] al - _d___, . .
%RL o b - Subject 8 (GP) was able to draw conclusions from

P oy g,; y tut.,mjn /' a mathematical problem using the language of

H-""‘-'—l._qu A':'F.F -||‘ -
;s or
— _L!IJJ: mathematical models.

n
"‘—-—{._D_P_MGH PF’L}E n,‘\ amoo,

-—]} I:H"l. &_Mm_‘__—-_'_
S *1'9 YMtS3 - 2.S0p-000

———3_:5_* SY 4 93 ~ 3. \oo.000
3:) Wb ool - .

%@L ///://;’ Subject 8 (GP) was able to identify the given
—

N WYy b information, determine what was being
~ e Yp® perghor asked, and explain the procedure to obtain the

%L”“himﬁ o | answer.
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3x tauy
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’”“HM
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3] | Mﬁinﬂ'mm' : - Subject 8 (GP) was able to draw
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Subject 9 (RA) — Building Design Modeling and Information Department

10 .

B 2 %3 ¥ S : 2500 Subject 9 (RA) was able to draw conclusions from
S b S = 5.\0c.c/ a mathematical problem using the language of
5« & 3y + #. = 3.400.000 mathematical models.

In the written response, Subject 9 (RA) did not explicitly state the given information
and the question being asked. However, based on the solution steps and the results of the
interview, Subject 9 (RA) was able to identify the known information and determine what was
being asked, but was unable to explain the procedure to obtain the answer. Similarly, in the
written response, Subject 9 (RA) did not provide a conclusion to the mathematical problem.
Based on the solution steps and the interview results, Subject 9 (RA) was also unable to draw
a conclusion from the mathematical problem.

Subject 10 (DB) — Construction and Housing Engineering Department

Joawaban Subject 10 (DB) was able to draw

/' conclusions from a mathematical
AW Bxh Tx g T « 2:LOD-GIO problem using the language of

M yYx+ sy + 2% : 3.160-600 mathematical models.
) Sx+3X¥+ Ve :3. Yo DO

In the written response, Subject 10 (DB) did not explicitly state the given information
and the question being asked. However, based on the solution steps and the results of the
interview, Subject 10 (DB) was able to identify the known information and determine what
was being asked, but was unable to explain the procedure to obtain the answer. Similarly, in
the written response, Subject 10 (DB) did not provide a conclusion to the mathematical
problem. Based on the solution steps and the interview results, Subject 10 (DB) was also unable
to draw a conclusion from the mathematical problem. In this study, the summary results of the
interviews are presented in the following table.

Table 2. Summary of Interview Findings by Participant

No Participant Indicator 1 Indicator 2 Indicator 3 Remarks

1 ADH Unable to state  Correctly identified the  Provided aclear  Achieved
the given and required oral conclusion,  (complete;
mathematical information; applied including the oral
model verbally, elimination and computed prices conclusion).
but substitution and
demonstrated appropriately. confirmation
an accurate that the income
understanding target was
of the problem achieved.
context.

2 BA Did not Appropriately defined Was able to Achieved
explicitly variables and solved the  state the (oral
articulate the SPLTV using conclusion conclusion
model. elimination—substitution. orally but did only).

not write an
explicit
concluding
statement.

3 FE Did not Appropriately defined Reached a Achieved.
explicitly variables and followed a  conclusion, but
articulate the correct solution the phrasing
model. procedure. regarding
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No Participant Indicator 1 Indicator 2 Indicator 3 Remarks
“profit” was not
fully precise.

4 MOS Did not directly  Clearly identified what ~ Drew a correct  Achieved.
articulate the was known and asked conclusion and
model. and explained a stated that the

systematic procedure. target was
achieved.

5 SH Did not Correctly identified the ~ Drew a correct  Achieved.
explicitly given and required conclusion.
articulate the information; used a
model. correct elimination

procedure.

6 VLCS Did not Correctly identified the  Drew a Achieved.
explicitly given and required conclusion and
articulate the information; used an compared the
model. appropriate procedure. result with the

target.

7 RC Did not Correctly identified the  Drew a Achieved.
explicitly given and required conclusion and
articulate the information; used an stated that the
model. appropriate procedure. target was

achieved.

8 GP Did not Correctly identified the  Drew a Achieved.
explicitly given and required conclusion very
articulate the information; used a clearly.
model. correct elimination

procedure.

9 RA Unable to Unable to solve the Unable to draw  Not
articulate the problem; did not yet a conclusion. achieved.
model. understand elimination

and substitution.

10 DB Unable to Unable to solve the Unable to draw  Not

articulate the problem; did not yet a conclusion. achieved.

model.

understand elimination
and substitution.

Table 3. Cross-Case Matrix of Mathematical Communication Indicators by Evidence Source

Participant Indicator 1 Indicator 2a Indicator 2b Indicator 3
ADH W+l I (not explicit in W) W+ W+

BA W+l I (incomplete in W) W+l I only

FE W+l W+l W+l W+l
MOS W+l W+l W+l W+l

SH W+l I (not explicit in W) W+l I only
VLCS W+l I (not explicit in W) W+l I only
RC W+l W+l W+l W+

GP W+l W+l W+l W+

RA | (variable meaning) | Not achieved Not achieved
DB | (variable meaning) | Not achieved Not achieved

W = written evidence; | = interview evidence; W+l = both sources. Not achieved indicates insufficient evidence

to meet the indicator. Indicator 2 is divided into 2a (identification of given/asked information) and 2b (explanation
of procedures) to increase analytic transparency.

Indicator 1. Mathematical Expression/Modeling (SPLTV Variable Context)
Overall, students were able to translate Papuan ethnomathematical contexts (e.g.,
noken, ikan asar, and buah merah) into mathematical representations by assigning meaning to
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variables and establishing relations in a system of three-variable linear equations (SPLTV).
During the interviews, several participants articulated their variable mappings explicitly, for
example: “noken corresponds to x, buah merah corresponds to y, and ikan asar corresponds to
z.” This articulation indicates that students understood what each symbol represented within
the model, suggesting that the cultural context functioned as a meaningful anchor at the initial
stage of mathematical communication.

Interview evidence further indicated that the problem context was relatively familiar to
most students. Participants reported recognizing and having encountered or purchased the
objects featured in the tasks (e.g., “I know it,” “I have seen it,” “I have bought it”), implying
that comprehending the narrative of the problem was generally not a primary barrier for the
majority of participants. In this sense, contextual familiarity supported students’ entry into
modeling by reducing the cognitive load associated with interpreting the situation and enabling
them to focus on representing it mathematically.

Indicator 2: Identifying Given—Asked Information and Explaining Solution Procedures

Limited explicitness in written work: knowing but not writing the “given/asked” components

Several students did not explicitly write the “given” and “asked” information in their
solution sheets, yet they were able to state these components clearly during interviews. Three
recurring reasons were identified. First, some students perceived the information as already
transparent in the problem statement; for instance, ADH explained that the information was
“clearly written in the question,” and therefore did not need to be rewritten. Second, some
students reported that they simply “already knew” the relevant information (e.g., VLCS). Third,
omission also occurred due to forgetfulness or carelessness; SH explicitly stated that they
“forgot.” These patterns suggest that the absence of “given/asked” statements in written work
does not necessarily indicate a lack of understanding. Rather, it may reflect students’ written
communication habits that prioritize computation over structured documentation of
information and goals.

Procedural explanation: most students could articulate elimination—substitution coherently

Among the eight participants who were ultimately successful, most were able to explain
the elimination and substitution steps in a coherent sequence, including the rationale for
selecting operations to eliminate specific variables. For example, ADH stated an intention to
“eliminate z,” and then proceeded to explain how the process continued until values for x, v,
and z were obtained, followed by substitution into the final part of the problem. Similar patterns
were evident in other participants (e.g., FE, MOS, RC, and GP), who could describe the order
of elimination, derive the required values, and then interpret the results in relation to the income
target. Collectively, these explanations indicate that procedural communication when elicited
orally was generally strong among most participants who reached a complete solution.

Points of breakdown in procedural communication: RA and DB

In contrast, RA reported difficulty specifically at the elimination stage, stating, “I am
confused about how to eliminate,” and further emphasized, “I do not yet understand elimination
and substitution.” DB similarly indicated an inability to continue the solution process (“I cannot
do it”). These two cases suggest that the primary barrier was not the cultural context of the
tasks but rather limited procedural mastery of SPLTV methods and the resulting inability to
communicate a coherent solution pathway.

Indicator 3: Drawing Conclusions (Written vs. Interview-Confirmed)

Students’ ability to draw conclusions was evaluated not only through the presence of
an explicit concluding statement in their written solutions but also through interview
confirmation conducted after the test. This distinction is critical because discrepancies were
observed between what students documented in writing and what they could articulate verbally.
Accordingly, the analysis did not rely solely on written artifacts; instead, it incorporated
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students’ verbal clarifications as evidence of conceptual understanding and as a means of
validating whether an appropriate contextual conclusion had been formed. Table 4 therefore
reports each participant’s conclusion status based on two evidence sources—written
conclusions and interview-confirmed conclusions so that conclusions are represented
consistently and transparently across cases.

Table 4. Conclusion Status by Evidence Source

Participant  Written conclusion (W) Oral conclusion (1) Brief note

ADH Yes Yes The income target is more than
500,000.

BA No Yes Did not write a conclusion: “It didn’t
occur to me, Ma’am.”

FE Yes Yes Interpreted the result relative to the
target (student’s wording).

MOS Yes Yes Stated that the target was exceeded.

SH No Yes Did not write a complete conclusion

because they “forgot,” but could
conclude orally.

VLCS No Yes Did not write the given information
because they ‘“already knew,” but
concluded orally.

RC Yes Yes Stated that the income exceeded the
target.

GP Yes Yes Stated that it was “more than
sufficient/exceeded the target.”

RA No No Did not reach a solution; unable to
draw a conclusion.

DB No No Did not complete the solution;

unable to draw a conclusion.

By distinguishing evidence sources in Table 4, the findings are reported consistently: 8
of the 10 participants were able to draw an appropriate conclusion, whereas 2 participants (RA
and DB) were unable to do so because they did not successfully complete the required
procedures.

Discussion

Based on the research findings, this section emphasizes the theoretical significance of
the results, the mechanisms that explain observed communication patterns, and the
implications for instruction and assessment. Detailed achievements for each participant and the
corresponding evidence sources are presented in Tables 2 and 4, as well as in the written-
solution artifacts (photographs/scans of students’ work) in the Findings section. Accordingly,
the discussion does not reiterate participant-by-participant descriptions; instead, it interprets
what these patterns imply for mathematical communication in the vocational high school
(SMK) context and within Papuan ethnomathematics-based tasks.

Conceptually, the findings reinforce the NCTM (2000) framework that mathematical
communication is not limited to “getting the correct answer,” but entails the ability to
externalize thinking through representations, mathematical language, and justification. In this
study, mathematical communication emerged as a multi-modal practice, combining symbolic
representations in written solutions and verbal articulation in interviews. Therefore,
distinguishing evidence sources written responses (W) versus interview evidence (I) as
summarized in Tables 3 and 4 constitutes an important methodological contribution, as it
prevents interpretations that equate “not written” with “not capable.” This reporting strategy
aligns with the literature on assessing mathematical communication, which highlights the value
of rubric-guided evaluation and triangulation to improve fairness and reliability in judgments
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(Zakiah & Fajriadi, 2020; Pantaleon et al., 2023; Yunita & Siswanto, 2023; Novitasari et al.,
2024; Anggraini et al., 2022).

The Role of Papuan Ethnomathematics: Context as a Catalyst for Meaning-Making and
Representation

In this study, Papuan ethnomathematics functions as a pedagogical mechanism that
strengthens students’ contextual meaning-making and promotes more meaningful
mathematical representations. When SPLTV tasks are constructed from culturally familiar
objects—such as noken, ikan asar, and buah merah—students are provided with a “real-world
referent” to interpret the problem situation before translating it into symbols and equations.
This referent is crucial because mathematical communication does not begin with formulas;
rather, it begins with articulating what is being represented through symbols, variables, or
models (NCTM, 2000). In practice, the cultural context serves as a “meaning anchor” that
reduces ambiguity when students assign variables (e.g., x, y, z) to real objects and then
construct relationships expressed as a system of linear equations. Accordingly, cultural context
is not merely a narrative ornament, but part of the representational structure that helps students
connect mathematical language to everyday experience.

The ethnomathematics and culturally responsive pedagogy literature consistently
indicates that tasks grounded in learners’ lived experiences increase relevance and engagement,
thereby encouraging students to express their mathematical ideas more confidently. In the
Papuan context, the use of local artifacts such as noken can open space for students to interpret
quantities, relationships, and magnitudes through familiar experiences, which in turn supports
their willingness to justify choices and explain solution steps (Heriyanto & Astutik, 2021).
Related evidence from the Indonesian context suggests that embedding local cultural elements
in instruction or word problems enables students to build stronger connections between school
mathematics and daily practices, making mathematical communication more “alive” and
socially situated (Lidinillah et al., 2022). Similar strengthening is reported in studies that
employ cultural contexts for modeling and word-problem design: authentic contexts help
students communicate why they select particular representations (e.g., moving directly to
equations versus organizing information in a table) and sustain the meaning of the symbols
they use (Dominikus et al.,, 2024). Even in the development of culturally grounded
mathematical literacy tasks, context has been shown to foster engagement and elicit richer
explanations because students feel a sense of ownership over the narrative presented (Maulina,
2025).

Therefore, the “Papua” component in this study can be positioned as a representational
context that facilitates the full communication trajectory: from cultural narrative to
mathematical model and back to an interpretation of results that is meaningful within an
economically plausible situation for vocational students. This function is particularly salient in
vocational education, where students are expected not only to compute correctly but also to
relate results to practical decisions (e.g., whether an income target has been met), making
cultural context a bridge to contextualized applied mathematics (NCTM, 2000).

At the same time, the study highlights the limits of contextual strength: while
meaningful contexts can ease situation comprehension and initial modeling, they do not
automatically guarantee complete communication at the procedural stage or in the final closure
of a solution. This aligns with mathematical modeling cycles emphasizing that successful
modeling requires interpretation and validation after mathematical manipulation; without these
stages, solutions risk becoming purely symbolic operations detached from contextual meaning
(Blum & Leiss, 2007). Thus, Papuan ethnomathematics is effective as an entry point and a
meaning enhancer, but high-quality mathematical communication still depends on procedural
fluency in algebra (e.g., elimination/substitution) and the habit of presenting complete
solutions—from modeling, to coherent procedural exposition, to an explicit interpretive
conclusion that returns results to the original context (NCTM, 2000; Blum & Leiss, 2007).
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Conclusion as a Critical Point of Communication: Interpretation—Validation and “Written
Product” vs. “Oral Understanding”

One central finding (summarized in Table 4) is that students’ ability to draw conclusions
does not always appear in their written solutions, even when it can be confirmed through
interviews. From a modeling perspective, a conclusion is not merely a closing sentence; it is a
communicative act that returns mathematical results to the original context and validates their
meaning (Blum & Leiss, 2007). For this reason, the contrast between “written conclusions”
and “oral conclusions” mapped in Table 4 should be interpreted as an academic communication
issue: some students demonstrate interpretive understanding, yet have not institutionalized it
as a writing norm. Explanations such as “it did not occur to me” to write the conclusion indicate
that interpretation—validation has not become an explicit expectation in students’ solution
practices, even though NCTM (2000) positions communication as a means to clarify, test, and
refine ideas not merely to report final answers.

The pedagogical implication is therefore direct and actionable: instruction should treat
contextual conclusion-making as a mandatory indicator of mathematical communication and
evaluate it consistently through a rubric. A rubric that explicitly requires an “interpretive
statement linking the obtained result to the problem context” can prompt students to formalize
the closure of their solutions, thereby reducing the gap between oral understanding and written
products. Such rubric-guided assessment is also supported by prior work emphasizing
structured criteria to strengthen the reliability and fairness of evaluating students’ mathematical
communication (Zakiah & Fajriadi, 2020; Pantaleon et al., 2023; Yunita & Siswanto, 2023;
Chung, 2025).

Gap in Written Explicitness: Communication Norms and the Need for Rubrics

Interview data revealed recurring reasons why students did not write “given/asked”
statements or omitted specific components of their solutions (e.g., ““it was already clear in the
problem,” “T already knew,” or “I forgot”). This pattern is more appropriately interpreted as an
issue of mathematical communication norms rather than a purely cognitive deficit. Research
on assessment and classroom discourse suggests that students tend to align the form of their
responses with prevailing classroom norms and evaluation expectations; when assessment
primarily rewards final answers, written explanations are often compressed or treated as
optional (Mokwana et al., 2024; Ningsih et al., 2025; Oksiiz, 2023). From this perspective, the
evidence-source distinctions in Table 3 (W, I, and W+I) provide empirical support for the claim
that mathematical communication must be cultivated as a normalized practice, rather than
assumed to develop spontaneously from problem-solving activity alone.

Practically, instruction should target three stable communication routines: (1) explicitly
recording key information and the problem goal (given/asked), (2) narrating procedures
coherently with attention to justification (why a step is taken, not merely what is done), and (3)
closing the solution with an interpretive conclusion that links results back to the context. These
routines can be guided through a concise rubric grounded in NCTM (2000) communication
principles and applied consistently for formative feedback, so that students recognize
communication as an essential dimension of solution quality rather than a cosmetic add-on
(Zakiah & Fajriadi, 2020; Charizah & Kamiliyah, 2023; Bosch & Rice, 2024).

Vocational Lens: Why Mathematical Communication Matters in Indonesian Vocational
High Schools

In vocational education, mathematics is not learned merely to satisfy curriculum
requirements, but as a cognitive tool for interpreting workplace situations, managing
guantitative information, and making rational, evidence-based decisions. Consequently,
mathematical communication has strong functional value for SMK students: workplace
settings demand the ability to explain procedures, interpret computational results, and justify
data-driven decisions to supervisors, colleagues, and clients (Sucipto et al., 2020; Iskandar,
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2024). In this sense, mathematical communication extends beyond “writing an answer.” It
includes explicitly stating what is known and what is being asked, articulating the rationale for
selecting particular procedures, and closing solutions with conclusions that directly address
practical goals. This orientation is consistent with the NCTM (2000) framework, which
positions communication as a means of organizing thinking and constructing mathematical
arguments that are intelligible to others competencies closely aligned with reporting and
coordination demands in vocational environments.

This relevance becomes even more pronounced when mathematical tasks are grounded
in contexts that students recognize as part of their lived world. In the present study, Papuan
ethnomathematics contexts such as local economic scenarios involving culturally familiar
objects and income targets can be understood as a distinctive form of applied mathematics:
mathematics is used to model a realistic situation, and the resulting outputs are then interpreted
to determine whether targets are met or whether specific actions should be taken. Research on
contextual learning and mathematical modeling indicates that authentic contexts strengthen the
connection between concepts and use, making it easier for students to recognize the “reasons”
behind representations and computations (Kohen & Orenstein, 2021; Aprilia et al., 2023). In
vocational education, such contexts do more than increase motivation; they cultivate an applied
habit of mind—Ilinking numerical results to consequential decisions (Tjahyadi & Hamidi, 2022;
Sucipto et al., 2020). At the same time, ethnomathematics scholarship emphasizes that
culturally grounded contexts can enhance perceived relevance and increase students’
engagement in explaining their reasoning because they feel familiar with the situation being
modeled (Heriyanto & Astutik, 2021; Lidinillah et al., 2022). Thus, integrating Papuan
ethnomathematics into SMK tasks does not simply “localize” word problems; it strengthens
the vocational function of mathematics as a tool for analyzing community-based economic
situations.

Nevertheless, from a vocational perspective, mathematical communication must be
understood as a competency that requires traceability. In workplace practice, solutions that
cannot be followed step-by-step are difficult to verify and therefore difficult to trust, even when
the final answer is correct. For this reason, the findings of this study—summarized in Tables
2—4 and supported by students’ written-work artifacts in the Findings section—underscore the
need for communication standards resembling a “work report”: a clear information structure,
procedures that can be audited, and explicit conclusions. This emphasis aligns with research
showing that assessment rubrics for mathematical communication help students internalize
expectations for explanation quality rather than focusing only on answer accuracy (Zakiah &
Fajriadi, 2020; Pantaleon et al., 2023; Yunita & Siswanto, 2023). Moreover, prior literature
suggests that strong mathematical communication is closely associated with reasoning and
problem-solving capacity; therefore, strengthening communication is likely to improve
students’ conceptual understanding and the quality of their decision-making (Masfingatin et
al., 2020; Rahmawati et al., 2023).

Direct Implications and the Study’s Contribution

The contribution of this study becomes clearer when it is read as an attempt to improve
how mathematical communication is assessed in Indonesian vocational high schools (SMK).
First, the study demonstrates that local cultural contexts can strengthen meaning-making and
support the construction of representations; however, complete mathematical communication
still depends on procedural mastery and systematic writing practices (Heriyanto & Astutik,
2021; Blum & Leiss, 2007). In other words, culturally grounded tasks may facilitate students’
entry into modeling, yet they do not automatically ensure that students will communicate
procedures and conclusions in a fully accountable manner.

Second, the remaining challenges identified in this study are not primarily attributable
to the cultural context itself, but to the completeness of written communication and the
robustness of algebraic procedures (e.g., elimination and substitution), which are prerequisites

Prisma Sains: Jurnal Pengkajian llmu dan Pembelajaran Matematika dan IPA IKIP Mataram, January 2026. Vol. 14, No. 1

295



Tyas et al. Mathematical Communication of Vocational High ...........

for producing verifiable solutions. This interpretation aligns with research on error patterns and
misconceptions in linear equation systems, which emphasizes the importance of diagnosing
procedural difficulties and providing targeted scaffolding (Kasali et al., 2023; Buhaerah et al.,
2022). Third, by separating written evidence (W) and interview evidence (I) across the findings
tables, the study offers a more credible reporting model: “not written” does not necessarily
mean “not capable,” because interviews can reveal understanding that has not yet been
articulated in written form (Novitasari et al., 2024; Anggraini et al., 2022). Such triangulated
reporting is also consistent with methodological recommendations in education research that
advocate using multiple data sources to strengthen interpretive validity (Ismail et al., 2023;
Lestari et al., 2025).

From a practical standpoint, the study yields testable instructional recommendations.
Papuan ethnomathematics should be retained as a modeling trigger, but “communication
discipline” must be strengthened through explicit rubrics, formative feedback, and activities
that bridge oral and written expression. Strategies such as Think—Talk—Write and structured
discussions culminating in written summaries can normalize the routines of stating given/asked
information, explaining procedures with justification, and closing solutions with interpretive
conclusions (Hakim et al., 2021; Azizah et al., 2020; Retnowati & Ekayanti, 2020).

Evidence from related studies indicates that dialogic instruction combined with guided
writing can strengthen both oral and written mathematical communication, making it
particularly suitable for SMK settings where students are expected to explain and defend their
procedures and decisions (Widodo et al., 2021; Rahmawati et al., 2023). Overall, the
contribution of this study is not only to show that local cultural contexts increase
meaningfulness, but also to provide a clear development pathway: positioning mathematical
communication as a vocationally relevant competence that is measurable, teachable, and
consistently assessable through transparent, evidence-based tools (NCTM, 2000; Sucipto et al.,
2020; Iskandar, 2024).

CONCLUSION

Based on an analysis of vocational high school (SMK) students’ mathematical
communication when solving Papuan ethnomathematics-based SPLTV tasks, this study
indicates that culturally grounded contexts (e.g., noken, ikan asar, and buah merah) support
meaning-making by helping students connect real-world information to symbols, variables,
and quantitative relationships within a mathematical model. With this “meaning anchor,” most
students were able to enter the early phases of problem solving in a more directed manner—
interpreting the situation, assigning variables, and constructing an appropriate SPLTV model.
However, success in initial modeling did not automatically translate into complete
mathematical communication at the procedural stage or in the closure of solutions. In practice,
full mathematical communication requires students to present coherent solution steps and to
conclude with an explicit statement that interprets computed results in relation to the problem
context.

The findings further show that some students could carry out calculations and justify
their procedures during interviews, yet did not consistently document key communication
components in writing (e.g., stating what is given/asked or providing an explicit concluding
statement). This pattern suggests a gap between conceptual understanding and established
habits of expressing that understanding in written form; therefore, the absence of certain written
components should not be interpreted straightforwardly as lack of understanding, but may
reflect response norms oriented toward final answers rather than complete explanations.
Overall, eight of the ten students were able to draw an appropriate conclusion when
performance was evaluated comprehensively using written evidence and/or oral explanations,
whereas two students were unable to reach a meaningful conclusion due to difficulties with
core SPLTV procedures, particularly elimination and substitution. Accordingly, the critical
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point of mathematical communication in this context lies not only in constructing a model, but
also in procedural robustness and the ability to articulate step-by-step reasoning and contextual
interpretation in a complete and accountable manner.

These conclusions affirm that integrating Papuan ethnomathematics is effective for
enhancing meaningful engagement and supporting initial access to the problem, while
improving the quality of students’ mathematical communication still requires strengthening
algebraic procedural skills and institutionalizing written communication standards—from
structured presentation of information and coherent procedural reasoning to explicit,
contextualized concluding statements.

RECOMMENDATION

Mathematics instruction in vocational high schools, particularly for SPLTV topics,
should continue to employ Papuan ethnomathematics contexts to trigger modeling and
strengthen relevance; however, it must simultaneously institutionalize written communication
norms so that student solutions resemble a “work report”—clearly stating what is given and
what is required, presenting a traceable procedural sequence, and ending with an explicit
contextual conclusion. Operationally, teachers are encouraged to implement a concise
mathematical communication rubric aligned with three indicators (modeling—procedure—
conclusion) and to provide targeted formative feedback on components that students frequently
omit, especially the written concluding statement. Instruction should also incorporate routines
that bridge oral reasoning and written documentation, such as Think—Talk—Write or structured
discussion followed by a short written summary, to normalize the habit of documenting
reasoning rather than only producing final answers. To address failure cases such as RA and
DB, procedural scaffolding for elimination—substitution should be prioritized—through
graduated practice, step-by-step checks, and reinforcement of prerequisite concepts—before
students are required to write interpretive conclusions. For future research, subsequent studies
should include greater variation in student ability levels (high, medium, and low) and increase
instrument transparency (e.g., providing full task texts and an indicator blueprint) to strengthen
the credibility of peer evaluation and support cautious, bounded generalization.
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