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Abstract

The modern world is increasingly driven by data,
making data literacy and data science
competencies essential skills for informed
citizenship and future career success. Traditional
K-12 mathematics curricula, while foundational,
often place a limited emphasis on authentic data
investigation and the use of modern computational
tools, primarily focusing on procedural processes.
This research proposes an investigation into the
effective integration of core data science practices
and data literacy competencies into the existing K-
12 mathematics curriculum. The study will explore
various models for integration, from embedding
data-rich, real-world projects into existing statistics
and probability units to creating a coherent,
spiralling framework across all grade levels. Key
areas of focus include identifying essential
mathematical and data literacy competencies,
developing effective professional development for
teachers, evaluating the impact on student critical
thinking and  problem-solving  skills, and
addressing ethical considerations related to data.
The ultimate goal is to provide a comprehensive
framework and evidence- based recommendations
for curriculum reform that leverages data science
to enhance the relevance, engagement, and equity
of mathematics education.
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1. Introduction and Rationale

The rapid evolution of technology and the
proliferation of data in nearly every sector have
created an urgent demand for a data- literate
citizenry. The traditional K-12 ~mathematics
curriculum, which typically contains a component of

statistics and probability, often falls short of
equipping students with the full range of skills
necessary to access, analyze, interpret, and
communicate insights from authentic, complex data

sets.
Integrating data science—which is inherently
interdisciplinary, drawing on mathematics,

statistics, and computer science—into the
mathematics curriculum is a critical pathway to:

1. Enhance  Relevance: Connect  abstract
mathematical concepts (like functions, algebra, and
graphical representations) to real- world problems
and current issues.

2. Foster Deeper Learning: Move instruction
beyond rote memorization to an
inquiry-based, problem-solving approach.

3. Promote Equity: Offer all students a pathway to
high-demand skills and informed participation in a
data- driven society, countering the traditional focus
solely on calculus as the benchmark for advanced
math.

This research will be guided by the emerging
consensus from bodies like the National Council of
Teachers of Mathematics (NCTM) and the
American Statistical Association (ASA) that data
science content must be a foundational component
of K-12 education.

2. Conceptual Framework: Mathematical and
Data Literacy

The proposed integration is framed by the concept of
Mathematical and Data Literacy, which
encompasses core competencies at the intersection
of four disciplines:

e Mathematics: Understanding variability, models,
functions, and quantitative reasoning.

o Statistics: Utilizing the investigative cycle (Pose
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Questions, Collect Data, Analyse Data, Interpret
Results—PPDAC).

e Data Science: Employing computational tools
(e.g., programming, web-based software) for data
wrangling, modelling, and visualization.

e Computing: Developing
computational and algorithmic thinking skills.

3. Research Questions

This study aims to answer the following core
questions:

1. What are the most effective and feasible models
for integrating core data science practices (e.g., data
wrangling, visualization, modeling) and data literacy
competencies into the existing K-12 mathematics
curriculum structure?

2. How does the integration of data science,
particularly  through real- world, project-based
learning, impact students' statistical reasoning,

mathematical engagement, and critical thinking skills?

3. What are the most significant challenges (e.g.,
teacher preparedness, curriculum time, technological
infrastructure) to successful integration, and what
forms of sustained professional development are
most effective in addressing them?

4. How can the curriculum integration explicitly
incorporate discussions on data ethics, bias, and
social justice to ensure responsible and critical use
of data by all students?

4. Methodology

This research will employ a mixed- methods
approach across a sample of pilot school districts.

e Phase 1: Curriculum Analysis and
Development (Qualitative): A scoping review of
existing K-12 data science standards and
frameworks.  Collaboration with mathematics
educators to develop curriculum modules that
embed data science and data literacy into existing
mathematics units (e.g., using real-time local
environmental data in a functions unit).

e Phase 2: Implementation and Data Collection
(Quantitative & Qualitative):

o Quantitative: Pre- and post-assessments to
measure student competency in statistical reasoning
and data literacy. Comparison of student outcomes

between intervention (integrated curriculum) and
control (traditional curriculum) groups.

o Qualitative: Classroom observations, teacher
interviews, and student focus groups to capture
perspectives  on engagement, perceived relevance,
implementation challenges, and the development of
computational thinking.

o Phase 3: Professional Development

Evaluation: Evaluate the efficacy of different PD
models (e.g., short-term workshops vs. sustained
collaborative peer learning communities) on
teachers' self- efficacy, pedagogical content
knowledge (PCK) for data science, and instructional
practices.

5. Conclusion

The integration of data science and data literacy is
no longer a marginal topic but an imperative for
modernizing K-12 mathematics education. This
research, by investigating various curriculum
models and implementation strategies, aims to
provide the foundational knowledge necessary for
systemic change. The expected outcomes—
including a refined framework of mathematical
and data literacy competencies and evidence-
based recommendations for effective professional
development—will serve as a vital resource for
state agencies, districts, and educators. Ultimately,
successfully integrating these essential 21st-century
skills will transform  mathematics from a
subject of abstract procedures into a powerful,
relevant tool for inquiry, ethical decision-making,
and active, informed participation in an increasingly
complex, data-driven world, thereby advancing equity in
education for all students.

o References

e American Statistical Association (ASA). (2020).
Pre-K—12 Guidelines for Assessment and Instruction
in Statistics Education (GAISE) Report II: A
Framework for Statistics and Data Science
Education. Alexandria, VA: ! ASA.

e Data Science 4 Everyone. (2024). K-12 Data
Literacy & Data Science Learning Progressions.
[Online resource outlining national
expectations. ]

e Gould, R. (2021). Towards data
thinking. Teaching Statistics, 43(1), 11-22.
e Lee, H. S., Mojica, G. M., Thrasher, E. P., &
Baumgartner, P. (2022). Investigating data like a
data scientist: Key practices and processes. Statistics
Education Research Journal, 21(2).

scientific

© 2025, ISJEM (All Rights Reserved)

| www.isjem.com |

Page 2



International Scientific Journal of Engineering and Management (ISJEM) ISSN: 2583-6129
Volume: 04 Issue: 10 | Oct - 2025 DOI: 10.55041/ISJEM05114
An International Scholarly || Multidisciplinary || Open Access || Indexing in all major Database & Metadata

e Mandinach, E. B., & Gummer, E. S. (2013). A
systematic review of research on data-based
decision making in education. Review of
Educational Research, 83(3), 366—408.

e National Academies of Sciences, Engineering,
and Medicine. (2023). Foundations of Data Science
for Students in Grades K-12: Proceedings of a
Workshop. Washington, DC: The National
Academies Press.

e National Council of Teachers of Mathematics
(NCTM). (2020). Position Statement: Data Science
in K-

12 Education. [Formal position supporting data
science availability to all students. ]

© 2025, ISJEM (All Rights Reserved) | www.isjem.com | Page3



