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Why focus on mathematical modeling (MM)?

» MM is a scientific process involving the generation,
evaluation, and revision of mathematical models
that represent mathematical structures within real-world
phenomena to describe, explain, and predict them

(COMAP & SIAM, 2019; Lesh & Zawojewski, 2007; Niss et al., 2007).
Mathematical
Modeling

(MM)

» MM is interdisciplinary practice and can be
regarded as a boundary object of data science (DS),
computational thinking (CT), and Al (Ang, 2021; CT
Biehler et al., 2025; Kawakami & Spooner, 2025).

o MM is now incorporated into mathematics curricula in
many countries including Japan.

NATIONAL Sciences : o : o : : : :
ACADEMIES ;ﬂgﬂ;r?e""g Role of Mathematical Modeling in Integrating DS, CT, & Al within K-12 Mathematics Learning (Takashi Kawakami)

(&’ FHILT



MM in mathematics national curriculum in Japan

o The current Japanese mathematics curriculum for elementary, lower secondary, and
upper secondary schools emphasizes MM as a part of “mathematical activities”
(Ministry of Education, Culture, Sports, Science and Technology [MEXT], 2018).

A model of “mathematical activities” (MEXT, 2018; English translation by Saeki, Kawakami, & lkeda, 2025)
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Example of Japanese MM lessons with an unplugged DS task
(DaMMS project, Grade 7)

¢ Task and activity design aligned with the model of “mathematical activities”.

¢ Part of “data, models, and modeling in STEAM” (DaMMS) research
project (JSPS KAKENHI No. JP25K00852) led by Kawakami.

¢ Implemented as a collaborative professional development
program between a math teacher and a math education researcher.

o Purpose: Provide age-appropriate data-based MM experiences in “an unplugged
machine-learning context” (e.g., Fleischer & Biehler, 2025; Podworney et al., 2025; Lindner et al., 2019).

o Participants: A Grade 7 class in Japan, comprising students aged 12 to 13 (n = 34).

e Duration: Five 50-minute lessons in mathematics classrooms.
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Unplugged image classification task (baMMs project, Grade 7)

Recently, several characters have been introduced that are
similar to our school mascot. This has raised questions
about whether it is real or fake and has sparked a debate.

Therefore, we are asking you to develop and represent a
classification method using image cards, which will

" Junior high school
convince others. gt
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Unplugged image classification task (baMMs project, Grade 7)

Recently, several characters have been introduced that are similar to S &
This has raised questions about whether it is real or
fake and has sparked a debate.

Therefore, we are asking you to develop and represent a classification
method using image cards, which will convince others.
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“I often incorporate daily phenomena into my
regular math lessons” (The teacher’s utterance)

MEXT (2018)
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Unplugged image classification task (baMMs project, Grade 7)

Recently, several characters have been introduced that are similar to
our school mascot. This has raised questions about whether it is real or |

fake and has sparked a debate.

Therefore, we are asking you [{eXe[=\=1(e]oR=1gle Ny=Tol (=X1=1g 6= Mol EEELS filer=11[o]
E1iglele RV [pleNpgETe[sNer=1{e s, Which will convince others.

[Real World] [Mathematical World]

Mathematically
: formulated problem
Mathematization ‘ Mathematization
Mathematical
Refined problem phenomena

Integration/

o Systematization
Application/ through advanced
Interpretation thinking

Daily/
societal
phenomena

Mathemat?zation

“As data are provided in my statistics
lessons, generating numbers or data from
nowhere is attractive” (The teacher’s utterance)

MEXT (2018)
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Unplugged image classification task (baMMs project, Grade 7)

' |

Recently, several characters have been introduced that are similar to
our school mascot. This has raised questions about whether it is real or
fake and has sparked a debate. |

Therefore, we are asking you to develop and represent a classification
method using image cards, which will convince others.
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“The ability to mathematize daily[/societal]
phenomena has long been emphasized as
a goal of mathematics education in Japan.”
(MEXT, 2018, p. 25)
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MM activities of students (DaMMs project, Grade 7)
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MM activities of students (DaMMs project, Grade 7)
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MM activities of students (DaMMs project, Grade 7)
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Eye width (quantitative) MEXT (2018)
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Potential of MM as an instructional approach integrating core

topics in DS, CT, and Al into K-12 mathematics learning
(see also Kawakami & Saeki, 2024a, 2024b; Kawakami & Spooner, 2025)

Reinterpreting and leveraging MM Highlighting data generation

included in existing math curriculum DS and data-driven activities W
. N N\
e I\_Ilathem_atlzatlon _ z-(;:.;-}-_-:—
<_\[|| e Eye wdt?é (i.e. variable generating and selecting)
;ﬁl o-“”“qq G closing *E‘?“ ___> Q/—‘ ' \

Mathematical & Awareness of model
Modeling assumptions and limitations

(MM)

Validation pursuing shareability
and generalizability of models

CT\ Al

Highlighting a fundamental

Highlighting algorithmic

representations and reasoning | understanding of Al

Sciences
NATIONAL 2l d Role of Mathematical Modeling in Integrating DS, CT, & Al within K-12 Mathematics Learning (Takashi Kawakami) }’ﬁf‘@ﬂ‘"

ACADEMIES nodicine



A challenge for Japan...

» Aligning the core topics of DS, CT, and Al with the future math curriculum,
which is crucial for enabling many teachers to incorporate such teaching
practices into their regular math lessons.

Reinterpreting and leveraging MM Highlighting data generation

included in existing math curriculum (9} and data-driven activities ’m
Mathematization =4 ‘é
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Appendix: Japanese examples of professional learning
related to MM, statistics, and DS in K-12 mathematics

e Providing educational resources (e.g., tasks, lesson plans, principles, instructional videos)

(€.9-) . “Handbook of lesson study for mathematical modeling” from research project (JSPS KAKENHI No. JP25350204):
For teaching MM (see also Saeki et al., 2023)

m “A collection of high school lesson examples for cultivating mathematical literacy”, published by Ministry of
Education, Culture, Sports, Science and Technology (MEXT): For teaching MM & statistics (not limited them)

= “DS toolkit” in Inquiry Project for High Schools led by Tokyo Gakugei University: For teaching statistics & DS

m “Classroom practices for decision-making and consensus-building usinqgq mathematical sciences” from research
project (JSPS KAKENHI No. JP20H01739): For teaching MM, statistics, & DS (not limited to them)

¢ Holding seminars and workshops on teaching statistics and DS (containing Al & CT in part)
(€.9-) w Japan Conference on Teaching Statistics (JCOTS) led by Stat Edu Committee of the Japan Statistical Society

m Japan Data Science in Schools Project (JDSSP) led by high school teachers and advised by researchers

¢ Implementing certification exam on knowledge and application skills in statistics and DS
(€.9-) » Japan Statistical Society Certificate (JSSC)
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https://statedu.jp/SESJSS/workshop.html
https://statedu.jp/SESJSS/workshop.html
https://statedu.jp/SESJSS/workshop.html
https://statedu.jp/SESJSS/workshop.html
https://ds-education.com/
https://ds-education.com/
https://ds-education.com/
https://ds-education.com/
https://ds-education.com/
https://researchmap.jp/S_B_J_2006/published_works
https://researchmap.jp/S_B_J_2006/published_works
https://doi.org/10.1007/978-3-031-27115-1_15
https://www.mext.go.jp/content/20250225-mxt-kyoiku01_000009442_1.pdf
https://www.mext.go.jp/content/20250225-mxt-kyoiku01_000009442_1.pdf
https://g-tanq.jp/ds-student
https://g-tanq.jp/ds-student
https://g-tanq.jp/ds-student
https://g-tanq.jp/ds-student
https://www2.u-gakugei.ac.jp/~knishi/socio-ms-edu/index.html
https://www2.u-gakugei.ac.jp/~knishi/socio-ms-edu/index.html
https://www2.u-gakugei.ac.jp/~knishi/socio-ms-edu/index.html
https://www2.u-gakugei.ac.jp/~knishi/socio-ms-edu/index.html
https://www2.u-gakugei.ac.jp/~knishi/socio-ms-edu/index.html
https://www2.u-gakugei.ac.jp/~knishi/socio-ms-edu/index.html
https://www2.u-gakugei.ac.jp/~knishi/socio-ms-edu/index.html
https://www2.u-gakugei.ac.jp/~knishi/socio-ms-edu/index.html
https://www2.u-gakugei.ac.jp/~knishi/socio-ms-edu/index.html
https://www2.u-gakugei.ac.jp/~knishi/socio-ms-edu/index.html
https://www2.u-gakugei.ac.jp/~knishi/socio-ms-edu/index.html
https://www2.u-gakugei.ac.jp/~knishi/socio-ms-edu/index.html
https://www2.u-gakugei.ac.jp/~knishi/socio-ms-edu/index.html
https://www.toukei-kentei.jp/
https://www.toukei-kentei.jp/
https://www.toukei-kentei.jp/
https://www.toukei-kentei.jp/

References

Ang, K. C. (2021). Computational thinking and mathematical modelling. In F. K. S. Leung, G. A. Stillman, G. Kaiser, & K. L. Wong (Eds.),
Mathematical modelling education in East and West (pp. 19-34). Springer. https://doi.org/10.1007/978-3-030-66996-6 2

Biehler, R., Kawakami, T., Lampen, E., Weiland, T., & Zapata-Cardona, L. (2025). Statistics and data science education as a vehicle for
empowering citizens. Survey Team Report Presentation at the 15th International Congress on Mathematical Education (ICME-15).
Sydney, Australia. https://doi.org/10.13140/RG.2.2.36228.23686

Consortium for Mathematics and Its Applications [COMAP] & Society for Industrial and Applied Mathematics [SIAM] (2016). Guidelines for
assessment and instruction in mathematical modeling education (GAIMME): Second edition. Retrieved from
https://www.siam.org/publications/reports/quidelines-for-assessment-and-instruction-in-mathematical-modeling-education

Fleischer, Y., & Biehler, R. (2025). Exploring students’ constructions of data-based decision trees after an introductory teaching unit on
machine learning. ZDM — Mathematics Education, 57, 153—-173. https://doi.org/10.1007/s11858-025-01663-6

Kawakami, T., & Saeki, A. (2024a). Roles of mathematical and statistical models in data-driven modelling: A prescriptive modelling
perspective. In H.-S. Siller, V. Geiger, & G. Kaiser (Eds.), Researching mathematical modelling education in disruptive times (pp.
595-605). Springer. https://doi.org/10.1007/978-3-031-53322-8_49

Kawakami, T., & Saeki, A. (2024b). Extending data-driven modelling from school mathematics to school STEM education. In J. Anderson, &
K. Makar (Eds.), The contribution of mathematics to school STEM education: Current understandings (pp. 221-239). Springer.
https://doi.org/10.1007/978-981-97-2728-5 13

Kawakami, T. & Spooner, K. (2025). Al and mathematical modelling education - Challenges and opportunities. Plenary presentation at the
22nd International Conference on the Teaching of Mathematical Modelling and Applications (ICTMA 22), Sweden.
https://doi.org/10.13140/RG.2.2.18379.25128

Lesh, R., & Zawojewski, J. (2007). Problem solving and modeling. In F. K. Lester (Ed.), Second handbook of research on mathematics
teaching and learning (pp. 763—799). National Council of Teachers of Mathematics and Information Age Publishing.

NATIONAL Scences : o : o : : : :
ACADEMIES 2aeslyd Role of Mathematical Modeling in Integrating DS, CT, & Al within K-12 Mathematics Learning (Takashi Kawakami)

Medicine

@T%}E“j{%&"


https://doi.org/10.1007/978-3-030-66996-6_2
https://doi.org/10.1007/978-3-030-66996-6_2
https://doi.org/10.1007/978-3-030-66996-6_2
https://doi.org/10.1007/978-3-030-66996-6_2
https://doi.org/10.1007/978-3-030-66996-6_2
https://doi.org/10.1007/978-3-030-66996-6_2
https://doi.org/10.1007/978-3-030-66996-6_2
https://doi.org/10.1007/978-3-030-66996-6_2
https://doi.org/10.1007/978-3-030-66996-6_2
https://doi.org/10.13140/RG.2.2.36228.23686
https://doi.org/10.13140/RG.2.2.36228.23686
https://doi.org/10.13140/RG.2.2.36228.23686
https://www.siam.org/publications/reports/guidelines-for-assessment-and-instruction-in-mathematical-modeling-education
https://www.siam.org/publications/reports/guidelines-for-assessment-and-instruction-in-mathematical-modeling-education
https://www.siam.org/publications/reports/guidelines-for-assessment-and-instruction-in-mathematical-modeling-education
https://www.siam.org/publications/reports/guidelines-for-assessment-and-instruction-in-mathematical-modeling-education
https://www.siam.org/publications/reports/guidelines-for-assessment-and-instruction-in-mathematical-modeling-education
https://www.siam.org/publications/reports/guidelines-for-assessment-and-instruction-in-mathematical-modeling-education
https://www.siam.org/publications/reports/guidelines-for-assessment-and-instruction-in-mathematical-modeling-education
https://www.siam.org/publications/reports/guidelines-for-assessment-and-instruction-in-mathematical-modeling-education
https://www.siam.org/publications/reports/guidelines-for-assessment-and-instruction-in-mathematical-modeling-education
https://www.siam.org/publications/reports/guidelines-for-assessment-and-instruction-in-mathematical-modeling-education
https://www.siam.org/publications/reports/guidelines-for-assessment-and-instruction-in-mathematical-modeling-education
https://www.siam.org/publications/reports/guidelines-for-assessment-and-instruction-in-mathematical-modeling-education
https://www.siam.org/publications/reports/guidelines-for-assessment-and-instruction-in-mathematical-modeling-education
https://www.siam.org/publications/reports/guidelines-for-assessment-and-instruction-in-mathematical-modeling-education
https://www.siam.org/publications/reports/guidelines-for-assessment-and-instruction-in-mathematical-modeling-education
https://www.siam.org/publications/reports/guidelines-for-assessment-and-instruction-in-mathematical-modeling-education
https://www.siam.org/publications/reports/guidelines-for-assessment-and-instruction-in-mathematical-modeling-education
https://doi.org/10.1007/s11858-025-01663-6
https://doi.org/10.1007/s11858-025-01663-6
https://doi.org/10.1007/s11858-025-01663-6
https://doi.org/10.1007/s11858-025-01663-6
https://doi.org/10.1007/s11858-025-01663-6
https://doi.org/10.1007/s11858-025-01663-6
https://doi.org/10.1007/s11858-025-01663-6
https://doi.org/10.1007/978-3-031-53322-8_49
https://doi.org/10.1007/978-3-031-53322-8_49
https://doi.org/10.1007/978-3-031-53322-8_49
https://doi.org/10.1007/978-3-031-53322-8_49
https://doi.org/10.1007/978-3-031-53322-8_49
https://doi.org/10.1007/978-3-031-53322-8_49
https://doi.org/10.1007/978-3-031-53322-8_49
https://doi.org/10.1007/978-3-031-53322-8_49
https://doi.org/10.1007/978-3-031-53322-8_49
https://doi.org/10.1007/978-981-97-2728-5_13
https://doi.org/10.1007/978-981-97-2728-5_13
https://doi.org/10.1007/978-981-97-2728-5_13
https://doi.org/10.1007/978-981-97-2728-5_13
https://doi.org/10.1007/978-981-97-2728-5_13
https://doi.org/10.1007/978-981-97-2728-5_13
https://doi.org/10.1007/978-981-97-2728-5_13
https://doi.org/10.1007/978-981-97-2728-5_13
https://doi.org/10.1007/978-981-97-2728-5_13
https://doi.org/10.13140/RG.2.2.18379.25128

References

Lindner, A., Seegerer, S., & Romeike, R. (2019). Unplugged activities in the context of Al. In S. Pozdniakov & V. Dagiené (Eds.), Informatics
in schools: New ideas in school informatics (pp. 123—-135). Springer. https://doi.org/10.1007/978-3-030-33759-9 10

Ministry of Education, Culture, Sports, Science and Technology [MEXT]. (2018). The course of study for elementary school (announced in
2017). Toyokan Publishing. Retrieved from https://www.mext.go.jp/content/20211102-mxt_kyoiku02-100002607 _04.pdf

Niss, M., Blum, W., & Galbraith, P. (2007). Introduction. In W. Blum, P. Galbraith, H. Hans-Wolfgang, & M. Niss (Eds.), Modelling and
applications in mathematics education, The 14th ICMI Study (pp. 161-170). Springer. https://doi.org/10.1007/978-0-387-29822-1_1

Podworny, S., Biehler, R., & Fleischer, Y. (2025). Young students’ engagement with data to create decision trees. ZDM — Mathematics
Education, 57, 175-191. https://doi.org/10.1007/s11858-024-01649-w

Saeki, A., Kawakami, T., & lkeda, T. (2025). The relationship between mathematics curriculum and mathematical modelling research in
Japan. Long oral presentation at The 22nd International Conference on the Teaching of Mathematical Modelling and Applications
(ICTMA 22), Sweden.

Saeki, A., Kaneko, M., Kawakami, T., & Ikeda, T. (2023). In-service teachers’ transformation of a mathematised task into modelling tasks. In
G. Greefrath, S. Carreira, & G. A. Stillman (Eds.), Advancing and consolidating mathematical modelling (pp. 241-257). Springer.
https://doi.org/10.1007/978-3-031-27115-1_15

NATIONAL Scences : o : o : : : :
ACADEMIES 2adld Role of Mathematical Modeling in Integrating DS, CT, & Al within K-12 Mathematics Learning (Takashi Kawakami)

Medicine

(fﬁn@ﬁ


https://doi.org/10.1007/978-3-030-33759-9_10
https://doi.org/10.1007/978-3-030-33759-9_10
https://doi.org/10.1007/978-3-030-33759-9_10
https://doi.org/10.1007/978-3-030-33759-9_10
https://doi.org/10.1007/978-3-030-33759-9_10
https://doi.org/10.1007/978-3-030-33759-9_10
https://doi.org/10.1007/978-3-030-33759-9_10
https://doi.org/10.1007/978-3-030-33759-9_10
https://doi.org/10.1007/978-3-030-33759-9_10
https://www.mext.go.jp/content/20211102-mxt_kyoiku02-100002607_04.pdf
https://www.mext.go.jp/content/20211102-mxt_kyoiku02-100002607_04.pdf
https://www.mext.go.jp/content/20211102-mxt_kyoiku02-100002607_04.pdf
https://www.mext.go.jp/content/20211102-mxt_kyoiku02-100002607_04.pdf
https://www.mext.go.jp/content/20211102-mxt_kyoiku02-100002607_04.pdf
https://doi.org/10.1007/978-0-387-29822-1_1
https://doi.org/10.1007/978-0-387-29822-1_1
https://doi.org/10.1007/978-0-387-29822-1_1
https://doi.org/10.1007/978-0-387-29822-1_1
https://doi.org/10.1007/978-0-387-29822-1_1
https://doi.org/10.1007/978-0-387-29822-1_1
https://doi.org/10.1007/978-0-387-29822-1_1
https://doi.org/10.1007/978-0-387-29822-1_1
https://doi.org/10.1007/978-0-387-29822-1_1
https://doi.org/10.1007/s11858-024-01649-w
https://doi.org/10.1007/s11858-024-01649-w
https://doi.org/10.1007/s11858-024-01649-w
https://doi.org/10.1007/s11858-024-01649-w
https://doi.org/10.1007/s11858-024-01649-w
https://doi.org/10.1007/s11858-024-01649-w
https://doi.org/10.1007/s11858-024-01649-w
https://doi.org/10.1007/978-3-031-27115-1_15
https://doi.org/10.1007/978-3-031-27115-1_15
https://doi.org/10.1007/978-3-031-27115-1_15
https://doi.org/10.1007/978-3-031-27115-1_15
https://doi.org/10.1007/978-3-031-27115-1_15
https://doi.org/10.1007/978-3-031-27115-1_15
https://doi.org/10.1007/978-3-031-27115-1_15
https://doi.org/10.1007/978-3-031-27115-1_15
https://doi.org/10.1007/978-3-031-27115-1_15

If referencing this work, please cite as:

Kawakami, T. (2026). Role of Mathematical Modeling in
Integrating Data Science, Computational Thinking, and Al
within K-12 Mathematics Learning: Japanese Classroom
Practice with Grade 7 Students. Presentation at the Workshop
on International Practices in K-12 Mathematics Education: The
Role of Computational Thinking, Data Science, and Al. The
National Academies of Sciences, Engineering, and Medicine,
Washington D.C. https://doi.org/10.13140/RG.2.2.34672.52485

Sciences
N AT l O N A L Engineering @?ﬁﬂﬁk"?
/\C A DE M | ES Medicine UTSUNOMIYA UNIVERSITY



	スライド 1
	スライド 2
	スライド 3
	スライド 4
	スライド 5
	スライド 6
	スライド 7
	スライド 8
	スライド 9
	スライド 10
	スライド 11
	スライド 12
	スライド 13
	スライド 14
	スライド 15
	スライド 16
	スライド 17

