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Abstract

The integration of Al-driven robotics into mathematics education has emerged as a transformative force,
reshaping traditional pedagogical practices and redefining educators' professional identities. Drawing on
Deluzian theory, this article explores the concept of reterritorialization within the context of Al technology's
incorporation into mathematics teaching. Through a systematic selection of 9 case studies, the article
highlights the duality of educators’ professional identity (EPI) that educators experience: one that embraces
innovative pedagogical methodologies and another that grapples with challenges posed by technological
demands. The findings reveal that while Al-driven robotics can enhance student engagement and learning
outcomes, they also impose constraints that may lead to feelings of inadequacy among educators.

Keywords: Al-driven Robotics; Mathematics Education; Reterritorialization; Educators’ professional
Identity (EPI)

1. INTRODUCTION

Since the release of advanced tools such as ChatGPT in late 2022, Artificial Intelligence (Al) has
rapidly reshaped educational practice [1,2], including mathematics instruction [3]. Al now offers
powerful methods for teaching and learning [4] and is increasingly viewed as capable of augmenting
human thinking and supporting mathematical skill development [3,5]. Although definitions of Al vary,
most agree it refers to technologies that demonstrate human-level intelligence and operate with a degree
of autonomy [6-8].

Against this backdrop, this article examines how Al-driven robotics in mathematics education can
redefine educators’ professional identities [9-11]. This article argues that such integration creates both
opportunities for innovative, engaging instruction and challenges that disrupt traditional roles [11-13],
producing a dual professional identity [14-16], one embracing new methodologies and another grappling
with the constraints of technological change.

2. RESEARCH AIM, QUESTION AND RATIONALE

This article therefore aims to explore how this tension between innovation and constraint affects
educators' practices and sense of identity [17-19]. It seeks to understand how the integration of Al-driven
robotics in mathematics education, could theoretically serve as a form of reterritorialization of what it
means to be an educator [20-22], and more specifically, a mathematics educator. Through an analysis of
systematically selected case studies of previous research in this field, consisting of both the positive
transformations in teaching practices and the potential challenges educators face as they adapt to new
technologies, this article aims to answer the questions:

1. To what extent does the integration of Al-driven robotics into mathematics education
reterritorialize an educator’s professional identify?

2. To what extent does this effect fashion a duality of their professional identity?
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2.1. Educator Professional Identity

To do so, a foundational understanding of what is meant by the phrase ‘professional identity’ is
paramount. Historically, educators’ professional identify has emerged as its own field of research [24,25]
with an attempt to define it through a reliance on the concept of ‘identity’ in social science and philosophy
[26]. Identity is not static, but a fluid ever-changing state of self-actualisation and understanding [27]
which is fundamentally linked to an individual’s social interactions and environment [27]. Our mental
manifestation of our ‘self” or ‘identity’ can be described as our attempt at structured representation of
our theories, attitudes and beliefs about ourselves [28] but can arise only in a social setting where there
is social communication [29] through a process of interpreting ourselves and being recognised by
external others in a given social setting [30].

In western society, one entrenched in neoliberalism ideology [31,32], there has been a trend of
educator professional identify (or EPI) as “what works” is “what counts” [14-16,32] concerning how to
understand EPI. As pointed out by Dewey [33], this disregards the more reflective element of an
educator’s role and negates the complexity of the human aspect of what it means to form EPI [34]. This
has led to a collective — though not universal — appreciation that EPI is linked to the perceptions, views,
beliefs, emotions, motivations, and attitudes that educators have about their own role [17-19]. EPI is also
attributed to the mission and qualities of an individual educator [20-22] which evolve over time through
personal and professional experiences within a set cultural context [23].

According to Davey [11], modern understandings of professional identity, drawn from various
disciplines and perspectives, share several core assumptions:

(1) it is shaped within multiple contexts that encompass personal, social, and cultural dimensions;

(i1) it is continually evolving, complex, and subject to ongoing renegotiation throughout a person's
career;

(ii1) it is developed through interpersonal relationships;

(iv) it involves emotional experiences and evaluative judgments.

It is this modern interpretation of EPI as manifestation of a particular ‘professional identity’ (Davey,
2013) that will be held as central to the work that follows in this article.

2.2. Rationale

The new context of education in the Al age [4] necessitates a re-evaluation of educational practices
and the roles of educators. This matters because it can be stipulated there is a critical need for educators
to navigate the rapidly changing landscape of technology in education [35-37]. Understanding how Al-
driven robotics impacts professional identity is essential for developing effective teacher training
programs and supporting educators in adapting their pedagogical strategies. It also highlights the
importance of ensuring that technological integration does not overwhelm or constrain educators but
rather empowers them to enhance student learning and engagement.

3. METHODOLOGY

Employing an interpretivist paradigm [38,39] with an original focus on actively searching for
linkages between the integration of Al-driven robotics into mathematics education and the theoretical
potential for such an integration to act as a form of reterritorialization [40,41] that redefines or constrains
the educator's professional identity, has enabled a meaningful contribution to the wider debate on
educator agency in the Al age of education.

3.1. Systematic literature selection

Taking the first step to conduct this analysis, research on available databases (e.g., Springer Nature,
Taylor & Francis Ltd, Wiley-Blackwell) was filtered using the PRISMA 2020 flow diagram [42], which
can be seen in Figure 1. From this comprehensive search, 9 articles were selected based on criteria of:

* age range <10 years at the time of search

* language (English)

* peer-review status

* academic journal classification

* subject 1: ‘learning” — subject 2: ‘mathematics education’ — subject 3: ‘robotics’
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The decision to include exclusively articles published during or after 2015 is driven by the necessity
to concentrate on contemporary literature, thereby ensuring that the analysis captures the latest trends
and advancements in the domain of Al-driven robotics into mathematics education. Restricting the
selection to publications from this period allows for the incorporation of recent research findings and
insights that are pertinent to current educational contexts [43]. Furthermore, limiting the corpus to
English-language articles facilitates broader accessibility and aligns with the researcher's linguistic
capabilities. Given that English dominates academic publishing, this criterion enables the dissemination
of findings to a wider international audience and promotes cross-cultural understanding [44].

Identification of studies via databases and registers ]
T
c Records identified from Elsevier
2 B.V., IEEE, Springer Nature, SRggc;ﬁz;emoved before
g Taylor & Francise Lid,, W'Iey’ »> Duplicate records removed
= Blackwell, Sage Publications Inc. (n = 811645)
o and 32 other databases:
= (n=77924)
I
Records screened N Excluded (n = 6895)
(n=77924) Age range <10 years
Reports sought for retrieval Excluded (n = 10459)
(n=71029) Language” English
3 !
c
S
H .
5 Re[_)%r[t)ss_?gsessed for eligibility Reports excluded:
(n= ) Peer reviewed (n = 2266)
Academic Journal (n = 5393)
Subject 1- learning (n = 52034)
Re;_)%r;s?assessed for eligibility Reports excluded:
(n= ) — Subject 2 mathematics
— education (n = 827)
l Subject 3: robotics (n = 41)
4 Studies included in review
E (n=9)
[*]
=
—

Figure 1. PRISMA 2020 flow diagram [42]

Peer review is a comprehensive process that involves the assessment of research by subject matter
experts to verify the validity of the methodology, results, and interpretations. Emphasising peer-reviewed
articles ensures that the study upholds rigorous scholarly standards and enhances the credibility and
reliability of the findings [45]. Additionally, selecting articles in descending order of relevance, beginning
with primary subject matter ‘Al in education’, followed by subjects of ‘learning’, then ‘mathematics
education’, and subsequently ‘robotics’ permits a more focused and in-depth exploration of the topic [46].

3.2. Data analysis, interpretation and reporting

In this review, 9 articles were systematically selected using a PRISMA flowchart (see Figure 1),
which guided the identification, screening, and inclusion of relevant literature. These articles were chosen
based on predefined inclusion criteria to ensure their relevance and quality. The researcher examined
each of the 9 articles, carefully analysing their content to identify recurring ideas, concepts, and patterns
relevant to the review’s research questions. This involved annotating texts, highlighting significant
passages, and taking detailed notes. As part of this process, contextual nuances—such as study settings,
populations, and theoretical frameworks—were interpreted to understand how these factors influenced
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the findings. The researcher organised these observations to uncover common themes, such as frequently
discussed topics, methodological approaches, or key findings.

This process was influenced by the researcher’s social context, acknowledging that knowledge
construction is inherently subjective [47,48]. Throughout the review, the researcher engaged in self-
reflexivity [49], critically examining how personal circumstances, experiences, and biases shaped the
interpretation of the literature [50,51]. This reflective practice was essential in interpretivist research,
facilitating the extraction of both explicit content and underlying meanings in the literature [52], and
recognised that understanding is co-constructed between the researcher and the data, thereby highlighting
the importance of acknowledging potential biases [50].

4. FORMING CASE STUDIES

In this study, the 9 selected articles which would form “case studies” to support the discussion were:
Case

Article
Study
| Casler-Failing, S. (2021). Learning to teach mathematics with robots: Developing the ‘T’ in
technological pedagogical content knowledge. Association for Learning Technology, 29, 1-20
5 Casler-Failing, S. (2018). Robotics and math: using action research to study growth problems.

Canadian Journal of Action Research, 19 (2), 4-25
Lopez-Caudana, E., Ramirez-Montoya, M., Martinez-Perez, S., & Rodriguez-Abitia, G. (2020). Using
3 Robotics to Enhance Active Learning in Mathematics: A Multi-Scenario Study. Mathematics, 8
(2163), doi:10.3390/math8122163
Seckel, M., Breda, A., Font, V., & Vasquez, C. (2021). Primary School Teachers’ Conceptions about
the Use of Robotics in Mathematics. Mathematics, 9 (3186), https://doi.org/10.3390/math9243186
Rico-Bautista, N., Rico-Bautista, D., & Medina-Cardenas, Y. (2019). Collaborative work as a learning
strategy to teach mathematics incorporating robotics using led godt education system and
5 fischertechnik in seventh graders at the school Isidro Caballero Delgado in Floridablanca Santander
Colombia. Journal of Physics: Conference Series, 1386 (012146), doi:10.1088/1742-
6596/1386/1/012146
Saez-Lopez, J-M., Sevillano-Garcia, M-L., & Vazquez-Cano, E. (2019). The effect of programming
on primary school students’ mathematical and scientific understanding: educational use of mBot.
Education Technology Research Development, 67, 1405—1425, https://doi.org/10.1007/s11423-019-
09648-5
Francis, K., & Davis, B. (2018). Coding Robots as a Source of Instantiations for Arithmetic. Digital
Experiences in Mathematics Education, 4, 71-86, https://doi.org/10.1007/s40751-018-0042-7
Forsstrom, S., & Afdal, G. (2020). Learning Mathematics Through Activities with Robots. Digital
Experiences in Mathematics Education, 6, 30-50. https://doi.org/10.1007/s40751-019-00057-0
Harper, F., Stumbo, Z., & Kim, N. (2021). When robots invade the neighbourhood: Learning to teach
9 preK-5 mathematics leveraging both technology and community knowledge. Contemporary Issues in
Technology and Teacher Education, 21(1), 19-52.

The formation of the case studies (see Figure 2) began with the identification of key elements from
the selected academic article. Critical terminology and phrases were extracted to encapsulate core
concepts and findings, focusing on:

* Article Focus & Research Questions

* Educational Contexts & Participants

* Main Themes

* Summary of Key Findings

* The Role of the Educator

* Implications & Reflections

Patterns and trends across multiple articles were noted to highlight emerging practices and common
challenges within the field. Structuring the case studies (Figure 2) involved organising content into
sections including an introduction that outlined the article's focus and research questions, a description
of the educational context and participant demographics, and details on how Al-driven robotics was
integrated into the mathematics curriculum through specific tools and instructional strategies.
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Figure 2. Al-driven robotics in mathematics education case studies.

Case Article Focus & Research Educatlon&.ll.Contexts & Main Themes Summary of Key Findings The Role of the Educator Implications & Reflections
Study Questions Participants
The article investigates how Improvement of . . .
Lego robotics instruction TPACK through hands- The integration of Lego The findings suggest that
. £0 1ot . ’ The study was conducted ata | on robotics instruction robotics into the methods . integrating specific technologies
integrated into a middle grades . . . .. . The educator facilitated a . o
. large university in the - The importance of course positively influenced . like robotics in teacher
mathematics methods course, : . . | . hands-on, constructivist .
. . ; southeastern United States collaboration and social PSTs' TPACK, enhancing . . preparation courses can enhance
informs pre-service teachers o . . X . - learning environment by s .
. within a mathematics learning (Vygotsky’s their understanding of how S . PSTs' ability to teach with
(PSTs) technological . . providing instruction on .
. methods course for middle theory) to use robotics as an . . technology effectively. It
pedagogical content - . . . . . robotics, scaffolding S .
grades certification. Five - Robotics as a tool for instructional tool. All PSTs ; . highlights the importance of
knowledge (TPACK) through . . e students' understanding .
. PSTs (three females and two enhancing reported improved skills in o sustained exposure to
1 the lens of Social . . oy . through questioning, and .
L males) participated, mathematical building and programming . . technology and collaborative
Constructivist Theory. The - . . encouraging collaboration. . .
. 2 representing a range of understanding and robots and recognized the N learning experiences. The
main research question is: . . . . The educator’s role also g
" . . experiences and perspectives. engagement potential of robotics to . . . research indicates a need for
How does the incorporation . X ) . included modelling effective . .
. . They were either in their - The need for in-depth | promote student engagement - ongoing professional
of Lego robotics instruction in . . . L oo pedagogical approaches to .
- . junior or senior year, with technology training in and understanding in h - . development in technology
a middle grades mathematics . . . . . integrating technology into . .
. varying backgrounds in teacher education mathematics. Collaboration L . integration for future educators
methods course inform pre- > . . . mathematics instruction. . .
service teachers’ TPACK. robotics and coding. - The role of frustration | among PSTs was crucial to to support their evolving
recarding the robotics?" and perseverance in their success. professional identities.
& £ learning
- Proportional
The article investigates the reasoning as a crucial The study found that The findings suggest that
eﬁ"ects. of 'mcorporatmg LEGO The research was conducted mathematical skill incorporating LEQO The educator acted as a mtegrat'mg I”ObOtl.CS in
robotics into a seventh-grade . . - The role of robotics into the curriculum . - mathematics education can
. . in a small, independent Pre- . o . facilitator, guiding students ) .
mathematics curriculum, . collaboration and positively influenced . . . enhance students' understanding
. . K through eighth-grade . I - \ . in their learning process,
focusing on developing . discussion in learning students' proportional . . . and engagement. However, the
. . school in upstate New York. . . - . prompting discussions, and S
proportional reasoning. The L . - Social Constructivist reasoning skills. Students > . study highlights the need for
. . The participants were six . . encouraging collaboration .
research questions are: Theory as a framework | engaged in problem-solving , further research to generalize
seventh-grade students (four . . among peers. The educator’s .
2 (1) In what ways do students for understanding through collaborative L . findings due to the small sample
. . females and two males) . . . o role was crucial in creating a . ,
reason while solving growth . learning discussions, utilized . . size. The educator’s
. during the 2016-2017 school . o . supportive environment . . .
problems with the LEGO . . - The importance of quantitative reasoning, and professional identity may evolve
year. The class was diverse in . . . where students could explore :
robots? : . hands-on, engaging experienced growth in . - as they adapt to using
socioeconomic makeup, and . . . . proportional reasoning . .
(2) How does the . learning experiences understanding proportional .o technology in teaching,
. . students worked in . . . . through hands-on activities . .
incorporation of LEGO . through robotics relationships. The robotics . potentially reshaping
o , heterogeneous pairs. ) . . with robots.
robotics intluence students The integration o

proportional reasoning?

technology in
education

context facilitated
meaningful discourse.

instructional practices and
engagement strategies.
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Case
Study

Article Focus & Research
Questions

Educational Contexts &
Participants

Main Themes

Summary of Key Findings

The Role of the Educator

Implications & Reflections

The article investigates how
the integration of robotics in
mathematics education
enhances active learning
strategies. The primary
research question is: “What are
the conditions that promote
effective active math learning
with robotic support?” The
study aims to identify key
conditions that contribute to
successful learning outcomes
facilitated by technology.

The study was conducted
across three educational
levels: elementary,
secondary, and high school.
Participants included
students and teachers from
each level, with specific
interventions designed for
groups in each context (e.g.,
3rd and Sth graders in
elementary, secondary school
students in analytical
geometry, and high school
students in trigonometry).
The total number of
participants included 65
elementary students, 50
secondary students, and 140
high school students.

- The role of
technology in
enhancing student
motivation and
attention
- Active learning
strategies facilitated by
robotics
- The importance of
teacher training and
involvement
- The conditions for
effective learning (level
of education, student
motivation, and teacher
preparation).

The research found that: 1)
integrating robotics
positively impacts student
motivation and engagement
in mathematics, 2) effective
learning is contingent on the
educational level of students
and the training teachers
receive, 3) students
exhibited improved
performance in mathematics
when robotics were used,
and 4) the role of the teacher
is critical in planning and
implementing technology-
enhanced learning
experiences.

Educators are portrayed as
facilitators who must adapt
to the integration of
technology into their
teaching practices. Their
professional identity evolves
as they engage with robotics,
requiring them to be trained
in using these tools
effectively. Educators also
play a vital role in designing
learning activities that
leverage technology to
enhance student learning and
adapt to the dynamics of
technology-rich classrooms.

The study highlights the
potential for robotics to
transform mathematics
education, suggesting that
educators must embrace new
technologies to remain relevant.
There are implications for
teacher training programs to
include robotics and technology
integration. Reflectively, the
findings indicate that while
technology can enhance
learning, careful consideration
of its implementation is
necessary to avoid
overwhelming educators and
students alike.

The article focuses on primary
school teachers' conceptions
regarding the use of robotics in
mathematics education. It
seeks to answer the research
question: "Which are the
conceptions that primary
school teachers have regarding
the use of educational robots in
the process of teaching and
learning mathematics?" This
inquiry is relevant in the
context of Chilean initiatives
to introduce Computational
Thinking into the curriculum.

The study was conducted in
two districts in Chile,
involving 83 primary school
teachers (74 women and 9
men) who teach First to
Fourth grades. Participants
varied in academic
qualifications, including
postgraduate degrees in
mathematics and robotics
training. The sample was
selected through a
probabilistic two-stage
cluster sampling method.

- Teachers' positive
predisposition towards
using robotics in
mathematics education
- Challenges faced in
implementation due to
classroom constraints
(e.g., large class sizes
and limited space)

- The significance of
teachers' conceptions in
shaping pedagogical
practices
- The role of didactic
suitability criteria in
evaluating teaching
processes.

The findings indicate that
teachers generally have
positive conceptions
regarding the integration of
robots into mathematics
teaching and learning.
However, perceptions varied
among different clusters of
teachers based on their
experience and academic
training. The mediational
didactic suitability criterion
was identified as a
significant challenge, with
teachers expressing concerns
about classroom
management and space
limitations.

Educators play a crucial role
in the integration of robotics
into mathematics education.
Their conceptions influence
pedagogical approaches, and
they must navigate
challenges related to
classroom dynamics and the
adequacy of resources. The
study highlights the need for
ongoing professional
development to equip
teachers with the skills and
confidence to effectively
incorporate robotics into
their teaching practices.

The research underscores the
complexity of integrating Al-
driven robotics into
mathematics education and its
potential impact on teachers'
professional identities. It
suggests that while robotics may
enhance learning experiences,
the associated challenges can
constrain educators' practices
and reshape their identities. The
study calls for targeted
professional development and a
re-evaluation of support
structures to facilitate effective
integration.
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Case Article Focus & Research Educatlon&'ll'Contexts & Main Themes Summary of Key Findings The Role of the Educator Implications & Reflections
Study Questions Participants
- The integration of robotics
led to increased student
- Collaborative interest and motivation,
Learning: Emphasizes particularly among those The findings suggest that
The study was conducted at the benefits of with learning disabilities. integrating Al-driven robotics
The article examines the Isidro Caballero Delgado cooperative strategies - Students actively engaged Educators facilitated the into mathematics education can
impact of collaborative work School in Floridablanca, in education. in problem-solving and learning process by significantly enhance student
in mathematics education, Santander, Colombia, - Robotics in critical analysis of designing workshops, engagement and learning
incorporating robotics via the involving 70 seventh-grade Education: Explores mathematical concepts assigning roles within outcomes. However, it also
LEGO® education system and students. The participants how integrating through the assembly of collaborative groups, and raises questions about the
Fischertechnik for seventh included students from robotics can enhance prototypes. providing guidance during evolving role of educators in
graders in a school in various socioeconomic mathematical - There was a significant the assembly of robotics this new context. The necessity
Floridablanca, Colombia. The backgrounds facing understanding. improvement in social prototypes. They played a for teachers to adapt and
research questions focus on challenges such as economic | - Student Engagement: | interaction and collaboration crucial role in creating a innovate their teaching
5 whether the use of robotics instability and social issues Highlights the among students, with dynamic learning strategies may redefine their
enhances information like drug problems. The importance of active 80.95% showing interest in | environment that encouraged | professional identity, potentially
exchange among students, educational context involved participation and working in groups. student participation and constraining traditional roles
promotes organized teamwork, implementing innovative motivation among - Performance indicators critical thinking. while also offering new avenues
encourages responsibility in teaching strategies in a students. showed a positive trend in Professional development for | for collaboration and creativity
achieving group goals, traditional classroom - Social and Cognitive | academic achievement, with | teachers was emphasized to in teaching. Further research is
improves critical analysis of environment to foster Skills Development: a notable increase in keep them updated with encouraged to explore how such
mathematical problems, and engagement and Focuses on the students scoring between 80- | innovative teaching practices integrations could influence
fosters cognitive knowledge understanding in enhancement of 100 in assessments. and to reflect on their educational practices and
and collaborative skills. mathematical concepts interpersonal abilities - Parents reported a shift in pedagogical approaches. teacher professional
through robotics. and critical thinking attitude towards development in various
through collaborative mathematics and increased contexts.
projects. involvement in their
children's academic
processes.
The article focuses on the h g ducted i I . £ roboti - Significant improvements Educators facilitated the The study implies that
integration of programming T : study was conducted in | - Integration of robotics were noted in mathematics integration of robotics and integrating robotics and
. . ) our primary education and programming in . . . - . L
and robotics, specifically using schools in Spain, involving education scores in the experimental programming, guiding programming can significantly
mBot, into primary school . ? . o group, with a p-value of students in active learning enhance students' mathematical
education to enhance 93 sn;thjgrade students (ages | - Active methodologies 0.000 indicating stron environments. They were understanding and engagement.
6 approximately 11-12). The and student-centred ) & g ) y & £ag ’

mathematical and scientific
understanding. Research
questions include: 1. Are there
significant improvements in
students’ academic results in

participants were divided
into an experimental group
(using robotics and
programming) and a control

learning.
- Development of
computational thinking
and logical skills.

statistical significance.

- No significant
improvement was found in
science scores.

- Positive changes in

crucial in designing and
implementing the curriculum
that emphasized hands-on
experiences and
collaborative problem-

However, the lack of
improvement in science
suggests a need for further
exploration in that area.
Educators must navigate the
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Case
Study

Article Focus & Research
Questions

math and science with the

Educational Contexts &
Participants

Main Themes

Summary of Key Findings

The Role of the Educator

Implications & Reflections

application of programming
and robotics? 2. Do
programming and robotics
enable active methods,
motivation, critical thinking
skills, and problem-solving?

group (traditional teaching
methods).

- Impact of technology
on student engagement
and academic
performance.

students’ understanding of
computational concepts and
enhanced motivation,
commitment, and
participation were reported.

solving. The study suggests
that educators need to adapt
to new methodologies and
technologies while
maintaining pedagogical
effectiveness.

evolving landscape of
technology in education and
consider how these tools
redefine their professional
identity and teaching practices.
Further research is
recommended to address the
barriers in implementing such

The article investigates the
integration of coding and
robotics (specifically Lego
Mindstorms EV3) into
mathematics education,
exploring the potential
connections between
programming and
mathematical understanding.
The research questions revolve
around how programming
robots may support children's
understanding of number and
arithmetic, particularly
transitioning from additive to
multiplicative thinking.

The study took place over
four half-day sessions at
Pakan School, Whitefish
Lake First Nation 128, in
rural Northern Alberta.
Participants included 22
children aged 9 to 10 years
who engaged in building and
programming robots. The
sessions involved practical
tasks that aimed to integrate
coding with mathematical
concepts within the existing
curriculum.

- Embodied Cognition:
The study emphasizes
the role of physical
engagement and
metaphor in
understanding
mathematical concepts.
- Instantiations of
Arithmetic: Explores
how different
metaphors (e.g., object
collection, measuring
stick) are represented
in programming tasks.
- Transition from
Additive to
Multiplicative
Thinking: Investigates
how coding can
facilitate this transition
through practical
applications in

programming.

The findings suggest that
engaging children in
programming tasks can
significantly support their
understanding of numbers
and arithmetic. Practical
tasks encourage children to
move from additive to
multiplicative thinking. The
study highlights the
importance of metaphorical
understanding in
mathematics and
demonstrates that
programming robots
provides opportunities for
deeper mathematical
engagement.

Educators play a crucial role
in facilitating the connection
between programming and
mathematical concepts. They
are responsible for guiding
students in recognizing and
employing appropriate
metaphors for understanding
number. The educator's
interaction, feedback, and
ability to prompt students
toward mathematical
thinking are vital for
fostering a productive
learning environment.

technologies in other subjects.

The integration of robotics and
coding into mathematics
education can redefine the
educator's role, emphasizing the
need for a pedagogical shift that
values computational thinking
alongside traditional
mathematics. This
reterritorialization may
challenge existing professional
identities, as educators adapt to
new methods of teaching that
incorporate technology. The
study suggests further research
on how these changes influence
both teaching practices and the
understanding of mathematical
concepts.
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Case
Study

Article Focus & Research
Questions

Educational Contexts &
Participants

Main Themes

Summary of Key Findings

The Role of the Educator

Implications & Reflections

The article focuses on the
integration of programming
and robotics into mathematics
education, specifically
examining the use of
mathematical tools in robot-
based, problem-solving
activities. The primary
research question is: What is
the relationship between
mathematical tools and objects
in robot-based, collective
student learning activities in
secondary education?

The research was conducted
in a secondary school in
Norway, involving students
aged 12-13 in an elective
class called Technology in
Practice. The study observed
groups of two or three
students working with Lego
Mindstorm robots over an
eight-week period, focusing
on their collective activities
and interactions with the
robots and mathematical
tools.

- Integration of
programming and
robotics in mathematics
education
- Use of mathematical
tools in problem-
solving with robots
- Collective learning
processes and
interaction among
students
- The role of the
educator in facilitating
learning through
robotics
- The evolving nature
of mathematical tools
from instruments to
objects of focus in
learning activities.

- Students utilised various
mathematical tools in their
robot-based activities, which
evolved from being
instrumental to becoming
integral to the purpose of
their tasks.

- The teacher's role was
crucial in facilitating
students' engagement with
mathematical concepts and
in guiding the development
of their collective learning.
- Students showed a shift
from trial-and-error
strategies to systematic use
of mathematical tools.

The educator acted as a
facilitator rather than a direct
instructor, guiding students'
activities and encouraging
them to engage with
mathematical concepts. The
teacher's suggestions helped
to mathematised students'
tasks, prompting them to use
mathematics more formally
while allowing for
exploration and negotiation
in their learning processes.

The findings suggest that
integrating robotics into
mathematics education can
enhance students' understanding
and application of mathematical
concepts. However, the informal
nature of robotics activities may
challenge the formal teaching of
mathematics. The study
emphasises the need for
educators to adapt their roles
and teaching strategies to
support this integration,
potentially reshaping their
professional identities.

The article explores how
prospective elementary
teachers (PTs) develop

mathematics teaching that
integrates cultural, linguistic,
and cognitive resources from
home and community settings
with robotics. The research
questions focus on how PTs
connect mathematics learning
with robotics and how they
leverage community funds of
knowledge and
transdisciplinary connections
in their instruction.

The study took place within
initial teacher licensure
programs at a public
university in the southeastern
United States, involving PTs
from five sections of a
master’s-level elementary
mathematics methods course.
A total of 103 PTs
participated, including
master’s candidates and
undergraduate students
seeking initial licensure
across various areas,
including K-5, PK-3, special
education, and deaf
education.

- Integration of robotics
in mathematics
teaching
- Leveraging
community funds of
knowledge
- Transdisciplinary
connections in teaching
- Equity and access in
mathematics education
- Professional identity
of educators through
technology use

- Robotics can facilitate
engagement with
mathematics concepts such
as counting, distance, and
sequencing.

- PTs were able to connect
their lessons with
community knowledge,
enhancing student
engagement and making
mathematics more
accessible.

- Transdisciplinary
connections allowed for
broader integration of
concepts from other
disciplines but were not
consistently identified by
PTs.

Educators acted as
facilitators who guided PTs
in designing and
implementing robotics-based
mathematics activities. They
supported PTs in recognising
the importance of
community involvement and
leveraging funds of
knowledge, fostering a more
equitable and inclusive
approach to mathematics
education. The integration of
technology challenged PTs
to rethink their instructional
practices and professional
identities.

The findings suggest that
integrating robotics into
mathematics instruction can
enhance equity and accessibility,
making learning more relevant
to students’ lives. It highlights
the need for teacher educators to
provide ongoing support as PTs
navigate the complexities of
integrating technology and
community knowledge.
Additionally, the study
emphasises the potential for
robotics to reshape educators'
professional identities by
broadening their understanding
of teaching and learning
contexts.
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The following table (Figure 3) summarises the thematic overlap across the nine case studies
presented in Figure 2 of the article. It draws only on the “Main Themes” identified for each case, grouping
similar ideas—such as collaboration, teacher training needs, and mathematical reasoning—into common
categories. By mapping these themes against all nine studies, the matrix highlights both widespread
patterns (for example, active, student-centred learning appears in every case) and more specialised
emphases such as equity or community connections, which emerge only in specific contexts. This
overview provides a clear, at-a-glance view of how frequently each theme recurs and where distinctive
contributions lie.

Figure 3. Main Theme Matrix

Main Theme Case Case Case Case Case Case Case Case Case
1 2 3 4 5 6 7 8 9
Improvement of TPACK / teacher tech-pedagogy v v v v
skills
Collaboration / social or collective learning v v v v v v v v
Active, hands-on or student-centred learning / v v v v v v v v
engagement
Need for teacher training / professional v v v v v v v
development
Mathematical understanding or reasoning gains | v v v v v v v
Programming / computational thinking
development v v v v
Equity / community or cultural connections v
Challenges & constram_ts (class size, resources, v v v v
frustration, etc.)
Educator role shift / identity redefinition v v v v v v v v v

5. DISCUSSION

As evidenced in these case studies (Figure 2 & 3), the integration of Al-driven robotics into
mathematics education stands at the intersection of innovation and tradition, presenting both
opportunities and challenges for educators [9,10,53,54]. The integration of this technology into existing
pedagogical practices has the potential to significantly reshape educators’ professional identities (EPI)
[11] within the profession. This discussion aims to delve deeper into the implications of this integration,
particularly focusing on how it may facilitate a reterritorialization [40,41] of EPI and the emergence of
a duality within these identities.

5.1. Potential to reterritorialize educators' professional identity

Reterritorialization [40,41] refers to the process by which social, cultural, or psychological
structures, which have previously been destabilised or broken apart from their original contexts, are re-
established or reconfigured within new or different territories [40]. In essence, reterritorialization
describes how new arrangements, meanings, or identities emerge from the destabilisation of previous
ones, emphasising the fluid, transformative nature of social and psychological life [41]. The concept of
reterritorialization [40,41] suggests in the context of Al-driven robotics as an emerging pedagogical
approach to mathematics education, it can lead to significant shifts in how educators perceive themselves
within their professional roles [17-19]. This is because Al-driven robotics offers novel methodologies
that challenge traditional teaching paradigms [22]. As educators engage with these technologies, they are
often compelled to redefine their pedagogical approaches, which can result in a transformation of their
professional identity [11].
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This reterritorialization manifests in various ways. Educators may find themselves embracing new
roles as facilitators of learning rather than mere transmitters of knowledge [55,56]. The use of robotics
can encourage collaborative learning experiences, prompting educators to adopt a more constructivist
approach that values student agency and engagement [10,12]. Consequently, this shift may lead educators
to develop a more dynamic understanding of their role, seeing themselves as integral partners in the
learning process rather than authoritative figures [13,53]. However, this redefinition is not without its
complexities; as educators navigate these changes, they may encounter tensions between traditional
practices and the demands of integrating advanced technologies [54,57].

5.2. A duality of professional identity

The findings from the case studies (Figure 2 & 3) a duality of professional identity emerges for
educators as they incorporate Al-driven robotics into their teaching practices [9,10,12]. On one hand,
educators may embrace the innovative methodologies that technology affords, fostering a sense of
empowerment and engagement in their teaching. This facet of their identity is characterised by
adaptability, enthusiasm for new pedagogical approaches, and a commitment to enhancing student
learning experiences through technology. For instance, Casler-Failing, S. [10] highlights that pre-service
teachers (PSTs) showed improvement in their Technological Pedagogical Content Knowledge (TPACK)
through hands-on robotics instruction, fostering a sense of empowerment and engagement. This built on
the previous work of Casler-Failing, S. [9] where they found the educator's role in facilitating a
supportive learning environment emphasised the adaptation and enthusiasm for integrating technology,
reinforcing the positive facet of educators' identities. This was similarly mirrored in Lopez-Caudana, et.
al.’s [12] study which suggested that educators who embrace technology can enhance their teaching
effectiveness and student learning experiences, reflecting a rewarding transformation in their
professional identity.

On the other hand, there exists a contrasting aspect of professional identity rooted in the challenges
and constraints posed by technology integration. Seckle, et. al.’s [57] study revealed that while teachers
in Chile generally have positive conceptions regarding the integration of robotics, they face challenges
such as large class sizes and limited resources. These constraints can lead to feelings of inadequacy and
frustration, reflecting the tension between the desire to innovate and the reality of classroom management
challenges. This struggle can was not only mirrored in the work of Rico-Bautista et. al. [53], but they
also found it could lead to a sense of disconnection from their established professional identities, creating
a tension between the desire to innovate and the fear of losing control over their teaching practices. The
lack of significant improvement in science scores among students suggests that while robotics can
enhance engagement in the work of Saez-Lopez, et. al., [54], furthermore, suggests that educators may
feel challenged by the evolving demands of technology integration, contributing to feelings of
inadequacy.

5.3. The significance of a reterritorialized identity

This duality reflects the ongoing negotiation that educators must undertake as they adapt to the
evolving educational landscape shaped by Al [1-4]. Understanding this duality is crucial for developing
supportive frameworks that empower educators, allowing them to navigate the complexities of
integrating technology while maintaining a strong sense of EPI [17-19]. Regardless of to what extent this
reterritorialized EPI will exist, its significance cannot be underestimated due to the cruciality of EPI in
an educators’ very practice [20,21].

In essence, an educator’s professional identity (EPI) has the potential to directly influence, and
affect the quality of, their teaching, development, and long-term career [58-60]. There is also a strong
evidence base to assert that there is a strong link between an educator’s EPI and notions of self-
confidence in their professional abilities, [61,62] which will ultimately impact on not only the outcomes
of their students but also the educational experiences yhat they have during their formal schooling years.
The work conducted by Karousiou et. al. [19] also claimed that EPI can have a significant influence on
an educator’s interpretation, interaction with, and implementation of official educational policy and
practices. The significance of Al-driven robotics acting as a form of reterritorialization [40,41] of EPI
can therefore not be underestimated.
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It must be noted however, that EPI, being a manifestation of ‘self” or ‘identity’ [28], only comes
into and maintains its existence through wider social interactions [29,30]. External others [30], or in the
case of education, external stakeholder groups with their conflicting agendas will also mould an
educator’s EPI [22] which will also change over time as wider societal contexts change. Parents, students,
policy makers and other key actors from the community in general, such as the labour market and the
research community, all differ in the expectations they have towards schools [63]. Alongside this, the
context in which teachers operate is also changing. The shift towards personalisation of learning [64],
partly fuelled by Al-related integrations [65], and schools needing the meet the growing demands of an
increasingly diverse pupil intake [19] will influence and shape an educator’s EPIL.

6. CONCLUSION

In conclusion, the 9 systematically selected case studies in this article present a compelling narrative:
the integration of Al-driven robotics into mathematics education has the theoretical potential to
reterritorialize educators’ professional identity (EPI). More specifically, this reconstruction of EPI
manifests itself in a dualistic nature, with educators striving to balance embracing new technologies that
foster student engagement against the constraints of instructional effectiveness that create tension with
traditional pedagogical roles. As we enter the Al age of education, this duality of EPI underscores the
importance of understanding how technological advancements can reshape not only teaching practices
but also educators' self-perceptions and professional growth.

Building on these insights, several concrete implications emerge for teacher training, professional
development, and policy:

¢ Teacher training programmes should embed sustained, hands-on experiences with Al-driven
robotics and related technologies, ensuring pre-service teachers develop both technological fluency and
the reflective skills needed to navigate shifting professional identities.

» Ongoing professional development must move beyond one-off workshops to provide iterative,
collaborative learning opportunities—such as professional learning communities and mentoring—that
allow educators to experiment, share challenges, and integrate robotics meaningfully into mathematics
curricula.

* Policy frameworks can support this work by funding technology-rich pilot programmes,
establishing clear guidelines for equitable access to robotics resources, and recognising the evolving
nature of educator roles in evaluation and accountability systems.

Such measures can help educators negotiate the duality described in this study, fostering a balanced
professional identity that embraces innovation while addressing the real constraints of classroom practice.
Ultimately, supporting educators in this way is crucial for enhancing the educational experience for both
teachers and students in an increasingly Al-driven landscape.
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