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Abstract
The rapid expansion of digital technologies has transformed educational landscapes, 
compelling educators to rethink how emerging tools can cultivate deeper learning, 
creativity, and innovation. Within this shift, the Internet of Things (IoT) has emerged 
as a transformative force, connecting physical and digital environments to enable 
interactive, data-driven, and learner-centered experiences. In mathematics 
education, IoT technologies invite new forms of exploration that blend computational 
thinking with artistic expression—an intersection increasingly recognized as vital 
for developing 21st-century teaching competencies and advancing the goals of 
sustainable and creative education. This systematic review explores how the IoT 
is being integrated into mathematics teacher education through the lens of artful 
thinking and creativity. Building on technological, sociocultural, and esthetic learning 
frameworks, the review critically synthesizes research published between 2015 
and 2025. Findings revealed that IoT not only serves as a technological innovation 
but also as an artistic medium to foster imaginative, design-based mathematical 
practices among preservice and in-service teachers. Benefits identified include 
enhanced mathematical modeling, spatial reasoning, and interdisciplinary inquiry, 
while challenges include technological resistance, limited creative assessment 
models, and infrastructural inequalities. The review also emphasizes the potential of 
artfully connected IoT practices to advance Sustainable Development Goals 4 and 
9. Recommendations are provided for future research, teacher education practices, 
and policy reforms aimed at embedding esthetic and technological creativity in 
mathematics instruction.

Keywords: Internet of Things; Mathematics teacher education; Artful thinking; Creative 
pedagogy; Smart classrooms; Sustainable education

1. Introduction
1.1. Background and rationale

The Internet of Things (IoT) has increasingly permeated various sectors, profoundly 
reshaping practices and processes, including those in education, particularly within 
mathematics learning environments. By facilitating real-time data collection and 
enabling dynamic visualizations of abstract mathematical concepts, IoT extends 
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traditional educational boundaries and supports the 
adoption of innovative pedagogical approaches. Its 
integration into educational contexts not only improves 
technical efficiencies but also fosters interactive learning 
experiences that promote deeper engagement with 
mathematical content. However, it is important to 
recognize that many existing applications of IoT in 
education have predominantly emphasized operational 
efficiency, often at the expense of creativity, imagination, 
and interdisciplinary connections.1-3

As mathematics education evolves to meet the complex 
demands of the 21st  century, it becomes imperative to 
integrate artistic and creative dimensions into technological 
applications.2,4,5 The framework of artful thinking 
provides a critical pathway for enhancing this integration, 
encouraging both educators and learners to perceive 
mathematics not solely as a logical and procedural field but 
also as one rich with esthetic perspectives and design-based 
inquiry opportunities.4,6,7 This multidimensional approach 
necessitates creating educational environments where 
students are invited to navigate both technical and creative 
domains, thus cultivating well-rounded competencies 
essential for future educators.8-10

1.2. Gap analysis

Despite the considerable potential of IoT technologies 
in educational contexts, a substantial gap persists in the 
literature concerning their use to foster creative engagement 
within mathematics teacher education. Most studies have 
concentrated on the technical affordances of IoT, such 
as improving classroom management and enhancing 
analytical capabilities, while giving limited attention to 
its role in cultivating creative mathematical thinking and 
esthetic appreciation.11-13 Furthermore, the intersection 
between IoT applications and creative pedagogical processes 
in mathematics education remains largely unexplored, with 
few systematic reviews addressing how these elements might 
be coherently integrated into teacher training programs.14-16

The lack of comprehensive investigations framing IoT 
within creative educational practices impedes the ability 
of educators to design programs that simultaneously 
develop technological proficiency and creative fluency 
among prospective mathematics teachers.16-18 Without such 
integration, instructional strategies risk remaining narrowly 
technical, rather than evolving into curricula that address the 
multifaceted challenges of modern education and adequately 
prepare students for complex learning environments.6,7,19 
Addressing these deficiencies requires the development of 
pedagogical frameworks that elevate creativity alongside 
mathematical rigor, potentially transforming teacher 
education and enhancing student learning outcomes.5,20

The urgency of pursuing mathematical creativity and 
innovative educational practices is reinforced by findings 
from multiple studies that advocate for pedagogical 
paradigms emphasizing creative problem-solving.1,12,21 
These methodologies not only deepen cognitive 
engagement but also promote the kind of transformative 
pedagogical shifts increasingly necessary in mathematics 
education. Nevertheless, realizing this potential demands 
that educational institutions embrace curricula fostering 
creativity through interdisciplinary approaches and real-
world problem-solving experiences.22-24 Therefore, a 
deliberate and concerted integration of creative pedagogical 
strategies within the technological frameworks provided 
through IoT is warranted to prepare a new generation of 
mathematics educators capable of delivering innovative, 
engaging, and contextually relevant learning experiences 
in an increasingly digitalized world.3,25-27

1.3. Research questions

In light of the gaps identified, this systematic review seeks 
to address the following research questions:
•	 How is the IoT currently integrated into mathematics 

teacher education to foster both technical and creative 
competencies?

•	 In what ways does IoT support the development of 
artful thinking, imaginative reasoning, and esthetic 
engagement in mathematics teacher preparation 
programs?

•	 What pedagogical opportunities and challenges arise 
from the intersection of IoT, art, and mathematics 
education?

2. Data and methods
2.1. Data sources and search strategy

A comprehensive and systematic literature search was 
conducted to identify peer-reviewed studies focusing on 
the integration of IoT, artful thinking, and mathematics 
teacher education. The following databases were searched: 
Education Resources Information Center (ERIC), Scopus, 
Web of Science, IEEE Xplore, Education Source, and 
ArtsEdSearch. These databases were selected to ensure 
comprehensive coverage across education, technology, 
engineering, and arts-related research fields.

The search strategy employed Boolean operators, 
controlled vocabulary where applicable, and combinations 
of free-text terms. Key terms included: (“Internet of 
Things” OR “IoT”) AND (“mathematics education” OR 
“math teacher education”) AND (“art*” OR “creativ*” OR 
“design thinking” OR “esthetic*” OR “artful thinking”). 
Search strings were adapted to meet the specific indexing 
syntax of each database. Filters were applied to limit the 
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search to English-language studies published between 
January 01, 2015, and March 31, 2025.

In addition to database searching, a manual search of 
relevant conference proceedings, professional organization 
websites, and the reference lists of included studies was 
conducted to identify additional eligible studies that may 
not have been captured through the primary search. This 
supplementary search ensured that gray literature and 
emerging interdisciplinary research at the intersection of 
IoT, mathematics, and artful education were considered.

2.2. Inclusion and exclusion criteria

Strict inclusion and exclusion criteria were established to 
guide the selection process systematically. The inclusion 
criteria included:
•	 Peer-reviewed journal articles, conference papers, or 

significant organizational reports
•	 Studies involving preservice or in-service mathematics 

teachers
•	 Studies explicitly addressing the use of IoT 

technologies in mathematics education
•	 Studies incorporating elements of creativity, artistic 

expression, design thinking, or artful thinking in the 
context of IoT applications

•	 Studies reporting empirical research (quantitative, 
qualitative, or mixed methods) or comprehensive 
conceptual frameworks.

The exclusion criteria included:
•	 Studies focusing exclusively on technical or 

administrative applications of IoT without educational 
or artistic dimensions

•	 Studies not specifically related to mathematics 
education (e.g., general science, technology, 
engineering, and mathematics [STEM] education 
without a distinct focus on mathematics)

•	 Theoretical papers without empirical evidence, unless 
presenting a comprehensive, innovative framework 
linking IoT, art, and mathematics education

•	 Non-peer-reviewed sources, such as blog posts, non-
academic magazines, editorials, and opinion pieces

•	 Publications not available in full-text or published 
in languages other than English without verified 
translations.

A two-stage screening process was implemented: first 
at the title and abstract level, and subsequently through 
full-text evaluation. Studies were included if they met all 
inclusion criteria after full-text assessment.

2.3. PRISMA selection process

A total of 986 records were initially identified through 
database searches, with an additional 18 records retrieved 

through manual searches and reference lists, resulting 
in 1004 records overall. After the removal of duplicates, 
820 records remained and were subjected to title and 
abstract screening. Of these, 698 records were excluded 
based on irrelevance to the research focus. Subsequently, 
122 full-text articles were assessed for eligibility. During 
this stage, 45 articles were excluded for specific reasons: 
19 articles did not integrate creativity or artful thinking, 
13 were unrelated to mathematics teacher education, 8 
demonstrated insufficient methodological quality, and 5 
did not address IoT or relevant technologies. Ultimately, 
77 studies met all inclusion criteria and were incorporated 
into the qualitative synthesis for the systematic review 
(Figure 1).

2.4. Data extraction and synthesis

Data extraction was guided by a structured protocol to 
ensure consistency and replicability. For each eligible study, 
the following information was systematically recorded:
•	 Author(s) and year of publication
•	 Country and educational context (preservice or 

in-service teacher education)
•	 Research aims and questions
•	 Study design and methodology (qualitative, 

quantitative, or mixed methods)
•	 Characteristics of participants (e.g., sample size and 

demographics)
•	 Description of IoT tools and technologies employed
•	 Description of artistic, creative, or design-based 

pedagogies integrated
•	 Main findings related to creativity, artful thinking, 

mathematical learning, and technological use
•	 Reported challenges, barriers, and limitations

The extracted data were then synthesized using a thematic 
analysis approach. Themes were identified inductively 
through iterative reading and coding of the extracted 
material. Attention was paid to patterns, convergences, 
divergences, and unique contributions across the included 
studies. Narrative synthesis was prioritized to maintain the 
richness of qualitative insights, while quantitative results 
were summarized descriptively when reported.

No meta-analysis was performed, as the heterogeneity 
of study designs, contexts, and outcome measures 
precluded meaningful statistical aggregation.

2.5. Quality appraisal

The methodological quality of the included studies 
was assessed using the Mixed Methods Appraisal Tool 
(MMAT), which evaluates qualitative, quantitative, and 
mixed-methods research. The appraisal considered the 
appropriateness of research questions, suitability of study 
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design, rigor of data collection and analysis, and clarity of 
reporting. Additional attention was given to the integration 
of creativity, esthetic dimensions, and interdisciplinary 
approaches, reflecting the thematic focus of this review.

To ensure reliability, the screening process was conducted 
in two stages, repeated at different time points, and coding 
decisions were cross-checked. Agreement rates reached a 
Cohen’s kappa of 0.84, indicating strong consistency across 
rounds. Studies that failed to meet acceptable standards of 
methodological rigor, thematic alignment, or clarity were 
excluded at the full-text eligibility stage.

By combining MMAT criteria with supplementary 
considerations, such as reporting clarity and explicit 
connections to mathematics teacher education, this multi-
criteria approach ensured that only studies with sufficient 
rigor and relevance were included in the final synthesis.

3. Results
Across the 77 unique references analyzed (Table  1  and 
Figure  2), the themes of pedagogical benefits of 
IoT integration and applications of IoT for creative 
mathematical practices emerged as the most substantial, 
comprising 24.04% and 22.40% of the total citations, 
respectively.

Although themes related to innovation and sustainability 
(15.30%) and artful conceptualizations (16.39%) were also 
notably represented, the significant presence of research 
on challenges and barriers (21.86%) reflects the field’s 
ongoing struggle to balance innovation with practical 

and ethical considerations. This distribution suggests that 
while creative integration of IoT into mathematics teacher 
education is a growing area of scholarly focus, there 
remains a strong parallel concern with infrastructure, 
ethics, and pedagogical readiness.

3.1. Artful conceptualizations of IoT in mathematics 
teacher education

This theme (Figure  3 and Table  2) accounted for 30 
citations, representing 16.39% of the total references. 
Within this theme, IoT as a medium for creative and 
esthetic engagement was supported by 8 references 
(4.37%), while multisensory learning experiences through 
IoT and reframing mathematics as an interdisciplinary, 
artful endeavor were each represented by 11 references 
(6.01% each). These findings suggest that while interest 
in creativity and interdisciplinarity in IoT-enhanced 
mathematics education is growing, it still occupies a 
moderate proportion of the overall scholarly landscape.

3.1.1. IoT as a medium for creative and esthetic 
engagement

The IoT serves as a versatile medium that transcends 
technical functionalities, transforming mathematics 
education into a domain enriched with creativity and 
esthetic appreciation. Contemporary educational 
frameworks increasingly recognize IoT as a catalyst for 
imaginative exploration, enabling preservice teachers 
to engage with mathematics not solely as a logical 
construct but also as a field intertwined with artistic 

Identification
• Records identified through
 database searching
 (n = 986)
• Additional records identified
 through other sources
 (e.g., manual search and
 reference lists; n = 18)

Screening
• Records after duplicates
 removed (n = 820)
• Records screened based
 on titles and abstracts
 (n = 820)
• Records excluded after
 title and abstract
 screening (n = 698)

Eligibility
• Full-text articles assessed for
 eligibility (n = 122)
• Full-text articles excluded
 (n = 45)
• Reasons for exclusion:
 • No integration of creativity
  or artful thinking (n = 19)
 • Not related to mathematics
  teacher education (n = 13)
 • Insufficient methodological
  quality (n = 8)
 • Not focused on IoT or
  relevant technologies
  (n = 5)

Included
• Studies included in
 qualitative synthesis/
 systematic review (n = 77)

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram
Abbreviation: IoT: Internet of Things.
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expression and human creativity.11,30,34 Research suggests 
that when educators incorporate IoT technologies, 
they foster environments conducive to the synthesis 

of artistic and mathematical ideas, thereby bridging 
the gap between abstract mathematical concepts and 
tangible creative expressions.28,32 This integration not only 

Table 1. Classification of 77 reviewed studies by thematic focus and sub‑thematic contributions

Main theme Sub‑theme n Percentage

Artful conceptualizations of 
IoT in mathematics teacher 
education

IoT as a medium for creative and esthetic engagement 8 4.37

Multisensory learning experiences through IoT 11 6.01

Reframing mathematics as an interdisciplinary, artful endeavor 11 6.01

Subtotal 30 16.39

Applications of IoT to foster 
creative mathematical practices

Sensor‑driven art installations illustrating mathematical concepts 8 4.37

Wearable IoT technologies modeling dynamic mathematical relationships 9 4.92

Arduino and Raspberry Pi projects connecting art, coding, and mathematics 10 5.46

IoT‑based real‑world data collection for artistic interpretation 14 7.65

Subtotal 41 22.40

Innovative and sustainable 
practices

Environmental data visualizations promoting ecological awareness 8 4.37

Smart art installations addressing social and environmental themes 11 6.01

Contributions to Sustainable Development Goals (SDG 4 and SDG 9) 9 4.92

Subtotal 28 15.30

Pedagogical benefits of artfully 
integrated IoT

Strengthening mathematical modeling and visualization skills 10 5.46

Development of design thinking and interdisciplinary problem‑solving 11 6.01

Enhancing engagement and affective connection to mathematics 11 6.01

Fostering future‑ready teaching competencies 12 6.56

Subtotal 44 24.04

Challenges and barriers Limited access to IoT infrastructure and technical expertise 8 4.37

Resistance to open‑ended and nontraditional pedagogies 11 6.01

Difficulty assessing artistic and creative outcomes 10 5.46

Ethical issues related to privacy, ownership, and data use 11 6.01

Subtotal 40 21.86

Grand total 183 100.00

Abbreviation: IoT: Internet of Things.

Artful conceptualizations
of IoT in mathematics

teacher education

• IoT as a medium for
 creative and aesthetic
 engagement
• Multisensory learning
 experiences through IoT
• Reframing mathematics
 as an interdisciplinary,
 artful endeavor

Applications of IoT to
foster creative

mathematical practices

• Sensor-driven art
 installations illustrating
 mathematical concepts
• Wearable IoT
 technologies modeling
 dynamic mathematical
 relationships
• Arduino and Raspberry
 Pi projects connecting
 art, coding, and
 mathematics
• IoT-based real-world
 data collection for
 artistic interpretation

• Environmental data
 visualizations promoting
 ecological awareness
• Smart art installations
 addressing social and
 environmental themes
• Contributions to
 Sustainable
 Development Goals
 (SDG 4 and SDG 9)

Innovative and
sustainable practices

Pedagogical benefits of
artfully integrated IoT

Challenges and
barriers

• Strengthening
 mathematical modeling
 and visualization skills
• Development of design
 thinking and
 interdisciplinary
 problem-solving
• Enhancing engagement
 and affective connection
 to mathematics
• Fostering future-ready
 teaching competencies

• Limited access to IoT
 infrastructure and
 technical expertise
• Resistance to
 open-ended and
 nontraditional
 pedagogies
• Difficulty assessing
 artistic and creative
 outcomes
• Ethical issues related to
 privacy, ownership,
 and data use

Figure 2. Main themes and subthemes emerging from the thematic synthesis
Abbreviation: IoT: Internet of Things.
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enriches mathematical understanding but also prepares 
preservice teachers to adopt interdisciplinary pedagogical 
approaches.29

Positioning IoT as a medium for creative engagement 
aligns with modern educational aspirations to nurture 
esthetic sensitivity among preservice teachers. Through 
varied modalities—including visual arts, performance, 
and physical installations—students can experiment and 
express mathematical ideas creatively, thus reimagining 
mathematics within broader cultural and societal 
contexts.29,31,33 Strategic integration of IoT technology 
invites educators to expand pedagogical boundaries, 
promoting innovative teaching approaches that resonate 
with the creativity inherent in both art and mathematics.33

3.1.2. Multisensory learning experiences through IoT

Studies have consistently demonstrated the capacity 
of IoT technologies to facilitate multisensory learning 
experiences by combining visual, auditory, and tactile 
stimuli to enhance comprehension of mathematical 
constructs.30,36,40 By employing IoT devices, educators 
can deliver interactive lessons that engage preservice 
teachers through diverse sensory modalities. For instance, 
environmental sensors can record real-time data such as 
sound levels, temperature changes, and motion, providing 
dynamic contexts for mathematical exploration.37,42

Multisensory engagement deepens cognitive connections 
among learners, supporting a richer internalization of 

complex mathematical ideas.35,38,41 Activating multiple senses 
stimulates curiosity and innovation while fostering holistic 
comprehension of mathematical theories. Integrating 
sensory-rich pedagogical strategies, therefore, supports 
the development of both foundational mathematical 
competencies and creative exploration within teacher 
education programs.39,43,44

3.1.3. Reframing mathematics as an interdisciplinary, 
artful endeavor

The integration of IoT technologies reframes mathematics 
as an interdisciplinary field, emphasizing its connections 
to art, design, culture, and human expression.50,52,54 
Through IoT tools, preservice teachers can explore 
how mathematical modeling underpins artistic 
creations such as digital art, installations, and kinetic 
sculptures.37,53 This interdisciplinary engagement fosters 
intellectual flexibility and enriches preservice teachers’ 
understanding of mathematics as a dynamic, culturally 
embedded practice.47

Incorporating broader societal and artistic contexts 
into mathematical education helps dismantle perceptions 
of mathematics as isolated and rigid.49,51 Consequently, 
preservice teachers are better equipped to design innovative, 
technology-enhanced learning experiences that emphasize 
adaptability and multidimensional inquiry.45,46,48

3.2. Applications of IoT to foster creative 
mathematical practices

A total of 41 references (22.40%) contributed to this theme 
(Figure 4 and Table 3). Among the sub-themes, IoT-based 
real-world data collection for artistic interpretation was the 
most prominent, with 14 citations (7.65%), highlighting 
the growing emphasis on real-world, data-driven creative 
learning. Arduino and Raspberry Pi projects were 
discussed in 10 studies (5.46%), followed by Wearable IoT 
technologies with 9 citations (4.92%) and Sensor-driven 
art installations with 8 citations (4.37%). The relatively 
high representation of this theme reflects a strong scholarly 

Table 2. The citations, along with their frequency and percentage, for the theme and its sub‑themes

Main theme Sub‑theme Citations n Percentage

Artful conceptualizations of 
IoT in mathematics teacher 
education

IoT as a medium for 
creative and esthetic 
engagement

Dhayanti et al.;28 Haavold et al.;29 Hamimi et al.;30 Ismiati;31 Itqan and 
Arrahmani;32 Khalid et al.;11 Simamora and Ramadhanta;33 Soomro et al.34

8 4.37

Multisensory learning 
experiences through IoT

Bampasidis et al.;35 Chamberlin et al.;36 Hamid and Kamarudin;37 Hamimi 
et al.;30 Hoth et al.;38 Kuchkarova; 39 Mamatnabiyev et al.;40 Mamazhanovich; 41 
Mariani et al.;42 Nilimaa;43 Suwastika et al.44

11 6.01

Reframing mathematics as 
an interdisciplinary, artful 
endeavor

Berikzhanovna;45 Biçer;46 Bishara;47 Firmender et al.;48 Hamid and 
Kamarudin;37 Juliantara et al.;49 Kozlowski and Si; 50 Lee and Heo;51 
Paneva‑Marinova et al.;52 Samritin et al.;53 Xayrullayevna54

11 6.01

Abbreviation: IoT: Internet of Things.

Artful conceptualizations
of IoT in mathematics 

teacher education

IoT as a medium for
creative and aesthetic

engagement

Multisensory learning
experiences through IoT

Reframing mathematics
as an interdisciplinary,

artful endeavor

Figure 3. Visual depiction of the theme
Abbreviation: IoT: Internet of Things.
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interest in practical and artistic applications of IoT in 
mathematics education.

3.2.1. Sensor-driven art installations illustrating 
mathematical concepts

Sensor-driven art installations utilizing IoT technologies 
represent an innovative method for visualizing core 
mathematical principles. Through such initiatives, 
preservice teachers can physically manipulate and engage 
with concepts such as geometric transformations, data 
patterns, and spatial reasoning, linking abstract mathematics 
to tangible artistic outputs.32,53 These installations offer 
dynamic platforms where mathematical ideas become living, 
interactive experiences, fostering deeper understanding 
while simultaneously stimulating creative expression.45,55

Engaging in these projects encourages preservice 
teachers to collaborate, think critically, and design 
esthetically compelling yet mathematically sound 
artifacts.50,56 The interdisciplinary nature of sensor-
driven projects underscores the importance of fostering 
connections between mathematics, creativity, and 
technology.33,57 By incorporating such experiences into 
mathematics teacher education, programs can cultivate 
richer learning environments that build both technical and 
artistic competencies.

3.2.2. Wearable IoT technologies modeling dynamic 
mathematical relationships

Wearable IoT technologies provide another powerful avenue 
for modeling dynamic mathematical phenomena, such as 
rates of change, symmetry, and motion. These applications 
allow preservice teachers to experience mathematics 
firsthand, gathering and interpreting real-time data to 
uncover underlying principles and relationships.32,61,63 
Engaging with wearable devices transforms learning into 
an active exploration, moving beyond passive theoretical 
instruction toward experiential discovery.35,64

This hands-on approach promotes the development of 
critical thinking, data literacy, and problem-solving skills, 
empowering future educators to create dynamic classroom 
environments that encourage active participation.44,58,59,62 
Integrating wearable IoT technologies thus nurtures 
teaching practices that align with contemporary 
educational demands for innovation, engagement, and 
applied learning.60

3.2.3. Arduino and Raspberry Pi projects connecting 
art, coding, and mathematics

Low-cost IoT platforms, such as Arduino and Raspberry 
Pi, facilitate hands-on projects that bridge art, coding, 

Table 3. The citations, along with their frequency and percentage, for the theme and its sub‑themes

Main theme Sub‑theme Citations n Percentage

Applications of IoT 
to foster creative 
mathematical 
practices

Sensor‑driven art 
installations illustrating 
mathematical concepts

Berikzhanovna;45 Akar;55 Itqan and Arrahmani;32 Kozlowski and Si;50 Poudel;56 
Samritin et al.;53 Simamora and Ramadhanta;33 Wahyuni et al.57

8 4.37

Wearable IoT technologies 
modeling dynamic 
mathematical relationships

Applebaum; 58,59 Arnellis et al.;60 Bampasidis et al.;35 Bardhan;61 Itqan and 
Arrahmani;32 Laili and Istikomah;62 Suwastika et al.;44 Vasconcelos;63 Yaftian64

9 4.92

Arduino and Raspberry 
Pi projects connecting art, 
coding, and mathematics

Bruhn and Lüken; 65 Connolly et al.;66 Hoth et al.;38Jalil and Siew; 67 Kuchkarova; 39 
Metu et al.;68 Qian and Cheng;69 Simamora and Ramadhanta;33 Supandi et al.;70 Šimon 
and Gogolák71

10 5.46

IoT‑based real‑world 
data collection for artistic 
interpretation

Bampasidis et al.;35 Bezerra et al.;72 Dhayanti et al.;28 Huệ et al.;73 Jorge et al.;74 
Juliantara et al.;49 Kelechi and Nnaji;75 Kuchkarova;39 Laili and Istikomah;62 
Makuseva et al.;76 Mariani et al.;42 Monahan et al.;77 Qizi;78 Unterfrauner et al.79

14 7.65

Abbreviation: IoT: Internet of Things.

Applications of IoT to
foster creative

mathematical practices

Sensor-driven art
installations illustrating
mathematical concepts

Wearable IoT
technologies modeling
dynamic mathematical

relationships 

Arduino and Raspberry Pi
projects connecting art,

coding, and mathematics 

IoT-based real-world
data collection for

artistic interpretation

Figure 4. Visual depiction of the theme
Abbreviation: IoT: Internet of Things.
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and mathematics. Through these technologies, 
preservice teachers construct artistic representations 
of mathematical concepts, developing computational 
thinking alongside creative expression.33,70 Such projects 
encourage participants to integrate programming skills 
with mathematical reasoning, resulting in multifaceted, 
interdisciplinary learning experiences.38,68

Moreover, these initiatives promote collaboration, 
experimentation, and iterative problem-solving, vital 
components of innovative educational practices.66,69 
By blending artistic creation with technological skills, 
preservice teachers cultivate a growth mindset and 
foster a willingness to explore the exploratory nature 
of mathematics.39,67,71 The creative use of Arduino and 
Raspberry Pi thus transforms mathematics education into 
an engaging, multidimensional endeavor.65

3.2.4. IoT-based real-world data collection for artistic 
interpretation

Projects utilizing IoT devices for real-world data collection 
enable preservice teachers to engage in authentic 
mathematical inquiries anchored in empirical realities. 
Through environmental sensors and data-gathering 
tools, students collect information that can be analyzed, 
interpreted, and visualized artistically.35,73,77 This process 
fosters interdisciplinary learning by linking mathematics, 
science, and art through creative interpretations of data.72,74,79

Engagement with empirical data promotes the 
perception of mathematics as an integral part of daily life, 
enhancing students’ problem-solving strategies and esthetic 
sensibilities.42,62 Real-world data-driven artistic projects 
motivate learners by allowing them to creatively address 
societal issues through mathematical inquiry.39,49,75 Integrating 
IoT into mathematics education thus fosters innovation, real-
world relevance, and interdisciplinary competencies.28,76,78

3.3. Innovative and sustainable practices

This theme (Figure  5 and Table  4) included 28 citations 
(15.30%). Smart art installations addressing social and 

environmental themes led with 11 references (6.01%), 
demonstrating a significant intersection between 
mathematical creativity and broader social issues. 
Environmental data visualizations promoting ecological 
awareness and Contributions to Sustainable Development 
Goals (SDG 4 and SDG 9) were represented by 8 (4.37%) 
and 9  (4.92%) references, respectively. These results 
emphasize the increasing integration of sustainability and 
global citizenship within mathematics education discourse.

3.3.1. Environmental data visualizations promoting 
ecological awareness

Projects that utilize IoT technologies to collect and 
visualize environmental data offer significant opportunities 
to link sustainability education with mathematics learning. 
By engaging preservice teachers in collecting real-world 
data on factors such as air quality, temperature changes, 
and resource consumption, educational programs deepen 
learners’ understanding of mathematical applications while 
simultaneously fostering ecological awareness.32,69 These 
visualizations not only provide esthetic representations 
of environmental phenomena but also serve as powerful 
educational tools that underscore the societal relevance of 
mathematics.39,61

Integrating ecological data collection into mathematics 
education encourages preservice teachers to view 
sustainability not as a peripheral topic but as an essential, 
embedded component of their instructional practices.11,57 
Project-based learning modules that involve artistic 

Table 4. The citations, along with their frequency and percentage, for the theme and its sub‑themes

Main theme Sub‑theme Citations n Percentage

Innovative 
and 
sustainable 
practices

Environmental data 
visualizations promoting 
ecological awareness

Bardhan;61 Hamid and Kamarudin;37 Itqan and Arrahmani;32 Khalid et al.;11 Kuchkarova;39 
Paneva‑Marinova et al.;52 Qian and Cheng; 69 Wahyuni et al.57

8 4.37

Smart art installations 
addressing social and 
environmental themes

Chamberlin et al.;36 Chacón et al.;80 Haavold et al.;29 Jalil and Siew; 67 Juliantara et al.;49 
Kuchkarova;39 Poudel;56 Simamora and Ramadhanta;33 Šimon and Gogolák;71 Suyitno;81 
Wadaani5

11 6.01

Contributions to 
Sustainable Development 
Goals (SDG 4 and SDG 9)

Anita;82 Arnellis et al.;60 Hamid and Kamarudin;37 Hamimi et al.;30 Ismiati;31 Itqan and 
Arrahmani;32 Khalid et al.;11 Kozlowski and Si;50 Suwastika et al.44

9 4.92

Abbreviation: IoT: Internet of Things.

Innovative and 
sustainable practices

Environmental data
visualizations promoting
ecological awareness 

Smart art installations
addressing social and

environmental themes  

Contributions to
Sustainable Development

Goals (SDG 4 and
SDG 9) 

Figure 5. Visual depiction of the theme
Abbreviation: IoT: Internet of Things.
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interpretations of environmental data can further inspire 
a sense of ethical stewardship and community engagement 
among future educators.37,52 By situating mathematics 
within the broader context of environmental responsibility, 
teacher education programs contribute to the development 
of educators who are committed to fostering sustainable 
practices.

3.3.2. Smart art installations addressing social and 
environmental themes

Preservice teachers increasingly utilize IoT technologies to 
create smart art installations that address pressing social 
and environmental issues, demonstrating the potential of 
mathematics education to serve as a catalyst for societal 
change.5,33,56 These projects integrate mathematical 
inquiry with critical ethical, social, and environmental 
considerations, illustrating the discipline’s capacity to 
engage with broader human concerns.29,67

By developing installations that provoke dialogue among 
peers and community members, preservice teachers model 
ways in which mathematics and creativity can inspire civic 
engagement and activism.39,49,81 These experiences cultivate 
a sense of agency among future educators, empowering 
them to design learning experiences that are not only 
academically rigorous but also socially relevant and 
transformative.36,71,80

3.3.3. Contributions to SDG 4 and SDG 9

The creative integration of IoT technologies within 
mathematics teacher education aligns directly with 
key SDGs, particularly SDG 4 (Quality Education) and 
SDG 9 (Industry, Innovation, and Infrastructure).11,32,37 
By embedding technological and artistic creativity into 
instructional methodologies, teacher education programs 
cultivate future educators who are equipped to drive 
innovation and promote educational equity on a global 
scale.

Research emphasizes that the integration of arts and 
technology within mathematics fosters higher levels 
of engagement, critical thinking, and interdisciplinary 
competence, all of which are necessary to achieve 
sustainable educational outcomes.30,44,60 By embracing 
these opportunities, preservice teachers can contribute 
meaningfully to the advancement of inclusive, high-
quality education while fostering the innovation needed to 
address future societal challenges.31,50,82

Consequently, mathematics teacher education that 
incorporates IoT and creative practices not only prepares 
educators for contemporary classrooms but also empowers 
them to actively participate in the global movement toward 
achieving the SDGs.

3.4. Pedagogical benefits of artfully integrated IoT

This theme, which focused on pedagogical impacts (Figure 6 
and Table  5), comprised the largest share of the literature 
(44 citations; 24.04%). Fostering future-ready teaching 
competencies was the most frequently cited sub-theme with 
12 references (6.56%). Both development of design thinking 
and interdisciplinary problem-solving and enhancing 
engagement and affective connection to mathematics had 
11 citations each (6.01%), while strengthening mathematical 
modeling and visualization skills was represented by 10 
citations (5.46%). This dominant presence underscores 
the field’s recognition of IoT and creative practices as 
transformative tools for enhancing teacher competencies.

3.4.1. Strengthening mathematical modeling and 
visualization skills

Engaging preservice teachers with artfully integrated IoT 
projects significantly enhances their abilities to model, 
visualize, and represent mathematical ideas in innovative 
and tangible ways.48,78,84 These experiences encourage 
future educators to explore mathematics through multiple 
artistic and technological lenses, thus strengthening 
critical instructional competencies. Through hands-on 
exploration, preservice teachers acquire practical strategies 
for translating complex mathematical concepts into 
accessible and engaging formats for diverse learners.83

The emphasis on visualization nurtures a deeper 
conceptual understanding, equipping preservice 
teachers with skills necessary for effective mathematical 
communication in classroom settings.11,61,63 This proficiency 
in visualization not only supports preservice teachers’ 
professional growth but also prepares them to foster 
similar abilities among their students, promoting a cycle of 
creative, inquiry-driven mathematical learning.43,57,65

3.4.2. Development of design thinking and 
interdisciplinary problem-solving

The creative demands associated with artfully integrating 
IoT technologies cultivate essential skills in design 
thinking, interdisciplinary collaboration, and solution-
focused inquiry.45,46,64 By engaging with innovative projects, 
preservice teachers are required to generate, test, and refine 
ideas while integrating diverse disciplinary perspectives, 
mirroring real-world problem-solving scenarios. This 
design-oriented mindset fosters adaptive thinking and 
creativity, vital attributes for contemporary educators.63,81,87

Exposure to interdisciplinary approaches expands 
preservice teachers’ pedagogical toolkits, enabling them 
to construct rich, multifaceted learning experiences that 
transcend traditional subject boundaries.44,86 As future 
educators encounter complex, open-ended challenges, 
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they develop resilience and flexibility, attributes that are 
increasingly demanded in today’s evolving educational 
environments.35,85,88

3.4.3. Enhancing engagement and affective 
connection to mathematics

Participation in IoT-based artistic projects has been shown 
to enhance preservice teachers’ engagement, enjoyment, 
and emotional connection to mathematics.37,68,89 These 
affective benefits are critical, as they reframe mathematics 
from a static body of knowledge into a dynamic, expressive, 
and personally meaningful discipline. By fostering 
environments that emphasize creativity, educators can 
demystify mathematics and increase its accessibility to a 
broader range of learners.86,87,90

Strengthening students’ emotional connection to 
mathematics also promotes persistence, resilience, and 
creative risk-taking—qualities that are essential for success 
in complex problem-solving contexts.29,92 Furthermore, 
engaging in artistic exploration builds self-efficacy among 
preservice teachers, encouraging them to adopt creativity 
as a core component of their pedagogical identity.45,60,91

3.4.4. Fostering future-ready teaching competencies

Creative IoT activities play a pivotal role in preparing 
preservice teachers for future instructional environments that 

prioritize innovation, multimodal learning, and technological 
fluency.50,87,94 Engagement with IoT-driven projects cultivates 
adaptability, equipping future educators to meet the growing 
demands for creative and flexible teaching practices.29,39,42

Developing a nuanced understanding of how 
technology can support creative teaching and learning 
processes positions preservice teachers to enrich their 
students’ educational experiences meaningfully.35,62,69 As 
mathematics education evolves to embrace digital tools and 
interdisciplinary approaches, preservice teachers trained 
through IoT integration will be better prepared to contribute 
to sustainable, student-centered educational reforms.38,58,59,93

3.5. Challenges and barriers

Finally, 40 citations (21.86%) addressed challenges and 
barriers (Figure 7 and Table 6). Resistance to open-ended 
and nontraditional pedagogies and ethical issues related 
to privacy, ownership, and data use each appeared in 11 
studies (6.01%), illustrating ongoing tensions surrounding 
educational innovation. Difficulty assessing artistic and 
creative outcomes was discussed in 10 studies (5.46%), and 
limited access to IoT infrastructure and technical expertise 
was highlighted in 8 references (4.37%). The substantial 
attention to challenges signals a critical need for systematic 
support and policy development to facilitate the adoption 
of creative IoT-based pedagogies.

Table 5. The citations, along with their frequency and percentage, for the theme and its sub‑themes

Main theme Sub‑theme Citations n Percentage

Pedagogical 
benefits 
of artfully 
integrated IoT

Strengthening mathematical 
modeling and visualization skills

Bardhan;61 Bruhn and Lüken;65 Firmender et al.;48 Khalid et al.;11 Munaji 
et al.;83 Nadiroh;84 Nilimaa;43 Qizi;78 Vasconcelos;63 Wahyuni et al.57

10 5.46

Development of design thinking and 
interdisciplinary problem‑solving

Berikzhanovna;45 Annet;85 Bampasidis et al.;35 Biçer;46 Pasaribu et al.;86 
Sekinaeva;87 Suwastika et al.;44 Suyitno;81 Vasconcelos;63 Yaftian;64 Zuhri88

11 6.01

Enhancing engagement and affective 
connection to mathematics

Berikzhanovna;45 Arnellis et al.;60 Haavold et al.;29 Hamid and Kamarudin; 37 
Metu et al.;68 Milner‐Bolotin and Zazkis;89 Pasaribu et al.;86 Samaniego et al.;90 
Seftiana et al.;91 Sekinaeva;87 Yang92

11 6.01

Fostering future‑ready teaching 
competencies

Applebaum;58,59 Bampasidis et al.;35 Haavold et al.;29 Hoth et al.;38 
Kozlowski and Si;50 Kuchkarova; 39 Laili and Istikomah;62 Mariani et al.;42 
Qian and Cheng;69 Saraç and Özdener;93 Sekinaeva;87 Stylianidou et al.94

12 6.56

Abbreviation: IoT: Internet of Things.

Pedagogical benefits of
artfully integrated IoT 

Strengthening 
mathematical modeling
and visualization skills 

Development of design
thinking and

interdisciplinary
problem-solving

Enhancing engagement
and affective connection

to mathematics 

Fostering future-ready
teaching competencies

Figure 6. Visual depiction of the theme
Abbreviation: IoT: Internet of Things.
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3.5.1. Limited access to IoT infrastructure and 
technical expertise

One of the foremost challenges in integrating IoT 
technologies into mathematics teacher education is the 
unequal access to necessary infrastructure and technical 
expertise.41,57,86 Variations in the availability of IoT 
devices, technical support, and professional development 
opportunities across educational institutions impact 
the consistency and quality of implementation. Limited 
resources hinder preservice teachers’ exposure to creative 
and innovative uses of IoT technologies.77,95

In addition, insufficient technical know-how among 
educators often poses a barrier to the successful adoption 
of IoT initiatives. Concerns about rapidly evolving 
technological requirements and the need for continuous 
professional development further exacerbate this 
challenge. To address these limitations, teacher education 
programs must prioritize investment in IoT infrastructure 
and provide ongoing training to ensure that preservice 
teachers can confidently and competently integrate IoT 
into their instructional practices.30,46,93

3.5.2. Resistance to open-ended and nontraditional 
pedagogies

Despite the growing emphasis on creativity and innovation, 
resistance to open-ended and nontraditional pedagogical 

approaches persists among both faculty members and 
students.36,41,51 Deep-rooted preferences for traditional, 
procedural methods of mathematics instruction often 
result in skepticism or reluctance toward exploratory, IoT-
enhanced, and art-integrated pedagogies. This resistance 
can hinder the adoption of more creative instructional 
practices and stifle innovation within teacher preparation 
programs.46,58,59,86

Promoting cultural change within educational 
institutions is essential for fostering acceptance of 
progressive teaching approaches that combine rigor with 
creativity. Integrating discussions of pedagogical diversity, 
interdisciplinary collaboration, and the value of creativity 
into preservice curricula can help mitigate resistance and 
prepare future educators to embrace holistic and adaptive 
teaching strategies.55,70,80,87,93

3.5.3. Difficulty assessing artistic and creative 
outcomes

Conventional assessment frameworks used in mathematics 
education often prove inadequate for evaluating artistic and 
creative outcomes emerging from IoT-based projects.55,77,95,99 
Traditional grading systems, focused predominantly on 
accuracy and procedural proficiency, are ill-suited to 
capture the multifaceted and process-oriented nature of 
creative learning experiences. As a result, educators may 

Table 6. The citations, along with their frequency and percentage, for the theme and its sub‑themes

Main theme Sub‑theme Citations n Percentage

Challenges 
and barriers

Limited access to IoT infrastructure 
and technical expertise

Biçer;46 Hamimi et al.;30 Mamazhanovich;41 Monahan et al.;77 Pasaribu et al.;86 
Saraç and Özdener; 93 Utami et al.;95 Wahyuni et al. 57

8 4.37

Resistance to open‑ended and 
nontraditional pedagogies

Akar;55 Applebaum;58,59 Biçer;46 Chamberlin et al.;36 Chacón et al.;80 Lee and 
Heo;51 Mamazhanovich;41 Pasaribu et al.;86 Saraç and Özdener;93 Sekinaeva;87 
Supandi et al.70

11 6.01

Difficulty assessing artistic and 
creative outcomes

Akar;55 Gorev et al.;96 Juliantara et al.;49 Maro et al.;97 Monahan et al.;77 Poudel;56 
Setiyawan et al.;98 Utami et al.;95 Winarko;99 Yaftian64

10 5.46

Ethical issues related to privacy, 
ownership, and data use

Biçer;46 Daskolia et al.;100 Mamazhanovich;41 Maro et al.;97 Monahan et al.;77 
Sakabe et al.;101 Suwastika et al.;44 Syutaridho et al.;102 Vasconcelos;63 Yaftian;64 
Šimon and Gogolák71

11 6.01

Abbreviation: IoT: Internet of Things.
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Figure 7. Visual depiction of the theme
Abbreviation: IoT: Internet of Things.
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struggle to fairly and effectively assess student growth and 
achievement in projects that emphasize innovation, artistic 
expression, and interdisciplinary inquiry.56,64

To address this challenge, educational programs must 
develop and implement innovative assessment models 
that value creativity, collaboration, and problem-solving 
as integral components of mathematical learning.49,97,98 
Holistic assessment frameworks that recognize the 
complexity and depth of creative mathematical work 
will better support the aims of integrated IoT education 
and encourage sustained engagement with artistic 
mathematical practices.96

3.5.4. Ethical issues related to privacy, ownership, and 
data use

The implementation of IoT technologies in educational 
contexts also raises critical ethical concerns related to data 
privacy, intellectual property rights, and the responsible 
use of student-generated content.77,97,102 IoT devices often 
collect and transmit sensitive information, making it 
imperative to establish clear policies that protect the 
rights and privacy of all participants involved in creative 
educational projects.63,100,101

Institutions must proactively develop guidelines that 
address ownership of artistic creations, consent for data 
use, and ethical considerations surrounding the collection 
and dissemination of information.41,44 Moreover, teacher 
education programs should embed discussions on ethics 
into their curricula to equip preservice teachers with the 
critical awareness needed to navigate these challenges 
responsibly.46,64,71 Cultivating ethical literacy will empower 
future educators to integrate IoT technologies thoughtfully 
and respectfully, upholding the dignity and rights of all 
learners.

4. Discussion
4.1. Synthesis of findings across studies

4.1.1. IoT as a bridge between technology, art, and 
mathematics education

The synthesis of findings across multiple studies indicates 
that the IoT serves as a compelling bridge connecting 
technological innovation, artistic creativity, and 
mathematical reasoning. Rather than functioning merely 
as a technical enhancement, IoT enables the creation of 
learning experiences where mathematics is expressed, 
interpreted, and understood through various artistic 
media.103 This integration allows students to visualize and 
manipulate abstract mathematical concepts, fostering 
environments where technology and art intertwine 
seamlessly with mathematics education.104

Collectively, the findings highlight the transformative 
potential of such integrative approaches, suggesting that 
when mathematics is infused with creative and artistic 
elements, it significantly enhances student engagement and 
deepens understanding.105 Furthermore, IoT technologies 
facilitate dynamic, multisensory interactions between 
students and mathematical ideas, fostering stronger 
cognitive and emotional connections to the discipline.106 
This transition reflects a broader pedagogical shift, 
emphasizing the importance of integrating technology 
with artistic practices to create richer and more inclusive 
learning environments.107

4.1.2. Artful thinking as a catalyst for reimagining 
mathematics teacher preparation

The incorporation of artful thinking frameworks 
challenges traditional models of mathematics teacher 
preparation by emphasizing the creative, imaginative, and 
interdisciplinary dimensions of education.108 Research 
demonstrates that preservice teachers trained within 
artful thinking frameworks are better equipped to 
design student-centered environments that foster critical 
thinking, exploration, and creativity.109

This paradigm shift encourages viewing mathematics 
as a narrative shaped by inquiry and artistic 
interpretation rather than rigid procedural mastery.110 
Integrating artful thinking also fosters an appreciation 
of the interconnectedness of disciplines, positioning 
mathematics within broader cultural and societal 
contexts.111 Consequently, this approach enriches the 
learning process by embedding creativity and esthetic 
engagement as essential components of mathematics 
education.112

4.1.3. Expanding affective and esthetic dimensions of 
mathematics learning

Artful IoT practices contribute to a more holistic vision of 
mathematics education by valuing emotional, imaginative, 
and experiential dimensions alongside cognitive skills.113 
Research indicates that preservice teachers exposed 
to multisensory, esthetic experiences exhibit higher 
engagement and motivation levels.114 These experiences 
help learners develop deeper emotional connections to 
mathematics, enabling them to appreciate the discipline’s 
broader cultural and societal significance.115

Moreover, multisensory engagement fosters a classroom 
climate where exploration and creativity are integral 
to the learning process.116 Through these approaches, 
mathematics education can move beyond computations 
and algorithms, revealing the inherent beauty and artistry 
within the discipline.117
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4.2. Theoretical implications

Theoretical perspectives on IoT integration in mathematics 
teacher education highlight the need to expand 
traditional pedagogical frameworks to embrace creativity, 
sociocultural mediation, and sustainability. Extending 
established models such as Technological Pedagogical 
Content Knowledge (TPACK), grounding practices in 
sociocultural theory, and embedding innovation and 
responsible citizenship within mathematics education 
offer new pathways for transformative teaching. Together, 
these approaches position preservice teachers to navigate 
complex educational landscapes while fostering critical, 
creative, and socially responsive learning environments.

4.2.1. Extending TPACK through creative and esthetic 
competencies

Findings suggest that established models, such as the TPACK 
framework, should be expanded to incorporate creative 
and esthetic competencies as fundamental dimensions.118 
Research shows that the intersection of creativity, 
technology, and pedagogy is vital for cultivating effective 
teaching practices in contemporary classrooms.119 Future 
models must recognize how IoT and artful thinking reshape 
pedagogical strategies, enabling educators to integrate 
creative inquiry effectively.120 This broader conceptualization 
will enhance mathematics teacher education and benefit 
cross-disciplinary educational innovation.

4.2.2. Sociocultural mediation of technological and 
artistic experiences

Grounded in sociocultural theory, the use of IoT as an 
artistic and communicative mediator broadens the role 
of cultural tools in learning.121 Integrating artful IoT 
practices demonstrates how digital technologies mediate 
meaning-making processes across disciplines, facilitating 
deeper cultural and contextual understandings.122 Teacher 
education must therefore prepare preservice teachers to 
navigate diverse learning landscapes where sociocultural 
and technological mediations intersect meaningfully.

4.2.3. Mathematics education within a sustainability 
and innovation paradigm

Embedding sustainability-oriented artful projects 
using IoT technologies calls for a reconceptualization 
of mathematics education within global frameworks 
emphasizing innovation and responsible citizenship.123 
Mathematics education has a vital role in fostering the 
critical thinking and interdisciplinary collaboration 
needed to address global challenges.124 Preparing 
preservice teachers to integrate sustainability themes into 
mathematics education is essential for cultivating engaged 
citizens capable of shaping a more equitable future.125

4.3. Practical implications for mathematics teacher 
education

The integration of artful IoT projects into preservice 
mathematics teacher education represents a critical step 
toward fostering creativity, innovation, and technological 
fluency among future educators. To fully realize this 
potential, institutions must not only embed such projects 
into their curricula but also provide the necessary 
infrastructure, sustained professional development, and 
interdisciplinary collaboration opportunities. Together, 
these strategies create a foundation for preparing teachers 
who can navigate and shape dynamic, interconnected, and 
future-ready learning environments. Details of strategies 
are as follows:
•	 Embedding artful IoT projects into preservice 

curricula: Mathematics teacher education programs 
should deliberately embed artful IoT projects into 
their curricula, promoting design thinking, creative 
inquiry, and technological literacy.126 Such initiatives 
offer preservice teachers opportunities to engage with 
real-world problems, thereby enhancing professional 
preparation.127

•	 Providing infrastructure and professional development 
for artful IoT integration: Institutions must invest 
in IoT infrastructure and offer comprehensive 
professional development programs that address both 
technical skills and creative pedagogies.128-130 Sustained 
support structures are essential for fostering the 
confidence and competence necessary for innovative 
teaching practices.131

•	 Encouraging interdisciplinary collaboration and 
innovation: Mathematics education should embrace 
interdisciplinary models by facilitating collaboration 
across education, engineering, fine arts, and 
sustainability disciplines.132 Such collaborations 
enhance preservice teachers’ abilities to design 
dynamic, interconnected learning environments.133

4.4. Recommendations for stakeholders

The findings of this review point to several actionable 
recommendations for different stakeholder groups engaged 
in mathematics teacher education and the integration of 
IoT with artful approaches.

For teachers, professional development should 
emphasize not only the technical use of IoT tools but also 
their creative and pedagogical integration. Teachers are 
encouraged to design classroom activities that connect 
IoT data with mathematical modeling, visualization, 
and esthetic exploration. Embedding artful thinking 
into instructional practice can foster both conceptual 
understanding and student engagement.
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For administrators, institutional support is essential 
to sustain innovative practices. This includes providing 
access to IoT infrastructure, ensuring reliable technical 
support, and creating opportunities for collaborative 
experimentation across departments. Administrators can 
also establish incentives and recognition systems that 
encourage faculty to integrate interdisciplinary, creativity-
oriented approaches into their teaching.

For policymakers, curriculum frameworks should 
explicitly recognize the potential of IoT to promote 
interdisciplinary and creative learning in mathematics 
education. Policy initiatives can support pilot programs, 
fund longitudinal and cross-cultural studies, and allocate 
resources to reduce disparities in access to emerging 
technologies. By embedding creativity and technological 
fluency within national and regional education strategies, 
policymakers can align IoT integration with broader goals 
such as the SDGs, particularly SDG 4 (Quality Education) 
and SDG 9 (Innovation and Infrastructure).

Collectively, these recommendations highlight that 
successful implementation of IoT and artful approaches 
in mathematics teacher education requires coordinated 
action across classroom, institutional, and policy levels.

4.5. Identified gaps in the reviewed literature and 
future research directions

Although existing research demonstrates the promise of 
artful IoT integration in mathematics education, critical 
gaps remain. These include a lack of longitudinal studies, 
limited cross-cultural and interdisciplinary investigations, 
and the absence of robust assessment tools. Addressing 
these gaps is essential to strengthening both research and 
practice in this emerging field. The gaps include:
•	 Limited longitudinal and large-scale studies: The 

majority of reviewed studies employed small-scale, 
short-term interventions, highlighting the need for 
longitudinal research to assess the sustained impacts 
of artful IoT integration.134 Long-term studies could 
illuminate how creative pedagogies influence teaching 
practices, student outcomes, and professional identity 
over time.135

•	 Insufficient cross-cultural and interdisciplinary 
investigations: Current research seldom examines 
how cultural differences influence the integration 
of artful IoT practices in mathematics education.136 
In addition, there is a lack of interdisciplinary 
collaborations between educators, technologists, 
and artists. Expanding the cultural and disciplinary 
reach of future studies will enhance understanding 
and promote more tailored, inclusive pedagogical 
strategies.137

•	 Lack of robust assessment frameworks for creative 
mathematical learning: A  significant gap remains in 
the availability of validated assessment tools capable of 
measuring creativity, interdisciplinary reasoning, and 
esthetic appreciation within mathematical learning 
contexts.138 Developing creative assessment models 
is critical for capturing the full scope of learning 
outcomes associated with artful IoT integration.139,140

In response to these gaps, future research must 
prioritize long-term studies, culturally responsive models, 
and the development of creative assessment frameworks. 
Advancing these areas will enhance the sustainability, 
inclusivity, and impact of artful IoT practices in 
mathematics teacher education. The details are as follows:
•	 Investigating long-term impacts of artful IoT 

experiences: Future research must investigate 
the longitudinal effects of artful IoT experiences 
on mathematics teaching practices, professional 
development, and student learning outcomes.141-143

•	 Developing culturally responsive artful IoT models: 
Researchers should focus on developing culturally 
responsive artful IoT models that reflect diverse 
student populations, thereby promoting inclusivity in 
mathematics education.144-146

•	 Creating and validating creative assessment tools: 
There is an urgent need to create and validate 
assessment tools capable of authentically measuring 
creative mathematical inquiry and interdisciplinary 
integration.147-149

4.6. Limitations of the review

While this systematic review offers a comprehensive 
synthesis of research at the intersection of IoT technologies, 
artful thinking, and mathematics teacher education, 
several limitations should be acknowledged. First, the 
review was restricted to English-language, peer-reviewed 
studies published between 2010 and 2025. This exclusion 
of studies in other languages or gray literature, such as 
dissertations, reports, and conference proceedings, may 
have introduced language and publication bias, limiting 
the diversity of global perspectives represented.

Second, the included studies exhibited substantial 
methodological heterogeneity, ranging from qualitative 
case studies to quasi-experimental and mixed-methods 
designs. Due to this diversity, a formal meta-analysis 
was not feasible. The synthesis, therefore, emphasized 
thematic aggregation, which provides meaningful 
insights but does not allow for statistical generalization. 
Findings should thus be interpreted with awareness of 
the differences in study design, sample size, and context 
across the literature.
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Third, although the MMAT was applied systematically 
to assess methodological quality, the diversity of research 
designs still posed challenges in ensuring consistent 
evaluation. To enhance transparency, additional criteria 
were incorporated, including clarity of reporting, 
integration of creativity within study design, and explicit 
alignment with mathematics teacher education. Future 
reviews may strengthen comparability by complementing 
MMAT with other standardized appraisal frameworks that 
capture domain-specific considerations.

Finally, the relative novelty of research combining 
artful thinking with IoT in mathematics teacher education 
presents an inherent limitation. Much of the existing 
literature consists of exploratory or small-scale studies 
rather than longitudinal or large-scale investigations. As a 
result, conclusions about long-term effects on preservice 
teachers’ professional identity, pedagogical competencies, 
and student learning outcomes remain preliminary. 
Continued empirical research, particularly longitudinal 
and cross-cultural studies, will be essential for advancing 
and validating the insights generated in this emerging field.

5. Conclusion
5.1. Summary of key insights

This systematic review explored the intersections of IoT 
technologies, artful thinking, and mathematics teacher 
education, synthesizing findings from 77 selected studies 
published between 2010 and 2025. The analysis revealed 
that integrating artful IoT applications into mathematics 
teacher preparation fosters transformative educational 
experiences by promoting creativity, interdisciplinary 
inquiry, and technological fluency. Specifically, IoT 
technologies were shown to function as versatile mediators 
that bridge technical content with esthetic and imaginative 
engagement, reshaping traditional perceptions of 
mathematics as a rigid and purely procedural discipline.

Three major conceptual areas emerged from the 
literature. First, artful conceptualizations of IoT 
emphasized the role of multisensory learning experiences 
and the reimagining of mathematics as an interdisciplinary, 
culturally embedded endeavor. Second, applications of 
IoT in practice—including sensor-driven installations, 
wearable technologies, and real-world data interpretation—
demonstrated powerful avenues for creative mathematical 
modeling and experiential learning. Third, innovative and 
sustainable practices linked IoT integration with broader 
societal goals such as ecological awareness and sustainable 
development, highlighting the ethical and civic dimensions 
of mathematical education.

Despite these promising developments, significant 
challenges persist. Many studies noted barriers such as 

limited access to infrastructure, professional development 
gaps, cultural resistance to open-ended pedagogies, 
difficulties in assessing creativity, and ethical concerns 
regarding data use. These issues underscore the necessity 
of systemic support structures and cultural shifts 
within teacher education programs to fully realize the 
transformative potential of artful IoT integration.

5.2. Contribution to the field

This review makes several substantive contributions to the 
emerging discourse on technology-mediated creativity 
in mathematics education. First, it critically advances the 
argument that existing pedagogical frameworks, such 
as TPACK, require expansion to explicitly incorporate 
creativity, esthetic engagement, and sustainability as 
foundational dimensions. By doing so, it responds to calls 
in contemporary scholarship for educational models that 
better prepare future teachers for the complex demands of 
21st-century learning environments.

Second, the review situates IoT technologies not merely 
as tools for technical enhancement but also as cultural 
and communicative artifacts that mediate rich meaning-
making processes, drawing on sociocultural learning 
theories. The integration of artistic and technological 
experiences fosters deeper conceptual understanding, 
intercultural competence, and adaptive thinking skills 
among preservice mathematics teachers. This perspective 
enriches the theoretical foundations of teacher education 
by emphasizing the mediational role of technology in 
the formation of professional identity and pedagogical 
practice.

Third, the findings articulate the essential role of 
sustainability-oriented education in the mathematics 
curriculum, advocating for a reconceptualization of 
mathematics as a discipline that must engage with real-
world problems related to social justice, environmental 
stewardship, and innovation. Embedding sustainability, 
creativity, and interdisciplinary problem-solving into 
mathematics teacher preparation advances the alignment 
of education with SDGs (particularly SDG 4 and SDG 9), 
thereby reinforcing education’s responsibility toward global 
citizenship.

Finally, this review identifies practical recommendations 
for curriculum development, professional learning, and 
institutional policy, offering a comprehensive roadmap 
for stakeholders interested in cultivating technologically 
literate, creatively agile, and socially responsible 
mathematics educators.
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