Croatian Journal of Education

Vol.28; N0.2/2026, pages: 699-732
Review paper

Paper submitted: 1 February 2025
Paper accepted: 26" January 2026
https.//doi.org/10.15516/cje.v28i2.42887

Emerging Trends and Patterns in
the Use of Wearable Technology

(WT) in Schools (1999-2024): A
Scientometric Perspective

Hongshuai Shi' and Amir Karimi?
'School of Education, Jiangxi Normal University
Department of Port Machinery and Chemical Engineering, Zhoushan Technician College
2Department of History, Faculty of Law and Social Sciences, University of Tabriz

Abstract

This article examines the trends in wearable technology (WT) in education from
1999 to 2024, using a scientometric approach to analyze research evolution. A
total of 248 original articles were extracted from 165 distinct journals. These
articles were subsequently analyzed utilizing three specialized software tools:
CiteSpace, VOSviewer, and the R programming package. Over the past two decades,
the number of scholarly articles has increased by about 9 %. However, in recent
years, attention and review success have declined. The US and China are leading
WT research, supported by substantial funding and engineering programs, with
US universities at the forefront. Countries like India, Japan, Finland, Bahrain, and
Turkey contribute significantly, indicating global interest in this field. Key studies
emphasize emotional learning benefits for students with autism and the integration
of machine learning in WT, promoting interactive STEM education. Findings
highlight a shift towards student-centered approaches and specialized applications,
such as medical devices. The article underscores the evolving landscape of wearable
technology in schools and the need for ongoing research and collaboration to
enhance educational outcomes and create inclusive learning environments.
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Introduction

Wearable technology (WT) and wearable devices (WDs) have quickly evolved into
essential tools that improve many facets of everyday life (Chong et al., 2020) by providing
useful features that go beyond those of traditional computer and communication devices
(Ferreira et al., 2021; Motti, 2020a). Their relevance as essential and valuable tools in
the present day is further demonstrated by their ability to completely transform how
we communicate, learn, stay healthy, and travel.

A collection of electronic gadgets known as WT is incorporated into apparel or
accessories or worn on the body (Meena et al., 2023). These gadgets offer customers
comfortable hands-free access to information, communication, and functionality
thanks to their cutting-edge sensors and technology (Egeli & Kurgun, 2021). Fitness
monitoring (Greiwe & Nyenhuis, 2020), communication (Ferreira et al., 2021), virtual
reality (VR) and augmented reality (AR) (Kim et al., 2021), personal safety, productivity
(Patel et al., 2022), healthcare (Mejia et al., 2021), and fashion (Versteeg et al., 2020)
are among the popular uses. Real-time management of health objectives is enabled
by fitness bands, smartwatches, and bright clothes (Sucharitha et al., 2022), which
track heart rate, calories burned, sleep patterns, and physical activity. While VR and
AR headsets enable immersive experiences (De Canio et al., 2022), smartwatches and
eyewear allow users to access information hands-free (Motti, 2020b). So, WT will
continue to find additional uses in a broader range of industries as it develops.

Because of offering creative methods to improve teaching and learning (Almusawi
etal., 2021a; Havard & Podsiad, 2020), WT has the potential to completely transform
the educational system (Almusawi et al., 2021a). It collects student data (Vijayan et
al., 2021), delivers tailored feedback, and creates engaging virtual worlds (Yin et al.,
2021). Additionally, WT supports students with impairments, facilitates collaborative
learning (Zeagler et al., 2021), translates languages in real-time, and collects accurate
data on individual pupils (Al-Emran et al., 2023). They also give immediate feedback
on teaching strategies and classroom management to teachers enrolled in teacher
preparation programs (Mill et al., 2021). Although WT in education has not yet reached
its full potential, these examples demonstrate the importance of having individualized,
dynamic, and engaging learning environments for both teachers and students.

Therefore, hands-on, experiential learning is also possible through WDs, allowing
students to engage directly with educational content (Montesinos et al., 2022). Moreover,
this approach encourages active exploration, critical thinking, and a deeper understanding
of complex concepts (AlGerafi et al., 2023), also supports special education and
diverse learning needs (Cheng & Lai, 2020), providing accommodations for students
with diverse learning styles and abilities (Conderman et al., 2021). To build trust in
WT in educational settings, schools must establish strong policies and procedures to
protect student data and privacy, while adhering to laws such as FERPA and COPPA
(Cahyanto et al., 2023). Precise data collection, storage, and usage guidelines are also
critical, and open communication with parents, educators, and students is essential. By
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recognizing the importance and innovation of WT in education, the need to examine
the number of articles published in this field becomes evident, which forces researchers
to conduct scientometric research. Still, new research fields, research conversations,
and existing trends in this field have not been thoroughly studied, despite numerous
review articles.

In addition to mapping the body of existing knowledge (Kastrin & Hristovski,
2021) and identifying significant contributors, trends (Rawat & Sood, 2021), and
emerging areas of focus (Goerlandt & Li, 2022), scientometric research is essential
for understanding the research landscape, identifying research gaps (Sheikhnejad &
Yigitcanlar, 2020), influencing policy decisions, fostering collaboration (Mashur et al.,
2023), and assessing the impact of research (Sedighi, 2020). It also helps set research
priorities and create policies to integrate WT into the classroom (Kajikawa, 2022).
The sector is constantly changing, and scientometric analysis helps monitor trends
in WT in education and serves as a standard for analyzing production, impact, and
research influence. For this reason, scientometric research is crucial to advancing
WT in education.

Literature review

According to Chu et al. (2023), despite advancements in W, it has yet to be integrated
into the educational curriculum. The majority of evaluations focus on the basic features
of wearables (Kumari et al., 2017) rather than niche markets such as healthcare (Baig
et al., 2013), assistive technology, or security (Blasco et al., 2016). Several surveys
and review articles on wearables for learning were identified through a literature
search (Borthwick et al., 2015; De Freitas & Levene, 2003; Labus et al., 2015). These
comprise a wearables report, a Google Glass study by Sapargaliyev (2015), and a survey
by Attallah & Ilagure (2018) that addresses cost, usability, distraction, technological
anxiety, and the requirement that wearables be connected to smartphones. Lee &
Shapiro’s (2019) essay examines current WT initiatives and highlights their educational
potential. It examines several assistance methods, such as digital integration, role-
play, notifications, bodily experience recordings, and personal expression. The best
devices identified in a meta-analysis of Harvard and Podsiad’s (2020) research were
smartwatches, fitness trackers, and head-mounted displays. The methods, theories,
types, applications, and research foci of WT in education are examined in the literature
review by Almusawi and colleagues (2021). It discusses future avenues for study and the
theoretical underpinnings. In the end, Chu and colleagues (2023) offer a framework
of five essential components, list seven ways wearables might support learning, and
identify unexplored research areas based on their review.

In addition, as a scientometric study, Cheng and Yao (2019) share similarities with
the referenced articles in their focus on evaluating the impact and trends within the
Use of WT for English Learning. The study uses Citespace to examine research trends
in WDs. Virtual reality (VR) classrooms and the incorporation of mobile learning are
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two developments identified in English teaching. According to the survey, WDs will
have more educational opportunities in the future.

The publications on WT in education include some flaws, including poor sample
techniques, a vague temporal scope, and a lack of precision in the procedures (Almusawi
et al,, 2021b; de-la-Fuente-Robles et al., 2022; Kageyama et al., 2022; Ram, 2024; Tirpan
& Semiz, 2022; Yilik, 2023). These problems may limit the practical significance of the
research by casting doubt on the validity and reliability of its results. To improve the
validity, relevance, and applicability of these findings, this research strongly emphasizes
honest reporting of sampling procedures, clear presentation of methodology, and
definition of the temporal scope. Then, this article aims to examine the scientometrics
of the articles released in WT by addressing the subsequent research inquiries:

What patterns can be identified in the overall trend of article publications and
citation frequencies within the field?

RQ1. How do publication trends vary across different countries and institutions,

and what implications do these trends have for global research collaboration?

RQ2. What types of references are predominantly utilized within the article system,

and how do they contribute to the development of the field?

RQ3. What significant changes have occurred in the field trends and the subject

map in recent years, and how do these changes reflect the evolving research
landscape?

Methodology

Search strategy and data collection

The present study employed data sourced from the Web of Science (WoS) database,
with extraction conducted on January 10, 2025, to systematically address the defined
research questions. WoS was selected over alternative databases, such as Scopus,
primarily because of its broader, more comprehensive coverage of pertinent literature
within the scope of history textbook research, thereby ensuring a richer, more
representative dataset. This choice aligns with the intention to construct a detailed,
interdisciplinary citation profile, thereby facilitating a nuanced understanding of
scholarly communication patterns. Data organization was managed using Microsoft
Excel, while advanced bibliometric visualization and network analysis tools—including
CiteSpace, VOSviewer, and Bibliometrix—were employed to generate sophisticated
network diagrams, consistent with methodologies adopted in prior bibliometric
investigations. The reliance on these contemporary analytical tools reflects a recognition
that traditional descriptive bibliometric approaches have proven inadequate in addressing
the complex and evolving challenges inherent in this research domain (Li & Karimi,
2025). To ensure methodological rigor, explicit inclusion criteria were established.
The data extraction process from the Scopus database utilized a specific search
strategy that incorporated the following keywords: ”Wearable tech*” OR ”Wearable
device*” OR ”Wearable electron*” OR ”Wearable sensor*” OR ”Wearable comput*”
AND ”educat*” OR "teach*” OR instruct*” OR "learn*” OR ”train*” AND school*”
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AND NOT Excluding “animal*” OR ”patient*” OR “adult*” OR ”medical school*”
OR “medical education*” (Fig 1).

“Wearable tech*” OR “Wearable device*” OR
“Wearable electron*” OR “Wearable sensor*” OR

[ Solection & *? AND “educat*” OR “teach*” OR
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searching _—
Searching
Judi o —>————p Title, abstract and keyword: > Record excluded (n= 80) N=308
excluding
Subject area
limi]tation = > Excluding “medicine” > Record excluded (n=50) N=258
Limited to Conference paper
EE— (n=123),
Type of literature Limited to Article » ReCord excluded (a=5) N=253
limitation (n=98), Limited to Book chapter ot
- (n=16), Limited to Conference
review (n=5)
. v
Language
lim .i P i Limited to “English” > Record excluded (n=3) N=250
itatio =
Removing
. e"lwv"lg P Irrelevant object > Record excluded (n=2) N=248
lrrelevance

Figure 1. The methodological data collection and analysis strategy

The data collection process followed a systematic, multi-stage filtering strategy,
as illustrated in Fig. 1, beginning with selecting the Scopus database as the primary
source due to its comprehensive indexing of peer-reviewed international research. An
advanced search query combining wearable technology and education-related terms
was applied to the Title, Abstract, and Keywords fields, yielding an initial set of 388
records. A subsequent refinement step involved excluding publications containing
terms associated with non-educational or clinical contexts, such as animal, patient,
or medical school-related studies; this reduced the dataset to 308 records. To further
ensure conceptual alignment with the study’s focus, a subject-area filter was applied
to remove research categorized under medical fields, eliminating an additional 50
articles and bringing the total to 258. The next stage involved restricting the dataset
to accepted academic publication formats—conference papers, journal articles, book
chapters, and conference reviews—removing five records and resulting in a revised
total of 253. A language filter was then applied, limiting the corpus to English-
language publications to ensure analytical consistency, resulting in the exclusion of
three additional texts. Finally, a manual relevance screening was conducted to remove
records that, despite meeting technical search criteria, did not substantively relate to
wearable technologies in educational settings, thereby removing two further items
and producing a final dataset of 248 publications and extracted in CSV, Rls, Plain

703



Shi and Karimi: Emerging Trends and Patterns in the Use of Wearable Technology (WT) in Schools (1999-2024)...

Text, and BibTeX file formats (Shen et al., 2025). This systematic data extraction and
selection process underscores the study’s commitment to methodological precision
and to generating robust, generalizable insights into the evolving landscape of the
educational aspect of WT research.

Bibliographic mapping software

The discipline of scientometrics uses a variety of essential software applications to
analyze and visualize data. Notable tools include Microsoft Excel (2013), CiteSpace
(6.3.1), VOSviewer (1.6.20), and the Bibliometrix package (3.1.4), which functions
within the R programming environment (3.6.3). These software programs are vital
in bibliometrics, each providing unique functionalities that address various analytical
requirements (Fig. 2). Together, the combined use of Excel, CiteSpace, VOSviewer,
and Bibliometrix enabled a comprehensive identification of publication patterns,
intellectual structures, and thematic trends within the dataset.

& < @7

citeSpace _ s Network Statistical data . i
ey CiteSpace visualisation analysis Microsoft Exce !
8@7

Figure 2. Data visualization software

.7

Results
Primary information
Table1
Primary information about the collected documents
Description Results
Time range 1999-2024
Sources (journals, books, etc.) 165
Documents 248
Annual growth rate % 9,65
Average document age 6,71
Average number of citations per 12,17
document
Keywords plus (ID) 1757
Author keywords (DE) 785
Authors 867
Authors of documents with one 29
author
Documents with one author 44
Co-authors per document 3,88
International co-authorship % 16,13
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Figure 3. Annual Production and Citation

Fig. 3 illustrates a fluctuating trend in the number of articles published and the mean
total citations per article (MeanTCperArt). Initially, in 1999, there were two articles with
a mean citation of 14.5, but the following years saw a significant drop, with no articles
published from 2000 to 2002. A slight recovery occurred in 2003 with 1 article, but
it was not until 2005 that the output stabilized, albeit with low citation counts. From
2007 to 2014, there was a gradual increase in articles and citations, peaking in 2015
with 22 articles and a mean citation of 16.86. However, after this peak, the number of
articles published remained relatively high but with a noticeable decline in citation
impact, particularly in 2022 and 2023, where the mean citations dropped to 4.3 and
2.84, respectively. 2024 shows a further decrease in citation impact, with a mean of only
0.4 citations per article. While publication volume increased over the years, citation
impact appears to have diminished significantly in later years, suggesting a potential
need for improved research quality or relevance in the current academic landscape.

Table 1 shows robust academic output, with 248 documents sourced from 165 journals
and books. The annual growth rate of 9.65 % indicates a healthy increase in research
activity over the years. On average, documents are 6.71 years old, suggesting a mix of
recent and established research. Each document averages 12.17 citations, reflecting
its impact within the academic community. The presence of 1,757 Keywords Plus
and 785 authors’ keywords highlights a diverse range of topics. With 867 authors
contributing to the body of work, including 29 single-authors, collaboration is evident,
as indicated by an average of 3.88 co-authors per document and a 16.13 % rate of
international co-authorships.

Leader countries, affiliations, and articles

Table 2 (part A) illustrates a diverse range of affiliations, with the University of
Ljubljana leading with eight documents, indicating a strong presence in this area.
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Table 2
The ten most influential countries and affiliations of WT in schools
(A) (B) ©
Average
Affiliation Docs Region Docs Region TC Article
Citations

University of Ljubljana USA (North
(Slovenia) A America)
Stanford University

147 USA 667 20.80

(United States) A 6 China (Asia) A 74 China 243 9.30
:Jc:i::;;;yif British Columbia India (Asia) A 22 Spain 120 17.10
TAtthlJnn(lt/Ji:St:é CS):aTtZXsé)]S i > Japan (Asia) 21 Finland X 106 3530
tJUnri\iltzgi?tlaif)a“fomia > Italy (Europe) ¥ 20 Korea 95 23.80
(Uunriivti'jiéﬁfeﬁfary'a“d 5 Spain (Europe) 20 Eg:g 65 2170
University of Pennsylvania UK (Europe) . Bahrain* o 6400

(United States) V
Utah State University Canada (North
(United States)v America)

East China Normal University United
(China) 4 Germany (Europe) 13 Kingdom 61 12.20

Aarhus University (Denmark) 3 Australia (Australia) 12 Cyprus 56 18.70

15 Turkey® 62 31.00

The following are several prominent institutions from the United States, including
Stanford University, the University of Texas at Austin, and the University of California,
each contributing 5 to 6 documents. Notably, the University of British Columbia
and the University of Maryland also have solid representations, with 6 and 5 papers,
respectively. Internationally, East China Normal University and Aarhus University add
to the mix, highlighting a global interest in WT research. Overall, the information
suggests a robust engagement from North American and European institutions,
with Slovenia’s University of Ljubljana as a key contributor. Parts B & C provided a
comparative analysis of academic output and citation impact related to WT in schools
across different regions. The USA leads with 147 documents and 667 citations, for an
average of 20.80 citations per article, indicating a strong academic presence. China
follows with 74 documents and 243 citations, yielding a lower average of 9.30 citations
per article, suggesting less impact per output. Japan, with 21 documents, has a high
average citation rate of 35.30, indicating that its articles are frequently cited despite
a smaller output. In Europe, Spain and Italy each have 20 documents, but Spain’s
average citation of 17.10 is lower than Italy’s 23.80, suggesting Italy’s work has a greater
impact. The UK, with only 17 documents, stands out with an impressive average of
64.00 citations, highlighting its influential contributions. Canada and Germany show
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lower outputs and citation averages, while Australia has the fewest documents (12)
but maintains a respectable average of 18.70. Overall, the data illustrate varying levels
of academic productivity and citation impact, with the USA and the UK identified
as significant contributors.

Leader references

Table 3
The ten most influential articles of WT in school

Paper Source TC TC per Normalized

Year TC
(Picard, 2009) "Philosophical Transactions of the 162  9.53 3.54
Royal Society B: Biological Sciences”
(Zimmermann-Niefield "Proceedings of the 18th ACM 118 16.86 6.15
etal,2019) International Conference on
Interaction Design and Children”
(Kireev et al., 2021) “Nature Protocols” 84  16.80 5.70
(Lindberg et al., 2016) "IEEE transactions on learning 78 7.80 4.26
technologies”
(D. A. Fields et al., 2018) "Equity & Excellence in Education” 71 8.88 5.70
(Haataja et al., 2018) “Computers in Human Behavior” 70 8.75 5.62
(Almusawi et al., 2021a) "Computers & Education” 64  12.80 4.35
(Gao et al., 2020) "Proceedings of the ACM on Interactive, 63  10.50 3.92
Mobile, Wearable and Ubiquitous ..."
(Canetal., 2020) "IEEE Access” 59 9.83 3.67
(Klopfer et al., 2004) "Journal of Computer Assisted 58 2.64 1.00
Learning”

Table 3 shows a diverse range of contributions that highlight the impact of
technology on learning and teaching. Picard (2009) stands out with the highest
total citations (TC) of 162, focusing on effective technologies to support students
with autism, with significant implications for emotional learning. Zimmermann-
Niefield and colleagues (2019) follow closely with 118 citations and a remarkable
TC per year of 16.86, indicating a rapid rise in relevance due to their exploration of
machine learning applications in education. Kireev and colleagues (2021) also report
a high TC per year (16.80) in their work on graphene electronic tattoos, suggesting
innovative health-monitoring applications in schools. Other notable articles include
Lindberg and colleagues (2016) and Fields and colleagues (2018), which emphasize
the importance of physical education and equity in computer science, respectively,
while maintaining solid normalized citation rates. Almusawi and colleagues (2021)
and Gao and colleagues (2020) contribute to the discourse on teacher readiness and
student engagement, reflecting current educational priorities. Overall, these articles
underscore WT’s transformative potential to enhance educational experiences, promote
inclusivity, and address mental health, while also indicating a growing interest in the
field, as evidenced by rising citation rates in recent years.
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The integration of WT in educational settings has been explored through various
studies, each highlighting its transformative potential. Picard (2009) explores affective
technology for autism, indicating that wearables can support emotional communication
for students with autism. Zimmermann-Niefield and colleagues (2019) emphasize
the role of wearables in teaching machine learning through practical applications,
making STEM education more engaging. Kireev and colleagues (2021) investigate
graphene electronic tattoos and suggest innovative applications for health monitoring
in educational contexts. Lindberg and colleagues (2016) discuss enhancing physical
education through exergames and W', which can increase student engagement in
physical activity. Fields and colleagues (2018) discuss the use of electronic textiles in
high school computer science to promote equity, demonstrating how hands-on learning
can engage diverse learners. Haataja and colleagues (2018) explore the relationship
between observed behaviors and physiological synchrony in collaborative learning,
indicating that WT can improve group interactions. Klopfer and colleagues (2004)
highlight the effectiveness of WDs in participatory simulations, promoting active
learning experiences. Almusawi and colleagues (2021) examine teachers” readiness
to incorporate WT into physical education, revealing that while educators see its
benefits, concerns about training and resources persist, underscoring the need for
professional development. Gao and colleagues (2020) present a system for predicting
emotional and cognitive engagement in classrooms, which can help tailor teaching
strategies to enhance student involvement. Lastly, Can and colleagues (2020) focus on
smartwatches for monitoring personal stress levels, suggesting that such technology
can help educators proactively address student well-being and mental health.

Trend and cluster analysis
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Figure 4. Keyword co-occurrence analysis of WT in the schools
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Fig. 4 demonstrates a diverse grouping of members, with the largest cluster (#0)
comprising 40 members and a silhouette value of 0.782, indicating moderate cohesion.
The second largest cluster (#1) also has 40 members but boasts a higher silhouette
value of 0.939, suggesting it is more distinct and well-defined. The subsequent clusters
vary in size and silhouette values, with the fifth cluster (#4) showing a high silhouette
value of 0.968, indicating a strong separation from the other clusters. Notably, the
smallest cluster (#11) has only five members but achieves an impressive silhouette
value of 0.994, highlighting its clear distinction.

Table 4
Summary of the most significant 10 clusters of WT in the school

Average The Major

ClusterlD Size Silhouette Label (LSI) Label (LLR) Year Citing Article

. - Accelerating (Lenz et al,
#0 40 0.782  Education policies inclusive education 2016 2016)
. . (Munoz-
#1 40 0.939 A}Jtlsm spectrum A.utlsm spectrum 2019 Organero et
disorder disorder
al., 2019)
Neurodevelopmental Neurodevelop- (Garzotto et
#2 27 0.827 disorder mental disorder 2018 al., 2018)
. Predicting in-class (D. Fields et al.,
#3 27 0.779  Computer science emotional behavioral 2018 2017)
44 25 0968 WT Usmg an interactive 2015 (Vishkaie,
application 2018)
#5 21 0.957  Wearable sensor Wearable sensor 2009 (Mcllwraith et
al., 2008)
#6 21 oo9g3 Leaning Pilot summer course 2008 (-2u €tals
programming 2009)
#7 20 0.934  Wearable device Sports visualization 2017 (Wang, 2017)
#8 12 0951 WT Wearable sensor 2000 (Panayi etal,
1999)
#11 5 0.994  Teaching biology Urban school 2021 (Kauzlgzlj;)qa,

Table 4 displays citation counts across various clusters highlights the prominence
of WT, which stands out in Cluster #8 with an impressive 90 citations, indicating its
significant impact in the field. Cluster #3, which focuses on students, accumulates 60
citations, underscoring the importance of student-centered research in educational
contexts. Cluster #4, featuring wearable computers, also shows strong relevance
with 48 citations, while wearable sensors in Cluster #5 and teaching in Cluster #8
share the fourth position with 31 citations each. Other notable topics include WDs
and engineering education, with an emphasis on technology integration in learning
environments. The presence of diverse themes such as physical activity, e-learning, and
education computing across the clusters suggests a rich interplay between technology
and education, reflecting current trends and interests in enhancing learning experiences.
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Figure 5. Thematic map of WT in the School system

The thematic system of WT in schools reveals a rich interplay between established
motor themes and emerging trends (Fig. 5). Clusters 1 and 2 highlight the foundational
aspects of WT, focusing on human interaction, physical activity, and the integration
of WDs in educational settings. Key terms such as “students,” “wearable sensors,’
and “teaching” underscore the emphasis on enhancing learning experiences through
technology. In contrast, clusters 3 and 4 reflect a shift towards more specialized and
innovative applications, such as “medical devices,” “sensor networks,” and ”biosensors,’
indicating a growing interest in health monitoring and data-driven insights within
educational contexts. This thematic evolution suggests that while traditional educational
practices remain vital, there is a significant shift towards leveraging advanced
technologies to foster engagement, support diverse learning needs, and promote
students’ overall well-being.

The coverage analysis (Fig. 6) shows that keywords can be categorized into two
distinct groups. The first category, represented by a light oil blue color, encompasses
foundational and supportive concepts that have established significance in the field.
This cluster includes terms such as wearable computing (2016 Apy), wearable sensors
(2017 Avr.pub.year), WT (2018 Apy), sensors (2014 Apy), and ubiquitous computing
(2014 Apy). These keywords serve as essential building blocks for understanding the
broader context of technological advancements in education and health. Conversely, the
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Figure 6. Countries overlay visualization map

second category, highlighted in yellow, comprises emerging and innovative keywords
that, as indicated by the topic map analysis, are potentially advancing or declining
in relevance over time. This group includes terms such as smartphone (2021 Apy),
machine learning (2020 Apy), smartwatch (2020 Apy), ADHD (2014 Apy), physiology
(2020 Apy), and physical activity (2019 Apy).

Discussion

This research was formed by analyzing W'T scientometrics in schools from 1999 to
2024. The trend of publication of articles was upward (Almusawi et al., 2021b; de-la-
Fuente-Robles et al., 2022; Kageyama et al., 2022; Ram, 2024; Tirpan & Semiz, 2022;
Yilik, 2023), but with a gentle slope (9 %), and even in recent years, it has faced little
attention. However, there have been no successful reviews in recent years, suggesting
a need to improve the quality of research or communication in the current academic
landscape. For RQI, trends in publications and citations indicated fluctuating research
output and evolving priorities in WT for education, with studies highlighting both the
adoption determinants using machine learning (Al-Emran et al., 2023) and pedagogical
implications (Chu et al., 2023; Almusawi et al., 2021b). RQ2 was addressed through
patterns of international collaboration and institutional contributions, showing that
countries such as the USA, UK, China, and Japan have been leading in WT educational
research, with varying citation impacts reflecting research influence and regional
engagement (Kageyama et al.,, 2022; Ram, 2024). For RQ3, influential references
emphasized innovations in physical education, health monitoring, affective computing,
and equity-focused computer science applications (Almusawi et al., 2021a; Fields et
al., 2017, 2018; Picard, 2009; Gao et al., 2020), underlining their role in shaping both
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educational practice and technological development. Finally, RQ4 examined the
thematic evolution of WT research, revealing a transition from foundational themes
like student engagement and wearable sensors to specialized applications including
biosensors, exergames, electronic textiles, and machine learning integration (Lindberg
etal, 2016; Meena et al., 2023; Zeagler et al., 2021; AlGerafi et al., 2023), reflecting the
growing complexity and integration of advanced technologies in educational contexts.

Among countries, despite the complete dominance of the United States and China
(Almusawi et al., 2021b; de-la-Fuente-Robles et al., 2022; Kageyama et al., 2022; Ram,
2024; Tirpan & Semiz, 2022; Yilik, 2023), countries such as India and Japan in publishing
articles (Kageyama et al., 2022; Ram, 2024) and Finland, Bahrain, and Turkey in being
references have achieved successes that indicate their capabilities and investments in
this field (Irani et al., 2024; Shahroz et al., 2021). Among the dependencies, it also
seems that in recent years, US universities have had much power (Yilik, 2023), which
the University of Ljubljana has broken but has been unable to share. However, previous
studies found that Chinese universities were dominant (Ram, 2024). US universities
lead in the field of WT thanks to their robust focus on research and innovation (Loncar-
Turukalo et al., 2019), as well as substantial financial support from government and
private sources (Casselman et al., 2017). Furthermore, the availability of high-quality
engineering and computer science programs draws in skilled students and faculty who
are dedicated to technological progress (Loizides & Koutsakis, 2017).

Among the leader articles, it should also be noted that Picard’s (2009) influential
work on affective technology for students with autism emphasizes the importance of
emotional learning, while Zimmermann-Niefield and colleagues (2019) and Kireev
and colleagues (2021) illustrate the rapid rise of machine learning applications and
innovative health monitoring solutions, respectively, indicating a shift towards more
engaging and practical STEM education. Contributions from Lindberg and colleagues
(2016) and Fields and colleagues (2018) further enrich the discourse by addressing equity
in computer science and enhancing physical education through technology, ensuring
that diverse learners are engaged. Additionally, studies by Almusawi and colleagues
(2021) and Gao and colleagues (2020) highlight the need for teacher readiness and
the importance of monitoring student engagement and well-being.

In the essential part, the trend analysis and clustering findings reveal a significant
trend in integrating technology within the educational landscape, particularly
highlighted by the prominence of WT in Cluster #8 (Tirpan & Semiz, 2022), which has
garnered 90 citations. This point indicates a strong interest in how such innovations
can enhance learning experiences. Additionally, the focus on student-centered
research in Cluster #3 and other themes, such as e-learning and engineering education,
underscores a growing emphasis on leveraging technology to improve educational
outcomes (Kageyama et al., 2022). The varying silhouette values across clusters also
suggest opportunities to refine group dynamics and strategies within the school system,
indicating a dynamic and evolving academic environment.

712



Croatian Journal of Education, Vol.28; No.2/2026, pages: 699-732

Foundational clusters emphasize human interaction, physical activity, and the
integration of WDs, highlighting key terms like “students,” wearable sensors,”
and "teaching” that focus on enhancing educational experiences (Tirpan & Semiz,
2022; Yilik, 2023). In contrast, emerging clusters indicate a shift towards specialized
applications, such as “medical devices” and ”biosensors,” reflecting a growing interest
in health monitoring and data-driven insights (Kageyama et al., 2022; Ram, 2024).
Additionally, keywords are categorized into foundational concepts, which provide
stability in the field, and innovative terms that signify evolving research trends, such

as “smartphone” and “machine learning” (Ram, 2024).

Conclusion

The article presents several key findings regarding the trends in WT research in
schools from 1999 to 2024. There has been a gradual increase (9 %) in the publication
of articles on WT, although in recent years, there has been a decline in attention and
successful reviews, suggesting a need for improved research quality and communication.
The United States and China dominate the field, but countries like India, Japan, Finland,
Bahrain, and Turkey also make significant contributions, indicating a diverse global
landscape in WT research.

US universities are at the forefront of WT research, supported by substantial funding
and high-quality engineering programs, although the University of Ljubljana has
shown the potential to break this dominance. Critical studies emphasize emotional
learning for students with autism, the rise of machine learning applications, and the
integration of technology into STEM education, highlighting a shift toward more
engaging educational practices. The research identifies significant trends in technology
integration within education, mainly through WT, and emphasizes student-centered
research, e-learning, and engineering education. There is growing interest in specialized
applications such as medical devices and biosensors, reflecting a shift towards health
monitoring and data-driven insights.

One notable limitation of this research is related to temporal constraints, as a substantial
portion of the literature reviewed was not published in 2024, despite data extraction
occurring after 2025, which may affect the immediacy and relevance of the findings;
additionally, the reliance on specific databases such as Scopus, Emerald, and Google
Scholar, while extensive, may have excluded other valuable sources, suggesting that
the inclusion of supplementary databases could provide broader and more nuanced
insights. Another limitation stems from the methodological focus of many of the
reviewed studies, which predominantly use quantitative methods, potentially limiting
the depth of understanding of the contextual, experiential, and qualitative aspects of
WT adoption and use in educational settings. Expanding the scope to encompass
a wider array of subject areas, publication types, and mixed-method or qualitative
studies could therefore enhance the comprehensiveness, richness, and generalizability
of the findings, offering a more balanced understanding of emerging trends, ethical
considerations, and practical implications for policy and pedagogical innovation.
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Recent articles often devote considerably less attention to the ethical, legal, and social
challenges that accompany their implementation—particularly issues surrounding
privacy, data security, algorithmic bias, and equitable accessibility. Numerous studies
highlight the rapid expansion of WDs for learning, monitoring, and engagement (e.g.,
Al-Emran et al., 2023; Almusawi, Durugbo, & Bugawa, 2021b; Chu, Garcia, & Rani,
2023), as well as their pedagogical promise across disciplines ranging from physical
education (Lindberg et al., 2016) to special needs support (Cheng & Lai, 2020) and
STEM learning environments (Fields et al., 2018). However, scholars have argued that
the accelerated diffusion of such technologies can amplify risks related to the extraction
of personal data, biometric surveillance, and unequal access if these concerns remain
unaddressed (Borthwick et al., 2015; Cahyanto et al., 2023; Picard, 2009). Even outside
educational contexts, reviews of wearable healthcare and monitoring systems underscore
longstanding concerns about the handling of sensitive data and user consent (Baig,
Gholambhosseini, & Connolly, 2013; Greiwe & Nyenhuis, 2020; Loncar-Turukalo et
al., 2019), yet this literature is rarely integrated into educational analyses. Expanding
future reviews to include systematic consideration of ethical and legal frameworks
would therefore offer a more balanced and contextualized understanding of wearable
technologies in learning environments and would support the development of informed
guidance, safeguarding protocols, and responsible implementation recommendations
(Almusawi, Durugbo, & Bugawa, 2021a; Ferreira et al., 2021; Vijayan et al., 2021).
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Novi trendovi i obrasci u
koristenju nosive tehnologije

(WT) u skolama (1999. - 2024.):
scientometrijska perspektiva

Sazetak

U ovome clanku ispituju se trendovi u nosivoj tehnologiji (WT) u obrazovanju
od 1999. do 2024. godine, koristeci scientometrijski pristup za analizu evolucije
istrazivanja. Ukupno je iz 165 razlicitih casopisa izdvojeno 248 originalnih clanaka.
Ti su clanci potom analizirani koristenjem tri specijalizirana softverska alata:
CiteSpace, VOSviewer i programski paket R. Tijekom posljednja dva desetljeca
broj znanstvenih clanaka poveéao se za oko 9 %. Medutim, posljednjih godina
doslo je do pada pozornosti posvecene recenzijama kao i njihova utjecaja. SAD i
Kina predvode istrazivanje WT-a, uz znacajna sredstva i inzenjerske programe, s
americkim sveucilistima na Celu. Zemlje poput Indije, Japana, Finske, Bahreina i
Turske znacajno doprinose, sto ukazuje na globalni interes za ovo podrucje. Kljucne
studije naglasavaju prednosti emocionalnoga ucenja za ucenike s autizmom i
integraciju strojnoga ucenja u WT-u, promicuci interaktivno STEM obrazovanje.
Nalazi isticu pomak prema pristupima usmjerenima na ucenike i specijaliziranim
primjenama, poput medicinskih uredaja. U clanku se naglasava razvoj krajolika
nosive tehnologije u skolama i potrebu za kontinuiranim istrazivanjem i suradnjom
kako bi se poboljsali obrazovni ishodi i stvorila inkluzivna okruzja za ucenje.

Kljucne rijeci: analiza trendova; integracija tehnologije; nosiva tehnologija;
obrazovna tehnologija; scientometrija.

Uvod

Nosiva tehnologija (WT) i nosivi uredaji (WD) brzo su se razvili u bitne alate koji

poboljsavaju mnoge aspekte svakodnevnoga zZivota (Chong i sur., 2020.) pruzajuci
korisne znacajke koje nadilaze one tradicionalnih ra¢unalnih i komunikacijskih
uredaja (Ferreira i sur., 2021.; Motti, 2020a). Njihova relevantnost kao bitnih i vrijednih
alata u danasnje vrijeme dodatno je dokazana njihovom sposobnos¢u da potpuno
transformiraju nacin na koji komuniciramo, u¢imo, ostajemo zdravi i putujemo.

Zbirka elektroni¢kih naprava poznatih kao WT ugradena je u odjecu ili modne

dodatke ili se nosi na tijelu (Meena i sur., 2023). Ovi uredaji nude kupcima udoban
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pristup informacijama, komunikaciji i funkcionalnosti bez upotrebe ruku zahvaljujui
svojim vrhunskim senzorima i tehnologiji (Egeli i Kurgun, 2021). Pracenje kondicije
(Greiwe i Nyenhuis, 2020), komunikacija (Ferreira i sur., 2021), virtualna stvarnost
(VR) i prosirena stvarnost (AR) (Kim i sur., 2021), osobna sigurnost, produktivnost
(Patel i sur., 2022), zdravstvena skrb (Mejia i sur., 2021) i moda (Versteeg i sur., 2020)
medu popularnim su primjenama. Upravljanje zdravstvenim ciljevima u stvarnome
vremenu omogucuju fitness narukvice, pametni satovi i svijetla odjeca (Sucharitha
i sur., 2022), koji prate otkucaje srca, potroSene kalorije, obrasce spavanja i tjelesnu
aktivnost. Dok VR i AR slusalice omogucuju impresivna iskustva (De Canio i sur.,
2022), pametni satovi i nao¢ale omoguéuju korisnicima pristup informacijama bez
upotrebe ruku (Motti, 2020b). Dakle, WT ¢e nastaviti pronalaziti dodatne primjene
u $irem rasponu industrija kako se bude razvijao.

Zbog ponude kreativnih metoda za pobolj$anje poucavanja i ucenja (Almusawi i sur.,
2021a; Havard i Podsiad, 2020), WT ima potencijal potpuno transformirati obrazovni
sustav (Almusawi i sur., 2021a). Prikuplja podatke o u¢enicima (Vijayan i sur., 2021),
pruza prilagodene povratne informacije i stvara zanimljive virtualne svjetove (Yin i sur,,
2021). Osim toga, WT podrzava ucenike s teSkocama u razvoju, omogucuje suradnicko
ucenje (Zeagler i sur., 2021), prevodi jezike u stvarnom vremenu i prikuplja to¢ne
podatke o pojedina¢nim ucenicima (Al-Emran i sur., 2023). Takoder daju neposredne
povratne informacije o strategijama poucavanja i upravljanju uc¢ionicom uditeljima
upisanim u programe pripreme ucitelja (Mill i sur., 2021). Iako WT u obrazovanju
jo$ nije dosegao svoj puni potencijal, ovi primjeri pokazuju koliko je vazno imati
individualizirana, dinami¢na i zanimljiva okruzja za uenje i za ucitelje i za ucenike.

Stoga je prakti¢no, iskustveno ucenje takoder moguce ostvariti putem rada u radnim
okruzjima (WD), ¢ime se u¢enicima omogucuje izravno ukljucivanje u obrazovni
sadrzaj (Montesinos i sur., 2022). Stovise, ovaj pristup potice aktivno istraZivanje,
kriticko razmisljanje i dublje razumijevanje slozenih koncepata (AlGerafi i sur.,
2023), a takoder podrzava posebno obrazovanje i raznolike potrebe ucenja (Cheng
i Lai, 2020), pruzajuci prilagodbu ucenicima s razli¢itim stilovima i sposobnostima
ucenja (Conderman i sur., 2021). Kako bi se izgradilo povjerenje u WD u obrazovnim
okruzjima, $kole moraju uspostaviti snazne politike i postupke za zastitu podataka i
privatnosti ucenika, pridrzavajudi se zakona kao sto su FERPA i COPPA (Cahyanto i
sur., 2023). Precizne smjernice za prikupljanje, pohranu i kori$tenje podataka takoder
su klju¢ne, a otvorena komunikacija s roditeljima, edukatorima i u¢enicima je bitna.
Prepoznajudi vaznost i inovativhost WD-a u obrazovanju, postaje ocita potreba za
ispitivanjem broja ¢lanaka objavljenih u ovome podrudju, $to upucuje na potrebu
provodenja scientometrijske analize. Ipak, nova istrazivac¢ka podrudja, istrazivacki
razgovori i postojeci trendovi u ovome podrudju nisu temeljito prouceni, unato¢
brojnim preglednim ¢lancima.

Osim mapiranja postojecega znanja (Kastrin i Hristovski, 2021) i identificiranja
znadajnih istrazivaca, trendova (Rawat i Sood, 2021) i novih podrudja fokusa (Goerlandt
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i Li, 2022), scientometrijsko istrazivanje klju¢no je za razumijevanje istrazivackoga
krajolika, identificiranje istrazivackih praznina (Sheikhnejad i Yigitcanlar, 2020),
utjecaj na politicke odluke, poticanje suradnje (Mashur i sur., 2023) i procjenu utjecaja
istrazivanja (Sedighi, 2020). Takoder pomaze u postavljanju istrazivackih prioriteta i
stvaranju politika za integraciju TR-a u ucionicu (Kajikawa, 2022.). Sektor se stalno
mijenja, a scientometrijska analiza pomaze u pracenju trendova TR u obrazovanju
i sluzi kao standard za analizu proizvodnje, utjecaja i utjecaja istrazivanja. Iz toga
razloga, scientometrijsko istrazivanje klju¢no je za unaprjedenje TR-a u obrazovanju.

Pregled literature

Prema Chuu i sur. (2023), iako se WT poboljsao, obrazovanje ih nije ukljucilo u
svoj kurikul. Vecina evaluacija usredotocuje se na osnovne znacajke nosivih uredaja
(Kumari i sur., 2017), a ne na trzi$ne niSe poput zdravstvene zastite (Baig i sur., 2013),
asistivne tehnologije ili sigurnosti (Blasco i sur., 2016). Neka istrazivanja i pregledni
¢lanci o nosivim uredajima za ucenje identificirani su pretrazivanjem literature
(Borthwick i sur., 2015; De Freitas i Levene, 2003; Labus i sur., 2015). To ukljucuje
izvjes¢e o nosivim uredajima, studiju o Google Glassu koju je proveo Sapargaliyev
(2015) i istrazivanje Attallaha i Ilagurea (2018) koje se bavi troskovima, upotrebljivoscu,
ometanjem, tehnoloskom tjeskobom i zahtjevom da se nosivi uredaji povezu s pametnim
telefonima. U eseju Leeja i Shapira (2019) ispituju se trenutacne inicijative WT-a i
isti¢e njihov obrazovni potencijal. Ispituje se nekoliko metoda pomo¢i, kao §to su
digitalna integracija, igranje uloga, obavijesti, snimanje tjelesnoga iskustva i osobno
izrazavanje. Najbolji uredaji identificirani u metaanalizi istrazivanja Harvarda i Podsiada
(2020) bili su pametni satovi, fitness trackeri i zasloni koji se montiraju na glavu.
Metode, teorije, vrste, primjene i istrazivacki fokusi WT-a u obrazovanju ispitani su u
pregledu literature Almusawija i suradnika (2021). Raspravlja se o budu¢im putevima
istrazivanja i teorijskim temeljima. Na kraju, Chu i suradnici (2023) nude okvir od
pet bitnih komponenti, navode sedam nacina na koje bi nosivi uredaji mogli podrzati
ucenje i identificiraju neistrazena istrazivacka podrucja na temelju svojega pregleda.

Osim toga, kao scientometrijska studija, Cheng i Yao (2019) dijele sli¢nosti s
referenciranim ¢lancima u svojem fokusu na procjenu utjecaja i trendova unutar
koristenja VR-a za ucenje engleskoga jezika. Studija koristi Citespace za ispitivanje
istrazivackih trendova u VR-ima. U¢ionice virtualne stvarnosti (VR) i ukljucivanje
mobilnoga ucenja dva su razvoja identificirana u nastavi engleskoga jezika. Prema
istrazivanju, VR ¢e imati vi$e obrazovnih moguc¢nosti u buduc¢nosti.

Publikacije o WT-u u obrazovanju uklju¢uju neke nedostatke kao $to su lose
tehnike uzorkovanja, nejasan vremenski raspon i nedostatak preciznosti u postupcima
(Almusawi i sur., 2021b; de-la-Fuente-Robles i sur., 2022; Kageyama i sur., 2022; Ram,
2024; Tirpan i Semiz, 2022; Yilik, 2023). Ovi problemi mogu ograniciti prakti¢ni
znacaj istrazivanja dovodeci u sumnju valjanost i pouzdanost njegovih rezultata.
Kako bi se poboljsala valjanost, relevantnost i primjenjivost ovih nalaza, ovim
istrazivanjem snazno se naglasava iskreno izvje$tavanje o postupcima uzorkovanja,
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jasnu prezentaciju metodologije i definiciju vremenskoga raspona. Zatim, cilj ovoga
¢lanka jest ispitati scientometriju ¢lanaka objavljenih u WT-u te se pritom usmjeriti
na sljedeca istrazivacka pitanja:
RQ1. Koji se obrasci mogu uociti u ukupnom trendu objavljivanja ¢lanaka i
ucestalosti citiranja unutar podrucja?
RQ2. Kako se trendovi objavljivanja razlikuju medu razli¢itim zemljama i institucijama
te kakve implikacije ti trendovi imaju na globalnu istrazivacku suradnju?
RQ3. Koje se vrste referenci pretezno koriste unutar sustava ¢lanaka i kako doprinose
razvoju podrucja?
RQ4. Koje su se znacajne promjene dogodile u trendovima podrucja i mapi predmeta
posljednjih godina i kako te promjene odrazavaju razvoj znanstvenoga podrucja?

Metodologija

Strategija pretrazivanja i prikupljanje podataka

U ovoj studiji koristeni su podatci iz baze podataka Web of Science (WoS), s izdvajanjem
provedenim 10. sije¢nja 2025., kako bi se sustavno odgovorilo na definirana istrazivacka
pitanja. WoS je odabran u odnosu na alternativne baze podataka, poput Scopusa,
prvenstveno zbog Sirega i sveobuhvatnijega pokrivanja relevantne literature u okviru
istrazivanja udzbenika povijesti, ¢ime se osigurava bogatiji i reprezentativniji skup
podataka. Ovaj izbor u skladu je s namjerom izrade detaljnoga, interdisciplinarnoga
profila citiranja, ¢ime se olak$ava nijansirano razumijevanje obrazaca znanstvene
komunikacije. Organizacija podataka upravljana je pomoc¢u Microsoft Excela,
dok su napredni alati za bibliometrijsku vizualizaciju i analizu mreze - ukljucujuci
CiteSpace, VOSviewer i Bibliometrix - koristeni za generiranje sofisticiranih mreznih
dijagrama, u skladu s metodologijama usvojenim u prethodnim bibliometrijskim
istrazivanjima. Oslanjanje na ove suvremene analiticke alate odrazava spoznaju da
su se tradicionalni deskriptivni bibliometrijski pristupi pokazali neadekvatnima u
rjeSavanju sloZenih i stalno promjenjivih izazova svojstvenih ovome istrazivackom
podrudju (Li i Karimi, 2025). Kako bi se osigurala metodoloska strogost, utvrdeni su
eksplicitni kriteriji uklju¢ivanja. Proces ekstrakcije podataka iz baze podataka Scopus
koristio je specifi¢nu strategiju pretrazivanja koja je ukljucivala sljedece klju¢ne rijeci:
»hosiva tehnologija*” ILI ,nosivi uredaj*” ILI ,,nosivi elektron*” ILI ,,nosivi senzor*”
ILI ,,nosivo racunalo*” I ,educirati*” ILI ,poucavati*” ILI ,instruirati*” ILI ,,uiti*” ILI
»osposobljavati*” I skola*” I NE isklju¢ujudi ,,zivotinja*” ILI ,,pacijent*” ILI ,,odrasla
osoba*” ILI ,,medicinska $kola*” ILI ,,medicinsko obrazovanje*” (slika 1).

Proces prikupljanja podataka slijedio je sustavnu, viSefaznu strategiju filtriranja, kao
$to je prikazano na Slici 1, pocevsi s odabirom baze podataka Scopus kao primarnoga
izvora zbog njezinoga sveobuhvatnog indeksiranja recenziranih medunarodnih
istrazivanja. Na polja Naslov, Sazetak i Klju¢ne rijeci primijenjen je napredni upit za
pretrazivanje koji kombinira pojmove vezane uz nosivu tehnologiju i obrazovanje $to je
dalo pocetni skup od 388 zapisa. Naknadni korak poboljsanja ukljucivao je isklju¢ivanje
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publikacija koje sadrze pojmove povezane s neobrazovnim ili klinickim kontekstima,
poput studija vezanih uz Zivotinje, pacijente ili medicinske fakultete ¢ime je smanjen
skup podataka na 308 zapisa. Kako bi se dodatno osigurala konceptualna uskladenost
s fokusom studije, primijenjen je filtar predmetnoga podrucja kojim su iskljucena
istrazivanja kategorizirana prema medicinskim podruéjima, ¢ime je eliminirano
dodatnih 50 ¢lanaka tako da je ukupan broj ¢lanaka 258. Sljedeca faza ukljucivala
je ogranicavanje skupa podataka na prihvacene akademske formate publikacija -
konferencijske radove, clanke u ¢asopisima, poglavlja u knjigama i recenzije konferencija
- uklanjanjem pet zapisa i rezultatom revidiranoga ukupnog broja od 253. Zatim je
primijenjen jezi¢ni filtar, ogranic¢avajuci korpus na publikacije na engleskome jeziku
kako bi se osigurala analiticka dosljednost, $to je rezultiralo iskljuc¢ivanjem tri dodatna
teksta. Konac¢no, provedena je ru¢na provjera relevantnosti kako bi se uklonili zapisi
koji, unato¢ ispunjavanju tehnickih kriterija pretrazivanja, nisu bili sustinski povezani
s nosivim tehnologijama u obrazovnim okruzjima, ¢ime su uklonjene jo$ dvije stavke
i dobiven konac¢ni broj od 248 publikacija, izdvojenih u CSV, R, Plain Text i BibTeX
formatima datoteka (Shen i sur., 2025). Ovaj sustavni proces ekstrakcije i odabira
podataka naglasava predanost studije metodoloskoj preciznosti i stvaranju robusnih,
generaliziraju¢ih uvida u razvojni krajolik obrazovnoga aspekta istrazivanja WT-a.

Slika 1

Softver za bibliografsko mapiranje

Disciplina scientometrije koristi niz bitnih softverskih aplikacija za analizu i
vizualizaciju podataka. Znacajni alati uklju¢uju Microsoft Excel (2013), CiteSpace
(6.3.1), VOSviewer (1.6.20) i paket Bibliometrix (3.1.4), koji funkcionira unutar
R programskoga okruzja (3.6.3). Ovi softverski programi klju¢ni su u bibliometriji,
a svaki pruza jedinstvene funkcionalnosti koje rjesavaju razlicite analiticke zahtjeve
(Slika 2). Zajedno, kombinirana upotreba Excela, CiteSpacea, VOSviewera i Bibliometrixa
omogucila je sveobuhvatnu identifikaciju obrazaca objavljivanja, intelektualnih struktura
i tematskih trendova unutar skupa podataka.

Slika 2

Rezultati
Primarne informacije

Tablica 1
Slika 3

Slika 3 otkrila je fluktuirajuci trend u broju objavljenih ¢lanaka i prosjecnom ukupnom
broju citata po ¢lanku (MeanTCperArt). U pocetku, 1999. godine, bila su dva ¢lanka s
prosje¢nim citiranjem od 14,5, ali u sljede¢im godinama doslo je do znacajnoga pada,
bez objavljenih ¢lanaka od 2000. do 2002. Blagi oporavak dogodio se 2003. s 1 ¢lankom,
ali tek se 2005. godine izlaz stabilizirao, iako s niskim brojem citata. Od 2007. do 2014.
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godine doslo je do postupnoga povecanja ¢lanaka i citata koji je dosegao vrhunac 2015.
godine s 22 ¢lanka i prosje¢nim citiranjem od 16,86. Medutim, nakon ovoga vrhunca,
broj objavljenih ¢lanaka ostao je relativno visok, ali s primjetnim padom utjecaja citata,
posebno 2022. i 2023. godine, kada su prosjecni citati pali na 4,3 odnosno 2,84. 2024.
pokazuje daljnji pad utjecaja citata, s prosjekom od samo 0,4 citata po ¢lanku. Dok se
volumen publikacija povecavao tijekom godina, ¢ini se da se utjecaj citata znac¢ajno
smanjio u kasnijim godinama, $to sugerira potencijalnu potrebu za poboljsanjem
kvalitete istrazivanja ili relevantnosti u trenutacnom akademskom okruzju.

Tablica 1 prikazuje snazan akademski ucinak, s 248 dokumenata iz 165 Casopisa i
knjiga. Godi$nja stopa rasta od 9,65 % ukazuje na zdrav porast istrazivacke aktivnosti
tijekom godina. U prosjeku, dokumenti su stari 6,71 godina, $to sugerira kombinaciju
nedavnih i etabliranih istrazivanja. Svaki dokument u prosjeku ima 12,17 citata, §to
odrazava njegov utjecaj unutar akademske zajednice. Prisutnost 1757 klju¢nih rije¢i
Plus i 785 klju¢nih rije¢i autora isti¢e raznolik raspon tema. S 867 autora koji doprinose
opusu radova, ukljuc¢ujuci 29 samostalnih autora, suradnja je ocita, §to pokazuje prosjek
od 3,88 suautora po dokumentu i stopa medunarodnih suautorstva od 16,13 %.

Vodece zemlje, pripadnosti i clanci
Tablica 2

Tablica 2 (dio A) ilustrira raznolik raspon povezanosti, pri ¢emu Sveuciliste u Ljubljani
prednjaci s osam dokumenata, $to ukazuje na snaznu prisutnost u ovome podrudju.
Slijede neke istaknute institucije iz Sjedinjenih Drzava, ukljucujuci Sveuciliste Stanford,
Sveuciliste Teksasa u Austinu i Sveuciliste Kalifornije, od kojih svaka doprinosi s 5 do
6 dokumenata. Znacajno je da Sveuciliste Britanske Kolumbije i Sveuc¢iliste Maryland
takoder imaju solidnu zastupljenost, sa 6, odnosno 5 radova. Na medunarodnoj razini,
East China Normal University i Aarhus University doprinose raznolikosti istrazivackoga
uzorka, isticuci globalni interes za istrazivanje radne tehnike. Sveukupno, informacije
sugeriraju snazan angazman sjevernoamerickih i europskih institucija, s klju¢nim
doprinosom slovenskoga Sveucilista u Ljubljani. Dijelovi B i C pruzili su komparativnu
analizu akademskoga ucinka i utjecaja citata povezanih s radnom tehnikom u skolama
u razli¢itim regijama. SAD prednjaci sa 147 dokumenata i 667 citata, za prosjek od
20,80 citata po ¢lanku, $to ukazuje na snaznu akademsku prisutnost. Kina slijedi
sa 74 dokumenta i 243 citata, Sto daje nizi prosjek od 9,30 citata po ¢lanku, $to pak
sugerira manji utjecaj po radu. Japan, s 21 dokumentom, ima visoku prosjecnu stopu
citiranja od 35,30, §to ukazuje na to da se ¢lanci japanskih istrazivaca Cesto citiraju
unato¢ manjem broju citata. U Europi, Spanjolska i Italija imaju po 20 dokumenata,
ali prosjecni broj citata Spanjolske od 17,10 niZi je od talijanskih 23,80, $to sugerira da
talijanski radovi ima veci utjecaj. Ujedinjeno Kraljevstvo, sa samo 17 dokumenata, istice
se impresivnim prosjekom od 64,00 citata, Sto naglasava njegov utjecajni doprinos.
Kanada i Njemacka pokazuju niZe rezultate i prosjeke citata, dok Australija ima
najmanje dokumenata (12), ali odrzava respektabilan prosjek od 18,70. Sveukupno,
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podatci ilustriraju razli¢ite razine akademske produktivnosti i utjecaja citata, pri cemu
su SAD i Ujedinjeno Kraljevstvo identificirani kao zemlje s najve¢im doprinosom.

Reference voda
Tablica 3

Tablica 3 prikazuje raznolik raspon doprinosa koji isti¢u utjecaj tehnologije na
ucenje i poucavanje. Picard (2009) istice se s najve¢im ukupnim citatima (TC) od
162, fokusirajudi se na u¢inkovite tehnologije za podr$ku ucenicima s autizmom, sa
znacajnim implikacijama za emocionalno ucenje. Zimmermann-Niefield i sur. (2019)
slijede ga usko sa 118 citata i izvanrednim TC-om godi$nje od 16,86, $to ukazuje
na brzi porast relevantnosti zbog njihovog istrazivanja primjene strojnoga ucenja
u obrazovanju. Kireev i sur. (2021) takoder izvjestavaju o visokom TC-u godisnje
(16,80) u svojemu radu o elektronickim tetovazama od grafena, Sto sugerira inovativne
primjene pracenja zdravlja u $kolama. Ostali znacajni ¢lanci uklju¢uju Lindberga i
sur. (2016) i Fieldsa i sur. (2018), koji naglasavaju vaznost tjelesnoga odgoja, odnosno
jednakosti u podrucju informatike, uz ostvarivanje solidnih normaliziranih stopa
citiranja. Almusawi i sur. (2021) te Gao i sur. (2020) doprinose raspravi o spremnosti
ucitelja i angazmanu ucenika, odrazavajudi trenutacne obrazovne prioritete. Sveukupno,
ovi ¢lanci naglasavaju transformativni potencijal WT-a za poboljsanje obrazovnih
iskustava, promicanje ukljucivosti i rjeSavanje problema mentalnoga zdravlja, a
istovremeno ukazuju na rastudi interes za to podrudje, $to dokazuju rastuce stope
citiranosti posljednjih godina.

Integracija vjezbe za u¢enje (WT) u obrazovne okvire istraZena je u raznim studijama,
a svaka isti¢e njezin transformativni potencijal. Picard (2009) istrazuje afektivnu
tehnologiju za autizam, ukazujuci da nosiva elektronika moze podrzati emocionalnu
komunikaciju za u¢enike s autizmom. Zimmermann-Niefield i sur. (2019) naglasavaju
ulogu nosive elektronike u poucavanju strojnoga ucenja prakticnom primjenom,
tetovaZe od grafena i predlazu inovativne primjene za pracenje zdravlja u obrazovnim
kontekstima. Lindberg i sur. (2016) raspravljaju o poboljsanju tjelesnoga odgoja
putem vjezbi i WT-a, §to mozZe povecati angazman ucenika u tjelesnoj aktivnosti.
Fields i sur. (2018) raspravljaju o koristenju elektronickoga tekstila u srednjoskolskoj
informatici za promicanje jednakosti, pokazujuci kako prakti¢no ucenje moze angazirati
razlic¢ite ucenike. Haataja i sur. (2018) istrazuju odnos izmedu opazenih ponasanja
i fizioloske sinkronizacije u suradni¢kom ucenju, ukazuju¢i da WT moze poboljsati
grupne interakcije. Klopfer i sur. (2004) isti¢u u¢inkovitost rada s vjezbama (WD)
u participativnim simulacijama, promicuci aktivna iskustva uc¢enja. Almusawi i sur.
(2021) ispituju spremnost ucitelja za uklju¢ivanje WD-a u tjelesni odgoj, otkrivajuci
da, iako nastavnici vide njegove koristi, zabrinutost zbog obuke i resursa i dalje postoji,
§to naglasava potrebu za profesionalnim razvojem. Gao i sur. (2020) predstavljaju
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sustav za predvidanje emocionalnoga i kognitivhoga angazmana u ucionicama, koji
moze pomodi u prilagodavanju nastavnih strategija kako bi se poboljsala uklju¢enost
ucenika. Konacno, Can i sur. (2020) usredotocuju se na pametne satove za pracenje
osobne razine stresa, sugerirajuci da takva tehnologija moze pomoci nastavnicima da
proaktivno rjeSavaju pitanja dobrobiti i mentalnoga zdravlja ucenika.

Analiza trendova i klastera
Slika 4

Slika 4 prikazuje raznoliko grupiranje clanova, s najvec¢im klasterom (#0) koji se
sastoji od 40 ¢lanova i vrijedno$¢u siluete od 0,782, $§to ukazuje na umjerenu koheziju.
Drugi najveci klaster (#1) takoder ima 40 ¢lanova, ali ima vi$u vrijedno$cu siluete od
0,939 $to sugerira da je izrazitiji i dobro definiran. Sljede¢i klasteri variraju u veli¢ini
i vrijednostima siluete, s tim da peti klaster (#4) pokazuje visoku vrijednost siluete od
0,968, $to ukazuje na snaznu odvojenost od ostalih klastera. Znacajno je da najmanji
klaster (#11) ima samo pet ¢lanova, ali postize impresivnu vrijednost siluete od 0,994,
$to istiCe njegovu jasnu razliku.

Tablica 4

Tablica 4 s brojem citata u razli¢itim klasterima isti¢e vaznost radne aktivnosti (WD),
koja se isti¢e u klasteru #8 s impresivnih 90 citata, §to ukazuje na njezin znacajan
utjecaj u tome podrudju. Klaster #3, koji se fokusira na studente, akumulira 60 citata,
$to naglasava vaznost istrazivanja usmjerenoga na studente u obrazovnim kontekstima.
Klaster #4, koji ukljucuje prijenosna racunala, takoder pokazuje snaznu relevantnost
s 48 citata, dok nosivi senzori u klasteru #5 i poucavanje u klasteru #8 dijele Cetvrto
mjesto s po 31 citata. Druge znacajne teme uklju¢uju radne aktivnosti i inZenjersko
obrazovanje, s naglaskom na integraciji tehnologije u okruzjima za ucenje. Prisutnost
razli¢itih tema poput tjelesne aktivnosti, e-ucenja i obrazovnoga ra¢unalstva u klasterima
sugerira bogatu interakciju izmedu tehnologije i obrazovanja, $to odrazava trenutacne
trendove i interese za poboljsanje iskustava ucenja.

Slika 5

Tematski sustav rada s djecom u $kolama otkriva bogatu interakciju izmedu utvrdenih
motorickih tema i novih trendova (Slika 5). Skupine 1 i 2 isticu temeljne aspekte
rada s djecom, fokusirajuéi se na ljudsku interakciju, tjelesnu aktivnost i integraciju
uredaja za rad s djecom u obrazovne okvire. Klju¢ni pojmovi poput ,,u¢enik’, ,,nosivi
senzori” i ,poucavanje” naglasavaju naglasak na pobolj$anju iskustava ucenja putem
tehnologije. Nasuprot tome, skupine 3 i 4 odrazavaju pomak prema specijaliziranijim i
inovativnijim primjenama, poput ,,medicinski uredaji’, ,,senzorske mreze” i ,,biosenzort’,
$to ukazuje na rastudi interes za pracenje zdravlja i uvide temeljene na podatcima
unutar obrazovnih konteksta. Ova tematska evolucija sugerira da, iako tradicionalne
obrazovne prakse ostaju vitalne, postoji znac¢ajan pomak prema koristenju naprednih
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tehnologija za poticanje angazmana, podrsku raznolikim potrebama ucenja i promicanje
opce dobrobiti ucenika.

Slika 6

Analiza pokrivenosti (Slika 6) pokazuje da se klju¢ne rije¢i mogu kategorizirati u
dvije razlicite skupine. Prva kategorija, predstavljena svijetloplavom bojom, obuhvaca
temeljne i potporne koncepte koji su stekli vaznost u ovome podrucju. Ova skupina
ukljucuje pojmove kao $to su nosivo racunalstvo (2016. godina), nosivi senzori (2017.
godina objave), WT (2018. godina), senzori (2014. godina) i sveprisutno ra¢unalstvo
(2014. godina). Ove klju¢ne rijeci sluze kao bitni gradevni blokovi za razumijevanje
Sirega konteksta tehnoloskoga napretka u obrazovanju i zdravstvu. Suprotno tome, druga
kategorija, oznacena zutom bojom, obuhvaca klju¢ne rije¢i u nastajanju i inovativne
koje, kako je naznaceno analizom tematske mape, potencijalno s vremenom rastu ili
opadaju u relevantnosti. Ova skupina ukljucuje pojmove kao $to su pametni telefon
(2021. godina), strojno ucenje (2020. godina), pametni sat (2020. godina), ADHD
(2014. godina), fiziologija (2020. godina) i tjelesna aktivnost (2019. godina).

Diskusija

Ovo istrazivanje nastalo je analizom scientometrije rotacijskoga ucenja u skolama
0d 1999. do 2024. Trend objavljivanja ¢lanaka bio je uzlazni (Almusawi i sur., 2021b;
de-la-Fuente-Robles i sur., 2022; Kageyama i sur., 2022; Ram, 2024; Tirpan i Semiz, 2022;
Yilik, 2023), ali s blagim nagibom (9 %), te ¢ak i posljednjih godina naiSao je na malo
paznje. Medutim, posljednjih godina nije bilo uspjesnih pregleda $to sugerira potrebu
za poboljSanjem kvalitete istrazivanja ili komunikacije u trenuta¢nom akademskom
okruzju. Za RQ1, trendovi u publikacijama i citatima ukazivali su na fluktuirajuce
istrazivacke rezultate i promjenjive prioritete u WT-u za obrazovanje, pri ¢emu su
studije isticale i odrednice usvajanja kori$tenjem strojnoga ucenja (Al-Emran i sur.,
2023) i pedagoske implikacije (Chu i sur., 2023; Almusawi i sur., 2021b). RQ2 je obraden
putem obrazaca medunarodne suradnje i institucionalnih doprinosa, pokazujuci da su
zemlje poput SAD-a, Ujedinjenog Kraljevstva, Kine i Japana prednjacile u istrazivanju
WT-a u obrazovanju, s razli¢itim utjecajima citiranja koji odrazavaju utjecaj istraZivanja
i regionalni angazman (Kageyama i sur., 2022; Ram, 2024). Za RQ3, utjecajni izvori
naglasili su inovacije u tjelesnom odgoju, prac¢enju zdravlja, afektivnom rac¢unalstvu i
primjenama ra¢unalnih znanosti usmjerenima na jednakost (Almusawi i sur., 2021a;
Fields i sur., 2017, 2018; Picard, 2009; Gao i sur., 2020), naglasavajuci njihovu ulogu
u oblikovanju obrazovne prakse i tehnoloskoga razvoja. Konacno, RQ4 ispitao je
tematsku evoluciju istrazivanja strojnoga ucenja, otkrivajudi prijelaz s temeljnih tema
poput angazmana ucenika i nosivih senzora na specijalizirane primjene, ukljucujuci
biosenzore, vjezbe, elektronicki tekstil i integraciju strojnoga ucenja (Lindberg i sur.,
2016; Meena i sur., 2023; Zeagler i sur., 2021; AlGerafi i sur., 2023), §to odrazava rastucu
sloZenost i integraciju naprednih tehnologija u obrazovnim kontekstima.
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Medu zemljama, unato¢ potpunoj dominaciji Sjedinjenih Americkih Drzava i Kine
(Almusawi i sur., 2021b; de-la-Fuente-Robles i sur., 2022; Kageyama i sur., 2022; Ram,
2024; Tirpan i Semiz, 2022; Yilik, 2023), zemlje poput Indije i Japana u objavljivanju
¢lanaka (Kageyama i sur., 2022; Ram, 2024) te Finske, Bahreina i Turske u referencama
postigle su uspjehe koji ukazuju na njihove sposobnosti i ulaganja u ovome podrucju
(Irani i sur., 2024; Shahroz i sur., 2021). Medu ovisnostima, ¢ini se da su posljednjih
godina americka sveuciliSta imala veliku mo¢ (Yilik, 2023) koju je Sveuciliste u
Ljubljani slomilo, ali nije moglo podijeliti. Medutim, prethodne studije otkrile su da
su kineska sveucilista bila dominantna (Ram, 2024). Americka sveucilista prednjace u
podrugju tehnoloskoga razvoja zahvaljujuci snaznom fokusu na istrazivanje i inovacije
(Loncar-Turukalo i sur., 2019), kao i znacajnoj financijskoj potpori vlade i privatnih
izvora (Casselman i sur., 2017). Nadalje, dostupnost visokokvalitetnih inzenjerskih i
racunalnih programa privlaci vjeste studente i nastavnike koji su posveceni tehnoloskom
napretku (Loizides i Koutsakis, 2017).

Medu vodec¢im ¢lancima treba napomenuti i da Picardov (2009) utjecajni rad o
afektivnoj tehnologiji za ucenike s autizmom naglasava vaznost emocionalnoga
ucenja, dok Zimmermann-Niefield i sur. (2019) i Kireev i sur. (2021) ilustriraju brzi
porast aplikacija strojnoga ucenja, odnosno inovativnih rjesenja za pracenje zdravlja
$to ukazuje na pomak prema angaziranijem i prakti¢nijem STEM obrazovanju.
Doprinosi Lindberga i sur. (2016) i Fieldsa i sur. (2018) dodatno obogacuju diskurs
adresiranjem jednakosti u ratunalnim znanostima i unaprjedenjem tjelesnoga odgoja
putem tehnologije, osiguravajuci da su ukljuceni razli¢iti ucenici. Osim toga, studije
Almusawija i sur. (2021) i Gaoa i sur. (2020) isticu potrebu za spremnoscu ucitelja i
vaznost pracenja angazmana i dobrobiti u¢enika.

U bitnom dijelu, analiza trendova i nalazi grupiranja otkrivaju znacajan trend u
integraciji tehnologije unutar obrazovnoga konteksta posebno istaknut istaknuto$¢u
WT-a uKlasteru #8 (Tirpan i Semiz, 2022), koji je prikupio 90 citata. Ovo ukazuje na
snazan interes za to kako takve inovacije mogu poboljsati iskustva ucenja. Osim toga,
fokus na istrazivanje usmjereno na studente u Klasteru #3 i druge teme, poput e-ucenja
iinzenjerskoga obrazovanja, stavlja sve veci naglasak na iskoristavanju tehnologije za
poboljsanje obrazovnih ishoda (Kageyama i sur., 2022). Razlicite vrijednosti siluete medu
klasterima takoder sugeriraju moguénosti za pobolj$anje grupne dinamike i strategija
unutar $kolskoga sustava, $to ukazuje na dinamicno i promjenjivo akademsko okruzje.

Temeljni klasteri naglagavaju ljudsku interakciju, tjelesnu aktivnost i integraciju
uredaja za rad s pokretima, isti¢uci klju¢ne pojmove poput ,,studenat”, ,,nosivi senzori”
i ,poucavanje” koji se usredoto¢uju na pobolj$anje obrazovnih iskustava (Tirpan i
Semiz, 2022; Yilik, 2023). Nasuprot tome, novi klasteri ukazuju na pomak prema
specijaliziranim primjenama, poput ,,medicinskih uredaja” i "biosenzora’, §to odrazava
rastudi interes za pracenje zdravlja i uvide temeljene na podatcima (Kageyama i sur.,
2022; Ram, 2024). Osim toga, klju¢ne rijeci kategorizirane su u temeljne koncepte, koji
pruzaju stabilnost u podrudju, i inovativne pojmove koji oznacavaju razvoj istrazivackih
trendova, poput ,,pametnoga telefona” i ,,strojnoga ucenja” (Ram, 2024).
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Zakljucak

Clanak predstavlja nekoliko klju¢nih nalaza o trendovima u istrazivanju WT-a u
$kolama od 1999. do 2024. godine. Doglo je do postupnoga porasta (9 %) u objavljivanju
¢lanaka o WT-u, iako je posljednjih godina doslo do pada paznje i uspjesnih recenzija,
§to sugerira potrebu za poboljSanjem kvalitete istraZivanja i komunikacije. Sjedinjene
Americke Drzave i Kina dominiraju tim podruéjem, ali zemlje poput Indije, Japana,
Finske, Bahreina i Turske takoder daju znacajan doprinos, $to ukazuje na raznolik
globalni kontekst u istrazivanju WT-a.

Americka sveucilista prednjace u istrazivanju WT-a, uz znacajna sredstva i
visokokvalitetne inzenjerske programe, iako je Sveuciliste u Ljubljani pokazalo
potencijal za prekid te dominacije. Kriticke studije naglasavaju emocionalno ucenje
za studente s autizmom, porast primjene strojnoga ucenja i integraciju tehnologije
u STEM obrazovanje, isti¢u¢i pomak prema angaziranijim obrazovnim praksama.
Istrazivanje identificira znacajne trendove u integraciji tehnologije unutar obrazovanja,
uglavnom putem WT-a te naglaSava istrazivanje usmjereno na studente, e-ucenje i
inZenjersko obrazovanje. Postoji sve veci interes za specijalizirane primjene poput
medicinskih uredaja i biosenzora, $to odrazava pomak prema pracenju zdravlja i
uvidima temeljenim na podatcima.

Jedno znacajno ogranicenje ovoga istrazivanja povezano je s viemenskim ogranicenjima
jer znatan dio pregledane literature nije objavljen 2024. godine, unato¢ ekstrakciji
podataka koja se dogodila nakon 2025. godine, $to mozZe utjecati na neposrednost i
relevantnost nalaza. Osim toga, oslanjanje na specificne baze podataka poput Scopusa,
Emerald i Google Scholara, iako opsezno, moglo je iskljuciti druge vrijedne izvore, $to
sugerira da bi uklju¢ivanje dodatnih baza podataka moglo pruziti Sire i nijansiranije
uvide. Drugo ogranicenje proizlazi iz metodoloskoga fokusa mnogih pregledanih
studija, koje pretezno koriste kvantitativne metode, $to potencijalno ogranic¢ava dubinu
razumijevanja kontekstualnih, iskustvenih i kvalitativnih aspekata usvajanja i koristenja
WT-a u obrazovnim okruzjima. Prosirenje opsega kako bi se obuhvatio $iri raspon
predmetnih podrudja, vrsta publikacija i studija mjeSovitih metoda ili kvalitativnih
studija stoga bi moglo poboljsati sveobuhvatnost, bogatstvo i generalizaciju nalaza,
nudedi uravnoteZenije razumijevanje novih trendova, etickih razmatranja i prakti¢nih
implikacija za inovacije u politici i pedagogiji.

Nedavni ¢lanci ¢esto posvecuju znatno manje paznje etickim, pravnim i drustvenim
izazovima koji prate njihovu implementaciju - posebno pitanjima koja se odnose
na privatnost, sigurnost podataka, algoritamsku pristranost i pravednu dostupnost.
Brojne studije isticu brzo $irenje radnih okruzja za ucenje, pracenje i angazman
(npr. Al-Emran i sur., 2023; Almusawi, Durugbo i Bugawa, 2021b; Chu, Garcia i
Rani, 2023), kao i njihov pedagoski potencijal u disciplinama, od tjelesnoga odgoja
(Lindberg i sur., 2016) do podrske za posebne potrebe (Cheng i Lai, 2020) i STEM
okruzja za ucenje (Fields i sur., 2018). Medutim, znanstvenici tvrde da ubrzano
Sirenje takvih tehnologija moze pojacati rizike povezane s izdvajanjem osobnih
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podataka, biometrijskim nadzorom i nejednakim pristupom ako se te zabrinutosti
ne rijeSe (Borthwick i sur., 2015; Cahyanto i sur., 2023; Picard, 2009). Cak i izvan
obrazovnih konteksta, pregledi nosivih zdravstvenih i nadzornih sustava naglasavaju
dugogodisnju zabrinutost zbog rukovanja osjetljivim podatcima i pristanka korisnika
(Baig, Gholamhosseini i Connolly, 2013; Greiwe i Nyenhuis, 2020; Loncar-Turukalo i
sur., 2019), no ta se literatura rijetko integrira u obrazovne analize. Prosirenje buducih
pregleda kako bi se ukljucilo sustavno razmatranje etickih i pravnih okvira stoga bi
ponudilo uravnotezenije i kontekstualiziranije razumijevanje nosivih tehnologija u
okruzjima za ucenje te bi podrzalo razvoj informiranih smjernica, protokola zastite i
preporuka za odgovornu provedbu (Almusawi, Durugbo i Bugawa, 2021a; Ferreira i
sur., 2021; Vijayan i sur., 2021).
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