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Abstract

Introduction. Microcredentials are digital badges that validate students’ acquired knowledge and skills —
have become increasingly popular in higher education amid the rapid digital transformation following the
COVID-19 pandemic. Rapidly growing academic interest in this topic is driven by an increase in the num-
ber of scientific publications, from one in 1992 to 162 in 2025. The aim of this study is to assess the poten-
tial role of microcredentials in modern higher education, based on artificial intelligence and digitalization.
Materials and Methods. A comprehensive bibliometric network analysis of 664 publications published
in the Scopus database was conducted. The analysis was conducted using VOSviewer software to vi-
sualize text and bibliographic data and identify clusters of related topics in the scientific literature on
microcredentials.

Results. A significant increase in research on microcredentials was identified, and key thematic clusters
were identified. The most significant clusters focus on employability (skills and workforce needs), digital
transformation (technology-enabled learning), and lifelong learning (continuing education and professional
development), among other aspects. The interdisciplinary nature and broad influence of microcredentials
in contemporary academic literature, with a particular focus on higher education, are highlighted.
Conclusion. Microcredentials can address skills shortages and align higher education with labor market
demands while supporting personalized learning. Their potential for enhancing learner employability and
flexibility in an Al-enabled higher education system is highlighted. Microcredentials are a significant inno-
vation in higher education. By offering flexible and targeted learning pathways, they can significantly con-
tribute to the transformation of the Al-enabled higher education system. The findings of this study can be
useful for educators, policymakers, and stakeholders in integrating microcredentials to create adaptive and
future-proof digital higher education systems. The additional thematic clusters identified demonstrate that
micro-credentials link digital technologies, employment, lifelong learning, and quality assurance within
a unified pedagogical framework.
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Annomayus

Beenenue. Muxpoceprudukars! — udpoBbie 0K, TOATBEPKIAIONINE TOTyIYCHHBIE 3HAHUS U HaBBI-
k. OHY cTasu BOCTpeOOBaHHBIMHU B cpepe BhICIIEro 00pa3oBaHys B YCIOBHAX CTPEMUTEIIbHOM H(POBOI
tpancdopmannu nocie nangemun COVID-19. BeictpopacTyniuit akaieMu4ecKiid HHTepec K 9TOH TeMa-
THKe 0OYCIIOBJIEH yBEIHMYCHHUEM YMCIa HayYHBIX MyOnukanuii ¢ 1992 mo 2025 rr. Llens uccnenoBanus —
OLICHHUTD TOTCHIUAIBHYIO POJIb MUKPOCEPTU()UKATOB B COBPEMEHHOM BbICIIEM 00pa30BaHUM, OCHOBAH-
HOM Ha MCKYCCTBCHHOM MHTEIUICKTE U IU(POBU3ALIIH.

Marepuajbl 4 MeTobl. OCyIIECTBICH KOMITIEKCHBIN OHOIMOMETpHYECKIIA ceTeBON aHanu3 664 my0iu-
Kalui, pasMeIleHHbIX B 0a3e JaHHBIX Scopus. AHaIM3 MPOBOAMICS C UCIOIb30BAHMEM MPOrPAMMHOIO
obecnieuennst VOSviewer ¢ IesIbI0 BU3yalH3alMi TEKCTOBBIX M OMOIMOTrpaduecknx JaHHBIX, a TAKXkKe
JUISL OTIPEZICIICHNS KJIACTEPOB CBSI3aHHBIX TEM B HAyYHOW JIUTEpaType IO MHUKPOCEPTU(HUKATAM.
Pe3yabTaTbl Hccie 0Banus. BbIsABICH 3HAYUTENBHBIN POCT UCCIIEIOBAHNH MUKPOCEPTH(HUKATOB U OT-
MeYeHBbI KJIIOUeBbIe TeMaTHdeckue Kiactepsl. Hambonee 3HaUMMBIe KiIacTepbl COCPEOTOYEHBI Ha TPY-
JIOYCTpOMcTBEe (HAaBBIKaX W MOTPEOHOCTAX B paboueld cuie), mudpoBoil Tpanchopmamun (00ydeHUH
C HCIIOJIb30BaHUEM TEXHOJIOTHH), HEMPEePhIBHOM 00yueHUH (HEPEepbIBHOM 00pPa30BaHHU M MOBBILIICHHN
KBATN(HKANK) U IPYTUX acrekTax. [logaepkuBaeTcs MeXIUCIUILIMHAPHEINA XapaKTep U IIHPOKOE BIIHS-
HUE MHUKPOCEPTH(UKATOB B COBPEMEHHOH aKaJeMHUYeCKOW JUTeparype, yuesstomeil ocoboe BHUMaHUE
BBICIIIEMY 00pa30BaHUIO.

3akmouenne. MuKpocepTH(HHUKATEI MOTYT PEIIUTH IIpodieMy Je(UInTa HaBBIKOB M COTIACOBATH BBICIIIEE
oOpa3oBaHue ¢ TPeOOBAHMSIMH PHIHKA TPY/JA, OJHOBPEMEHHO MOJICPKUBAst IEPCOHATM3UPOBAHHOE 00yde-
HHUC. nO}I‘lepKl/IBaeTCﬂ KX IIOTCHIMAJ IJIs1 ITIOBBIIICHUA pr}lOyCTpOi’ICTBa U THOKOCTH y4dauuxcst B CUCTEME
BBICIIIET0 00pa30BaHMs Ha OCHOBE UCKYCCTBEHHOTO HHTEIUIEKTa. MHUKpOCepTH(UKATEI — 3HAYNTENIbHAS NH-
HoBaws B cepe Boiciiero oopaszosanus. [Ipeanaras rubkue u 1eneHanpaBiIeHHbIe Y9eOHbIe TPACKTOPUH,
OHH MOT'YT BHECTH 3HAUMTEJIbHBIH BKJIaJ] B TPAHC(HOPMALIUIO CUCTEMBI BBICIIIETO 00pa30BaHsl, OCHOBAHHON
Ha MCKYyCCTBEHHOM HMHTEIUICKTE. Pe3yIbTaThl JAHHOTO MCCIIETOBAHMS MOTYT OBITH MOJIC3HEI IIPEIIoaBare-
JISIM, TIOTIUTUKAM U 3aHHTEPECOBAHHBIM CTOPOHAM JIJISI HHTETPAIIii MUKPOCEPTU(HKATOB B HETAX CO3AAHMS
AalITUBHBIX U NEPCIICKTUBHBIX CUCTEM LIPI(prBOFO BBICHICTO 06pa3OBaHI/l$[. HOHOHHI/ITCHBHO BBISIBJICHHBIC
TeMaTHYeCKUE KIACTepPhl TTOKA3hIBAIOT, YTO MHUKPOCEPTH(UKATEI CBS3BIBAIOT IIU()POBBIE TEXHOJIOTHH, TPY-
JI0yCTPOUCTBO, HEMPEPBIBHOE 00yUeHNE U 00ECTIeUCHNE KaueCcTBa B €ANHON MeJarOTHYeCKOH JIOTHKE.

Kniouesvie crosa: muxpoceptuukarsl, mudposas TpaHC(HOPMAIHS BEICIIETO 00pa30BaHMs, HCKYCCTBCH-
HBI MHTEIUISKT, [udpoBH3alys oOpa3oBanus, Oubnuorpaduueckuii aHaiu3, TeMaTHUYECKUE KIIAacTepHl,
HeTIpepeIBHOE 00yUeHHUE
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Introduction

Nowadays, higher education is un-
dergoing profound changes that include
digitalization, incorporation of artificial
intelligence (Al) tools and large language
models (LLMs), adaptive learning, or sus-
tainable education practices [1-3]. In this
modern higher education marked by the
recent COVID-19 pandemic, micro-creden-
tials emerge as an original innovation that
offers specialization and focus on specific
competences and skills that are often offered
as digital badges or verifiable electronic
records [4; 5]. For example, United Na-
tions Educational, Scientific and Cultural
Organization (UNESCO) describes a mi-
cro-credential as a documented outcome of
focused learning that confirms what a learner
knows or can do, usually issued as a badge or
certificate by a trusted provider and aligned
with explicit quality standards'. Contrary
to traditional degrees and diplomas, micro-
credentials contain a smaller volume of lear-
ning and obtained knowledge, but their high
level of granularity allows them to target
specific skills which makes them particu-
larly useful in rapidly changing conditions
of the digitalized and globalized modern
economy and labour markets [6; 7]. Under
conditions of ongoing digital transformation
and the growing influence of Al, educa-
tion systems are increasingly expected to
evolve toward more flexible, personalized,
and competence-oriented models [8—10].
Micro-credentials offer one response to these
expectations, providing modular and time-
efficient mechanisms for certifying skills that
support Al-driven lifelong learning [11; 12].

Figure 1 illustrates the micro-credentials
ecosystem, featuring four key stakeholders:
employers; universities and higher educa-
tion institutions (HEIs); private education
providers (such as non-profit organisations
(NGOs), and small and medium-sized enter-
prises (SMEs)); and learners, who receive
digitally certified knowledge and skills via
micro-credentials and digital badges.

! Micro-Credentials in Post-Secondary Education

[Electronic resource]. Available at: https://www.iiep.
unesco.org/en/node/13859 (accessed 20.11.2025).
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The structure of this ecosystem can be
further elaborated as follows: first, employ-
ers identify specific skills gaps that are not
necessarily addressed by traditional higher
education, which typically adapts slowly to
shifts in the economy and labour markets.
Subsequently, these employers commu-
nicate their competency requirements to
universities, HEIs, and private sector pro-
viders, including NGOs and specialized
companies. Universities, HEIs, and private
educational providers promptly create short
micro-credentials courses and offer them
to learners. The micro-credentials are veri-
fied by the information and communica-
tion technological tools (e.g. Blockchain)
which makes them transparent and easily
verifiable by anyone wishing to check their
authenticity [13; 14].

A combination of recent developments
has fuelled the spread of micro-credentials.
The COVID-19 pandemic acted as a power-
ful driver of higher education digitalization,
forcing HEISs, universities, and learners to
shift to online platforms and alternative
delivery formats in a very short span of
time [15—17]. This abrupt digital turn not
only familiarized millions of people with
online learning but also exposed the limi-
tations of conventional credentialing in
recognizing learning acquired beyond for-
mal degree programmes. Even prior to the
pandemic, employers worldwide frequent-
ly voiced concerns that graduates lacked
practical, job-ready competencies despite
holding traditional qualifications [18; 19].
At the same time, rising tuition fees and
issues with unsustainable student debts
are leading to the growing scepticism about
the exclusive value of traditional univer-
sity degree programmes. Today, many
adult learners and working professionals
actually prefer shorter and smarter learning
(e.g. short courses or webinars) that can
quickly improve their position at the labour
market and improve their job resumes.
As aresult, governments, universities, and
businesses have all started to reconsider
traditional certification of learning and
knowledge moving beyond the monopoly
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of university degrees towards novel and
flexible forms of knowledge certification
represented by the digital certificates, bad-
ges, and micro-credentials [20; 21].

Regarding the discussion presented
above, it needs to be highlighted that digital
transformation, Al development, and chan-
ging workforce expectations by employers
have all created a favourable environment
for the expansion of micro-credentials in
higher education and other sectors [22]. This
research aims at identifying the major trends,
current challenges, as well as some exciting
emerging opportunities associated with the
use of micro-credentials in future digitalized
education using the means of a bibliometric
analysis based on academic publications
indexed in Elsevier’s Scopus database. It also
examines the dynamics of publication activity
using bibliographic network analysis and
discusses what the results can reveal about the
future pathways of Al-driven adaptive lear-
ning-based higher education.

From a pedagogical perspective, the
core problem addressed in this paper is

how higher education institutions can
design flexible, skills-oriented learning
pathways that respond to rapidly changing
labour-market demands while preserving
academic quality and integrity. Micro-cre-
dentials are considered here as a specific
instructional and assessment tool within
higher education pedagogy, rather than as
a generic labour-market instrument. Accor-
dingly, this study focuses on the following
research questions:

1. How has the academic discourse
on micro-credentials in higher education
evolved over time?

2. What thematic clusters can be iden-
tified in the literature on micro-credentials,
and how do they relate to teaching, learning
and certification in higher education?

3. What implications do these patterns
have for educational policy and practice in
universities?

Micro-Credentials for Enhancing High-
er Education. In recent years, micro-cre-
dentials have gained wide popularity
and attention both in academic circles and

b,

Employers

L]

Universities
and HEIs

[ )
0,0.0
030,
'.‘.‘
Private providers
(NGOs, SMEs)

Learners

Fig. 1. Micro-credential ecosystem in higher education

Notes: HEIs — higher education institutions; NGOs — non-profit organisations; SMEs — small and
medium-sized enterprises. Employers articulate emerging skill needs to universities, HEIs and private
providers, who rapidly design short micro-credential courses for learners. The resulting digital cre-
dentials are issued and verified using ICT tools (e.g. blockchain), which makes them transparent and
easily checkable for all stakeholders.

Source: Figures 1, 5 compiled by the authors.
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among the policymakers following their
transformation from a totally unknown
concept into a global educational trend [23].
Recent digitalization of higher education
which was further enhanced by the digital
surge caused by the COVID-19 pandemic
with its social distancing and home learning
largely contributed to the growing popu-
larity of micro-credentials. Because of
the recent pandemic, many educators and
learners could appreciate their potential and
technical aspects represented by verifiability
powered by the digital tools that became
popular during the lockdowns [24].
About two decades ago, most early
academic contributions concentrated largely
on digital badges which emerged in the
2010s as one of the first formats of digital
credentials. They were initially designed
to verify and recognize skills as well as
learning achievements that had been ac-
quired outside traditional formal degree
programmes [25; 26]. Employers often
appreciated the detailed skills-related in-
formation contained in these badges but
some HEIs often raised doubts regarding
their status and reliability when compared to
conventional and traditional qualifications
and certifications [27]. Nevertheless, as time
has passed, a growing body of research
literature has emphasized that micro-cre-
dentials could clearly reflect what learners
know and are able to do in ways that are
far more precise and useful than traditional
form of certifications offered by HEIs and
other educational providers [28].
Nowadys, more recent academic pub-
lications increasingly demonstrate that mi-
cro-credentials can play the key role of the
instruments suitable for competency-based
education, lifelong learning, as well as
curriculum reform. A number of studies
indicate that adding micro-credentials into
higher education curricula can enhance
flexibility and help educational programmes
to profile clearly defined competences and
outcomes that are linked to the needs of
the contemporary labour markets [29; 30].
As aresult of this process of gradual recog-
nition and acceptance, HEIs have gradually
begun to integrate some micro-credential
modules into their degree structures or to
offer short courses of webinars awarded
by micro-credentials in study areas of high
demand (e.g. data analytics, IT, or project
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management). These micro-credentials can
later be accumulated and eventually com-
bined into traditional qualifications with
certificates or diplomas [31]. The available
evidence suggests that these approaches
have the power to strengthen students’ mo-
tivation, as far as they enable learners to
focus on topics that match their personal and
professional goals while, at the same time,
help to improve their employability through
clearly specified attestations focused on real
skills applicable in everyday lives.

Another common topic that can be
found in the research literature is related to
the persistent mismatch between traditional
education and the up-to-date requirements
of the labour markets and the potential of
micro-credentials to bridge this gap [32; 33].
Numerous studies highlight concerns of em-
ployers that the majority of today’s gradua-
tes frequently lack practical and technical
competencies needed in workplaces that are
currently being transformed by automation
and Al [34; 35]. Many HEIs still rely on
lecture-based memorisation approaches
in their learning and tuition that are obsolete
in today’s digital era. These approaches fo-
cus on reproducing information rather than
developing adaptive and applicable skills.
Degree programmes are often criticized
for slow changes and transformation of
study plans, which can result in discrepan-
cies between the content that is offered to
students and the skills that are in demand
on the labour market. On the contrary,
micro-credential courses can be both pre-
pared and updated in no time which allows
to provide rapid and effective responses
to emerging skill profiles and new labour
market requirements [36]. For instance, they
can offer competences in newly introduced
programming languages, Al applications,
or data literacy complementing traditional
degrees with up-to-date, targeted and granu-
lar knowledge and skills [37].

Figure 2 that follows illustrates the
dynamics of worldwide search interest
using Google online search engine (mea-
sured as and denoted by the metric called
“Interest over Time”) in the terms “micro
credential”, “micro degree”, and “digital
badge” based on Google Trends tool for
the period 2015-2025.

Figure 2 clearly shows a sharp in-
crease in search interest at the early stages
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Fig. 2. Dynamics of global search interest in “micro credential”, “micro degree”
and “digital badge” (2015-2025)

Note: Values represent the Google Trends “Interest over Time” index (0—100), which normalises the
popularity of search queries over the selected period.

Source: Compiled by the authors based on Google Trends.

of the COVID-19 pandemic and again
in the second half of 2025. This pattern
points to the growing public and poli-
cy attention to micro-credentials as an
emerging form of digital certification
in education and professional training
more broadly, including but not limited
to higher education.

Furthermore, the debate on micro-cre-
dentials also revolves around issues of
quality assurance and the development of
clear and transparent frameworks. The ex-
istence of a large number of diverse defi-
nitions and practices in different countries
and institutions often makes it difficult to
come to a common consensus on what is
actually a micro-credential [38]. As a re-
sult of that, some researchers investigate
how technologies such as Blockchain can
be used to secure, authenticate, and share
micro-credentials, making them incorrup-
tible, transferable, and easily verifiable
across various regions, countries, and
jurisdictions [39].

Last but not least, research literature
highlights that micro-credentials are no
longer the exclusive product of HEIs and
universities. A wide spectrum of other ac-
tors (including professional associations,
industry consortia, start-ups, NGOs, and
small and SMEs are increasingly involved
in designing, offering, awarding, and issuing

INTERNATIONAL EXPERIENCE IN THE INTEGRATION OF EDUCATION

micro-credentials? [40]. This diversification
of providers challenges the long-standing
dominance of HEIs in certifying learning
and reveals the signs of an on-going broader
transformation of the post-COVID educa-
tional landscape in the 21% century.

Materials and Methods

Data. This study employs a bibliometric
network analysis of publications dedicated
to micro-credentials that are indexed in El-
sevier’s Scopus database. The final obtained
dataset consisted of 664 documents pub-
lished between 1992 and 2025 that include
the term “micro-credentials” (or a closely
related variant) in the title, abstract, or key-
words. The starting year 1992 corresponds
to the earliest Scopus-indexed publication in
the dataset that explicitly uses the term “mi-
cro-credentials” or a closely related variant.
The end point of 2025 reflects the most
recent snapshot of the database available at
the time of data collection. Scopus database
has been chosen as the primary data source
instead of alternative databases such as Web

2 Salmi J., Amegah A., Shinde A.R. Digital
Skills, Innovation, and Economic Transforma-
tion: Opportunities and Challenges for Sub-Saha-
ran Africa. In: Education Working Papers. 2025.
Available at: https://openknowledge.worldbank.
org/server/api/core/bitstreams/36246ee-42ef-46c4-
a812-4a8¢c26d96709/content (accessed 20.11.2025).
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of Science or Dimensions because of its
comparatively wider and broader coverage
of academic publications in the fields of
social sciences and education. In particular,
Scopus indexes a larger number of journals
and conference proceedings relevant to
emerging, interdisciplinary domains, ma-
king it a suitable platform for capturing the
evolving discourse on micro-credentials.
Other databases, such as Web of Science
(WoS) or Lens.org, also provide valuable
coverage of research on micro-credentials.
In this study we relied on Scopus because
it is widely used in bibliometric studies
in education and the social sciences and
even offers individual researchers 30-days
full access for each peer review of a paper
submitted to Elsevier journal. We acknow-
ledge that using a single database may omit
some relevant publications. Therefore, the
results should be interpreted as reflecting the
Scopus-indexed segment of the literature.
Future research could replicate this analysis
using multiple databases for triangulation.

Inclusion Criteria. The search in Sco-
pus was carried out using the term “mi-
cro-credentials” (including close spelling
variants) in titles, abstracts or author key-
words. To keep the focus on pedagogy

and higher education, we restricted the
dataset to records indexed in the sub-
ject areas “Social Sciences”, “Arts and
Humanities”, “Business, Management and
Accounting” and “Computer Science —
Education”, and to documents written in
English. This means that publications on
micro-credentials in purely technical or
non-educational contexts were excluded
from the analysis.

Table 1 below provides a list of most-
cited publication on micro-credentials in
higher education.

From Table 1 it becomes apparent
that most-cited articles on the topic of
micro-credentials were published be-
tween 2018 and 2025 (which points at the
novelty and yet importance of the topic).
Moreover, most of the articles listed in
Table 1 represent comprehensive litera-
ture reviews which only reinforces the
importance and relevance of this study
which is also a literature review, albeit an
extended and complex one featuring the
bibliographic network analysis.

Furthermore, Figure 3 presents the tra-
jectory of publication activity on micro-cre-
dentials over time (2002-2025), revealing
a clear upward trend that accelerates in the

Table 1. Top 10 most cited articles on micro-credentials (1992-2025)

Year Article Number
of citations
2022 McGreal R., Olcott Jr D. A Strategic Reset: Micro-Credentials for Higher Educa- 128

tion Leaders [41]

Varadarajan S., Koh J.H.L., Daniel B.K. A Systematic Review of the Opportunities 117
and Challenges of Micro-Credentials for Multiple Stakeholders: Learners, Employ-

ers, Higher Education Institutions and Government [42]

Wheelahan L., Moodie G. Gig Qualifications for the Gig Economy: Micro-Creden- 108
tials and the "Hungry Mile’ [43]

Wheelahan L., Moodie G. Analysing Micro-Credentials in Higher Education: 107
A Bernsteinian Analysis [44]

2023

2022

2021

2021 Brown M., Mhichil M.N.G., Beirne E., Mac Lochlainn C. The Global Micro-Cre- 107
dential Landscape: Charting a New Credential Ecology for Lifelong Learning [31]
2021 Selvaratnam R.M., Sankey M.D. An Integrative Literature Review of the Imple- 89

mentation of Micro-Credentials in Higher Education: Implications for practice in
Australasia [45]

Carey K.L., Stefaniak J.E. An Exploration of the Utility of Digital Badging in 85
Higher Education Settings [46]

Alsobhi H.A., Alakhtar R.A., Ubaid A., Hussain O.K., Hussain F.K. Block- 85
chain-Based Micro-Credentialing System in Higher Education Institutions: Sys-

tematic Literature Review [47]

2018

2023

2023 Ahsan K., Akbar S., Kam B., Abdulrahman M.D.A. Implementation of Micro-Cre- 73
dentials in Higher Education: A Systematic Literature Review [48]
2020 Hunt T., Carter R., Zhang L., Yang S. Micro-Credentials: The Potential of Perso- 66

nalized Professional Development [49].

Source: Compiled by the authors based on Scopus database.
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Fig. 3. Trend in the number of Scopus-indexed publications
on micro-credentials (2002-2025)

Note: The figure shows the annual number of documents in the dataset, illustrating the rapid growth

of research activity in recent years.

Source: Compiled by the authors based on Scopus database.
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Fig. 4. Word Cloud based on the titles of 664 papers from Scopus database (1992-2025)

Note: Larger and bolder terms appear more frequently across titles, indicating the most common

concepts in academic literature.

Source: Compiled by the authors using WordItOut.

most recent years. Figure 3 documents how
academic research on this topic has shifted
from a handful of isolated contributions to
a substantial and steadily growing body
of scientific literature. It shows the annual
number of documents in the dataset, illus-
trating the rapid growth of research activity
in recent years.

In addition, Figure 4 shows a word
cloud generated from the titles of the
664 Scopus-indexed publications. Terms
displayed in larger font sizes appear
more frequently across titles, highligh-
ting recurrent concepts and focal points

INTERNATIONAL EXPERIENCE IN THE INTEGRATION OF EDUCATION

in micro-credential research. This visua-
lization provides an initial overview of
dominant themes and terminology, which
is further explored in the subsequent bib-
liometric analysis.

In the next section, we transform this
material into a set of bibliometric networks
in order to identify the dominant themes
and structural patterns of research on mi-
cro-credentials.

Research Procedure. Building on the
dataset described above, we applied bib-
liometric network analysis to explore the
intellectual structure and main thematic

245



YD s3s3535 MHTETPALIVISI OBPA3OBAHIISL. T. 30, No 2. 2026 Bes6383838886383855¢

directions of research on micro-credentials.
This approach makes it possible to quantify
publication patterns and to visualise con-
nections within a large corpus of literature,
for example by examining how keywords
co-occur or how frequently certain articles
are cited together.

Research Tools. The network bib-
liographic analysis was performed using
VOSviewer (version 1.6.18), a specialised
software tool widely used for construc-
ting and visualising bibliometric networks.
VOSviewer allows the creation of maps
that represent items such as authors, papers,
or terms as nodes, with links indicating
relationships (e.g., co-occurrence in titles
and abstracts, co-citation, or bibliographic
coupling). Through clustering algorithms,
the software groups closely related items,
thereby revealing major thematic clusters
within the micro-credential discourse.

Table 2 summarises the main parame-
ters used for dataset construction and
selection, including the data source, time
frame, language restrictions, keyword
strategy, document types, and final sample
size. These criteria were applied by the
authors to ensure consistency and trans-
parency in the bibliometric data collection
process.

Research phenomena definition

Table 2. Summary of data and data
selection algorithm

Category ‘ Specific criteria
Reference and citation ~ Scopus
database
Time period 1992-2025
Language English
Keywords “micro-credentials”
Document types
Articles 289
Proceeding papers 197
Others 178
Sample size n=664

Source: Compiled by the authors.

Figure 5 below features a schematic
representation of the methodological work-
flow used in this paper and outlines the steps
from defining the research phenomenon
and search strategy through data extraction
to the construction and interpretation of
bibliometric networks.

Data Analysis. In VOSviewer, we
constructed separate networks for terms
(titles and abstracts) and for bibliographic
data (keywords, citations and bibliogra-
phic coupling). For the text-based analy-
sis, only terms that occurred at least five
times across the corpus were included.

—> Data extraction from Scopus database

Search criteria definition
15t query: Google Trends toolkit search
for “micro-credential” and “micro degree”
and “digital badge” (2015-2025)
2" query: Scopus search for “micro-
credentials” (1992-2025)

'

Search criteria limitations
¢ Search within title, abstract, and
keywords
Time frame (from 1992 to 2025)
Language
Quality of the studies
Document type (article, conference
proceedings, book chapter)

A L General Scopus data analysis
Choice of the research publication
database (Scopus) *  Documents by year
* Documents by affiliations
! * Documents by journals

Documents by institutions

l

Data input into VOSviewer software

|

Analysis of results
* Network and overlay visualization
*  Number of clusters, types of clusters, and
total link strength
* Network analysis implications

|

Conclusions and implications

Fig. 5. Outline of the bibliometric research methodology

Note: The diagram summarises the main stages of the study: definition of the research phenomenon,
selection of the database and search criteria, screening and cleaning of records, and construction and
interpretation of bibliometric networks in VOSviewer.
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For the bibliographic analysis, the minimum
number of keyword occurrences was set to
five and the association-strength norma-
lisation was used. Clusters were identified
using the VOS clustering technique with the
default resolution parameter and a minimum
cluster size of 10 items. All maps were
generated using fractional counting, and
labels were manually checked to remove
generic terms that were not specific to mi-
cro-credentials.

In both the term-based and bibliogra-
phic maps, clusters were generated auto-
matically by the VOSviewer clustering
algorithm based on patterns of co-occur-
rence and co-citation. As is typical for such
network visualisations, some thematic ar-
eas partially overlap, and individual terms
may be linked to several clusters at once.
Cluster labels are therefore interpretative
and were assigned by the authors based on
the most frequent and central terms within
each group.
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Results

Text-Based Cluster Analysis. This
section presents the empirical results of
the bibliometric analysis conducted with
VOSviewer. The findings are displayed in
the form of network maps, which reveal the
identification of central topics, clusters, and
interconnections that can be identified from
the thorough analysis of research literature.

Figure 6 displays the results of the text-
based bibliographic network cluster analysis
that was based on the data from titles and
abstracts of all 664 publications related to
micro-credentialing selected from Scopus
database and covering the time span from
1992 until 2025. The resulting map reveals
five noticeable clusters that are described
below in greater detail.

The keyword analysis shows that terms
associated with “micro-credentials” most
frequently align with five thematic areas:
employability and micro-credentials (Clus-
ter 1); distance learning and flexible modes
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Fig. 6. The dominant clusters of cross-sector research connected with micro-credentials

retrieved from the sample of 664

publications indexed in Scopus

Notes: The VOSviewer map is based on terms extracted from titles and abstracts of 664 publications
and reveals five clusters: 1 — employability and micro-credentials; 2 — distance learning and flexible
provision; 3 — learning processes and skills development; 4 — digitalisation and technological integra-

tion; 5 — quality assurance and sustainability.

Source: Hereinafter in this article all figures were drawn up by the authors based on VOSViewer v. 1.6.18

software.
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of provision (Cluster 2); learning processes
and skills development (Cluster 3); digi-
talization and technological integration
(Cluster 4); quality assurance and sustaina-
bility (Cluster 5).

Having identified these five clusters, we
now interpret their substantive meaning and
provide illustrative examples from current
practice. The results indicate that lifelong
learning functions as a universal concept
traceable across several clusters. It appears
to be closely linked to the employability-
focused cluster, where workers are expec-
ted to update their skills on a continuous
basis, and to the distance-learning cluster,
in which online formats make ongoing
learning more accessible. This suggests
that micro-credentials can satisfy both the
immediate needs of the labour market as
well as the long-term development trajec-
tories of individuals. Digital badges are at
the similar position appearing within the
distance-learning cluster as well as the
technology-oriented cluster, which high-
lights the role of digital tools (including
badges and Blockchain-based solutions)
in promoting the success of online digital
micro-credential initiatives.

The matches and connections between
clusters point at the fact that effective mi-
cro-credential ecosystems typically com-
bine several important dimensions. For
example, a well-designed study programme
can therefore employ digital technologies
(Cluster 4) to deliver flexible online courses
(Cluster 2) that foster learning and skills
development (Cluster 3), improve employ-
ability and motivation (Cluster 1), and at
the same time comply with quality and
sustainability requirements (Cluster 5).
Overall, the analysis reveals the strong
interdependence between higher education
and employment in the micro-credential
discourse. Keywords frequently co-occur
with notions such as “digital badges”, “em-
ployment”, and “lifelong learning”, reflec-
ting a broad agreement in the literature that
micro-credentials create a bridge between
formal education and workplace skill de-
mands, mediated by digital technologies
and framed by quality considerations.

Concrete examples from the literature
illustrate how these clusters translate into
practice. For Cluster 1 (employability), seve-
ral studies show universities co-designing

micro-credentials with industry partners to
address specific skill shortages, for instance
in data analytics [41-43], cyber-securi-
ty [44; 45], or project management [47—49].
Cluster 2 (distance learning and flexible
provision) is reflected in large-scale on-
line initiatives in Australasia and Europe,
where micro-credentials are offered fully
online and can be stacked towards larger
qualifications [31; 45]. Cluster 3 (learning
processes and skills development) aligns
with research on competency-based curri-
cula and authentic assessment in micro-cre-
dential courses, including the use of digital
badges to evidence mastery of discrete
skills [46; 49]. Cluster 4 (digitalisation
and technological integration) is supported
by empirical pilots of blockchain-based
credentialing systems in higher education
institutions [39; 47], while Cluster 5 (quality
assurance and sustainability) is connected to
emerging national and institutional frame-
works that define standards for learning
outcomes, workload and assessment in
micro-credential programmes [42; 44; 45].

Figure 7 confirms this discussion by
visualising the density of the term-co-
occurrence network in the literature on mi-
cro-credentials. Areas with warmer colours
indicate topics that have been studied more
intensively within this body of research.
It needs to be mentioned that the density
visualisation does not measure the “quali-
ty” of research but rather the concentration
of frequently co-occurring terms within
the dataset.

Bibliographic Cluster Analysis. Fur-
thermore, Figure 8 reveals the results of the
network map based on the bibliographic
data (keyword co-occurrences, citation,
and bibliographic coupling) retrieved from
664 publications selected from Scopus
database (1992-2025). Our results of the
bibliometric network analysis demon-
strate that six main clusters are identified:
learner motivation and perceived benefits
(Cluster 1); alternative credentialing, in-
cluding digital badges and Massive Open
Online Courses (MOOCs) (Cluster 2);
lifelong learning and continuing educa-
tion (Cluster 3); Al-enhanced learning
and advanced technologies (Cluster 4);
professional development for teachers
(Cluster 5); equity, inclusion, and access
in education (Cluster 6).
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credential

Fig. 7. Density visualization of the network cluster analysis of the sample
of 664 publications on micro-credentials indexed in Scopus

Note: Warmer colours indicate areas of higher density, where terms related to micro-credentials ap-
pear more frequently and form the core of the research field.

Overall, the results demonstrate that
research on micro-credentials is structured
around closely interconnected pedagogical,
technological and labor-market dimensions.
The bibliographic cluster analysis shows
that micro-credentials are studied not only
as digital certificates, but also as instru-
ments for flexible learning, employability,
lifelong education, professional develop-
ment and inclusion. Therefore, the results
confirm that micro-credentials represent an
emerging interdisciplinary field in which
higher education increasingly converges
with Al-driven technologies and skills-
based certification.

Discussion

Having identified these six clusters, we
now discuss their substantive meaning and
provide illustrative examples from current
practice. The results indicate that lifelong
learning functions as a universal concept
traceable across several clusters. It appears
to be closely linked to the employability-
focused cluster, where workers are expec-
ted to update their skills on a continuous
basis, and to the distance-learning cluster,

in which online formats make ongoing
learning more accessible. This suggests
that micro-credentials can satisfy both the
immediate needs of the labour market as
well as the long-term development trajec-
tories of individuals. Digital badges are at
the similar position appearing within the
distance-learning cluster as well as the
technology-oriented cluster, which high-
lights the role of digital tools (including
badges and Blockchain-based solutions)
in promoting the success of online digital
micro-credential initiatives.

Below we briefly characterise each of
these six clusters and relate them to how
micro-credentials are implemented in higher
education and industry. All in all, these six
clusters highlight the wide-ranging and in-
terdisciplinary nature of the recent research
and debate on micro-credentialing. If we
compare these results with the text-based
clusters from Figures 6 and 7, it becomes
clear that the bibliographic clusters place
stronger emphasis on cutting-edge techno-
logies (particularly Al in Cluster 4) and on
specific application contexts such as teacher
professional learning (Cluster 5), while
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Notes: The map is based on keyword co-occurrences, citation links and bibliographic coupling

in 664 publications and identifies six clusters:

1 — learner motivation and perceived benefits;

2 — alternative credentialing, including digital badges and MOOC:s; 3 — lifelong learning and continu-
ing education; 4 — Al-enhanced learning and advanced technologies; 5 — professional development for
teachers; 6 — equity, inclusion and access in education.

still incorporating some important themes
such as motivation, alternative credentials,
lifelong learning, as well as equity. The re-
lationships between clusters are also quite
informative. The integration of Al tools
into micro-credential platforms (Cluster 4)
has the potential to support personalised
learning pathways, which can positively
influence learner motivation and outcomes
(related to Cluster 1). In the similar fashion,
using micro-credentials in teacher training
(Cluster 5) appears to indirectly foster equi-
ty and inclusion (Cluster 6), since well-pre-
pared educators and tutors are essential for
delivering high-quality, inclusive education.

Together, the text-based and bib-
liographic analyses confirm that micro-cre-
dentials are simultaneously studied as tech-
nological innovations, pedagogical tools,
workforce-development mechanisms and
policy instruments. The identification of
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six interconnected clusters indicates that
the subject of micro-credentialing in higher
education and targeted Al-driven learning
is rapidly expanding, with research ad-
dressing impacts at the three main levels:
individual (learner), institutional (higher
education providers), and systemic (la-
bour market and society), all of them being
equally important and working in unison
to contribute to the transition of modern
digitalized higher education that needs to
respond to the rapidly changing needs of
economy and society.

The bibliographic clusters also map
onto concrete use-cases. For example, Clus-
ter 4 (Al-enhanced learning and advanced
technologies) resonates with recent initia-
tives that combine micro-credentials with
Al-driven adaptive learning platforms in
engineering and technical education [9; 11].
Cluster 5 (professional development for
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teachers) is illustrated by micro-creden-
tial programmes that support educators in
learning analytics, online pedagogy and in-
clusive teaching practices [40; 49]. Cluster
6 (equity, inclusion and access) corresponds
to projects where micro-credentials are
used to widen participation, for instance
by recognising prior experiential learning
of adult learners or by offering low-cost
online credentials for under-represented
groups? [42].

Conclusion

This bibliometric study demonstrates
that micro-credentials have become a dis-
tinct pedagogical and technological mecha-
nism for structuring flexible learning path-
ways in higher education. The analysis
identified two complementary layers of
the field: five text-based clusters centred
on employability, distance learning, skills
development, digitalisation and quality
assurance, and six bibliographic clusters
that additionally emphasise learner moti-
vation, alternative credentials, Al-enhanced
learning, teacher professional develop-
ment and equity. This confirms that mi-
cro-credentials are not only an adminis-
trative response to labour-market needs,
but also a pedagogical format that reshapes
curriculum design, assessment and lifelong
learning in Al-driven universities.

The practical significance of these re-
sults stems from their application for uni-
versities, policymakers, and employers in
designing institution-wide micro-credential
strategies, quality-assurance procedures,
and stackable pathways linked to degrees
or continuing professional development.
The paper’s scientific contribution con-
sists in mapping the thematic structure of
Scopus-indexed micro-credential research
and demonstrating how the field integrates
pedagogical theory, digital certification
technologies, employability, and inclu-
sive lifelong learning.

The key findings stemming from this
study indicate that micro-credentials occupy
a strategic position between education, tech-
nology, and the modern labour markets. The
bibliometric evidence presented in this paper
demonstrates the multidimensional role that

3 Salmi J., Amegah A., Shinde A.R. Digital
Skills, Innovation, and Economic Transformation:
Opportunities and Challenges for Sub-Saharan Aftica.
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micro-credentials already play (and are very
likely to play in the nearest future) within
digitalized and Al-driven higher education
systems. Concepts such as higher education,
digital badges, employment, and lifelong
learning that are increasingly starting to
appear in the academic debate on the digi-
tal transition of higher education suggest
that micro-credentials are now functioning
as a connecting link between formal pro-
grammes and ongoing professional develop-
ment. In practical terms, micro-credentials
are increasingly perceived by researchers and
stakeholders alike as important tools needed
for making education more flexible and re-
sponsive to both individual aspirations and
industry requirements. Students can acquire
targeted, on-demand skills, while employers
gain more transparent and practical infor-
mation about those skills in the verifiable
digital format.

In addition to that, several important
implications emerge from the bibliographic
network cluster analyses of micro-creden-
tials research literature. First of all, the
importance of employability and learner/
student motivation highlights the perceived
value of micro-credentials in improving job
prospects and aligning curricula with cur-
rent and emerging needs for updating and
enhancing the existing competences. Poli-
cymakers and leaders in higher education
might therefore consider micro-credentials
as a key component in strategies aimed at
narrowing the existing gaps between aca-
demic programmes and expectations of em-
ployers. This is likely to require closer col-
laboration with industry partners to ensure
that micro-credential content is explicitly
designed around real skill shortages and
priority areas for competence development.
When embedded thoughtfully, micro-cre-
dentials can contribute to strengthening
human capital in modern digitized and
Al-driven economy by fostering continuous
upskilling and reskilling, thus supporting
a more adaptable workforce in times of
rapid technological changes.

Furthermore, the analysis in this paper
confirms that digital technologies (e.g. on-
line learning environments, Blockchain
infrastructures, and Al systems) remain
crucial for the current and future develop-
ment of micro-credentials. For example,
institutions would need to invest in robust
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digital infrastructures for issuing, managing,
and verifying micro-credentials by imple-
menting Blockchain-based credentialing
solutions that guarantee security, authen-
ticity, and global portability. The presence
of an Al-oriented cluster further suggests
that Al can be effectively used to persona-
lise learning pathways and provide intel-
ligent support in micro-credential courses.
Adaptive learning environments powered
by Al, recommendation systems, as well
as analytics can also be used for tailoring
content to individual learners with specific
profiles which can potentially increase their
engagement, success rates, as well as per-
ceived relevance. Nowadays, when higher
education becomes more data-intensive and
digital, these technologies become crucial
for providing micro-credentials in an effi-
cient and learner-centred way.

In addition, it becomes apparent that
the long-term success and acceptance of
micro-credentials by HEIs, employers, and
the general public would also depend on
trust and recognition across educational
and professional domains. Stakeholders
need to develop some coherent standards
and frameworks that would define learning
outcomes, ensure rigorous assessment, and
clarify how micro-credentials would be
related to the existing qualification systems
(for example via credit transfer or stacking
arrangements). In addition, transparent qua-
lity assurance mechanisms (e.g. accredita-
tion processes or endorsements by reputable
institutions and professional bodies) can
increase credibility of micro-credentials
for both employers and learners. Moreover,
aligning micro-credential initiatives with
broader policy agendas, such as the Sus-
tainable Development Goals (SDGs), can
make ensure that they would contribute not
only to short-term skills needs but also to
the long-term social and economic well-be-
ing. Using this perspective, micro-creden-
tials should be designed not merely as iso-
lated training certifications but also as useful
and modern tools for promoting equity,
inclusion, as well as cultural sensitivity.
Ensuring that digital micro-credentialing
opportunities are accessible to underrepre-
sented and disadvantaged groups is essen-
tial if micro-credentials are to function as
instruments of social inclusion rather than
new sources of inequality.
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Additionally, this study suggests that
micro-credentials have transformative
potential beyond student learning alone.
They can also play a role in faculty deve-
lopment and adult learning. Educational
authorities and higher education institutions
might introduce micro-credential path-
ways for academic and teaching staff to
continuously update their pedagogical and
technological competences. Educators who
themselves engage with micro-credential
learning are likely to integrate this model
into their own teaching practice, thereby
normalising it for students and colleagues.
At the system level, embedding micro-cre-
dentials into national and sectoral lifelong
learning frameworks — for example, by
recognising them in professional licensing
or continuing education requirements — can
foster cultures in which adults routinely
return to formal or non-formal learning to
refresh and expand their skills. In this way,
micro-credentials can become a cornerstone
of resilient lifelong learning ecosystems that
support employability and competitiveness
in the face of evolving skill demands.

Finally, bibliometric patterns indicate
that research and implementation efforts
regarding micro-credentials are currently
concentrated in specific regions, such as
North America, Europe, and Australia, and
within particular communities of practice.
As interest in micro-credentialing spreads
to other regions, there is an emerging need
for international dialogue, knowledge ex-
change, and collaboration. Cross-border
partnerships involving universities, HEIs,
industry certification bodies, governmental
agencies, and international organizations
could facilitate the development of functio-
nal frameworks, common design principles,
and mutual recognition arrangements. Such
cooperation would streamline the process
of understanding and verifying micro-cre-
dentials earned in different countries or
sectors, thereby enhancing learner mobility
and global employability.

Overall, the results and outcomes of
this research have clearly demonstrated
that micro-credentials emerged as a novel
and promising response to the oppor-
tunities and challenges associated with
Al-driven and digitalised post-COVID high-
er education. They point at a broader shift
towards modular, skills-oriented learning
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that complements rather than replaces tradi-
tional university degrees. However, realising
their full potential would require attention
to learner motivation and engagement, tech-
nological capacity (including Al and Block-
chain), quality assurance and recognition, as
well as alignment with wider societal goals
such as equity and lifelong learning. If sup-
ported by coherent policy frameworks and
collaborative governance, micro-credentials
can really become a key lever for making
higher education more flexible, inclusive,
and responsive to the needs of learners and
societies in the 21* century.

From a practical standpoint, several
recommendations emerge from our findings.
For policymakers, it is essential to embed

micro-credentials into national qualification
frameworks and quality assurance systems,
providing clear guidance on standards,
recognition, and funding. For universi-
ties and other HEIs, we recommend deve-
loping institution-wide micro-credential
strategies that prioritize co-design with
employers, establish clear pathways for
stacking into degrees, and implement ro-
bust digital infrastructures for issuing and
verifying credentials. For employers, the
evidence suggests the value of engaging
in partnerships with HEIs and trusted pro-
viders to define relevant competencies and
to recognize high-quality micro-credentials
in recruitment, promotion, and continuing
professional development.
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Brnao asmopos:

B. CTpI/IeHKOBCKI/I - q)OpMyJ'II/IpOBaHI/Ie ueneﬁ " 3a/1a4 UcClI€aoBaHus; NCATCIIBHOCTD MO0 CO3JJaHHUIKO METa-
JaHHBIX JJI MEPBOHAYAJIBHOTO U MMOBTOPHOI'O MCIIOJIB30BaHUSA,; IPUMEHEHUE (bOpMaJ'lBHLIX MCTOHOB JIsd
aHalin3a JTaHHBIX HCCICHOBAaHUA, OCYHICCTBICHUE HAYYHO-UCCJIENOBATCIIBCKOTO IMpoILeEcca; pa3pa60TI<a
METOHOJIOTUN HCCIICNOBaHUA; AAMUHUCTPATUBHOC YIPABJICHUEC IIJIAHUPOBAHUEM U MPOBEACHUEM UCCIIC-
JI0BaHUs; IPEAOCTABJICHUE NOCTYyIIA K H606XOI[I/IMBIM JJI UCCIIEAOBAHUA MaTCpraiaM, pa3pa60TKa U Ipo-
CKTUPOBAHUE ITPOTrpaMMHOI0 O6eCHel{eHI/I$[; JIMACPCTBO U HACTAaBHUYECTBO B IMPOLECCCE MJIAHUPOBAHUS
" MPOBCACHUS UCCICNOBAHWA, MTPOBEPKA BOCIIPOU3BOAUMOCTU PE3YJILTATOB; BU3yalin3allds pe3yJIbTaTOB
HCCIICA0BaHUs; HAITMCAHUE YEPHOBUKA PYKOITUCH, KpI/ITI/I'-IeCKI/Iﬁ aHaJIn3 YCPHOBUKA PYKOIIHUCH.

A. C. Opo3anHeBa — JACATCJIbHOCTD 110 CO3JaHNUI0 METaJaHHBIX IS NIEPBOHAYATIBHOI'O U IIOBTOPHOI'O HC-
IIOJIB30BaHUs; OCYHIECTBIICHUE HAYYHO-UCCIEA0BATCIILCKOTO IIpoLecca, pa3pa60TKa MCTOHOJIOTHU UCCIIC-
JO0BaHUs; NPEAOCTABICHUEC NOCTYIIA K HeO6XOZ[I/IMI>IM JUISL UCCIIENOBAHUA MaTepualiaM; NpoBEPKa BOCIIPO-
H3BOAUMOCTH PE3YIbTATOB, BU3yaJIn3allus PE3YyJbTaTOB UCCIICJOBAHMS; HAIMCAHUEC YCPHOBUKA PYKOIINCH,
KpI/ITI/I‘ICCKI/Iﬁ aHaJIu3 YCPHOBUKA PYKOIIUCH.

JI. H. FopHHa — ACATCJIBHOCTD IO CO3JaHNIO METAJaHHBIX IJIA MEPBOHAYAJIBHOTO U IMOBTOPHOI'O UCIIOJIb-
30BaHUs; OCYIICCTBICHUE HAYYHO-UCCIIEJOBATEIILCKOTO IIPOLIECcCa; pa3pa60TKa METOOOJIOTHH UCCIICI0BA-
HUA; aIMAHUCTPATUBHOC YIIPABJICHUEC [NIAHUPOBAHUEM U IIPOBCACHUEM UCCIIEJOBAHUA; TPEAOCTABICHUE
PECYPCOB; MIPOBEPKA BOCIIPOU3BOANMOCTHU PEIYIILTATOB; BU3yaIn3allls PE3YJIbTATOB UCCICAOBAHNA; HAIIN-
CaHUEC YCPHOBUKA PYKOIIUCH; KpI/ITI/I‘leCKI/Iﬁ aHaJIn3 Y€PHOBUKA PYKOIIUCH.

E. H. KopHeeBa — ¢opMmyaupoBaHue 1eJeld U 3a1ad MCCICAOBAHUS; NEATEIBHOCTh IO CO3IaHUIO METa-
JAHHBIX IS MEPBOHAYAIBHOTO U MOBTOPHOTO MCIIONB30BAHMS; MPUMEHEHHE (DOPMAIIBHBIX METOIOB IS
aHaNM3a JAHHBIX UCCIIEI0BAHMS; IPEI0CTABICHNE JOCTYNa K HEOOXOANMBIM ISl HCCIECAOBAHMS MaTepHa-
J1aM; IPOBEpKa BOCIPOU3BOIMMOCTH PE3YIBTaTOB; BU3yaIN3allHs PE3yNbTaTOB HCCIECIOBAHIS; HAITUCAHIE
YEPHOBHKA PYKOIICH; KPUTHIESCKUH aHAIN3 YePHOBHUKA PYKOITHCH.

Bce aBTops! mpounTany 1 000PUIN OKOHYATENILHEIA BApUAHT PYKOIHUCH.

IMoctymuma 03.12.2025; omobpena mocne penenszupoBanus 02.02.2026; mpuHATa K MTyOIUKanuu
09.02.2026.
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