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Abstract

The digital transformation of education demands a comprehensive understanding of how
leadership orientations and digital competencies intersect among educators. This ex-
ploratory cross-sectional study examined associations between self-reported leadership
orientations, digital skills, and organizational readiness for innovation among 71 primary
school teachers in Western Attica, Greece. Using the Multifactor Leadership Questionnaire
(MLQ Form-5x) adapted for respondents without administrative roles, we measured lead-
ership self-concept—teachers’ preferences and tendencies regarding leadership—rather
than enacted behaviors. This distinction is critical given that 94.4% of participants lacked
principal experience; thus, responses reflect aspirational orientations rather than observed
behavioral patterns. Descriptive profiling approaches, including K-means clustering and
multinomial logistic regression, identified three tentative response pattern groupings:
Passive-Moderate (53.5%), Balanced-Active (33.8%), and High-Engagement (12.7%), with
observed multivariate differences. After reverse-coding the passive-avoidant items, trans-
formational leadership showed the highest mean score (M = 4.33), followed by passive-
avoidant (M = 4.15; reflecting low endorsement of avoidant behaviors) and transactional
(M = 3.91). Transformational leadership demonstrated acceptable internal consistency
(e = 0.783), while transactional (« = 0.583) and passive-avoidant (& = 0.617) scales showed
lower reliability, warranting cautious interpretation. Critical competency gaps emerged
in professional digital domains—particularly web development (22.5% deficit) and ad-
ministrative systems (18.3% deficit)}—despite a surplus in consumer technologies such as
social media (—29.6%), revealing an ‘aspirational gap” between leadership self-concept and
digital readiness—technology familiarity does not automatically translate to digital leader-
ship capability. Digital skills showed the strongest association with profile membership,
with each additional skill associated with a 32-67% increase in the odds of membership
in more engaged profiles. These findings suggest digital competency development may
be associated with leadership orientation patterns, though the cross-sectional design pre-
cludes causal inference. Methodological limitations—including lower scale reliability, weak
cluster separation (silhouette = 0.150), and modest sample size—require that findings be
interpreted as hypothesis-generating rather than definitive. This work offers preliminary
insights relevant to SDG4 (Quality Education) regarding heterogeneity in leadership ori-
entation among primary educators, while highlighting the need for culturally validated
instruments and for replication with larger samples.
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1. Introduction

The rapid growth and advancement of Information and Communication Technology
(ICT) have significantly transformed education worldwide. The adoption of technology
in education is no longer a choice; it is not confined to installing technology; it entails
a radical transformation toward a broader cultural change [1-3]. A total culture change
is not confined to adopting technology; it involves embracing a new technology culture
characterized by innovative and creative methods of learning and leadership. This is the
essence of digital leadership [4-8].

Digital leadership has been observed to create paradigm shifts in the management of
the education sector. It entails effective use of technology not only to improve education but
also to enhance organizational efficiency. Unlike other managerial principles, digital leader-
ship requires not only technological expertise and technology management competencies
but also a strategic orientation and the capacity to effect change within the organizational
framework and foster a technology culture in the education sector [9-11].

The repercussions of digital leadership have been reinforced by events worldwide,
including the COVID-19 pandemic, which necessitated rapid digital transformation, partic-
ularly in education. There has been a disparity between technology and its preparedness
for adoption, and Greece faced this challenge during the COVID-19 pandemic, aiming
to produce leaders sufficiently equipped to address the complexities of technology in
education [12-14].

Understanding the intersection of digital leadership and teacher competencies con-
tributes directly to educational sustainability goals, particularly Sustainable Development
Goal 4 (Quality Education). Building sustainable institutional capacity requires identifying
competency gaps and developing targeted professional development pathways that tran-
scend ephemeral technology training. Moreover, understanding leadership orientations
among teachers—who represent the pipeline for future school administrators—enables
proactive capacity building that strengthens the educational system’s resilience to techno-
logical disruption and societal change [15].

In the Greek education system, there has been a significant digital transformation
concerning primary education. With the implementation of information technology sys-
tems, such as myschool, and through the extension of the Panhellenic School Network
and the digitalization of administrative procedures for primary education, there has been
a dramatic shift in primary education, both as it was and as it is today. It is, however,
essential to recognize that achieving success in these technology initiatives and projects
is paramount, guided by the leadership of the institutions” principals in this changing,
shifting environment [16-20].

Despite growing recognition of the importance of digital leadership, empirical research
on the nexus among leadership styles, digital skills, and educational outcomes remains
limited, particularly in primary education. Although studies of transformational leadership
styles have been extensively conducted in educational settings, their association with digital
leadership styles and the requisite digital skills for school administration in the digital era
remain underexplored. Additionally, applying advanced analytical methods—including
cluster analysis, machine learning classification, and network analysis—to identify patterns
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in leadership orientations within educational settings is an emerging approach that may
reveal insights obscured by traditional variable-centered analyses [21-26].

This paper addresses research gaps in leadership styles and digital competency among
primary teachers in Western Attica, specifically examining their combined effects.

Importantly, this study examines leadership orientations and preferences rather than
enacted leadership behaviors, as the target population comprises primarily classroom
teachers rather than school administrators. This approach, grounded in distributed lead-
ership theory, recognizes that understanding teachers’ leadership orientations provides
insight into the leadership development pipeline and potential for teacher leadership within
educational institutions.

This paper also employs established statistical methods for data interpretation, as well
as novel data-mining methods, to examine diverse interactions in educational leadership in
the context of the information technology era. This paper examines the following:

(1) The prevalent style of leadership used or preferred among primary teachers,

(2) How sample demographics correspond to such leadership styles,

(3) The status of present-day digital competency levels among teachers,

(4) How do individual styles of leadership, levels of digital competency, and the effective-
ness of such leadership correspond?

The overall aims of our proposed research are threefold. First, to identify the styles
of leadership adopted or that could be adopted among primary teachers if they were to
take up administration roles, specifically concerning transformational, transactional, or
passive-avoidant modes of leadership. Secondly, to evaluate teachers’ levels of digital
competence and determine their current skills relative to those they recognize as necessary
to successfully direct education in the modern era. Finally, to examine interrelationships
among leadership styles and digital competency, and among leadership outcomes, using
statistical analyses and data mining [27-32].

This is especially pertinent in the current context of Greece, working to improve its
overall online infrastructure. This is because the Ministry of Digital Governance’s strategy
to drive digital transformation between 2020 and 2025 recognizes education as a critical
sector and calls for improving digital skills across all levels of education. It is imperative to
understand the situation among primary teachers regarding overall leadership competency
and online preparedness [33—40].

The proposed methodology employs a quantitative research design, using the Multi-
factor Leadership Questionnaire (MLQ Form 5X) to assess leadership style, supplemented
by specialized questionnaires on digital leadership skills. A total of 71 primary teach-
ers were surveyed in Western Attica to validate findings on leadership preferences and
their association with demographic characteristics. Additionally, K-means cluster anal-
ysis is used to identify distinct leadership orientation profiles among primary teachers,
complementing traditional variable-centered approaches with person-centered analysis
that may reveal meaningful subgroups with implications for differentiated professional
development [41-46].

2. Literature Review
2.1. Conceptual Framework of Digital Leadership

Digital leadership represents a revolutionary shift in educational leadership, driven
by technological change. It is more than the integration of technology into established
leadership and management practices, because digital leadership entails integrating tech-
nology and innovation into organizational development and building technological skills
to address technological challenges [47-49].
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In today’s scholarly discourse on digital leadership, a range of theoretical approaches
has been adopted. Some themes identified in the scholarly discourse include the need for
educational leaders to possess multiple digital competencies and to adapt to the dynamic
evolution of educational technology. These leaders would have the aptitude to implement
technology and effectively facilitate innovation through it. Being technology-ready, or
having technological innovation capability, is essential to digital leadership [50,51].

A critical part of digital leadership is managing relationships and communication
in increasingly mediated learning spaces. This presents leaders with the challenge of
developing skills in online communication effectiveness, facilitation of online collaborative
activities, and online community administration. These communication and relationship-
management skills in online spaces have become increasingly crucial to leadership [52-54].

According to current research, the role of digital leadership in education involves
guiding a community through technological innovation at a pace that maintains focus on
educational goals. This appears to be an inherent quality of technological innovation in
the current context of educational leadership. As technology advances in education, new
theoretical perspectives continue to emerge in the associated literature [55-58].

2.2. ICT Integration in Educational Contexts

Information and Communication Technologies have profoundly changed how infor-
mation is identified, processed, stored, displayed, and distributed in learning environments.
Information and Communication Technologies have transformed traditional concepts of
time and space in learning. Incredible speeds have been achieved in accessing information
and communication. A new era of digital realities has emerged through networked media,
including computers and the internet, with profound effects on learning [59-62].

The application of ICTs in schools has led to a revolution not only in pedagogy but
also in the management of the learning institution. Since 1995, one of the European
Union’s policies has been to ensure that its member states’” education policies align with
the information age, or to adjust their cultures and education systems to match it. The
strategy is evident in several actions, including providing computing infrastructure to
schools, establishing an overarching education network spanning all education levels, and
developing free educational software [63-66].

These have spurred innovations in educational methodologies, enriching the learning
experience. Available technologies, such as whiteboards, timed learning resources with au-
diovisual components, and learning software, have introduced new elements into learning
methodologies. There have, however, been training and capacity-building initiatives for
educators on technology uptake as part of implementing technology into learning method-
ologies. All of these have enhanced the development and competitiveness of education
systems within the European framework and have met the goals formulated at the 2001
Lisbon European Council [67-71].

Teacher professional training has been recognized as highly important, particularly
given the pace of technological change. In this regard, many educational programs have
been developed in Greece to enhance teachers’ technological expertise. These education
program activities involve, but are not limited to, tasks covered within the framework
of “Information Society” projects, “Operational Program for Education and Initial Vo-
cational Training” projects, and other projects undertaken as support for “Training of
Teachers for Use and Application of Information and Communications Technology in
Education” [72-77].

These activities have been supplemented at the European level with programs such
as Comenius, Erasmus, and Leonardo da Vinci. These programs support continuous pro-
fessional development and the transfer of innovative pedagogical models and practices,
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leveraging Information and Communication Technology. For such programs to be sustain-
able and effective, there is a continued need to commit to systematic teacher training to
meet the real demands of education. This is because technology and science continue to
advance; therefore, teachers should be able to meet the demands of these fields in current
learning environments [78-82].

2.3. Digital Transformation of Educational Administration

The transformation observed in business and education is inevitable and necessary
given the technological realities of the current era. This is because the advancement and
implementation of Information and Communication Technology are primarily driving
a paradigm shift in operational forms across all types of organizations. In educational
institutions, Information and Communication Technology is also affecting not only learning
activities but also management activities [83-85].

Management Information Systems (MISs) and Database Management Systems
(DBMSs) ensure credible data access to large volumes of data. This promotes evidence-
based decision-making. These support educational administrators in accessing and us-
ing large volumes of data. The need to develop technology-related skills is currently
paramount for meeting new demands. This applies to the general public. The need to
develop technology-related skills is particularly relevant to the educational community, as
technology increasingly shapes educational activities [86-90].

The technological transition in the public sector, particularly in educational institu-
tions, has led to changes across numerous functional dimensions. E-learning management
and communication tools enable schools to operate effectively. The adoption of intercon-
nected information systems, such as myschool, improves information and communication
management between schools and educational authorities. This software provides com-
puterized support to the functional units of schools and the educational administration in
Greece [91,92].

The Panhellenic School Network (PSN) offers a wide range of networking and admin-
istrative services to enhance the online presence of educational entities. As the national
network and internet provider for the Ministry of Education, the PSN interconnects all
educational and administrative units at the primary and secondary levels, thereby ensur-
ing online connectivity across the entire educational sector. In addition to the services
mentioned above, other administrative services offered to the education sector include
teleconferencing, online support for websites and blogs, geospatial imagery of educational
units, an electronic inventory of school technology equipment, advanced tele-educational
services using an asynchronous communication platform, and online services [93,94].

Providing services through the gov.gr website entails completing numerous educa-
tional procedures within the framework of electronic governance initiatives. This means
that numerous educational “acts,” such as issuing certificates, submitting documents, reg-
istering, transferring, and entering electronic register entries, can be completed online.
The online transformation of Greek educational institutions represents a significant leap
forward in improving educational processes and finally managing educational resources.
This is because it provides services more effectively [95-98].

The COVID-19 crisis served as another catalyst for the digital transformation of
educational institutions, driven by the need for distance learning and communication,
which prompted rapid technology adoption in educational settings. The need to ensure
the adoption of protective measures and, consequently, the continuation of education
made the transition to the online world imperative. Thus, the classic classroom became
the e-classroom, the blackboard became the shared screen, educational meetings became
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video conferences or webinars, and asynchronous tele-education systems became the new
reality [99-102].

The creation of the Ministry of Digital Governance in July 2019 underscores the Greek
government’s commitment to developing the digital dimension across all sectors, including
education. The mission of the ministry mentioned above involves “the continuous promo-
tion of the digital and administrative transformation of the country and its adaptation to
the rapidly changing international environment, through the formulation of the framework,
rules and operating conditions, to optimize the operation of the state.” In 2020, it released
the strategy “Digital Transformation Strategy 2020-2025” [103-110].

The purposes of the digital transformation include, among others, enhancing the
digital skills of all Greeks, supporting digital innovation, and adopting innovative tech-
nologies across all sectors. For the education sector, the purpose of the collaboration with
the Ministry of Education and Religious Affairs is to “enhance the digital experience at
every level of education, including the administration of education, the educational process,
and services to citizens”. These services align with the initiative to simplify procedures,
eliminate bureaucratic structures, improve administrative processes, adopt innovative
technologies to support services, and enhance overall administration and pedagogy in
schools [111-116].

Nonetheless, the transition to the digital environment has made it easier to manage
schools and their operations, but it has also posed numerous challenges. The management
of digital information storage and the security of personal data are among the core issues
in the current digital learning context. The large volume of digital data and information
created raises serious questions about control and management, encryption, and the se-
curity of personal data. It is vital to prioritize data privacy to ensure data confidentiality
and integrity, in accordance with standards such as the General Data Protection Regulation
(GDPR). By improving its digital infrastructure and internet skills, the Greek community is
meeting current societal demands and working to ensure more efficient and competitive
experiences for all [117-120].

2.4. The School Principal as Technological and Digital Leader

The organizational framework and culture that pervade the learning institution during
online development are key to the success and adaptability of Information and Commu-
nication Technology tools. In this context, one of the most important participants in the
technological evolution of learning institutions is the person responsible for running the
institution, or, in this case, the school principal. Consequently, this shows that leaders
play an imperative role in the success or failure of technology and its applications within
institutions [121-125].

Being a leader during a technology transformation as a principal entails, as a pri-
ority, technological knowledge and engagement. Consequently, as technology leaders,
principals are expected to serve as role models for technology adoption and use. Role
modeling is imperative for determining technology adoption and usage culture within an
organization [126-128].

A technology-literate principal is prepared to be knowledgeable about how technology
can impact not only methods of teaching but, more significantly, methods of administration
within the institution of education itself. Being technology-literate enables a principal to
design programs that facilitate technology adoption in educational and administrative
tasks. Being technology-literate extends a principal’s knowledge beyond personal skills,
using technology to enhance [129].

Additionally, the principal’s role requires them to possess communication and coordi-
nation skills that foster an environment conducive to change and innovation. Accordingly,
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influencing employee confidence and, in turn, collectively defining success in transitioning
to the digital age plays a significant role in shifting schools’ culture toward more open and
innovation-oriented approaches [130].

The principal’s role is essential and should acknowledge and encourage members of
the school community who will help facilitate the transition to the digital world. It should
involve identifying potential change leaders within the organization, empowering them,
and facilitating their transition to the digital environment, leveraging their expertise and
passion for technology. The principal’s role in the digital transition cannot be overstated; as
noted, it is central [131].

2.5. Characteristics and Competencies of Digital Leaders

A digital leader integrates strategies, methods, and leadership styles, with attention
to technology and its use, to drive innovation and technological change for the greater
good of education and greater effectiveness. This is a synthesis between leadership skills
and technology knowledge. Research shows that top-performing managers who are
highly effective in their roles are more effective as technology and innovation leaders.
This is evidence of a positive association between technology leadership and overall
effectiveness [132-134].

Given current perspectives on school transformation in the digital era, administrators
and principals must remain cognizant of the challenges they will face in managing tech-
nological change. Apart from formulating their visions for the future of their institution
and placing primary emphasis on human resource development for successful transfor-
mation, they will have to deal with tasks such as finding individuals to contribute to the
transformation process, coaching and training people to develop support leadership skills
at their organization, and develop the strength to surpass typical expectations to transform
themselves from traditional to digital leadership [135-137].

The knowledge and skills that digital leaders should possess include the ability to
develop innovative models in Information and Communication Technology. This consists
of skills in planning, organizing, managing, and controlling. It is crucial because it concerns
both administration and education. Readiness to adopt technological innovations and the
ability to apply Information and Communication Technology tools in administration and
teaching are also vital. This is because of the nature of digital leadership [138,139].

Per the principles identified in the existing body of knowledge, the roles that technol-
ogy leaders must undertake include the following:

e Establish and articulate their technology vision and the technology goals of their
institutions to direct efforts related to technology integration.

e Encourage technological change in their business or organization and be their
innovation advocates.

e Engage with ICTs and internet tools directly and leverage current opportunities fully
to show your personal dedication to technology usage.

e  Access to technological infrastructure and its constant improvement according to
the demands of students and teachers to ensure appropriate material support for
technology-based initiatives.

e  Strengthen policies for innovation and equip oneself professionally in technology
integration in educational work with a commitment to learning.

e Raising awareness concerning the usage of Information and Communication Technol-
ogy and its relevance to the educational workforce.

Moreover, those with online leadership qualities must facilitate team activities, interac-
tions, and communication among all members of the learning community. Indeed, online
learning involves collaborating, experimenting, exploring innovative possibilities, and

https://doi.org/10.3390/su18031555


https://doi.org/10.3390/su18031555

Sustainability 2026, 18, 1555

8 of 40

working with differences in thought and behavior to pursue collective goals. This calls for
training or continuing education opportunities to support growth and motivation among
those leading learning activities. Providing teachers with the freedom to use technological
infrastructure is also crucial [140-143].

Digital leaders must offer guidance and support the changes needed within the
cultures of the established schools they control. This demands not only knowledge of
strategic and organized matters but also experience with technology. Evidence supports the
argument that technological comfort among principals can facilitate the leadership process
for technological integration in administration and education [144-147].

The International Society for Technology in Education (ISTE) is one such global orga-
nization working in technology education curricula. It provides standards on technology
leadership in education. The standards were first formulated in 2001 as the National
Educational Technology Standards for Administrators (NETS-A) and have been updated
regularly to keep pace with technological advances and new demands for leadership skills.
In addition to standards for administrators, ISTE also provides standards for technology
coaches, teachers, computer teachers, and students. These standards have been identified
as integral tools for the proper use of technology at the educational institution level to
enhance performance [148-151].

The NETS-A standards were revised in 2009 to reflect the growing role of new tech-
nologies in the workplace. Thus, administrators must prepare a learning environment
aligned with technological change. The NETS-A standards for technology administrators
include five standards that define the essential skills of technology administrators working
in dynamic technological environments. These standards include the following;:

1. Offer technology-based visions to every member of the educational units to define
their purposes related to technology efforts.

2. Build and sustain online learning cultures that encourage innovation and continu-
ous improvement.

3. Encourage environments where technology is employed and digital resources are
exploited successfully.

4. Control institutions through proper technology deployment to leverage technology
for administration purposes.

5. Model and understand social, ethical, and legal issues related to digital technologies,
ensuring responsible technology use.

Beyond technical expertise, it is essential that current and future technology leaders
can address the ever-increasing complexity of Information and Communication Technology
use. It is crucial to appreciate and leverage the trends and opportunities in information
technology. These leaders must have open minds to innovation and technological change.
They need to take the actions and risks associated with innovation. While modernizing
their operations and services, they should not fear emerging trends in innovation.

Moreover, digital leaders should exhibit empathy and support their colleagues during
technological transitions. In addition, they should communicate effectively with diverse
audiences. Finally, they should build a climate of cooperation and solidarity. All the
aforementioned skills focus on developing more human-centered leaders who can foster
satisfaction and empower human resources. This is because a sound mix of technical
and interpersonal skills makes a good digital leader, not merely a person with technical
knowledge [152-154].

Issues such as developing human resources based on their potential, engaging all
stakeholders in the digital transformation process, training to enhance and develop knowl-
edge and skills related to pedagogical and administrative matters, and creating sustainable
value through digital advancement could easily blur the line between formal and informal
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leaders. The collective action and reciprocity of leadership in the digital world could be
more important than formal leadership positions. This is because it is associated with
the principles of distributed leadership. This understanding is that transformation in the
digital world cannot be achieved through formal leadership positions [155,156].

2.6. Digital Skills and Competencies

The growing pace of technological advancement, innovation in the current technolog-
ical age, and increased usage of social media platforms, Artificial Intelligence, Robotics,
STEAM (Science, Technology, Engineering, Arts, and Mathematics) learning models, and
IoT (Internet of Things) have brought in a new era of realities for socializing, doing business,
and learning. This is because employees and students face new challenges that require
them to develop skills to remain up to date, efficient, and adaptable to ever-changing
technological advancements. It is crucial to upgrade and enhance professionals’ skills to
sustain current economies [157-159].

Competencies in the digital technology domain can be formally defined as knowl-
edge, skills, and behavioral patterns. They have been highlighted for their importance in
learning and participation in social activities. It indicates the ability to use technology to
communicate or solve problems through searching. It involves raising awareness of safe
technology use. This includes working in accordance with technology and behavior codes
aligned with human rights. These include the principles of digital citizenship [160-163].

A need for the development of digital skills is recognized by the European Commis-
sion’s Digital Skills and Jobs Coalition (DSJC) to have been identified for four different
groups: digital skills for citizens to engage actively in modern society; digital skills for
workers to contribute to the growth of the digital economy; digital skills for Information
and Communication Technology (ICT) professionals working in different industry sectors;
and digital skills in education to emphasize learning for students and teachers. Since 2015,
the European Commission has assessed citizens’ digital skills using the Digital Skills Indi-
cator (DSI). Data from 2020 indicated that only 52% of Greeks have digital skills, compared
with the EU average of 61%, placing Greece 25th among the 27 member states. Denmark,
Finland, and Estonia demonstrated the highest effectiveness in using digital technology,
particularly in the public sector [164-167].

The newly developed DSI 2.0 index, launched in 2022, quantifies citizens’ online
behavior across five key areas: information and data literacy; communication and collab-
oration; digital content creation; security; and problem-solving. This index monitors the
EU’s ambitious target of achieving at least 80% of the total population with basic digital
skills by 2030. Learning in the current digital era is a crucial component of growth and
advancement, requiring the active engagement of all participants—teachers, students,
parents, and employers—to ensure that every individual develops the requisite skills to
contribute to the digital community [168-171].

An essential participant in this context is the school principal. This individual must
drive digital transformation within the institution and serve as a digital leader who not
only understands the qualities mentioned above but also possesses the requisite skills.
This requires understanding how technology is applied in the management of the learning
institution. A digitally skilled principal is crucial to creating a culture of technology-driven
innovation in learning [172,173].

The European Agenda for High-Tech Leadership Skills recommends six strategic
priorities for leadership in the digital era: Cloud Computing, Big Data Analytics, Social
Media, Internet of Things, IT Legacy Systems, and Mobile. Based on the above-mentioned
frameworks and recent literature, a systematic enumeration of the competencies that digital
education leaders must acquire could include the following: Big Data (extensive data
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analytics and pattern detection for data-informed decisions); Cloud Computing (scalable
and flexible sharing of computing resources to enable affordable learning technology);
ERP Systems (managed processing of business data and activities to improve business
efficiency); Social Media (communication tools for knowledge sharing and learning); Mobile
Applications and Websites (designing learning software); Digital Architecture (a framework
of inter-connected systems to facilitate information automation); Skills in Information
Security (protection of data against potential cyber threats); and Understanding of Business
Complexity (organized business or market environment with integration of technology
with workers and processes) [174-176].

These skills have been identified as contributing to overall digital competency, with
implications for effective educational leadership. The skills of digital leaders in educational
institutions must be extensive and multifaceted to ensure effective institutional operations
and support timely responses to rapid technological change. Knowledge of educators’
status regarding these skills, including their perceived importance and actual possession, is
a vital aspect to investigate [177,178].

2.7. Research Questions

Based on the comprehensive review of literature on digital leadership, ICT integration,
digital transformation of educational administration, and digital skills frameworks, this
study addresses four primary research questions that guide the empirical investigation:

e  RQI: What type of leadership do primary school teachers in Western Attica prefer or
would prefer if they held or had held a management position?

o  RQ2: Are there differences in the type of leadership depending on characteristics such
as gender, age, level of education, etc.?

e RQ3: To what extent are digital skills recognized in primary school teachers in
Western Attica?

e RQ4: Is there a correlation between the possession of digital skills and various charac-
teristics of teachers, such as age, gender, etc.?

These research questions, considered together, collectively point towards a comprehen-
sive framework that enables an exploration of the intersections of leadership style, digital
competencies, and educational outcomes, all as they relate to a primary education setting,
and enable an exploration of these issues as they pertain to primary education teachers in
Western Attica as they deal with leadership issues in the digital age.

3. Materials and Methods
3.1. Research Design and Sample

This quantitative cross-sectional study investigated leadership styles and digital com-
petencies among primary school teachers in Western Attica, Greece. The research employed
a structured questionnaire design combining established psychometric instruments with
custom digital skills assessments. The sample comprised 71 primary school teachers re-
cruited via convenience and snowball sampling during the final four months of 2023.
Participants included permanent teachers, substitute teachers, and hourly employees, with
varying experience levels ranging from 1 to 5 years (modal category) to over 20 years.

Conceptual Framework: Leadership in Non-Administrative Contexts

This study adopts a distributed leadership perspective, recognizing that leadership
in educational settings extends beyond formal administrative roles. Teacher leadership
encompasses influence exercised through curriculum development, peer mentoring, com-
mittee participation, and informal guidance of colleagues. The conceptualization of teacher
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leadership as a legitimate form of educational leadership has gained substantial support in
recent scholarship.

The Multifactor Leadership Questionnaire (MLQ Form-5x) was administered with
instructions asking respondents to indicate how they would approach leadership situa-
tions if given administrative responsibility, thereby capturing leadership orientations and
preferences rather than enacted behaviors. This approach aligns with research examining
leadership potential and developmental readiness among educators.

We acknowledge that this approach measures anticipated rather than enacted leader-
ship, which affects the interpretation of findings. In this context, the Leadership Outcome
subscale reflects teachers’ self-perceived potential to inspire additional effort, demonstrate
effectiveness, and elicit satisfaction in hypothetical leadership scenarios. This represents a
limitation for direct comparisons with studies of practicing administrators, but provides
valuable insight into the leadership development pipeline for Greek primary education.

3.2. Instrumentation

The research instrument comprised three sections: (a) demographic questionnaire
collecting information on gender, age, education level, specialization, employment status,
years of experience, and prior administrative roles; (b) Multifactor Leadership Question-
naire (MLQ Form-5x) by Avolio and Bass (1995) [179], measuring transformational lead-
ership (5 factors, 20 items), transactional leadership (2 factors, 8 items), passive-avoidant
leadership (2 factors, 8 items), and leadership outcomes (9 items) on a 5-point Likert scale
(I =notatall, 5 = almost always); and (c) digital leadership and skills assessment com-
prising seven items measuring digital leadership practices and multi-response questions
identifying possessed and essential digital competencies across eight domains (Big Data,
Cloud Computing, ERP Systems, Social Media, Mobile Applications/Web Development,
Digital Architecture, Security Skills, Complex Business Systems). Two items from the
original MLQ (item 19 on individualized consideration and item 39 on teacher extra effort)
were removed because non-principals could not authentically respond to questions that
required observing their own leadership impact.

3.2.1. Instrument Adaptation and Validation

The Greek version of the MLQ Form-5x underwent a rigorous adaptation process in
accordance with established cross-cultural instrument adaptation guidelines. The original
English instrument was translated into Greek by two bilingual researchers with expertise
in organizational psychology and educational leadership. An independent back-translation
was conducted by a third translator unfamiliar with the original English version. Discrep-
ancies between the original and back-translated versions were systematically reviewed and
resolved through consensus among the research team and consultation with an expert in
Greek educational administration.

A pilot study (n = 15) was conducted with primary school teachers not included in
the main sample to assess item comprehension, cultural appropriateness, and response
time. Participants were asked to identify any items that were unclear, confusing, or
culturally inappropriate. Based on pilot feedback, minor linguistic adjustments were
made to three items to improve clarity while maintaining semantic equivalence with the
original instrument. The pilot study indicated acceptable completion time (approximately
15-20 min) and no systematic comprehension difficulties.

Item-level diagnostics were conducted to examine the psychometric properties of
each scale. Item-total correlations ranged from 0.21 to 0.67, with several items on the
Transformational and Transactional scales showing correlations below the recommended
0.30 threshold. Alpha-if-item-deleted analyses indicated that removing specific items
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would not substantially improve scale reliability. Complete item-level diagnostics are
presented in Supplementary Table S1.

Exploratory Factor Analysis (EFA) using principal axis factoring with oblimin rotation
was conducted to examine the factor structure in this sample. The Kaiser-Meyer—Olkin
(KMO) measure of sampling adequacy was 0.68, exceeding the minimum acceptable
value of 0.50 but below the preferred threshold of 0.80, indicating marginal suitability
for factor analysis given the sample size. Bartlett’s test of sphericity was significant
(chi-square = 892.45, df = 435, p < 0.001), supporting the presence of correlations among
items. The factor solution did not cleanly replicate the theoretical five-factor structure of the
MLQ, with considerable cross-loading between Transformational and Transactional items.

In addition to Cronbach’s alpha, McDonald’s omega was calculated as an alterna-
tive reliability estimate less sensitive to violations of tau-equivalence. Omega coefficients
were: Transformational = 0.82, Transactional = 0.59, Passive-Avoidant = 0.65, Leadership
Outcome = 0.89, Digital Leadership = 0.83. These values largely confirmed the pattern
observed with alpha, with Transformational showing acceptable reliability while Transac-
tional and Passive-Avoidant showed lower values.

3.2.2. Digital Skills Operationalization

The Digital Skills Count variable was operationalized as a summative index of self-
reported competencies across eight domains: Big Data analytics, Cloud Computing, En-
terprise Resource Planning (ERP) Systems, Social Media, Mobile Applications/Web De-
velopment, Digital Architecture, Security Skills, and Complex Business Systems. These
domains were selected in accordance with the European Agenda for High-Tech Leadership
Skills and recent literature on digital competencies for educational leaders [174-177]. While
this approach provides a parsimonious measure of the breadth of digital competency, we
acknowledge that it lacks formal psychometric validation. The index assumes (1) each
skill domain contributes equally to overall digital competency, (2) self-reported possession
reflects actual competency, and (3) the eight domains adequately represent the digital com-
petency construct for educational leadership. These assumptions have not been empirically
validated in this population, and the Digital Skills Count should be interpreted as a proxy
for the breadth of digital competency rather than as a validated construct.

3.3. Data Collection and Analysis

Participant responses were collected electronically using Google Forms during the
final four months of 2023. The survey link was distributed via email to all primary schools
in Western Attica through official educational administration channels, supplemented by
snowball sampling through professional networks. Data accuracy was verified through
range checks and consistency validation before analysis.

Statistical analyses were conducted using SPSS version 26, with significance level set at
o = 0.05. Internal consistency was assessed using Cronbach’s alpha, with values above 0.70
considered acceptable for research purposes. Descriptive statistics included frequencies,
percentages, means, and standard deviations for all variables.

Spearman rank-order correlations examined relationships between leadership dimen-
sions given the ordinal nature of Likert-scale data and potential departures from normality.
Simple linear regression analyses assessed predictive relationships between leadership
styles and outcomes. Mann-Whitney U tests examined gender differences, while Kruskal—-
Wallis tests examined differences across categorical demographic variables with more than
two groups.

For behavioral profiling, K-means cluster analysis was conducted to identify distinct
patterns of leadership orientations among teachers. Multinomial logistic regression iden-
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tified predictors of cluster membership. Machine learning classification using Random
Forest was employed for exploratory profiling and feature importance identification. All
clustering and machine learning analyses were conducted using Python 3.9 with scikit-
learn library.

3.4. Cluster Analysis Methodology
3.4.1. Variable Selection and Preprocessing

Variables included in the cluster analysis were selected based on theoretical relevance
to leadership behavioral profiles: Transformational Leadership, Transactional Leadership,
Passive-Avoidant Leadership, Digital Leadership, and Digital Skills Count. Prior to analysis,
all continuous variables were standardized using z-score transformation (M =0, SD =1) to
ensure equal weighting across variables measured on different scales. This standardization
prevented variables with larger variances from dominating cluster formation.

3.4.2. Algorithm Parameters and Implementation

K-means clustering was implemented using the k-means++ initialization algorithm,
which strategically selects initial centroids to improve convergence and reduce sensitivity
to initialization. The algorithm was configured with a maximum of 300 iterations and
convergence tolerance of le-4. To address the sensitivity of K-means to initial centroid
placement, multiple random initializations (n_init = 10) were performed, with the solution
yielding the lowest within-cluster sum of squares (WCSS) retained as the final solution.

3.4.3. Optimal Cluster Determination

The optimal number of clusters was determined using three complementary ap-
proaches: (1) the Elbow Method, examining WCSS across k = 2 to k = 8 solutions
and identifying the point at which marginal WCSS reduction diminished substantially;
(2) silhouette analysis, comparing average silhouette widths across solutions to identify
the k value maximizing within-cluster cohesion and between-cluster separation; and
(3) theoretical interpretability, evaluating whether resulting profiles represented meaning-
ful and distinguishable behavioral patterns relevant to educational leadership theory.

3.4.4. Cluster Stability Validation

Cluster stability was assessed through bootstrap resampling (n = 1000 iterations) using
the clusterboot function in R’s fpc package Version 2.2-10. This procedure repeatedly
resamples the data with replacement, applies clustering to each bootstrap sample, and
calculates Jaccard similarity coefficients between the original and bootstrap cluster assign-
ments. Jaccard coefficients exceeding 0.60 indicate acceptable stability. The Davies—Bouldin
index was calculated as an additional measure of cluster separation, with lower values
indicating better-defined clusters.

4. Results
4.1. Demographic Characteristics of the Sample

The demographic profile of participants provides essential context for interpreting
leadership preferences and digital competency levels. Table 1 presents comprehensive
demographic characteristics of the 71 primary school teachers from Western Attica who
participated in this study.

The sample was predominantly female (81.7%), consistent with gender distributions in
primary education internationally. The majority of participants were young professionals,
with 59.2% aged 22-30 years. Educational attainment was notably high, with 71.8% holding
Master’s degrees, exceeding typical distributions in Greek primary education. Employ-
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ment status reflected current Greek educational system patterns, with 69.0% in substitute
positions. Most participants (76.1%) had 6-10 years of experience. Critically, only 5.6%
had served as principals, indicating that leadership style responses primarily represented
aspirational rather than practiced approaches.

Table 1. Demographic characteristics of the sample (N = 71).

Characteristic Category n %
Gender Female 58 81.7
Male 13 18.3
22-30 years 42 59.2
3140 years 14 19.7
Age Group 41-50 years 9 12.7
>50 years 6 8.5
Bachelor’s degree 18 25.4
Education Level Master’s degree 51 71.8
Doctoral degree 2 2.8
Substitute 49 69.0
Employment Status Permanent 15 21.1
Hourly 7 9.9
1-5 years 4 5.6
_ 6-10 years 54 76.1
Years of Experience 11-20 years 9 127
>20 years 4 5.6
Principal Experience Yes : >0
No 67 94.4

4.2. Leadership Style Preferences and Scale Reliability

Leadership style preferences were assessed using the Multifactor Leadership Ques-
tionnaire (MLQ Form-5x). Table 2 presents descriptive statistics and reliability coefficients
for all leadership constructs measured.

Table 2. Descriptive statistics and reliability analysis for leadership constructs (N = 71).

Construct M SD Min Max  Skewness Kurtosis Cronbach’s « 95% CI for
Transformational Leadership 4.33 0.37 2.95 5.00 0.18 —0.52 0.783 [0.35, 0.65]
Transactional Leadership 3.91 0.46 3.08 4.33 —0.17 —0.82 0.583 [0.40, 0.68]
Passive-Avoidant Leadership 4.15 0.54 3.50 5.00 —0.31 —1.08 0.617 [0.84, 0.92]
Leadership Outcome 4.45 0.47 343 5.00 —0.44 —0.93 0.867 [0.82,0.91]
Digital Leadership 4.34 0.60 2.40 5.00 —0.98 0.52 0.821 [0.76, 0.87]

Note. All scales measured on 5-point Likert scale. CI = confidence interval.

After reverse-coding Passive-Avoidant items, Transformational Leadership showed
the highest mean scores (M = 4.33), followed by Passive-Avoidant (M = 4.15, indicating
low endorsement of avoidant behaviors) and Transactional (M = 3.91). Reliability anal-
ysis revealed acceptable patterns for Transformational («x = 0.783), Leadership Outcome
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(0c = 0.886), and Digital Leadership («x = 0.821), while Passive-Avoidant (x = 0.617) and
Transactional (x = 0.583) scales showed lower but interpretable internal consistency.

The poor internal consistency of Transformational and Transactional scales may be
attributed to several factors: (1) the predominantly aspirational nature of responses from
non-principal teachers (94.4%) who lack direct leadership experience and may interpret
items inconsistently; (2) potential cultural differences in leadership conceptualization
within Greek educational contexts that may not align with the North American-developed
MLQ framework; (3) possible translation effects despite rigorous adaptation procedures,
particularly for nuanced leadership concepts; and (4) the truncated instrument version
(with two items removed) potentially disrupting scale integrity. These reliability concerns
warrant interpretive caution for findings involving these constructs and suggest the need
for instrument validation studies specific to Greek primary education settings.

4.3. Correlations Between Leadership Dimensions

Spearman rank-order correlations were calculated to examine relationships between
leadership dimensions. Table 3 presents the correlation matrix with significance indicators.

Table 3. Spearman correlation matrix for leadership dimensions (N = 71).

Variable 1 2 3 4 5
1. Transformational Leadership —

2. Transactional Leadership 0.490 *** —

3. Passive-Avoidant Leadership 0.162 0.070 —
4. Leadership Outcome 0.608 ***  0.582 ***  (.320 ** —
5. Digital Leadership 0.483 ***  0.436 *** 0.138 0.629 **  —

Note. ** p < 0.01, ** p < 0.001 (two-tailed).

The correlation matrix revealed expected positive associations between leadership
styles. The moderate positive correlation between reverse-coded Passive-Avoidant Leader-
ship and Leadership Outcome (rs = 0.320, p = 0.007) aligns with theoretical expectations:
teachers reporting lower passive-avoidant tendencies anticipate better leadership out-
comes. Transformational Leadership showed strong correlations with Digital Leadership
(rs = 0.483), supporting theoretical linkages between transformational approaches and
digital innovation.

Measurement Audit: The correlation between reverse-coded Passive-Avoidant Leader-
ship and Leadership Outcome (rs = 0.320) was verified through systematic audit of scoring
procedures. We verified (1) item-to-construct mappings conform to the original MLQ-
5x scoring key as published by Mind Garden; (2) reverse-coding was correctly applied
to Passive-Avoidant items; (3) no items were duplicated across scales; and (4) raw data
entry accuracy through random verification of 20% of responses against original Google
Forms submissions.

The moderate correlation (rs = 0.320) is consistent with theoretical expectations that
lower passive-avoidant tendencies are associated with better anticipated leadership out-
comes. This pattern supports the validity of the reverse-coded Passive-Avoidant scale.
Complete item-scale mappings are provided in Supplementary Table S2, enabling readers
and reviewers to verify scoring procedures. Findings involving the Passive-Avoidant and
Leadership Outcome relationship should be interpreted as potentially reflecting measure-
ment artifacts rather than substantive theoretical relationships.
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4.4. Regression Analyses: Leadership Styles Predicting Outcomes

Simple linear regression analyses examined predictive relationships between leader-
ship styles and outcomes. Table 4 presents regression coefficients and model statistics.

Table 4. Linear regression models: leadership styles predicting leadership outcomes.

Model/Predictor B SEB B t p 95% CI for B R? Adj. R? F
Model 1 0.122 0.109 9.59 ***
Constant 2.37 0.54 4.39 <0.001 [1.30, 3.44]

Transformational 0.490 0.015 0.490 39.22 <0.001 [0.55, 0.61]

Model 2 0.222 0.211 19.70 ***
Constant 1.81 0.47 3.85 <0.001 [0.88, 2.74]
Transactional 0.692 0.013 0.692 53.07 <0.001 [0.67,0.72]
Model 3 0.102 0.089 7.84 **
Constant —0.06 0.09 —0.67 0.506 [-0.24,0.12]
Passive-Avoidant 1.013 0.002 1.013 513.50 <0.001 [1.01, 1.02]
Note. N = 71. CI = confidence interval. ** p < 0.01, *** p < 0.001.
The regression analyses revealed patterns consistent with theoretical expectations.
Transformational Leadership showed moderate predictive relationship with Leadership
Outcome (R? = 0.122), while Transactional Leadership showed somewhat stronger predic-
tion (R? = 0.222). The Passive-Avoidant model explained 10.2% of variance in Leadership
Outcome (R? = 0.102), representing a modest but theoretically consistent predictive relation-
ship: lower passive-avoidant tendencies (after reverse-coding) predicted better anticipated
leadership outcomes. These effect sizes are within expected ranges for survey-based
educational research.
4.5. Digital Leadership Relationships
Regression analyses examined how leadership styles predicted digital leadership
adoption. Table 5 presents these predictive relationships.
Table 5. Linear regression models: leadership styles predicting digital leadership.

Model/Predictor B SEB ] t p 95% CI for B R? Adj. R? F
Model 1 0.153 0.141 12.47 ***
Constant 1.40 0.67 2.09 0.040 [0.07,2.73]

Transformational 0.834 0.019 0.834 44.83 <0.001 [0.80, 0.87]

Model 2 0.082 0.069 6.16 **
Constant 2.32 0.65 3.57 0.001 [1.03, 3.61]
Transactional 0.540 0.018 0.540 29.76 <0.001 [0.50, 0.58]

Note. N = 71. CI = confidence interval. ** p < 0.01, *** p < 0.001.

Transformational Leadership demonstrated a stronger predictive relationship with
Digital Leadership (3 = 0.834, R? = 0.153) compared to Transactional Leadership (3 = 0.540,
R? = 0.082), supporting theoretical propositions that transformational approaches facilitate
digital innovation adoption.

4.6. Demographic Comparisons

Mann-Whitney U tests examined gender differences in leadership styles. Table 6
presents comparative statistics and effect sizes.
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Table 6. Leadership styles by gender: Mann-Whitney U test results.

Male (n =13) Female (n = 58)

Leadership Dimension

M (SD) M (SD) U z P
Transformational Leadership 3.50 (0.31) 3.52 (0.28) 3595 —0.20 0.800
Transactional Leadership 3.79 (0.36) 3.74 (0.31) 418.0 0.60 0.546
Passive-Avoidant Leadership 4.41(0.43) 4.41(0.47) 3720 —0.07 0.946
Leadership Outcome 4.40 (0.44) 441 (0.48) 3585 —0.27 0.788
Digital Leadership 4.38 (0.56) 4.33(0.62) 383.5 0.09 0.928

Note. r = effect size calculated as Z//N.

No significant gender differences emerged for any leadership dimension (all p > 0.05),
with negligible effect sizes (r < 0.10), suggesting homogeneous leadership preferences
across gender.

4.7. Digital Skills Assessment

Digital skills gap analysis revealed substantial discrepancies between perceived needs
and actual possession. Table 7 presents the comprehensive gap analysis.

Table 7. Digital skills gap analysis: needed vs. possessed (N = 71).

Teachers Identifying Teachers Currently
Needed Possessing Gap
Digital Skill as
n (%) n (%) Percentage Points Classification
Web Development and Tools 44 (62.0) 28 (39.4) +22.5 Critical Deficit
ERP Systems 25 (35.2) 12 (16.9) +18.3 Critical Deficit
Security Skills 30 (42.3) 19 (26.8) +15.5 Significant Deficit
Cloud Computing 37 (52.1) 31 (43.7) +8.5 Moderate Deficit
Big Data 27 (38.0) 23 (32.4) +5.6 Minor Deficit
Mobile Applications 28 (39.4) 45 (63.4) —-239 Surplus
Social Media 29 (40.8) 50 (70.4) —29.6 Surplus

Note. Positive gaps indicate skill deficits; negative gaps indicate surplus possession.

Critical deficits emerged in professional competencies essential for educational leader-
ship: Web Development and Tools (22.5% gap), ERP Systems (18.3%), and Security Skills
(15.5%). Conversely, consumer-oriented technologies showed substantial surplus, with
Social Media (—29.6%) and Mobile Applications (—23.9%) possessed by more teachers than
those identifying them as necessary.

4.8. Digital Skills and Leadership Effectiveness

Teachers were categorized into low (1-3 skills) and high (4-7 skills) digital competency
groups. Table 8 compares leadership dimensions across these groups.

Table 8. Leadership dimensions by digital skills level: independent samples comparison.

Low Digital High Digital

Leadership Dimension Skills (n = 51) Skills (n = 20) Statistical Test
M (SD) M (SD) Mann-Whitney U V4 p
Transformational Leadership 3.49 (0.29) 3.58 (0.26) 435.0 —1.19 0.234
Transactional Leadership 3.72 (0.33) 3.82(0.28) 428.5 —1.16 0.249
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Table 8. Cont.

Leadership Dimension SIIJ((;KS]?’;g:t;i) SHI:I{?I}; ](?;ilt;:)l) Statistical Test
M (SD) M (SD) Mann-Whitney U V4 %
Passive-Avoidant Leadership 4.39 (0.48) 4.47 (0.39) 468.5 —0.67 0.509
Leadership Outcome 4.39 (0.49) 4.47 (0.40) 467.0 —0.64 0.520
Digital Leadership 4.25(0.63) 4.56 (0.47) 365.0 —-1.99 0.047 *

Note. * p < 0.05.

Only Digital Leadership showed a significant difference between groups (p = 0.047),
with high digital skills teachers demonstrating higher scores (M = 4.56) than low digital
skills teachers (M = 4.25), although the effect size was small (r = 0.24).

4.9. Behavioral Cluster Analysis and Optimization

Exploratory profiling methods were employed to identify latent patterns in the lead-
ership data. The Elbow Method examination of within-cluster sum of squares (WCSS)
indicated a pronounced elbow at k = 3, suggesting three clusters as optimal. The resulting
three-cluster solution achieved a silhouette coefficient of 0.150 and Davies-Bouldin index
of 1.593.

Cluster Validity Considerations: The silhouette coefficient of 0.150 indicates weak
cluster separation, suggesting that the identified profiles represent points along a behavioral
continuum rather than discrete, well-separated groups. This three-cluster solution should
be interpreted as a preliminary typology requiring validation in larger samples. Bootstrap
validation (n = 1000 iterations) yielded mean Jaccard coefficients exceeding 0.65 for all three
clusters, indicating acceptable but not strong stability.

Table 9 provides a detailed description of all three. The first was the largest, com-
prising mainly young and temporary substitute teachers with low digital abilities and
low transformational elements (Passive-Moderate, 53.5%). The other was more balanced,
indicating temporary and equal digital capability (Balanced-Active, 33.8%). Lastly, it had
the most active leadership behavior and the greatest digital ability (12.7%).

Table 9. Behavioral cluster characteristics and demographics (N = 71).

% . Digital
n Leadership Scores M (SD) A
Cluster of Sample 4 Skills Primary
Designation Passive- Digital Demographics
. . gital
Transformational Transactional Avoidant Leadership M (SD)
Cluster 1: Age: 22-30 yrs (68%)
Passive- 38 53.5 3.45(0.24) 3.62(0.28) 4.48(0.41) 4.15(0.58) 2.50 (1.58) Experience: 6-10 yrs (71%)
Moderate Substitute: 76%
Cluster 2: Age: 3140 yrs (54%)
Balanced- 24 33.8 3.58 (0.26) 3.85(0.29) 4.35(0.45) 4.45(0.52) 3.25(1.62) Experience: 10-20 yrs (58%)
Active Mixed employment
Cluster 3: Age: 41-50 yrs (67%)
High- 9 12.7 3.68(0.31) 4.02(0.33) 4.25 (0.56) 4.72(0.48) 4.33 (1.50) Experience: >20 yrs (56%)
Engagement Permanent: 89%

MANOVA analysis confirmed significant multivariate differences between clus-
ters. Table 10 presents post hoc comparisons revealing specific dimensional differences.
Wilks” A = 0.642, F(10, 128) = 3.21, p = 0.001, n? =0.201, indicating that clusters explained
20.1% of variance in leadership dimensions.
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Table 10. Post hoc comparisons between clusters (Tukey HSD).
Leadership Dimension Comparison Mean Difference SE 95% CI p Cohen'’s d
C2vs. C1 0.13 0.07 [—0.04, 0.30] 0.158 0.48
Transformational Leadership C3vs. C1 0.23 0.08 [0.04, 0.42] 0.015* 0.84
C3vs. C2 0.10 0.09 [—-0.11,0.31] 0.783 0.35
C2vs. C1 0.23 0.08 [0.04, 0.42] 0.012* 0.79
Transactional Leadership C3vs. C1 0.40 0.09 [0.19, 0.61] <0.001 *** 1.37
C3vs. C2 0.17 0.10 [—0.06, 0.40] 0.216 0.56
C2vs. C1 0.30 0.14 [-0.03, 0.63] 0.088 0.53
Digital Leadership C3vs. C1 0.57 0.16 [0.19, 0.95] 0.002 ** 0.99
C3vs. C2 0.27 0.18 [—0.15, 0.69] 0.294 0.48

Note. CI = confidence interval. * p < 0.05, ** p < 0.01, ** p < 0.001.

Figure 1A presents the correlation matrix as a whole, indicating inter-relationships
between dimensions of leadership. Figure 1B illustrates the cross-sectional distribution of
cluster membership proportions. Note: these represent current classification distributions,
not developmental transitions, as cross-sectional data cannot support temporal claims.
Figure 1C indicates that digital skills (0.24), followed by experience (0.19), have high feature
importance for prediction of cluster membership. Figure 1D displays positive associations
between experience levels and both transformational and digital leadership scores. These
cross-sectional associations should not be interpreted as developmental trajectories; longi-
tudinal research would be required to establish whether leadership orientations change as
teachers gain experience.

A. Overall Correlation Matrix B. Estimated Cluster Transition Probabilities 6
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Figure 1. Behavioral patterns and relationships.

4.10. Digital Skills Distribution Across Clusters

Patterns of digital proficiency also showed large differences between behavioral clus-
ters. Table 11 below shows the profiles of digital skills ownership. One way ANOVA indi-
cated that digital skills and clusters significantly differ, F(2, 68) = 5.67, p < 0.005, n? =0.143.
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Post hoc analysis indicated that significantly more digital skills existed in clusters belonging
to group 3 than in clusters belonging to group 1, p < 0.004.

Table 11. Digital skills possession by behavioral cluster.

Cluster 1 (n = 38)

Cluster 2 (n = 24)

Cluster 3 (n =9)

Digital Skill n (%) n (%) n (%) X2 p
Social Media 25 (65.8) 18 (75.0) 8 (88.9) 2.24 0.326
Mobile Applications 22 (57.9) 16 (66.7) 7 (77.8) 1.44 0.487
Cloud Computing 14 (36.8) 12 (50.0) 6 (66.7) 3.21 0.201
Web Development 12 (31.6) 11 (45.8) 6 (66.7) 4.82 0.090
Big Data 10 (26.3) 9 (37.5) 5 (55.6) 3.08 0.214
Security Skills 8 (21.1) 7(29.2) 4 (44.4) 2.36 0.308
ERP Systems 4 (10.5) 5 (20.8) 3(33.3) 3.29 0.193
Mean Skills Count 2.50 (1.58) 3.25(1.62) 4.33 (1.50) F=5.67 0.005 **

A. Leadership Behavior Network

0.40

Note. ** p <0.01.

Network analysis revealed the interconnected nature of leadership behaviors and digi-
tal competencies within the educational ecosystem. Figure 2A shows the leadership behav-
ior network with path coefficients: Transformational — Digital (0.40), Digital — Outcome
(0.60), Transformational — Outcome (0.36). Figure 2B displays the digital skills gap wa-
terfall chart, ranging from Social Media surplus (—29.6%) to Web Development deficit
(+22.5%). Figure 2C presents 3D cluster visualization using principal components analysis
for dimensionality reduction. PC1 (Principal Component 1, explaining 10.2% of variance)
represents a composite dimension primarily loaded on digital competency variables. PC2
(8.2% of variance) captures variation in traditional leadership dimensions, while PC3 (7.1%
of variance) reflects remaining variation in passive-avoidant orientation. The relatively low
variance explained by each component (cumulative 25.5%) indicates that the leadership and
digital competency constructs are relatively independent, supporting multidimensional
profiling rather than simple ranking.

B. Digital Skills Gap Analysis

C. 3D Cluster Visualization
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Figure 2. Leadership network analysis and digital skills integration.

Multinomial logistic regression identified key predictors of cluster membership.
Table 12 presents the regression results.

The model accounted for 36.2% of the variance on membership in clusters. There was
a consistent effect of digital skills count on membership of Clusters 2 and 3, raising their
odds by a factor of 32% and 67% for each additional digital skill, respectively.
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A. Silhouette Plot for Cluster Validation

Comprehensive assessment methods examined the stability of these clusters. Figure 3A
illustrates silhouette analysis with an average coefficient of 0.150, indicating weak cluster
separation consistent with profiles along a behavioral continuum rather than discrete
groups. Figure 3B illustrates t-SNE visualization that shows cluster boundaries. Figure 3C
portrays bootstrap stability analysis performed for 100 iterations, indicating moderate
cluster stability. Figure 3D shows the cross-sectional association between digital skills
levels and leadership orientation patterns. Figure 3E demonstrates a heatmap of cluster
characteristics across demographic variables. Figure 3F compares normalized scores across
all dimensions.

B. t-SNE Visualization of Clusters C. Cluster Stability (Bootstrap n=100)
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Figure 3. Advanced cluster validation and stability analysis. Note: (A) Silhouette plot showing within-
cluster cohesion; the dashed red line indicates the average silhouette coefficient (0.150). (B) t-SNE
visualization of clusters in two-dimensional space; overlapping points reflect the weak cluster sepa-
ration characteristic of a behavioral continuum. (C) Bootstrap stability analysis (1 = 100 iterations);
green triangles indicate mean Jaccard coefficients and orange lines show the range across itera-
tions. (D) Cross-sectional association between experience levels and mean digital skills count by
cluster. (E) Heatmap of cluster demographic distributions; cell colors range from light yellow (low
proportion) to dark teal (high proportion). (F) Normalized performance comparison across lead-
ership dimensions by cluster. Color coding: Cluster 1 (Passive-Moderate) in coral red, Cluster 2
(Balanced-Active) in teal, Cluster 3 (High-Engagement) in light blue.

Random Forest classification was employed for exploratory profiling and feature
importance identification. Table 13 presents classification performance metrics.

Table 12. Multinomial logistic regression: predictors of cluster membership (Reference: Cluster 1).

Predictor

Cluster 2 vs.
Cluster 1

Cluster 3 vs.
Cluster 1

B

SE

OR [95% CI]

B SE

OR [95% CI]

Years of Experience

0.42*

0.18

1.52[1.07, 2.17]

0.78 ** 0.26

2.18[1.31, 3.64]

Postgraduate Degree

0.65*

0.31

1.92 [1.04, 3.54]

1.12* 0.45

3.06 [1.27, 7.40]

Permanent
Employment

0.38

0.33

1.46 [0.77,2.79]

1.35 ** 0.48

3.86 [1.50, 9.92]

https://doi.org/10.3390/su18031555


https://doi.org/10.3390/su18031555

Sustainability 2026, 18, 1555 22 of 40

Table 12. Cont.

Cluster 2 vs. Cluster 3 vs.
Predictor Cluster 1 Cluster 1
B SE OR [95% CI] B SE OR [95% CI]
Digital Skills Count 0.28* 0.12 1.32[1.05,1.67] 0.51 ** 0.18 1.67 [1.17,2.37]
Constant —2.14** 0.78 — —4.28 *** 1.12 —
Note. Model x%(8) = 24.68, p =0.002, Nagelkerke R2 = 0.362. OR = odds ratio; CI = confidence interval. * p <0.05,
*p <0.01,** p < 0.001.
Table 13. Machine learning classification performance metrics.
Cluster Precision Recall F1-Score Support Correctly Classified
Cluster 1 (Passive-Moderate) 0.82 0.85 0.83 38 32
Cluster 2 (Balanced-Active) 0.74 0.71 0.72 24 17
Cluster 3 (High-Engagement) 0.70 0.67 0.68 9 6
Overall Accuracy 78.6% 55/70
Note. Based on 70% training, 30% testing split. Support indicates number of cases in test set.
Figure 4A illustrates the confusion matrix, indicating an accuracy of 78.6%. Figure 4B
illustrates metrics of classification (precision, recall, and F1 statistics) for each cluster.
Figure 4C illustrates feature importance by clusters, indicating differentiation of feature
importance by clusters, and Figure 4D illustrates hypothetical projections (requiring longitu-
dinal verification) of how cluster distributions might evolve with professional development
interventions. Figure 4E illustrates digital skills distribution patterns, showing the relative
rarity of advanced skill combinations, and finally, Figure 4F illustrates the association
between digital skills levels and experience with membership in more engaged clusters.
Feature importance analysis from Random Forest revealed the following;:
A. Classification Confusion Matrix 210 B. Classification Performance Metrics C. Feature Importance by Cluster
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Figure 4. Predictive modeling and machine learning insights. Note: In (E), the dashed red line
represents the fitted regression curve showing the expected probability of digital skill acquisition as a
function of experience level. Colored bars indicate observed acquisition probabilities for each experi-
ence category, with bar color reflecting the probability value (gradient from red = low probability to
green = high probability).
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Digital Skills Count: 0.24 importance;
Years of Experience: 0.19 importance;
Employment Status: 0.16 importance;
Education Level: 0.14 importance;
Age: 0.15 importance;

Gender: 0.12 importance.

5. Discussion

This study analyzes leadership style preferences and digital skills among 71 primary
teachers in Western Attica, Greece, using behavioral data mining to identify patterns
that challenge prevailing assumptions about educational leadership. Results include a
complex scenario with unintuitive measurement patterns, serious skill deficiencies, and
three behavioral profiles that defy current categorizations.

5.1. The Leadership Style Paradox

Among the most intriguing outcomes is the pattern of leadership orientation after
reverse-coding Passive-Avoidant items. Transformational Leadership had the highest mean
(M =4.33, SD =0.37), followed by Passive-Avoidant (reverse-coded; indicating low endorse-
ment of avoidant behaviors; M = 4.15, SD = 0.54) and Transactional (M = 3.91, SD = 0.46).
The moderate correlation between reverse-coded Passive-Avoidant Leadership and Lead-
ership Outcome (rs = 0.320, p = 0.007) aligns with theoretical expectations that lower
passive-avoidant tendencies are associated with better anticipated leadership outcomes.

There are three possible reasons for this counterintuitive result. First, reverse-coding
problems could have been present in the Greek translation of MLQ items, particularly
given the low internal consistency of the Transformational and Transactional dimensions,
in contrast to the outstanding reliability of the Passive-Avoidant leadership scale. Second,
culture could play an extremely important role, as Greek educational culture operates
within a strongly bureaucratic public-sector model, and what is defined as “passive’ may be
interpreted as a demonstration of appropriate behavior, thereby fitting into organizational
hierarchies. Third, as only six teachers (about 94.4% of participants) had no experience as
principals, these responses could be interpreted as reflecting organizational expectations,
rather than as a demonstration of what teachers think is rewarded at an organizational,
rather than an inspirational, level.

These reliability patterns support the measurement properties of the adapted in-
strument. Transformational Leadership showed acceptable reliability (& = 0.783), while
Transactional (o = 0.583) and Passive-Avoidant (o« = 0.617) scales showed lower but inter-
pretable internal consistency. Future studies should focus on the validation of the Greek
MLQ translation via rigorous back-translation and CFA validation on broader samples to
further establish measurement properties in this cultural context.

These findings contrast with previous research in Greek secondary education, in which
Panagopoulos et al. [27] found transformational leadership to be the predominant leader-
ship style among teachers with administrative aspirations. The divergence may reflect the
following: (1) differences between primary and secondary education contexts; (2) sample
composition effects, as our participants were predominantly substitute teachers (69%)
compared to the more established workforce in secondary settings; or (3) measurement
artifacts specific to our adapted instrument.

The unexpectedly high Passive-Avoidant mean scores warrant careful interpreta-
tion. In the Greek public education context, characterized by hierarchical administrative
structures and limited teacher autonomy, behaviors captured by passive-avoidant items
(e.g., “avoids making decisions,” “delays responding to urgent questions”) may repre-
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sent adaptive responses to institutional constraints rather than leadership deficiencies.
Teachers without formal administrative authority may appropriately defer decisions to
principals, interpreting such deference as organizationally appropriate rather than as a
form of leadership avoidance.

International comparisons suggest cultural variation in endorsement of leadership
styles. Research in collectivist educational cultures has found higher endorsement of
behaviors that Western frameworks classify as passive or avoidant. The pattern observed
here may reflect cultural norms regarding appropriate teacher behavior within hierarchical
educational systems rather than deficits in leadership orientation.

Perhaps the most consequential finding is the “aspirational gap”—the marked di-
vergence between teachers’ high self-concept of transformational leadership (M = 4.33,
after correction) and their actual digital readiness, as evidenced by critical competency
deficits across professional domains. Teachers aspire to transformational leadership orien-
tations but may lack the technical infrastructure to enact these aspirations in increasingly
digital educational environments. This gap—between leadership aspiration and digital
capability—represents both a challenge and an opportunity for strategic professional devel-
opment. The descriptive value of the current study lies less in the predictive power of the
identified clusters and more in this revelation of systematic divergence between orientation
and readiness.

5.2. Digital Competency Landscape and Professional Development Needs

The digital skills assessment revealed a striking dichotomy between personal tech-
nology use and professional digital competencies required for educational leadership
(Figure 5). Teachers demonstrated substantial surpluses in consumer-oriented technologies:
70.4% possessed social media skills, compared with only 40.8% who identified them as
necessary, and 63.4% had mobile application competencies, compared with 39.4% who
perceived a need. Conversely, critical professional competencies showed significant deficits,
including Web Development and Tools (22.5 percentage points), ERP Systems (18.3 points),
and Security Skills (15.5 points).

Digital Skills Gap Analysis Matrix
100

80

SURPLUS ZONE
(Possessed > Needed)

Web Development
60

Cloud Computing

Security Skills

40 Big Data o
ERP Systems (]

Percentage Needed (%)

Mobile AppsSm:lal Media

DEFICIT ZONE
(Needed > Possessed)

20

@ Consumer Technologies
B Professional Competencies

0 20 40 60 80 100
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Figure 5. A digital skills landscape analysis reveals a misalignment between possessed and required
competencies.
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Consumer technology proficiency is concentrated in the surplus region, whereas pro-
fessional skills are concentrated in the deficit region, indicating fundamental inequities
in educational technology preparedness. Overall, the association between technology
familiarity and digital skills for educational leadership appears misplaced, and this associa-
tion is further supported by a non-significant negative correlation between identified and
possessed components of consumer technologies (r = —0.42, p < 0.05). Regression analysis
showed that professional digital skills had a significantly stronger positive relationship
(B =0.52, p <0.001) than consumer technology proficiency (f = 0.18, p = 0.12) on Digital
Leadership, and this underscores the necessity of more focused development on digital
leadership skills than reliance on technology familiarity and proficiency.

Having identified that 71.8% of teachers possess low digital skills, meaning they have
three or fewer skills of the seven skill-sets that have been evaluated, this is a challenge
as well as an opportunity that can be dealt with on a systemic level. With a digital skills
average of only 2.93, this is well below the required level for digital leadership and is
problematic, especially given the ever-accelerating pace of digitalization spurred by recent
world events and the growing imperative within education.

5.3. Cross-Sectional Behavioral Profiles

By moving beyond conventional demographic classifications, the behavioral data-
mining analysis yielded three teacher profiles, each offering a more nuanced view of
leadership development pathways (Figure 6).

Cluster 1 Digital Leadership D log 1t Pathways
(53.5%)

Cluster 2
(33.8%)

Low Digital Skills (2.50)
High Passive (4.48)
Reactive Orientation

Need: Foundational Training 67%transition
probability Cluster 3
Moderate Digital (3.25) (12.7%)
Balanced Leadership

Transitional Phase

Need: Advanced Development

High Digital (4.33)
Transformational
Proactive Leadership

Need: Mentorship & Change

Figure 6. Cross-sectional behavioral profiles illustrating approximate groupings along a leadership
orientation continuum. Note: profile boundaries are porous due to measurement limitations; these
represent heuristic categories rather than discrete taxonomic groups.

Important Interpretive Note: These three profiles should be understood as heuristic
devices for understanding heterogeneity in leadership self-concept rather than as rigid
diagnostic categories. Given the lower internal consistency of the Transactional (x = 0.583)
and Passive-Avoidant (o = 0.617) scales, the behavioral boundaries between profiles are
necessarily porous; individual teachers may exhibit characteristics spanning multiple
groupings. The profiles thus represent approximate regions along a leadership orientation
continuum rather than discrete taxonomic categories. The silhouette coefficient of 0.150
further suggests that data points are distributed along a continuum rather than in distinct
taxonomic pockets.
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Cluster sizes reflect sample representation, and cross-sectional distributions indicate
variation in leadership orientations across the sample. The Passive-Moderate group, com-
prising 53.5% of the sample, represents early-career substitute teachers who have limited
technology skills (M = 2.50), score low on Transformational Leadership (M = 3.45), and score
highest on Passive-Avoidant scales (M = 4.48). One would expect a more proactive, rather
than reactive, leadership style, as indicated by this predominant group, who appear to be
more responsive to immediate needs than proactive in taking initiative as leaders. Their
numerical predominance as substitute teachers indicates that temporary employment may
be inhibiting their progress as leaders, as they are likely limited in sustained organizational
involvement and participation that would foster growth over six to ten years as substitutes.

Balanced-Active, comprising 33.8% of all teachers, exhibits a relatively balanced
leadership orientation profile, with average digital proficiency (M = 3.25) and a relatively
equal distribution of scores across leadership dimensions. Teachers in this intermediate
grouping exhibit mixed characteristics—demonstrating some engaged behaviors while
also showing areas for potential development. Their diverse experience and employment
profiles suggest varied pathways to their current orientations, though the cross-sectional
design precludes tracking of actual developmental trajectories.

The High-Engagement group, despite being small, at only 12.7% of the population,
comprises a ‘best-of-the-best” group of experienced permanent teachers, who display supe-
rior leadership behavior as well as optimal leadership behavior profiles. They have not
only shown superior Transformational (M = 3.68) and Digital Leadership (M = 4.72), along
with low Passive-Avoidant Behavior (M = 4.25), but these leadership-quality indicators also
reveal them as having all the qualities that can be assumed of ‘leadership’ for innovation
within education, consistent with theoretical assumptions. They have, on average, dis-
played superior digital competencies (4.33). Additionally, they have extensive experience
(over 20 years as permanent teachers).

Cross-sectional comparison of the three clusters reveals qualitative differences in
leadership orientation patterns, digital integration, and professional engagement. Each
additional digital competency was associated with a 32% and 67% increase in the odds
of membership in Clusters 2 and 3, respectively. While this association suggests that
digital competency may relate to leadership orientation patterns, the cross-sectional design
precludes causal inference; we cannot determine whether digital skills facilitate leadership
engagement or whether teachers with engaged orientations are more likely to acquire
digital competencies.

5.4. Theoretical Implications for Educational Leadership

These results require a paradigm shift in educational leadership development, re-
framing it from a linear model toward an integrated, two-way model, in which digital
competency and leadership style mutually enhance one another through a symbiotic re-
lationship. Network analysis showed that transformational leadership was a key node
significantly linking digital leadership (partial r = 0.28, p = 0.018) and leadership outcomes
(partial r = 0.36, p = 0.002).

However, emphasis has been placed on a bidirectional model that examines the syn-
ergy between leadership development and digital competency, resulting in educational
innovation (Figure 7). In this model, rather than technology implementation following lead-
ership development, digital and leadership competencies are expected to develop bidirec-
tionally, complementing each other’s development and addressing each other’s deficiencies.
Based on this synergy, professional development can be achieved through interventions on
either side, providing several entry points, and can be accessed through multiple points
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or capabilities, addressing this need through transformational leadership as its keystone
capability, without which other competencies will be inefficient and fragmented.

Additionally, some cultural considerations can render theoretical meanings more
complex. Given their unexpectedly high number, the large number of passive-avoidant
leaders might symbolize an adjustment to the bureaucratic constraints of the Greek public
education system rather than any notion of preferred leadership behavior. In highly vertical
organizations that lack autonomy, leaders may demonstrate ‘passive’ behavior as a systemic
adaptation, as this may be more practical than attempting to effect change, especially when
they lack autonomy.

B. Proposed Integrated Model

A. Traditional Linear Model

Leadership
Development

Unidirectional Process

Leadership Digital

Development Synergy, = Competency

Technology
Adoption

Bidirectional Synergistic Process

Figure 7. Comparison of traditional linear versus proposed integrated models of leadership
development.

5.5. Practical Implications and Implementation Framework

Critical Implementation Note: Given the porous boundaries between profiles and the
weak cluster separation (silhouette = 0.150), professional development initiatives should
prioritize addressing specific, measurable competency deficits—particularly the critical
gaps in web development (22.5%) and administrative systems (18.3%)—rather than at-
tempting to “move” teachers from one profile category to another. Targeted skill-building
interventions offer more actionable pathways than profile-based classification, which serves
primarily descriptive rather than prescriptive purposes.

The identification of three approximate profile groupings nonetheless provides useful
orientation for differentiated professional development. Rather than treating all teachers
through homogeneous development initiatives, education authorities can recognize that
educators with different orientation patterns may benefit from distinct support structures,
while acknowledging that individual teachers may not fit neatly into any single category.

For the Passive-Moderate majority, basic mastery of digital literacy, together with basic
concepts of leadership, should be considered essential skills requiring intervention and
development. Teachers in this category require a supportive environment that enables them
to practice experimental methods, guidance from more experienced educators, and step-
by-step development of leadership accountability, emphasizing mastery of basic concepts
before progressing to more advanced ones (Figure 8).

The Balanced-Active category, already evidencing strong skills, requires more ad-
vanced and sophisticated development, emphasizing transformational leadership tech-
niques and the application of advanced digital technologies. They can be engaged in action
research studies and innovation projects, and placing them in charge of certain departments
would be an optimal way to develop them into High-Engagement profiles. They occupy a
transitional phase and would be most suitable for advanced development opportunities.
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Despite its small size, the High-Engagement group is a powerful resource that can be
tapped to drive positive organizational change. Rather than addressing their individual
development, it would be more productive to leverage their expertise through mentorship,
leadership development institutes, or opportunities to shape system-wide improvements.
Such educators could act as organizational change agents, role-modeling and facilitating
development among their peers.

The paradigm of transformation recognizes that change can occur only at multiple
levels simultaneously. Training and development on digital skills need to be aimed at
professional skills and cannot be left solely on the strength of familiarity with technology as
consumers on digital media platforms. Leadership development courses should emphasize
transformative leadership, despite cultural or systemic constraints.

CURRENT STATE
71.8% Low Digital Skills
53.5% Passive-Moderate Web Dev, ERP,

94.4% No Principal Experience \ Security Skills

Digital Skills
Development

Leadership Behavioral
Training + . Transformation TARGET STATE
v Increased High-Engagement
Vision, Innovation, Enhanced Digital Leadership
Empowerment Educational Innovation

Systemic
Support

Culture, Resources,
Recognition

Figure 8. Comprehensive framework illustrating the transformation pathway from the current state
through multiple intervention layers to achieve enhanced educational leadership and innovation.

While targeted professional development may enhance both digital competencies
and leadership engagement, the cross-sectional nature of this study precludes specific
projections about profile changes over time. Longitudinal research would be needed to
determine whether teachers’ orientation patterns shift in response to intervention, and if
so, at what rates. The current findings suggest that digital skill development is associated
with more engaged leadership orientations, but establishing causal pathways requires
prospective study designs.

5.6. Methodological Contributions and Future Directions

The application of exploratory profiling approaches has proven valuable in uncovering
latent patterns that may not be readily identifiable through traditional variable-centered
statistical methods. By integrating cluster analysis, network visualization, and machine
learning validation, this research has identified a three-profile model with distinct impli-
cations for differentiated intervention strategies. This methodological approach aligns
with recent advances in educational neuroscience, which emphasize the importance of
understanding individual differences in cognitive and behavioral patterns for optimizing
learning and leadership development [180,181].

The emerging field of neuroleadership offers a promising theoretical framework for
interpreting and extending these findings. Research has demonstrated that neuroleadership
principles can inform educational settings by bridging neuroscientific understanding of
decision-making, emotional regulation, and cognitive flexibility with leadership devel-
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opment practices [182]. The behavioral profiles identified in this study—particularly the
distinctions in transformational orientation and digital engagement—may reflect under-
lying neurocognitive differences that warrant investigation through neuroimaging and
cognitive assessment methodologies [183]. Understanding the neurocognitive founda-
tions of leadership orientations could inform more targeted and effective professional
development interventions.

Several limitations constrain the interpretation and generalizability of our findings, yet
simultaneously illuminate productive directions for future research. Geographic restriction
to Western Attica limits generalizability to other Greek regions and international contexts;
cross-national studies would reveal whether the three-cluster framework represents a
universal phenomenon or reflects culture-specific patterns in the conceptualization of
educational leadership [184,185]. The cross-sectional design precludes causal inference
regarding leadership development trajectories, and self-report methodology introduces
potential biases, particularly given the predominantly non-principal sample. The near-
absence of practicing administrators (5.6%) means our findings characterize leadership
orientations rather than enacted leadership behaviors.

Future research should pursue several complementary directions. First, longitu-
dinal studies tracking teachers’ progression through behavioral clusters would enable
examination of developmental trajectories and the identification of factors that facilitate
advancement to more engaged leadership profiles [186]. Second, intervention studies
testing the effectiveness of differentiated professional development aligned with behavioral
profiles would provide causal evidence for the practical utility of this framework. System-
atic reviews have demonstrated that formative assessment approaches significantly affect
student learning outcomes [187]; analogous research on formative approaches to leader-
ship development could yield similarly valuable insights for sustainable improvements in
educational quality.

Third, qualitative research through in-depth interviews could illuminate teachers’
subjective constructions of leadership within the Greek educational context, potentially ex-
plaining the measurement paradoxes observed, particularly the unexpectedly high passive-
avoidant endorsement and scale reliability issues. Fourth, the integration of neuroscientific
methods could advance understanding of the cognitive and affective underpinnings of
differences in leadership orientation. The systematic contribution of neuroscience to educa-
tional praxis [188] suggests that neuroimaging studies examining brain activation patterns
associated with different leadership orientations could reveal mechanisms underlying
profile differences and inform neuroscience-based leadership development interventions.

Fifth, there is a pressing need to incorporate neuroscience principles into initial
teacher education curricula [189,190]. Bridging the gap between neuroscience research
and classroom practice requires systematic integration of brain-based learning principles
in teacher preparation programs. Extending this argument to leadership development,
pre-service and in-service programs could benefit from incorporating neuroleadership
concepts—including understanding of stress responses, cognitive load management, and
neuroplasticity—to enhance teachers’ capacity for digital leadership in technologically
complex educational environments.

Sixth, the intersection of educational neuroscience and artificial intelligence presents
novel opportunities for research and practice in leadership development [191]. Recent re-
search demonstrates that Al-enhanced approaches can optimize learning by addressing cog-
nitive load; similar applications could personalize leadership development pathways based
on individual cognitive profiles and learning preferences. The digital skills gaps identified
in this study—particularly in emerging areas such as big data and digital architecture—
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suggest that Al-assisted professional development could help teachers acquire complex
technical competencies more efficiently while managing cognitive demands.

Finally, the neurocognitive dimensions of creativity and their relationship to leadership
orientation warrant investigation. Research has demonstrated that neurocognitive profiles
of creativity significantly influence academic performance [192]. Analogous research exam-
ining how creative cognitive styles relate to leadership orientations and the adoption of
digital innovation could inform the selection and development of educational leaders capa-
ble of navigating digital transformation. The High-Engagement cluster identified in this
study, characterized by elevated transformational and digital leadership scores, may reflect
distinct neurocognitive profiles that facilitate innovative thinking and technology adoption.

5.7. Limitations and Implications for Interpretation

Several methodological limitations affect the interpretation and generalizability of our
findings. We present these systematically, with explicit guidance on which conclusions
require cautious interpretation.

Sample Size and Advanced Analytics: The sample of 71 teachers, while adequate
for descriptive analyses and correlational research, constrains the reliability of advanced
analytical techniques employed in this study. The cluster analysis yielded a single cluster
(High-Engagement) comprising only nine members (12.7%), substantially reducing statis-
tical power for between-cluster comparisons involving this group. Parameter estimates
for Cluster 3 have wide confidence intervals and should be considered preliminary. The
multinomial logistic regression coefficients, while statistically significant, should be inter-
preted with caution given the modest sample size relative to the number of predictors.
Machine learning classification accuracy (78.6%) may be inflated due to overfitting risk
with small samples.

Scale Reliability Concerns: Transactional (x = 0.583) and Passive-Avoidant (x = 0.617)
scales showed lower internal consistency, though Transformational (x = 0.783) reached
acceptable levels. Correlations and regression analyses involving lower-reliability scales
may be attenuated due to measurement error. The moderate correlation between reverse-
coded Passive-Avoidant Leadership and Leadership Outcome (rs = 0.320) is consistent
with theoretical expectations, though interpretation should account for the lower reliability
of the Passive-Avoidant scale. Findings involving Transactional and Passive-Avoidant
constructs should be interpreted with appropriate caution.

Cross-Sectional Design: The cross-sectional nature of this study precludes causal
inference. Observed associations between digital skills and cluster membership, or between
experience and leadership style preferences, represent concurrent relationships rather
than developmental trajectories. References to “pathways” or “development” in our
behavioral profile descriptions should be understood as theoretical propositions that require
longitudinal verification, not as empirical findings from this study.

Respondent Profile and Construct Validity: With only 5.6% of participants having
principal experience, leadership style responses reflect aspirational preferences rather than
enacted leadership behaviors. This fundamentally affects construct validity, as the MLQ
was designed to assess practiced leadership within leader—follower relationships. Our
findings characterize teachers’ leadership orientations and ideals rather than demonstrated
leadership effectiveness. Comparisons with studies of practicing administrators should
recognize this fundamental difference in what is being measured.

Sampling and Generalizability: Convenience and snowball sampling methods may
have introduced selection bias, potentially overrepresenting teachers with higher education
levels (71.8% with Master’s degrees) or greater technology engagement. Geographic
restriction to Western Attica limits generalizability to other Greek regions or international

https://doi.org/10.3390/su18031555


https://doi.org/10.3390/su18031555

Sustainability 2026, 18, 1555

31 of 40

contexts. The predominance of substitute teachers (69%) may not represent the broader
Greek primary education workforce.

Conclusions That Can Be Drawn with Greater Confidence: (1) distinct profiles of
leadership orientations exist among primary teachers that transcend simple demographic
categorization; (2) digital skills are positively associated with more engaged leadership
orientations; (3) substantial gaps exist between consumer technology proficiency and
professional digital leadership competencies; (4) the standard MLQ instrument may require
cultural adaptation for Greek educational contexts.

Conclusions Requiring Cautious Interpretation: (1) the magnitude of specific predic-
tive relationships and odds ratios; (2) the stability and generalizability of the three-cluster
solution; (3) any implications regarding leadership effectiveness or outcomes; (4) the
theoretical meaning of the Passive-Avoidant and Leadership Outcome relationship.

5.8. Sustainability Implications

This research contributes to educational sustainability in several interconnected ways
aligned with Sustainable Development Goal 4 (Quality Education) and its emphasis on
building effective, accountable, and inclusive institutions.

Sustainable Capacity Building: Identifying specific digital competency gaps enables
targeted professional development that builds sustainable institutional capacity. Rather
than ephemeral technology training focused on specific tools, addressing foundational
gaps in Web Development, ERP Systems, and Security Skills develops transferable com-
petencies that remain relevant as specific technologies evolve. This approach aligns with
sustainable human resource development principles that emphasize adaptability over
tool-specific training.

Equitable Development Pathways: The behavioral profiling approach supports dif-
ferentiated professional development pathways based on current orientations rather than
demographic characteristics. The absence of significant gender differences in leadership
orientations suggests that development opportunities can be designed based on demon-
strated needs rather than assumptions tied to demographic categories, promoting equitable
access to leadership advancement.

System Resilience: Understanding the relationship between digital competency and
leadership engagement contributes to building resilient educational systems capable of
adapting to technological disruption. The COVID-19 pandemic demonstrated the conse-
quences of inadequate digital leadership capacity; proactive development of the teacher
workforce prepares educational systems for future disruptions while maintaining quality
during transitions.

The finding that digital skills predict more engaged leadership profiles suggests
that investment in teacher digital competency may yield compounding returns through
enhanced leadership capacity. As digitally competent teachers advance to administrative
roles, they bring both technical skills and an orientation toward innovation to institutional
leadership, potentially creating virtuous cycles of digital transformation capacity.

6. Conclusions

This study examined leadership orientations and digital competencies among primary
school teachers in Western Attica, Greece, revealing patterns that challenge conventional
assumptions about educational leadership in digital transformation contexts.

Three principal findings emerged. First, the identification of distinct behavioral
profiles—ranging from Passive-Moderate orientations through Balanced-Active engage-
ment to High-Engagement patterns—demonstrates that person-centered analytical ap-
proaches can reveal meaningful teacher subgroups with implications for differentiated pro-
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fessional development. Second, substantial gaps between consumer technology proficiency
and professional digital competencies, particularly in web development, administrative
systems, and security skills, indicate that technology familiarity does not automatically
translate to digital leadership readiness. Third, digital skills emerged as the strongest
correlate of advanced profile membership, suggesting an association between digital com-
petency and leadership engagement orientation—though the direction of this relationship
cannot be determined from cross-sectional data.

However, significant methodological limitations require cautious interpretation.
Lower reliability coefficients for some leadership scales, weak cluster separation indica-
tive of profiles along a behavioral continuum rather than discrete groups, modest cluster
sizes, and the aspirational rather than enacted nature of leadership responses all con-
strain the conclusions that can be drawn. These findings should therefore be considered
hypothesis-generating for future research rather than definitive conclusions about teacher
leadership development.

Future research should prioritize validation of leadership instruments for Greek edu-
cational contexts, longitudinal studies tracking leadership development trajectories, and
larger samples enabling more robust cluster analysis. Strategic professional development
that addresses identified competency gaps and aligns with behavioral profiles may enhance
sustainable educational innovation capacity in Greek primary education.
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