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This study examines the role of transformational leadership in developing essential 21st-
century skills like innovation, adaptability, problem-solving, and digital literacy within 
educational institutions. Using a cross-sectional survey design, data was collected from 
educators in public and private schools. The survey assessed leadership practices, including 
innovation inspiration, professional development opportunities, and guidance on adapting 
teaching strategies. T-tests and correlation analyses were used to explore the relationships 
between leadership and educational outcomes. Results indicate that transformational 
leadership significantly enhances STEM education, with 62.67% of respondents inspired 
to innovate and 56.67% reporting improved confidence in STEM teaching. No statistically 
significant differences were found between public and private schools, suggesting these 
practices are universally applicable. The correlation analysis revealed a moderate positive 
correlation (r = 0.495, p < 0.001) between fostering adaptability and preparedness for the 
workforce, underscoring the critical role of leadership in equipping students with the skills 
needed for success in the 21st-century job market. The findings underscore the critical role 
of leadership in equipping students with the skills needed for the 21st-century workforce 
and highlight the importance of fostering lifelong learning and adaptability. Future 
research should explore long-term impacts and applicability across diverse educational 
contexts. 
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Introduction 
The 21st-century workplace is marked by unprecedented transformations driven by rapid technological advancements, 
globalization, and evolving industry demands. As organizations navigate these changes, there is a growing emphasis on 
equipping students with the skills, knowledge, and adaptability required to thrive in an increasingly complex and 
dynamic job market (Turi et al., 2022; Jada & Mayayise, 2024). Despite the clear need for these competencies, research 
consistently highlights a significant gap between the skills employers expect and those that recent graduates possess, 
revealing a critical misalignment between educational outcomes and market demands (Tushar & Sooraksa, 2023). This 
gap underscores the necessity for educational institutions to adopt a more proactive approach in preparing students for 
the workforce (Li, 2022). Central to this effort is the role of transformational leadership in education, which has the 
potential to bridge the divide by fostering a culture of innovation, critical thinking, and technological readiness. 
Transformational leaders can drive meaningful changes in educational practices, ensuring that curricula are aligned with 
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the skills required in the modern workplace (Sliwka et al., 2023; Heenan et al., 2023; Kareem et al., 2023). By integrating 
technology into learning and emphasizing the development of employability skills, educational leaders can better 
prepare students to meet the challenges of the 21st-century workforce (Oliveira & Marques, 2024; Cassidy, 2006). This 
study explores the pivotal role of transformational leadership in equipping students with the competencies needed for 
success in today’s rapidly evolving job market. 
Specifically, this research aims to:  

Ø Evaluate the influence of transformational leadership on the development of 21st-century skills such as 
innovation, adaptability, problem-solving, and digital literacy in STEM education 

Ø Assess the role of school leaders in providing professional development opportunities and involving teachers in 
decision-making processes related to STEM education 

Ø Analyze the consistency of perceptions regarding transformational leadership practices in STEM education 
across public and private schools 

Ø Examine the correlation between leadership practices and key educational outcomes such as adaptability, 
problem-solving, and digital literacy 

Ø Investigate how transformational leadership prepares students for the challenges of the 21st-century workforce 
by fostering a culture of lifelong learning and adaptability. 

The study investigates how transformational leadership influences the development of 21st-century skills—
innovation, adaptability, problem-solving, and digital literacy—in STEM education. It explores the role of school leaders 
in providing professional development opportunities and involving teachers in STEM-related decision-making. 
Additionally, the study examines whether perceptions of transformational leadership in STEM education are consistent 
across public and private schools. It also assesses the relationship between leadership practices and key educational 
outcomes, such as adaptability, problem-solving, and digital literacy. Finally, the study evaluates how transformational 
leadership prepares students for 21st-century workforce challenges by fostering a culture of lifelong learning and 
adaptability. 

The study proposes several hypotheses: H1 suggests that transformational leadership significantly influences the 
development of 21st-century skills such as innovation, adaptability, problem-solving, and digital literacy in STEM 
education. H2 posits that school leaders who actively provide professional development opportunities and involve 
teachers in decision-making processes significantly enhance the effectiveness of STEM education. H3 asserts that 
perceptions of transformational leadership practices in STEM education are consistent across public and private schools, 
with no statistically significant differences. H4 indicates a positive correlation between transformational leadership 
practices and key educational outcomes, particularly adaptability and workforce preparedness, with adaptability 
showing a stronger correlation. 

Literature review 
The Critical Role of Employability Skills in the 21st-Century Workplace 
The 21st century has transformed the workplace environment, driven by advancements in technology, socioeconomics, 
and industry. These changes, accelerated by the COVID-19 pandemic, have made it imperative for organizations to 
adapt by fostering employees who excel in technical and professional skills, embrace emerging technologies, and 
demonstrate self-motivation. These qualities, broadly termed employability skills, are essential for achieving 
competence, confidence, and effectiveness in modern work settings. Despite their importance, research consistently 
shows that many graduates lack the market-driven employability skills necessary for success in today’s rapidly evolving 
workplace, highlighting a critical gap that needs to be addressed for future workforce readiness (Lim, 2023; Llinares-Insa 
et al., 2018; Tushar & Sooraksa, 2023).  
Aligning Educational Outcomes with Employability Skills 
Tushar & Sooraksa (2023) identified a gap between employers' expectations and the skills that graduates possess. As a 
result, the employability skills highlighted in their study can serve as an essential resource for bridging this gap. These 
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skills include problem-solving, communication, teamwork, adaptability, willingness to learn, creativity and initiative, 
ICT skills, analytical and critical thinking, integrity, interpersonal skills, leadership, planning and organizing, self-
management, responsibility, and maintaining a positive attitude and behavior. These skills are seen as critical for 
graduates to meet employers' expectations and succeed in a rapidly evolving job market. The study emphasizes the 
importance of aligning educational outcomes with these skills to better prepare students for the modern workplace 
(Tushar & Sooraksa, 2023). 
Employers are focused on closing skill gaps through strategies like hiring skilled employees, retraining current staff, and 
leveraging automation. They also believe that higher educational institutions play a vital role in developing these 
necessary skills (Cassidy, 2006). According to Qenani et al. (2014), universities should act as hubs of culture and 
creativity, fostering the development of knowledge, traits, and skills vital for students' personal and professional growth. 
This highlights the shared responsibility between employers and educational institutions in preparing a workforce 
equipped for the demands of the modern workplace. 

Preparing Future-Ready Graduates: The Need for Transformational Leadership 
The 21st-century workplace is characterized by workforce diversity, technological advancements, and evolving 
management strategies (Turi et al., 2022). Technology has revolutionized work, enabling remote collaboration and 
global connectivity, but also presenting challenges like cybersecurity threats and the ongoing need for skill development. 
These changes require new management approaches that address the dynamic workplace environment (Jada & 
Mayayise, 2024). 

Preparing students for the 21st-century workforce involves equipping them with the skills, knowledge, and character 
needed to thrive in a constantly changing job market. As globalization and population growth intensify, higher 
education must not only produce graduates but also transform educational practices to better prepare them for 
workplace challenges. This includes providing meaningful and authentic educational experiences that enhance human 
capital (Casillas et al., 2019). Leadership within higher education institutions plays a pivotal role in student success, 
demanding focused attention to its impact. Institutions must shift from merely developing human capital to fostering 
"future-ready" graduates. Current teaching philosophies may fall short in equipping students with the necessary skills 
for the modern workforce, highlighting the need for improved teacher training and classroom approaches. Higher 
education leaders must adapt to ensure that graduates are prepared to meet the demands of the 21st-century workplace 
(Oliveira & Marques, 2024). 

Transforming Education Through Technology-Ready Leadership 
Employees' technology readiness is increasingly essential in the 21st-century workplace, with many key competencies 
reflected in the Technology Readiness Level (TRL) model. School leadership's transformational role is vital in fostering 
a culture that equips students with these competencies. As technology becomes more integral to daily life, the 
educational sector—comprising leadership, educators, and students—faces mounting pressure to produce individuals 
proficient in using and adapting to advanced technology. This requires not only familiarity with current technology but 
also the ability to navigate continuous technological advancements. 
For meaningful change in the classroom, educational organizations must undergo transformation from the top down. 
Leadership at all levels must be retrained in the effective integration of technology into their roles. Educational leaders 
must address the same pedagogical challenges as teachers and support them in this transition. Professional development 
should begin at the administrative level, guiding leaders to develop and implement a vision for integrating web-based 
instruction and technology into curricula. By doing so, educational leadership can ensure that technology is effectively 
utilized in teaching, training, and support services, ultimately enhancing learning outcomes and preparing students for 
a tech-driven future. 

The Role of Human Capital Resources in Organizational Success 
Human capital resources are not just the sum of individual employee characteristics but emerge from the interactions 
among employees' knowledge, skills, abilities, and organizational factors. These resources, including both explicit and 
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tacit knowledge, are critical for gaining a competitive edge. Explicit knowledge is well-documented and easily shared, 
while tacit knowledge, derived from experience, is more nuanced and essential for effective decision-making. 

The development and utilization of human capital resources are heavily influenced by organizational context—such 
as structure, culture, and work design—and by human resource policies and talent management practices. Training and 
development initiatives play a vital role in shaping these resources, ensuring that employees can apply their knowledge 
effectively within the organization. By fostering an environment that promotes the interaction of these factors, 
organizations can enhance their human capital resources, thereby driving innovation, adaptability, and sustained 
competitive advantage (Noe et al., 2014; Ployhart & Moliterno, 2011). 

Navigating Career Challenges in Higher Education and the Transition to the Workforce 
The rapid social, economic, and political changes of recent years have introduced new challenges in career construction, 
particularly for college students. These challenges impact students' ability to adapt to and persist in higher education 
and their transition to or specialization within the job market. Key vocational tasks during this period include preparing 
for professional roles and aligning jobs with their training. 

Students must navigate increasingly complex and dynamic academic environments, manage their time effectively, 
and balance studies with personal life. Upon graduation, they face the challenge of finding or creating jobs that match 
their training and career goals while making significant career decisions in often precarious and unstable labor markets. 
This transition requires students to adapt and assume new professional roles in society amid these uncertainties 
(Savickas, 2005; Soares et al., 2021). Preparing future-ready students for the 21st-century workforce necessitates 
transformational leadership that aligns educational outcomes with essential employability skills and technological 
readiness. As the workplace evolves due to technological advancements and global connectivity, educational institutions 
must foster a culture that equips students with critical skills, adaptability, and innovation. By transforming educational 
practices and integrating technology, leaders can ensure students are well-prepared to navigate the challenges of modern 
careers. This holistic approach, emphasizing leadership, human capital development, and technology, is essential for 
bridging the gap between academic preparation and workforce demands.  

Conceptual Framework 
The conceptual framework of this study is centered on the relationship between transformational leadership and the 
development of 21st-century skills within STEM education. It is designed to explore how leadership practices influence 
educational outcomes and prepare students to meet the demands of the modern workforce. At the core of this 
framework is transformational leadership, characterized by four key components: inspirational motivation, intellectual 
stimulation, individualized consideration, and idealized influence. Inspirational motivation involves leaders inspiring 
and motivating educators to pursue innovation and creativity in their teaching practices, particularly within STEM 
education. Intellectual stimulation refers to leaders encouraging critical thinking and problem-solving, challenging 
educators to continuously improve their teaching methods and adapt to new educational demands. Individualized 
consideration highlights how leaders provide tailored support and professional development opportunities, addressing 
the unique needs of each educator to enhance their effectiveness in STEM education. Idealized influence encompasses 
leaders serving as role models, fostering a culture of trust, respect, and commitment to educational excellence. 

The framework posits that transformational leadership directly impacts the development of essential 21st-century 
skills in students, including innovation, creativity, adaptability, lifelong learning, problem-solving, critical thinking, and 
digital literacy. Leadership-driven initiatives inspire educators to integrate new ideas and technologies into the 
curriculum, while an emphasis on continuous learning and adaptability helps students thrive in changing circumstances. 
Intellectual stimulation further develops problem-solving and critical thinking skills, and leadership support enhances 
digital literacy by integrating digital tools into the educational environment. This framework also explores the 
relationship between transformational leadership and key educational outcomes, specifically within STEM education. 
These outcomes include increased teacher confidence and competence, as leaders' support and guidance improve 
educators' ability to deliver STEM education effectively. Additionally, transformational leadership prepares students for 
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the demands of the modern job market by fostering essential 21st-century skills. The framework examines whether 
perceptions of transformational leadership are consistent across public and private schools, emphasizing the universal 
applicability of these practices. 

Finally, the framework includes a feedback loop where the outcomes of transformational leadership inform and 
refine leadership practices. This continuous improvement cycle ensures that leadership strategies remain relevant and 
effective in addressing emerging challenges in STEM education and workforce preparation. Overall, this conceptual 
framework provides a comprehensive structure for understanding the critical role of transformational leadership in 
shaping educational practices and outcomes in the 21st century, with a particular focus on STEM education. 

Significance of Study 
The significance of the study lies in its exploration of the impact of transformational leadership on the development of 
essential 21st-century skills in STEM education, such as innovation, adaptability, problem-solving, and digital literacy. 
By examining how school leaders influence these outcomes through professional development and teacher involvement, 
the study provides valuable insights into effective leadership practices that can enhance STEM education across different 
types of institutions. Additionally, the study's findings on the consistency of leadership perceptions between public and 
private schools contribute to understanding the universal applicability of transformational leadership. Ultimately, the 
research helps to inform educational leaders and policymakers on strategies to better prepare students for the challenges 
of the 21st-century workforce, fostering a culture of lifelong learning and adaptability essential for future success. 

Problem of Study 
The 21st-century workforce demands a new set of skills, including innovation, adaptability, problem-solving, and digital 
literacy, which are essential for success in a rapidly evolving and complex job market. Despite this need, there is a 
significant gap between the skills employers expect and those that recent graduates, particularly in STEM (Science, 
Technology, Engineering, and Mathematics) education, possess. This misalignment underscores the urgent need to 
explore how educational leadership, specifically transformational leadership, can address this gap. Key areas of 
investigation include understanding how transformational leadership influences the development of 21st-century skills 
in STEM education, the extent to which school leaders involve teachers in decision-making processes related to STEM 
education, the consistency of perceptions of transformational leadership across different types of educational 
institutions, such as public and private schools, and the relationship 

Method 
Research model 
This study employed a mixed-methods research design to examine the influence of transformational leadership on the 
development of 21st-century skills—specifically innovation, adaptability, problem-solving, and digital literacy—in 
STEM education. The research integrated both quantitative and qualitative components to provide a comprehensive 
understanding of the connections between leadership practices, teaching methods, and the enhancement of critical skills 
in educational settings. The quantitative component involved the use of surveys to assess the impact of transformational 
leadership, while the qualitative component included in-depth interviews to gain deeper insights into participants' 
experiences and perceptions.  

Participants and Sampling 
The study included 150 participants, comprising 115 university students enrolled in STEM courses and 35 professors 
teaching STEM subjects. These participants were selected using a stratified random sampling technique to ensure 
diversity in experience levels and educational backgrounds. Additionally, purposive sampling was employed for 
qualitative interviews with school district officers, capturing a diverse range of perspectives on the influence of leadership 
on STEM education. This approach allowed the study to gather a representative sample across different educational 
contexts and ensured a broad range of opinions.  
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Data Collection Tools 
Data collection involved two primary tools: a 37-item questionnaire rated on a 5-point Likert scale, based on Peck & 
Shu (2009), and a set of demographic questions regarding participants' employment. The questionnaire was designed 
to assess perceptions of transformational leadership's role in fostering innovation, adaptability, problem-solving, and 
digital literacy in STEM education, with a particular focus on its impact on teaching practices and student preparedness 
for the workforce. Additionally, qualitative data were collected through in-depth interviews with selected school district 
officers, providing richer context and deeper understanding of the quantitative findings.  

Data Analysis 
The data were analyzed using a combination of descriptive statistics, t-tests, and correlation analysis. Descriptive statistics 
provided an overview of perceptions related to leadership's role in innovation, professional development, decision-
making, confidence in STEM implementation, and fostering lifelong learning. The t-tests were conducted to compare 
perceptions between public and private schools, revealing no significant differences and indicating consistent views of 
leadership practices across institutions. Correlation analysis was employed to examine the relationships between 
leadership practices and key educational outcomes, showing a strong correlation between adaptability and workforce 
preparedness, with weaker correlations for problem-solving and digital literacy. 

Procedure  
The survey was distributed online using Amazon Mechanical Turk (MTurk). Of the 190 questionnaires distributed, 
150 were completed and returned, yielding a response rate of 78.95%. The qualitative interviews were conducted 
following the survey to complement and deepen the understanding of the quantitative data. This combined approach 
allowed for a holistic examination of the impact of transformational leadership on the development of 21st-century skills 
in STEM education, aligning with Creswell’s (2014) mixed-methods methodology. The data organization and analysis 
were performed using the Statistical Package for the Social Sciences (SPSS). After data cleaning and weighting, the mean 
and standard deviation were calculated to provide a descriptive overview of the collected data. 

Results 
The Role of Transformational Leadership in Enhancing 21st-Century Skills 
The Table 1 indicates several key insights regarding the role of leadership in advancing STEM education. Leadership 
inspiration for innovation in STEM was evident, with 62.67% of respondents agreeing that their school leaders inspire 
them to be more innovative and creative in implementing STEM education in their classrooms. Opportunities for 
professional development were also significant, as 37.33% of respondents reported that their school leaders frequently 
provide opportunities and resources related to STEM education. When it comes to involvement in decision-making, 
53.33% of respondents agreed that their school leaders actively involve teachers in decision-making processes concerning 
STEM education implementation. Leadership's impact on building confidence in implementing STEM education was 
notable, with 56.67% of respondents expressing confidence due to the support and guidance provided by their leaders. 
Additionally, 60.00% of respondents found leadership guidance to be effective in helping them adapt their teaching 
strategies for STEM education. 

Moreover, 51.33% of respondents agreed that transformational leadership effectively prepares students for the 
challenges of the 21st-century workforce through STEM education. Similarly, 51.33% of respondents agreed that 
leadership fosters a culture of lifelong learning and adaptability among students, which is essential for their success in 
the modern workforce. 
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Table 1. Percentage distribution of variables related to STEM education and leadership 
Variables  % 
Leadership Inspiration for Innovation in STEM 62.67 
Opportunities for Professional Development 37.33 
Involvement in Decision-Making 53.33 
Confidence in Implementing STEM Education 56.67 
Leadership Guidance on Adapting Teaching Strategies 60.00 
Preparation for the 21st Century Workforce 51.33 
Fostering Lifelong Learning and Adaptability 51.33 

Consistent Perceptions of Transformational Leadership in STEM Education Across Public and Private 
Schools 
As stated in the table 2, the t-test results comparing responses between public and private schools indicate that none of 
the differences in the average responses for the key questions are statistically significant at the 5% level. This means that 
the observed differences in perceptions of transformational leadership in STEM education between public and private 
schools are not statistically significant, suggesting that these differences could be due to chance. These results suggest 
that the overall perceptions of transformational leadership in advancing STEM education are relatively consistent 
between public and private educational institutions. 

Table 2. Consistent leadership perceptions in STEM education across school Types 
Statements t p 
Innovation and creativity inspired by leadership -0.0214 0.9830 
Teacher involvement in STEM decision-making by leadership 0.0878 0.9302 
Confidence in STEM implementation with leadership support -1.0114 0.3139 
Impact of leadership on adapting STEM teaching strategies -0.5097 0.6112 
Motivation from transformational leadership to integrate STEM -0.0428 0.9660 
Effectiveness of leadership in fostering a supportive STEM environment -1.1013 0.2737 
Transformational leadership prepares students for 21st-century workforce challenges 
through STEM 

0.2326 0.8164 

Leadership fosters lifelong learning and adaptability through STEM education 0.2039 0.8388 

The Influence of Leadership on Adaptability, Problem-Solving, and Digital Literacy 
The correlation analysis reveals that leadership practices have a significant impact on key variables like adaptability and 
preparedness for the 21st-century workforce (Table 3). A moderate positive correlation (0.495) exists between fostering 
adaptability and workforce preparedness, with a strong significance. A weaker yet positive correlation (0.291) is found 
between fostering adaptability and adapting teaching strategies. The correlation between workforce preparedness and 
adapting teaching strategies is the weakest (0.159), with a p-value slightly above the 5% significance level. These findings 
suggest that leadership significantly influences adaptability and preparedness, with a somewhat weaker effect on 
problem-solving and digital literacy (Table 3). 

Table 3. Influence of leadership on adaptability, problem-solving, and digital literacy 
Variables r p 
Culture of lifelong learning and adaptability to change vs Student preparation for 21st-
century workforce  

0.4951 4.33 

Culture of lifelong learning and adaptability to change vs ability to adapt teaching 
strategies  

0.2907 0.00 

Student preparation for 21st-century workforce vs ability to adapt teaching strategies 0.1595 0.05 

Discussion 
The relationships between transformational leadership practices and key educational outcomes, specifically problem-
solving, adaptability, and digital literacy, in various types of educational institutions was investigated in the present 
study. The descriptive statistics provide a clear indication of the significant role that leadership plays in advancing STEM 
education. The data highlights several key areas where effective leadership positively influences educational outcomes, 
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particularly in fostering innovation, professional development, decision-making involvement, confidence in teaching, 
and overall preparedness for future challenges. 

Leadership Inspiration for Innovation in STEM 
With 62.67% of respondents agreeing that their school leaders inspire them to be more innovative and creative in 
implementing STEM education, it is evident that leadership plays a crucial role in encouraging educators to embrace 
and promote innovative practices within their classrooms. This high level of agreement underscores the importance of 
visionary leadership that motivates teachers to explore new teaching methods and integrate creative approaches into their 
curriculum. Leaders who prioritize innovation are likely to create a dynamic and engaging learning environment that 
benefits both teachers and students (Candrasari et al., 2023). 

Opportunities for Professional Development  
The fact that 37.33% of respondents reported frequent opportunities for professional development indicates that while 
a significant portion of educators recognize the efforts of their leaders in this area, there is still room for improvement. 
Professional development is essential for equipping teachers with the latest tools, resources, and knowledge necessary to 
effectively teach STEM subjects (Huang et al., 2022; Hasim et al., 2022). Leadership that actively supports continuous 
learning and provides access to development resources can help teachers stay current with educational trends and best 
practices, ultimately enhancing their teaching effectiveness (Germuth, 2018; Hurley et al., 2023). 

Involvement in Decision-Making  
With 53.33% of respondents agreeing that their leaders involve them in decision-making processes related to STEM 
education, the data suggests that participatory leadership is fairly common. Involvement in decision-making can 
empower teachers, giving them a sense of ownership and responsibility for the educational strategies implemented in 
their schools. Leaders who involve teachers in such decisions are likely to foster a collaborative environment where 
teachers feel valued and motivated to contribute to the success of STEM initiatives (Park et al., 2020; Nezhad & Stolz, 
2024). 

Confidence in Implementing STEM Education 
The finding that 56.67% of respondents feel confident in implementing STEM education due to leadership support 
indicates that effective leadership directly contributes to teacher confidence. Confidence is fundamental for the 
successful delivery of STEM education, as it affects how teachers approach their subjects, manage their classrooms, and 
engage with students. Leaders who provide clear guidance, resources, and encouragement can significantly boost 
teachers' confidence, leading to more effective teaching and better student outcomes (McTigue et al., 2024). 

Leadership Guidance on Adapting Teaching Strategies  
The fact that 60.00% of respondents found leadership guidance effective in helping them adapt their teaching strategies 
highlights the importance of adaptive leadership in a rapidly changing educational landscape. As educational needs 
evolve, particularly in STEM fields, teachers must continually adjust their methods to meet new challenges. Leaders who 
offer strong guidance in this area enable teachers to remain flexible and responsive, ensuring that their teaching remains 
relevant and effective (Friesen & Brown, 2020). 

Preparation for the 21st Century Workforce 
The agreement from 51.33% of respondents that transformational leadership prepares students for the challenges of the 
21st-century workforce underscores the critical role of leadership in aligning education with future workforce demands. 
In a world where STEM skills are increasingly vital, leaders who focus on preparing students for these demands help 
ensure that their education is not only academically rigorous but also practically applicable in real-world scenarios 
(Whorton et al., 2017; Tushar & Sooraksa, 2023). 

Fostering Lifelong Learning and Adaptability 
Similarly, the agreement from 51.33% of respondents that leadership fosters a culture of lifelong learning and 
adaptability is significant. In today's fast-paced and ever-changing world, the ability to adapt and continue learning 
throughout one's life is essential. Leaders who instill these values in their students and staff contribute to a culture that 
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values growth, resilience, and continuous improvement, which are key to long-term success in any field, particularly in 
STEM (Feraco et al., 2023). 

Universal Perceptions of Transformational Leadership in STEM Education across School Types 
The t-test analysis shows no statistically significant differences in perceptions of transformational leadership in STEM 
education between public and private schools, suggesting that observed differences are likely due to random variation. 
This finding indicates that transformational leadership practices are perceived consistently across both institution types, 
underscoring the universal applicability and value of effective leadership strategies in STEM education. Educational 
leaders can confidently implement these strategies across different institutions without significant modifications (An et 
al., 2018). The results challenge assumptions about inherent differences between public and private schools, 
emphasizing the importance of considering individual school cultures. Further research could explore other factors 
influencing leadership perceptions and examine the impact of school-specific characteristics on these perceptions 
(Veletić et al., 2023). 

Influence of Leadership on Adaptability, Problem-Solving, and Digital Literacy 
The correlation analysis, as presented in Table 3, underscores the significant role of leadership practices in shaping key 
educational outcomes such as adaptability, problem-solving, and digital literacy. The analysis reveals a moderate positive 
correlation between fostering adaptability and preparedness for the 21st-century workforce, with a correlation 
coefficient of 0.495. This finding highlights the strong influence of leadership on these critical skills, suggesting that 
when leaders emphasize adaptability, it significantly enhances students' readiness for the challenges of the modern 
workforce (Chughtai et al., 2023; Tagscherer & Carbon, 2023; Matsunaga, 2024). Leadership positively influences 
problem-solving, though the correlation is weaker, indicating that promoting adaptability supports teachers in 
improving instructional methods (Schott et al., 2020). The weakest correlation, between workforce preparedness and 
adapting teaching strategies, suggests a modest link between leadership and digital literacy. These findings imply that 
while leadership significantly impacts adaptability, additional strategies may be needed to enhance problem-solving and 
digital literacy skills (Huang et al., 2022). 

Conclusion 
This study underscores the pivotal role of transformational leadership in enhancing STEM education and equipping 
students with essential 21st-century skills such as innovation, adaptability, problem-solving, and digital literacy. The 
findings reveal that leadership practices, including fostering a culture of lifelong learning and providing professional 
development opportunities, significantly impact educational outcomes. Moreover, the consistency of these effects 
across public and private schools highlights the universal applicability of transformational leadership in education. By 
aligning leadership strategies with the demands of the modern workforce, educational institutions can better prepare 
students for future challenges. 

The study's limitations include a specific sample size, which may restrict the generalizability of the findings to other 
educational institutions, especially those in different regions or with varying resources. Reliance on self-reported data 
introduces potential biases, affecting the reliability of the results. The cross-sectional design captures data at one point 
in time, limiting the ability to assess changes over time or establish causal relationships. Additionally, the focus on STEM 
education may not fully apply to other disciplines, and the lack of longitudinal data restricts the examination of long-
term effects of transformational leadership on student outcomes and teacher development.  

Recommendations 
For Researchers 
Future research should explore the long-term impacts of transformational leadership on educational outcomes by 
conducting longitudinal studies. Such studies would provide insights into how leadership practices influence the 
development of 21st-century skills and teacher effectiveness over time. Expanding the research to include non-STEM 
disciplines could help determine whether the positive effects of transformational leadership observed in STEM 
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education are also applicable in other fields. Additionally, comparative studies across different educational contexts, 
such as rural versus urban schools or institutions in diverse cultural settings, would offer a broader understanding of the 
universality of transformational leadership practices. Researchers should also consider employing mixed-methods 
approaches, combining quantitative data with qualitative insights to capture the nuances of how leadership influences 
educational practices. Finally, investigating the role of digital tools in enhancing transformational leadership could 
provide valuable information on integrating technology into leadership strategies to foster innovation and adaptability 
in education. 

For Practitioners 
Educational leaders are encouraged to adopt transformational leadership practices to enhance the development of 21st-
century skills in students. This includes inspiring innovation in teaching practices, involving educators in decision-
making processes, and providing continuous professional development opportunities. Leaders should focus on fostering 
a culture of lifelong learning and adaptability, ensuring that both teachers and students are equipped to meet the 
challenges of the modern workforce. Policymakers should consider developing frameworks that support the 
implementation of transformational leadership across educational institutions, recognizing its potential to standardize 
effective leadership practices across public and private schools. Additionally, it is recommended that educational 
institutions invest in professional development programs that train leaders in transformational leadership techniques, 
emphasizing the importance of creating dynamic and responsive learning environments that prepare students for future 
success. 
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