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How paternalistic leadership
influences teachers’ resistance to
STEM reform: the mediating role
of teachers’ STEM literacy and
the moderating role of work
engagement

Yao Zhang and Dongchen Zhao*

College of Educational Science, Harbin Normal University, Harbin, Heilongjiang, China

Introduction: Identifying the factors associated with teachers’ resistance to
STEM and understanding their interrelationships are crucial for advancing STEM
education. This study examines the relationships between leadership styles
and teacher resistance, with STEM literacy and work engagement serving as
mediating and moderating variables, respectively.

Methods: A survey was conducted among 1,221 primary and secondary
school teachers from a provincial capital in northern China. Structural equation
modeling was used to examine the relationships among leadership styles,
teachers’ STEM literacy, work engagement, and resistance to STEM reform.
Results: The results indicate that: Authoritarian leadership was significantly
and positively related to teachers’ STEM resistance, whereas benevolent-moral
leadership had no direct statistical effect. However, the relationship between
leadership style and resistance became more complex when teachers’ STEM
literacy was taken into account. Authoritarian leadership was indirectly associated
with teachers’ STEM resistance via STEM literacy, whereas the association
between benevolent-moral leadership and resistance was fully mediated by
STEM literacy. Work engagement was negatively related to teachers’ STEM
resistance. Furthermore, work engagement moderated the relationship between
leadership style and STEM literacy. The positive relationship between benevolent-
moral leadership and STEM literacy was stronger at higher levels of work
engagement, whereas the association for authoritarian leadership was positive
only at low levels of engagement and turned negative as work engagement
increased.

Discussion: Based on these findings, enhancing teachers’ STEM literacy and
willingness to participate in STEM education requires promoting a culture
of benevolent-moral leadership while carefully defining the boundaries of
authoritarian management practices. Meanwhile, differentiated incentive and
support mechanisms should be developed according to teachers’ levels of work
engagement, thereby fostering sustained professional development and active
involvement in STEM education reform.
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1 Introduction

As a core element driving innovation capacity and economic
competitiveness, STEM education has become a strategic focus
of global educational reform. STEM refers to an interdisciplinary
approach to learning that integrates Science, Technology,
Engineering, and Mathematics and emphasizes problem-solving,
critical thinking, design, and innovation (Hasanah, 2020; Sheth
and Pathak, 2023; Siekmann, 2016). Countries worldwide have
incorporated STEM education into their national curricula and
are striving to advance STEM course practices. As the primary
implementers of curriculum reform, teachers play a key role
in policy implementation, and their professional literacy and
reform willingness to implement reform are closely related to
implementation outcomes. However, research has shown that
STEM education reform is facing teacher resistance (Al Salami
etal., 2017; Masry-Herzalah and Dor-Haim, 2022; Rodriguez, 1998;
Spector et al., 2007) due to various constraints such as institutional
factors, resource limitations, and teachers” professional capabilities
(Escudeiro et al., 2024; Huang and Asghar, 2018; Oreg, 2018). This
resistance behavior leads to a decline in policy implementation
effectiveness, traps STEM education in formalism, undermines
the development of students’ core competencies and runs counter
to the national strategy of cultivating innovative talents. In this
context, identifying the root causes and interaction mechanisms of
teachers’ resistance to STEM is crucial for advancing curriculum
implementation and enhancing the quality of STEM education.

Research on teacher resistance in the field of education has
yielded relatively rich findings (Huddleston et al., 2024; Poole,
1991), but research on teacher resistance in STEM education has
not yet received sufficient attention, especially lacking empirical
research on the causes and internal mechanisms of teachers’
resistance to STEM. Previous studies have revealed the complex
causes of teacher resistance (e.g., Ballet and Kelchtermans, 2009;
Han, 2011; Hargreaves, 2005; Rong, 2007; Wang, 2016; Wang
et al,, 2007; Yin, 2015), which can be broadly categorized into
internal factors and external factors related to the surrounding
environment. Internal factors mainly focus on professional
literacy and emotions, while external factors are mostly related
to organizational management practices. In the context of
STEM education practices in schools, these factors highlight
three teacher-related dimensions: professional literacy, which
concerns teachers’ ability to effectively implement STEM courses;
emotional commitment, reflected in their work engagement, that
is, whether they are willing to do well; and management practices,
which involve organizational conditions such as leadership
and institutional support—namely, how teachers are expected,
required, and supported to act in implementing STEM education.
Given this, exploring the relationships among teachers STEM
literacy, work engagement, and school management practices, as
well as their mechanisms of influence on teachers’ STEM resistance,
will help reveal the underlying causes and critical pathways of
teacher resistance to STEM education. Internal causes are the
basis of a thing’s development, while external causes are the
conditions and exert their influence through internal causes. This
study takes school management practices as the main external
factor and further focuses on the leadership style within the
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teachers’ organizations. It considers teachers’ STEM literacy and
work engagement as the main internal factors, exploring how
leadership styles influence teachers’ STEM resistance through
teachers’ STEM literacy and work engagement, and clarifying the
underlying mechanisms linking the four variables. The results of
this study can provide empirical evidence and strategic insights
for improving the management effectiveness of STEM education
and alleviating teachers’ STEM resistance, thereby promoting the
long-term and substantive development of STEM education.

2 Literature review

2.1 Teachers’ agency and resistance to
STEM

Curriculum implementation was a dynamic organizational
process shaped over time through interactions among project goals,
methods, and the institutional setting (McLaughlin, 1976). Reform
outcomes hinge on how teachers engage with and enact change
during implementation (Fullan, 2007), making teacher agency
central to this process. Teacher agency refers to educators’ capacity
to exercise purposeful professional judgment and take action within
structural and cultural conditions, thereby influencing both their
work and professional environments (Priestley et al., 2015). In
their ecological model of teacher agency, Priestley et al. (2015)
argue that agency is not a fixed individual trait but emerges
and is continually shaped through iterative interactions among
three interrelated dimensions: teachers life-course experiences,
professional beliefs, and accessible resources (the individual
dimension); school organizational structures, management culture,
and accountability arrangements (the structural dimension);
and broader policy discourses, professional norms, and social
expectations (the cultural dimension).

In reform contexts, agency may be expressed through active
adaptation, innovation, and leadership, but it may also take
the form of resistance when teachers perceive a disconnect
between reform expectations and their professional values,
practical knowledge, or students needs (Biesta et al., 2017;
Achinstein and Ogawa, 2006; Huddleston et al., 2024). Research
on teacher agency and reform further indicates that teachers
interpretations of institutional logics and reform messages can lead
to divergent pathways—adaptation, negotiation, or opposition—
thereby shaping whether instructional practices change or remain
stable (Bridwell-Mitchell and Sherer, 2017). Within STEM-related
reforms, empirical studies demonstrate that teacher agency is
crucial for initiating and sustaining curricular change, suggesting
that teachers’ competence and motivation jointly determine
whether reforms are enacted creatively or met with passive
resistance (Balgopal, 2020).

Resistance, defined as a negative personal orientation toward
the notion of change, is generally viewed as an obstacle on
the way to effective adaptation and improvement (Oreg, 2018).
Teacher resistance is a cognitive or behavioral reaction where
teachers may utilize their agency to resist educational reform
when the anticipated reform conflicts with their long-standing
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institutional beliefs and practices (Bridwell-Mitchell and Sherer,
2017). As early as 1977, Oliver pointed out that curriculum
reform encountered some obstacles from teachers (Oliver, 1977,
p. 327). Resistance, as a way for teachers to cope with reform,
manifests in complex and diverse forms. Hargreaves (2005)
identified varied responses to change among later-career teachers,
including continuing renewal, positive focusers, disenchanted,
and negative focusers. Other studies further classified teacher
resistance into explicit and implicit forms (Liu, 2008), individual or
collective, formal or informal, and ranging in intensity from passive
inaction to overt opposition (Wang, 2016). Based on teachers’
understanding and acceptance, resistance can also be divided
into wise acceptance, blind acceptance, wise resistance, and blind
resistance (Xia, 2008). Together, these frameworks underscore the
multidimensional and dynamic nature of teacher resistance in
educational reform. Existing research has also revealed the reasons
for teacher resistance, which can be summarized into personal and
environmental aspects. Personal reasons mainly involve teachers’
educational philosophies and value orientations (Han, 2011); their
teaching knowledge, abilities, and professional experience (Wang
et al,, 2007; Song and Su, 2004); and a range of psychological or
motivational constraints, such as limited energy and behavioral
inertia (Rong, 2007), self-interest and emotional needs (Wang,
2016), autonomy in professional judgment, and anxiety about
the uncertainty of reform (Han, 2011; Ballet and Kelchtermans,
2009; Benett, 1980; Kelchtermans, 2005). Environmental factors
involve support resources such as teacher training, organizational
culture and management, evaluation mechanisms and other work
structural constraints (Yin, 2015; Ballet and Kelchtermans, 2009;
Kelchtermans, 2005). Deeper cultural conflict factors include
examination culture, academic success culture, curriculum culture,
and other diverse cultural systems. These factors interact to shape
teachers’ complex responses to educational reform (Wan and
Wang, 2005; Lu and Wen, 2005; Song et al., 2005).

2.2 Leadership style and teachers’
resistance to STEM

Existing research indicates that organizational cultural
atmosphere is an important factor influencing curriculum
implementation (Fullan and Pomfret, 1977). Leadership style,
embedded within organizational culture, is significantly associated
with the effectiveness of curriculum implementation (Hall and
Hord, 2015, p. 133-159; Shieh, 1996).

Widely used international leadership frameworks provide
additional lenses for understanding the dynamics between
leadership and teacher resistance. Transformational leadership—
by articulating a shared vision, offering individualized support,
and stimulating teachers’ intellectual engagement—has been linked
to stronger teacher commitment and greater effort toward school
reform (Geijsel et al, 2003), with meta-analytic evidence in
educational settings also suggesting positive effects on teacher-
related outcomes (Leithwood and Sun, 2012). In contrast,
transactional leadership is conceptualized as an exchange process

in which leaders clarify requirements and specify the conditions
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and rewards for meeting them, and such exchange-based influence
may elicit compliance without necessarily cultivating internalized
commitment and involvement, which often require going beyond
transactional exchanges (Bass and Riggio, 2006, p. 4). Servant
leadership, which centers on empowerment, humility, and follower
development (van Dierendonck, 2011), has also been associated
with more supportive climates that facilitate change readiness
(Latif et al., 2024). Hall and Hord (2015, p. 149-150) classified
leadership styles into initiating, managing, and responding types,
and found that teachers achieved the highest level of success
under the management of leaders with an initiating style in
curriculum implementation.

However, cross-cultural research indicates that culturally
embedded values, such as expectations regarding authority and
hierarchy, shape leader-follower relations (Hofstede, 2001).
This underscores the need to examine leadership approaches
that are culturally resonant in Confucian-influenced contexts.
Paternalistic leadership—typically conceptualized as a combination
of authoritarianism, benevolence, and morality—has been
widely discussed as a culturally rooted and prevalent leadership
pattern in Chinese organizations (Farh and Cheng, 2000;
Pellegrini and Scandura, 2008), with meta-analytic evidence
further

outcomes across

its differential associations with follower
(Bedi, 2020).
educational settings, where reform initiatives (including STEM

indicates
its dimensions In Chinese
reform) are often implemented through top-down governance
mechanisms, paternalistic leadership provides a culturally
grounded lens for understanding how leadership relates to
teachers’ resistance and reform-related behaviors. Paternalistic
leadership is a unique leadership model that integrates three
dimensions: authoritarianism, benevolence, and morality. Its
theoretical construction originated from Silin’s analysis of Chinese
organizational management and was later formalized by Cheng
et al. (2000) as a tripartite framework. They defined paternalistic
leadership as a leadership style that combines strict discipline and
authority with paternal benevolence and morality and is rooted
in an individualistic atmosphere (Farh and Cheng, 2000). As a
composite leadership model, the ternary structure of paternalistic
leadership (authoritarianism, benevolence, morality) influences the
work behaviors of organizational members. Teacher resistance is,
at its core, a response to educational authoritarianism (Parra-Perez
et al, 2022), which enforces obedience through hierarchical
authority and strict control (Cheng et al., 2000). This “strict father”
style of management may be perceived by teachers as a threat to
their professional autonomy, thereby triggering resistance. Existing
research has confirmed that administrative command-style
teaching reforms or standardized accountability policies can evoke
negative or resistant attitudes by depriving teachers of professional
autonomy (Sera-Sirven, 2021; Terhart, 2013). Hall and McGinity
(2015), through qualitative research, revealed that authoritative
leadership makes teacher resistance implicit through coercion, the
creation of fear, and false empowerment.

In contrast, the other two dimensions of paternalistic leadership
present a different picture. Benevolent leadership, through
long-term emotional investment and individualized care, easily
establishes a moral responsibility relationship based on “gratitude
and reciprocation” (Cheng et al., 2000). This relationship is
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reflected in organizational behavior as the leader’s protection
and care for subordinates, which, in turn, elicits obedience and
loyalty as forms of reciprocal response—a psychological contract
fundamentally distinct from the social exchange frameworks
emphasized in Western leadership theories. Oreg’s (2006) research
also provides theoretical support for this, as his research
found that leaders’ supportive behaviors can alleviate teachers’
anxiety about the uncertainty of reform and thus reduce
defensive resistance tendencies. The influence of moral leadership
is even more profound. When leaders establish professional
authority through moral demonstration, they can inspire teachers’
enthusiasm (Zheng et al., 2020) and prompt teachers to internalize
reform goals through moral demonstration and value consistency
(Pellegrini and Scandura, 2008), thereby reducing resistance.
Based on the above theories, this study proposes the following
research question:

HI1: Authoritarian leadership positively predicts teachers’
STEM resistance.

H2: Benevolent and moral leadership negatively predict
teachers’ STEM resistance.

2.3 Paternalistic leadership and teacher
literacy

Paternalistic leadership theory is rooted in the Confucian
cultural context, and its core lies in the traditional management
concept of combining favors and discipline. Leaders influence
the attitudes and behaviors of organizational members through
moral role modeling, benevolent care, and authoritarian control
(Cheng et al., 2000). Compared with Western transformational
leadership, which supports and motivates employees, and
transactional leadership, which forms contracts with employees
regarding goals and expected outcomes (Caniéls et al., 2018),
paternalistic leadership is characterized by the interaction of
ethical authority and emotional attachment in the workplace
(Pellegrini and Scandura, 2008). This contradiction may play
a different role in STEM education reform than in traditional
teaching scenarios. The uniqueness of the teacher literacy
required for STEM courses lies in its high dependence on
interdisciplinary integration ability, technical practice ability,
and innovative teaching strategies (Margot and Kettler, 2019).
Unlike traditional subject teachers, STEM teachers are required to
integrate scientific inquiry, engineering design, and other complex
competencies into authentic, real-world problem-solving tasks
(National Research Council, 2012, p. 7-22; Song and Guan, 2022).
However, teaching transformation faces multiple resistances: on
the one hand, teachers need to cope with the dual pressures of
knowledge renewal and curriculum development; on the other
hand, resource shortages and the misalignment of assessment
systems (such as emphasizing standardized tests rather than
innovation ability) exacerbate occupational burnout (Margot
and Kettler, 2019; Dong, 2016). Therefore, STEM professional
literacy requires not only sufficient space for teachers’ autonomous
exploration and the exercise of professional agency, but also
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clear organizational support and guidance. The balance between
these two dimensions may lead to markedly different outcomes,
depending on how the dual nature of paternalistic leadership
is enacted.

Existing research has confirmed a significant correlation
between leadership style and teacher literacy (Hasti and Purwanto,
2024; Iba et al., 2023; Chang, 2012; Cai et al., 2024). For example,
transformational leadership significantly improves teachers’ digital
literacy (Susanti et al, 2023), and technological leadership
helps enhance teachers’ technological literacy and technology
integration ability (Chang, 2012). In the context of Chinese culture,
Cai et al. (2024) found that benevolent and moral leadership
positively predict the establishment of teacher professional
learning communities, while authoritarian leadership has no
significant impact.

The Conservation of Resources Theory (Hobfoll, 1989) can
provide theoretical support for the influence of leadership on
teacher literacy. This theory emphasizes that individuals cope
with stress by acquiring and protecting valuable resources. In
educational contexts, leaders convey various resources through
their behavioral styles, including not only material resources such
as skill training and technical equipment but also social resources
such as organizational trust and psychological safety (Hobfoll et al.,
2018; Cai et al., 2024). The acquisition of these resources can reduce
teachers’ sense of exhaustion when facing reform pressures and
enhance their professional confidence, thereby contributing to the
development of STEM literacy.

Although existing research has revealed the general correlation
between leadership style and teacher literacy, there are two
limitations. First, most of the literature focuses on Western
transformational leadership theories and lacks discussion on the
cultural applicability of paternalistic leadership in Chinese society.
Second, the uniqueness of teachers’ STEM literacy (such as
interdisciplinary integration ability, technical practice ability, and
innovative teaching strategies) has not been fully incorporated
into the research framework of teacher literacy. Therefore, this
study proposes:

H3: Authoritarian leadership negatively predicts teachers’
STEM literacy.

H4: Benevolent and moral leadership positively predict
teachers’ STEM literacy.

2.4 Teacher STEM literacy and teachers’
resistance to STEM

The relationship between teacher literacy and teacher resistance
can be traced back to the core propositions of educational reform
theories. Fullan and Pomfret (1977) pointed out that if teachers
believe that a curriculum is overly complex and requires the
adoption of entirely new teaching strategies, their willingness to
implement the reform—as well as the extent to which they do
so—is significantly diminished. This argument is echoed by Hall’s
research, which suggests that teachers’ attitudes, abilities, and
values are important factors affecting curriculum implementation
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(Hall and Wu, 2004, p. 167-173). Existing research has found
that in curriculum reform, factors such as insufficient personal
abilities and experience (Zaltman and Duncan, 1977, p. 21-
22), teachers’ technological literacy gaps (Sera-Sirven, 2021), and
perceptions of the uncertainty and risks of reform (Howard,
2013) are important causes of teacher resistance. Teachers
educational philosophies are significantly related to teacher
resistance. Teachers with traditional educational orientations
(perennialism and essentialism) are positively correlated with
teacher resistance, while teachers with contemporary educational
orientations (progressivism and reconstructionism) are negatively
correlated with teaching resistance (Alanoglu et al, 2022).
Additional research from the perspective of teacher training
has demonstrated that professional development support fosters
teachers’ initiative in reform efforts, thereby mitigating their
resistance to change (Howard, 2013; Pei and Yang, 2019; Sannino,
2010; Sera-Sirven, 2021).

In summary, it can be inferred that teachers’ professional
literacy in the STEM field affects their acceptance of reform
measures and new teaching strategies. Higher STEM literacy
will help teachers better adapt to the challenges and changes
brought about by educational reform, thereby reducing their
sense of maladjustment and resistance to reform. Therefore, this
study proposes:

H5: Teacher STEM literacy negatively predicts teachers’
resistance to STEM.

2.5 The mediating role of teacher STEM
literacy

Drawing on the arguments in Sections 2.3 and 2.4, this
study posits that teachers’ STEM literacy mediates the relationship
between paternalistic leadership and teachers’ resistance to STEM
reform. This proposition is theoretically grounded in a coherent
logic chain: leadership style is associated with teachers’ STEM
literacy, which in turn is related to the extent of their resistance to
the reform.

First, as discussed in Section 2.3, paternalistic leadership is a key
antecedent of teachers’ STEM literacy. According to Conservation
of Resources theory, individuals cope with stress by acquiring
and protecting valued resources. In educational settings, leaders
convey multiple forms of resources through their behavioral
styles, including material resources (e.g., skills training and
technological equipment) and social resources (e.g., organizational
trust and psychological safety) (Hobfoll et al., 2018; Cai et al,
2024). Access to these resources can reduce teachers’ feelings of
exhaustion when facing reform-related pressures, strengthen their
professional confidence, and thereby facilitate the development
of STEM literacy. In particular, psychological safety has been
shown to encourage members to speak up about errors and
to try new approaches, thereby promoting learning behaviors
within teams (Edmondson, 1999). By contrast, authoritarian
leadership is more likely to trigger resource depletion and
draining psychological processes (e.g., rumination and emotional
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exhaustion) by intensifying control and constraining autonomy
(Zhang et al., 2022), which undermines teachers’ sustained learning
and competence development.

Second, as argued in Section 2.4, teachers’ STEM literacy serves
as a proximal determinant of their resistance to reform. Educational
change research suggests that when teachers perceive reform
demands as overly complex, entailing higher levels of risk, and
requiring entirely new strategies, their willingness to implement the
reform—as well as their actual investment—declines substantially
(Fullan and Pomfret, 1977; Hall and Wu, 2004). Research from the
perspective of teacher training likewise indicates that support for
professional development can activate teachers’ agency for reform
and, in turn, reduce their resistance (Howard, 2013; Sera-Sirven,
2021).

Taken together, these two pathways suggest that leadership
styles predict teachers’ STEM literacy for coping with reform, which
in turn is associated with their attitudinal and behavioral responses
to high-demand change. This mediation logic further aligns with
a classic model of teacher change: professional development
supported by external resources and internal motivation often leads
to changes in practice, and teachers’ attitudes and beliefs begin to
shift only after the effects of these changes are experienced and
validated (Guskey, 2002).

In line with this reasoning, the following hypotheses
are advanced:

H6: Teacher STEM literacy mediates the relationship between
authoritarian leadership and teachers’ STEM resistance.

H7: Teacher STEM literacy mediates the relationship between
moral/benevolent leadership and teachers’ STEM resistance.

2.6 Work engagement and teachers’
resistance to STEM

As one of the earliest studies on resistance to change, Coch
and French (1948) pointed out that employee participation has
a positive impact on reducing employee resistance to change.
Building on this foundation, later studies have since turned their
attention to strategies for facilitating change by strengthening
employees’ readiness and willingness to engage in the process
(Armenakis et al., 1993; Piderit, 2000). In this context, work
engagement, as an individual’s degree of emotional, cognitive,
and behavioral involvement in work, has become an important
factor for scholars to explore employees’ willingness to change.
Matthysen and Harris’s (2018) research shows that high work
engagement can improve employees’ readiness for change, that
is, employees with high work engagement are more likely to
adapt to and support change. van den Heuvel et al’s (2010)
Personal Resource Adaptation Model further suggests that work
engagement, personal resources, willingness to change, change
strategies, and the work environment collectively form a gain
cycle. Within this cycle, willingness to change and the use of
change strategies positively influence work engagement, while work
engagement, in turn, enhances willingness to change through the
mediating effect of personal resources. Armenakis et al. (1993) also
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identified employees’ active engagement as the core component
of the Building Readiness for Change model. They argued that
employees’ awareness of both the necessity and feasibility of
change—that is, their willingness and readiness—plays a critical
role in facilitating successful change implementation.

Although prior research has seldom explored the link between
work engagement and resistance to change in educational contexts,
theoretical insights suggest that engagement—reflecting focus
and dedication—can reduce resistance by increasing teachers’
readiness for change. Highly engaged teachers are more willing
to invest personal resources such as psychological capital and
self-efficacy, which strengthens their identification with reform
and lowers resistance rooted in cognitive bias. Therefore, it is
hypothesized that:

H8: Work engagement teachers’
STEM resistance.

negatively  predicts

2.7 Work engagement as a moderating
variable

Work engagement is a positive and fulfilling work-related
mental state that includes three core dimensions: vigor, dedication,
and absorption (Schaufeli et al., 2002). As a representation of
an individual’s emotional, cognitive, and behavioral involvement
in work, work engagement has often been regarded as a
key psychological mechanism connecting external resources and
individual work performance in previous research (Bakker and
Demerouti, 2007).

Research indicates that employees with high levels of work
engagement are more likely to achieve task goals and produce better
performance (Kahn, 1992). Specifically for teachers, their level of
work engagement is positively correlated with creativity (Desianti
et al., 2023), digital ability (Sang et al., 2023), and professionalism
(Jeong et al., 2016; Sang et al., 2023).

From the perspective of influencing factors, the formation of
work engagement is influenced by the combined effects of internal
and external resources (Kahn, 1992). Leadership, as an important
external resource, has a significant impact on employees’ work
engagement by shaping a psychologically safe environment and
providing supportive resources (Breevaart et al., 2014; Caniéls et al.,
2018; Tims et al., 2011). Research in the field of education confirms
that leaders who provide necessary support to teachers can enhance
teachers’ work motivation (Deluma et al., 2020; Iba et al., 2023) and
increase their work engagement (Rahmadani et al., 2024).

Although most research regards professional literacy as an
antecedent variable of work engagement, existing research has
shown that there is a bidirectional positive correlation between
the two. Hontake and Ariyoshi’s (2016) research proves that
the relationship between work engagement and professional
literacy conforms to the Job Demands-Resources Model, that
is, work engagement and professional literacy can form a “gain
spiral”: individuals stimulate resource acquisition through work
engagement, thereby improving their work ability, and higher
ability in turn promotes deeper engagement. At the same time, Isah
et al. (2021) found that work engagement plays a mediating role
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in the process by which emotional commitment affects employees’
abilities, indicating that it can promote ability development. In the
field of education, Galleon and De Leon (2023) pointed out that the
work engagement of primary school teachers significantly improves
their academic ability. It can be seen that work engagement
is not only an external manifestation of emotional drive and
motivation but also a psychological mechanism that prompts
individuals to continuously learn, accumulate experience, and
improve their abilities. From a dynamic development perspective,
sustained high-level work engagement can build an individual’s
ability foundation, strengthen their professional competence, and
continuously expand their work resources and development space
through a positive cycle.

The Conservation of Resources Theory (Hobfoll et al., 2018)
further provides theoretical support for the moderating role of
work engagement. This theory suggests that individuals obtain
more resources through resource investment, and those with
richer resource reserves are more capable of achieving further
resource acquisition. Work engagement is described as a state of
abundant energy resources, which originates from a continuous
process of resource accumulation (Gorgievski and Hobfoll, 2008).
Therefore, employees who invest more emotional, cognitive, and
physical resources in their work (high-engagement employees) may
be more capable than low-engagement employees of achieving
resource gains through leadership and thus improving their
professional literacy. Conversely, even if leaders provide a certain
degree of external resources, employees lacking engagement
may find it difficult to benefit from them (Johnson and Jiang,
2017). This differentiated resource conversion ability makes work
engagement a potential boundary condition for regulating the
relationship between leadership behavior and teachers” professional
development. Therefore, this study proposes:

H9: Work engagement negatively moderates the
relationship between authoritarian leadership and teachers’
STEM literacy.

H10: Work engagement positively moderates the relationship
between moral/benevolent teachers’

STEM literacy.

leadership and

Based on the above analysis, this study constructs a theoretical
hypothesis model as shown in Figure 1.

3 Methods
3.1 Participants

This study targeted primary and secondary school teachers
of STEM-related disciplines (including science, mathematics,
information technology, physics, chemistry, biology, and
geography) in Harbin, a provincial capital located in northern
China. Stratified cluster sampling was employed to select sample
schools from both the main urban area and surrounding counties
and towns of Harbin. With the assistance of educational research
institutions, an invitation to participate in the survey was extended
to teachers in the sample schools, and an online questionnaire
was distributed for voluntary completion. A total of 1,998

questionnaires were collected. Invalid questionnaires filled out
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FIGURE 1
Theoretical hypothesis model

carelessly were excluded based on three criteria: (1) excessively
short response times; (2) overly consistent answers; and (3)
contradictory responses to lie-detection questions. Ultimately,
1,221 valid questionnaires were obtained, representing an effective
response rate of 61%. Among the valid respondents, there were 260
male teachers and 961 female teachers; 655 primary school teachers
and 566 junior high school teachers; and 801 teachers from the
main urban area and 420 teachers from counties and towns.

3.2 Research instruments
3.2.1 Teachers' resistance to STEM scale

Most prior studies assessing teacher resistance have relied
on the Employee Resistance to Change Scale developed by Oreg
(2006). To enhance the scale’s applicability to the STEM education
context, this study revised the item wording while retaining the
original scale’s cognitive, affective, and behavioral dimensions.
For instance, the original item “I was stressed by the change”
was modified to “Implementing STEM courses makes me feel
stressed.” The revised scale consisted of 11 items rated on a five-
point Likert scale, ranging from “very inconsistent” (1) to “very
consistent” (5). Higher scores indicated greater resistance to STEM
course implementation among teachers. The internal consistency
test revealed a Cronbach’s o coefficient of 0.878, indicating
good reliability of the questionnaire. Exploratory factor analysis
(EFA) was conducted to examine the construct validity of the
scale, yielding a Kaiser-Meyer-Olkin (KMO) measure of sampling
adequacy of 0.863 (p < 0.001). Standardized factor loadings for the
items ranged from 0.714 to 0.906, demonstrating that the items
effectively reflected the information of their respective dimensions.
The structural equation model demonstrated a good fit to the data,
with the following fit indices: x*/df = 2.937, RMSEA = 0.044, CFI
=0.992, GFI = 0.992, and TLI = 0.989.

3.2.2 Paternalistic Leadership Scale

The Paternalistic Leadership Scale developed by Chen et al.
(2015) was used to assess teachers” perceptions of leadership styles
in their schools. This scale is a simplified version of the Paternalistic
Leadership Scale developed by Cheng et al. (2000), encompassing
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three dimensions: benevolence, morality, and authoritarianism,
with a total of 18 items. A five-point Likert scale was used for
scoring, ranging from “very inconsistent” to “very consistent”, with
scores from 1 to 5. Each dimension was scored independently,
with higher scores indicating a stronger tendency toward a specific
leadership style.

Based on survey data, we conducted an confirmatory factor
analysis (CFA) on the 18-item Paternalistic Leadership Scale.
The results indicated that the conventional three-factor model
(benevolence, morality, and authoritarianism) fit the data poorly
(x*/df = 13.983, RMSEA = 0.103, CFI = 0.933, TLI = 0.923, GFI
= 0.845), and there was a high correlation between benevolent
leadership and moral leadership (r = 0.901, p < 0.001). In
contrast, a two-factor model that combined benevolence and
morality into a single dimension (benevolence-morality), alongside
authoritarianism, showed a substantial improvement in fit (x */df =
7.265, RMSEA = 0.072, CFI = 0.985, TLI = 0.979, GFI = 0.962),
suggesting a better balance between fit and parsimony. Information
criteria further favored the two-factor model (AIC = 1,756.562,
BIC = 1,927.494) over the three-factor model (AIC = 1,923.725,
BIC = 2,122.914). These results suggest that benevolence and
morality may be difficult to distinguish empirically in the sample
of this study. Therefore, we re-examined from both theoretical and
empirical perspectives whether benevolence and morality should be
combined into a single factor.

The tripartite model of paternalistic leadership (benevolence,
morality, and authoritarianism) was adapted from an earlier
bipartite model comprising “benevolence” and “authority” (Cheng,
1995). Cheng et al. (2000) revised this framework by separating
“morality” from “benevolence” in order to more clearly distinguish
the ethical dimension from the affective component. However,
their findings also revealed a very high correlation between
benevolence and morality (r = 0.88), suggesting substantial
conceptual overlap between the two. Later studies have also
challenged the empirical separability of morality from benevolence.
In East Asian settings, benevolence and morality often co-occur,
because affective care and moral exemplification are typically
enacted together (Farh and Cheng, 2000). Accordingly, Chan et al.
(2013) raised concerns about the cross-contextual generalizability
and discriminant validity of the morality dimension.

From a broader theoretical perspective, paternalistic leadership
has been widely conceptualized around a control-care duality,
whereby benevolence denotes a relationship-oriented stance
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grounded in leaders concern for subordinates and a sense
of responsibility and obligation toward them (Aycan, 2006).
Typological research based on this dual framework further classifies
paternalistic leadership into benevolence-dominant, authoritarian-
dominant, and classical types (refers to the salient combination of
both leadership components), in which benevolence and morality
typically appear together as joint components of a positive,
relationship-oriented leadership pattern rather than as functionally
independent elements (Wang et al, 2018). Hiller et al. (2019)
explicitly argued that morally grounded benevolence and authority
capture the core and essence of paternalistic leadership, and that
morality does not need to be retained as a separate dimension,
recommending that future leadership research discontinue the
independent use of a morality dimension.

Driven by the above theories, we refined the 18-item
Paternalistic Leadership Scale to ensure model parsimony and
stable parameter estimation in subsequent structural equation
modeling analyses. We conducted an Exploratory Factor Analysis
(EFA) to examine the dimensional structure of the paternalistic
leadership scale. After rotation and remove the items with low
factor loadings or high residual covariances, a two-factor structure
with 9 items emerged: benevolent and moral leadership items
loaded onto the first factor, while authoritarian leadership items
comprised the second. Factor loadings for each item ranged from
0.714 to 0.906. Subsequently, CFA was conducted on the refined
scale. The CFA results showed that the scale with two-factor had
good fit (x*/df = 3.040, RMSEA = 0.041, CFI = 0.996, TLI = 0.994,
GFI = 0.988), which is better than the original scale with three
factors and 18 items.

The final scale also showed moderate internal consistency,
as indicated by a Cronbach’s o of 0.633. The KMO measure of
sampling adequacy was 0.951 (p = 0.000). The composite reliability
(CR) values were 0.950 for the “benevolence-morality” dimension
and 0.926 for “authoritarianism”, both exceeding the recommended
threshold of 0.7. The average variance extracted (AVE) was 0.827
and 0.757, respectively, indicating adequate convergent validity and
good internal consistency of the scale (see Table 1).

3.2.3 Teacher STEM literacy scale

Teachers’ STEM literacy was assessed using a scale specifically
developed for this study. The scale was grounded in the dimensions

TABLE 1 Average variance extracted (AVE) and inter-construct correlation coefficients for

paternalistic leadership.

Constructs AVE Authoritarian  Benevolence-

leadership moral
leadership

Authoritarian 0.757 0.870

leadership

Benevolence- 0.827 —0.427 0.909

moral

leadership

Bold values on the diagonal indicate the square roots of AVE for each construct; off-diagonal
values are inter-construct correlations.
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and indicators outlined in the STEM Teacher Competency
Standards (Trial Edition), a national framework issued by the
National Institute of Education Sciences Center for STEM
Education (2018). The scale consisted of four dimensions: value
orientation toward STEM Education; disciplinary foundations and
interdisciplinary integration; development and implementation of
STEM curriculum; and curriculum evaluation. A five-point Likert
scale was used for scoring, ranging from “very inconsistent” to “very
consistent”, with scores from 1 to 5. Higher scores reflected higher
levels of self-perceived STEM literacy among teachers.

After an initial pool of 31 items was generated, six experts
(two professors in STEM education, two experienced STEM
teachers, and two specialists in measurement and evaluation)
were invited to independently and anonymously review the
items. The experts rated each item in terms of content
relevance, representativeness, and clarity of wording using a four-
point scale (1 = not relevant/representative/clear, 4 = highly
relevant/representative/clear), with ratings of 3 or 4 considered
acceptable. Based on these ratings, three content validity indices
were calculated: I-CVI, S-CV1/Ave, and S-CVI/UA (Polit and Beck,
2006). The predefined decision rules were as follows: items with I-
CVI = 1.00 were retained; items with I-CVI = 0.83 (5/6 agreement)
were retained with revision based on expert feedback; and items
with I-CVI < 0.67 were deleted or rewritten. Scales with S-CV1/Ave
> 0.90 and S-CVI/UA > 0.80 were considered acceptable (Polit
and Beck, 2006). After the first round of expert review, six items
that failed to meet the criteria were removed, and several items
were revised in accordance with expert suggestions. The remaining
25 items entered a second round of expert review. The results
of the second round of review showed that the I-CVI values for
relevance, representativeness, and clarity were all 0.83 or 1.00. The
corresponding S-CVI/Ave values were 0.97 for all three criteria, and
the S-CVI/UA values were 0.84, 0.80, and 0.80, respectively. These
results indicate that the scale demonstrates good content validity.

To ensure the validity of the self-developed scale, item analysis
was first conducted, and items without significant differences
between high and low scoring groups were removed. Subsequently,
items with a correlation coefficient between individual item scores
and total scores below 0.3 were excluded. To rigorously validate
the scale structure and address overfitting concerns, we used
convenience sampling to collect data and randomly split the
sample into two subsamples. Subsample 1 (N = 604) was used
for exploratory factor analysis (EFA) to explore and purify the
factor structure, whereas Subsample 2 (N = 617) was used for
confirmatory factor analysis (CFA) to cross-validate the factor
structure derived from Subsample 1.

Exploratory factor analysis was then performed on the
remaining items. The KMO value was 0.953, and the Bartlett’s test of
sphericity yielded a chi-square value of 23,754.766, both indicating
that the data were suitable for factor analysis. Following factor
extraction, items with standardized factor loadings below 0.50 were
eliminated. The standardized factor loadings for the retained items
ranged from 0.695 to 0.944, demonstrating good structural validity.

Finally, confirmatory factor analysis was conducted (in
Subsample 2) for model validation, and items with high covariance
were removed. The final structural equation model fit indices
were as follows: x?/df = 3.884, RMSEA = 0.076, CFI = 0.952,
GFI = 0.907, and TLI = 0.937, indicating an acceptable model
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fit. The CR for the four dimensions was 0.912, 0.908, 0.892, and
0.932, respectively, and the AVE was 0.724, 0.666, 0.624, and 0.775,
respectively, indicating good internal consistency and discriminant
validity of the scale (see Table2). The overall Cronbach’s o
coeflicient for the scale was 0.955, indicating excellent reliability.

3.2.4 Work engagement scale

The nine-item short version of the Work Engagement Scale
developed by Schaufeli et al. (2006) was used, covering three
dimensions: vigor, dedication, and absorption. Scores can be
calculated separately for each dimension or summed for an
overall score. Although a formal Chinese version of this scale
has not been established, it has been widely applied in domestic
research and has demonstrated good reliability and validity. Our
preliminary test results indicated weak differentiation among the
three dimensions; therefore, we opted to use only the total score
without distinguishing between dimensions. After removing items
with low factor loadings and high covariance, the final scale
comprised four items, presented in a seven-point Likert scale
format ranging from “never” to “always” with scores from 0 to 6.
Higher scores indicated a higher level of work engagement among
teachers. The scale exhibited excellent reliability with a Cronbach’s
a coefficient of 0.939. Structural equation modeling was employed
to assess the scale’s validity, yielding a Kaiser-Meyer-Olkin (KMO)
measure of sampling adequacy of 0.939 (p = 0.000). Standardized
factor loadings for the items ranged from 0.847 to 0.931. The
structural equation model fit indices were as follows: x */df = 3.965,
RMSEA = 0.049, CFI= 0.999, GFI = 0.997, and TLI = 0.996,
indicating a good model fit.

4 Results

4.1 Descriptive statistics and correlation
analysis

Descriptive statistics revealed that teachers’ overall level of
STEM resistance was relatively low (M = 2.21, SD = 0.72),
indicating that most teachers held an open attitude toward STEM

10.3389/fpsyg.2026.1726148

education. Regarding the two dimensions of leadership style,
teachers perceived a stronger benevolence-moral leadership (M
= 3.83, SD = 0.95) compared to authoritarian leadership (M =
2.67, SD = 1.04). This suggests that although a certain degree of
authoritarian management exists, the overall leadership style leans
toward humanistic care. Teachers” overall STEM literacy was at an
above-average level (M = 3.49, SD = 0.70). Teachers also scored
high on work engagement (M = 5.57, SD = 1.29), demonstrating
strong professional enthusiasm and dedication.

Correlation analysis (see Table 3) revealed that authoritarian
leadership showed significant negative correlations with teachers’
STEM literacy (r = —0.070, p < 0.05) and work engagement (r
= —0.184, p < 0.05), and a significant positive correlation with
STEM resistance (r = 0.347, p < 0.001). In contrast, benevolence-
moral leadership was positively correlated with STEM literacy
(r = 0.445, p < 0.001) and work engagement (r = 0.414, p
< 0.001), and negatively correlated with STEM resistance (r
= —0.277, p < 0.001). Moreover, teachers STEM literacy was
negatively correlated with their STEM resistance (r = —0.411,
p < 0.001), as was work engagement (r = —0.259, p < 0.001).
These results provide preliminary empirical support for the
study’s hypotheses.

4.2 Hypothesis testing

To comprehensively test the proposed mediated-moderation
model in this study, an observed-variable path model was
estimated in AMOS using scale scores for authoritarian leadership,
benevolence-moral leadership, teachers STEM literacy, work
engagement, and the corresponding leadership x work engagement
interaction terms. Model fit and the direct and indirect (mediating)
paths were then evaluated. The analysis results indicated that
the structural equation model exhibited an excellent fit, with the
following fit indices: x?/df = 0.911, RMSEA = 0.000 [90% CI
(0.000, 0.055)], CFI = 1.000, GFI = 1.000, and TLI = 1.001.
However, considering the limited support of structural equation
modeling for confidence interval tests of moderation effects and
slope estimations at different levels (e.g., M % 1SD), this study
additionally employed the Hayes PROCESS macro for SPSS
(version 4.2 beta), Model 7, to test moderation effects. This

TABLE 2 AVE values and inter-factor correlations of latent constructs measuring teachers’ STEM literacy.

Latent variable AVE

Development and
implementation of

STEM curriculum

Evaluation of
STEM courses

Value
orientation
toward STEM
education

Disciplinary
foundations and
interdisciplinary

integration

Development and implementation of 0.624 0.790

STEM curriculum

Value orientation toward STEM 0.724 0.404 0.851

education

Disciplinary foundations and 0.666 0.603 0.350 0.816

interdisciplinary integration

Evaluation of STEM courses 0.775 0.667 0.340 0.524 0.880

Bold values on the diagonal indicate the square roots of AVE for each construct; off-diagonal values are inter-construct correlations.
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TABLE 3 Correlation analysis results.

Variables

1. Gender

2. Education background 0.108***

3. Duration of STEM teaching —0.087** —0.142%*

experience

4. Professional title —0.095** —0.208"** 0.151%**

5. Studying phase —0.215** 0.206*** 0.058* 0.006

6. School location —0.142** —0.154** —0.038 0.119* —

(urban/rural, primary)

7. School location —0.134** —0.153** 0.103* —0.017 — —

(urban/rural, junior high)

8. TSL 0.025 0.042 0.092** —0.074** —0.162"** —0.089 0.056

9. WE 0.03 —0.027 0.080™* —0.006 —0.061* —0.022 0.059 0.379***

10. AL —0.181"** —0.059* 0.107*** 0.083** 0.130"** 0.079 0.009 —0.070* —0.184"*

11. BL 0.130*** 0.026 —0.044 —0.080** —0.196*** —0.099* —0.047 0.445%** 0.414*** —0.400"**

12. STR —0.133*** —0.089** 0.012 0.114*** 0.127*** 0.164™* 0.046 —0.411"* —0.259*** 0.347*%* —0.277%*

Mean 1.790 2.900 2.300 2.990 1.460 1.390 1.290 3.487 5.570 2.669 3.833 2.209
SD 0.410 0.448 1.843 1.406 0.499 0.489 0.453 0.705 1.292 1.040 0.946 0.725

AL, authoritarian leadership; BL, benevolent-moral leadership; TSL, teacher STEM literacy; WE, work engagement; STR, teacher STEM resistance.
*p < 0.05,*p < 0.01, **p < 0.001.

—” indicates that the correlation is not applicable or cannot be computed.
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approach utilized the bootstrap method to estimate the significance
of moderation pathways and the degree of moderation on indirect
effects, thereby enhancing the statistical power to detect interaction
effects and effectively compensating for the limitations of structural
equation modeling.

Prior to testing the mediating and moderating effects, all
variables—including authoritarian leadership, benevolence-moral
leadership, teachers’ STEM literacy, work engagement, and STEM
resistance—were standardized to mitigate multicollinearity. In this
model, authoritarian leadership and benevolence-moral leadership
served as independent variables, teachers’ STEM resistance as the
dependent variable, teachers’ work engagement as the moderating
variable, and teachers’ STEM literacy as the mediating variable.
Control variables encompassed teachers’ gender, educational
background, STEM education experience, professional title, and
teaching level. Simple slopes were probed at teachers work
engagement values corresponding to the mean and +1 SD, and
inference was based on 5,000 bootstrap resamples with 95%
percentile bootstrap confidence intervals.

As shown in Figure 2, the AMOS analysis results indicate
that authoritarian leadership is a significant positive predictor of
teachers’ STEM resistance (8 = 0.329, p < 0.001), supporting H1.
Authoritarian leadership is also a significant positive predictor of
teachers’ STEM literacy (8 = 0.158, p < 0.001), which does not
support H3. Meanwhile, STEM literacy is a significant negative
predictor of teachers’ STEM resistance (8 =-0.385, p < 0.001),
supporting H5. The indirect path from authoritarian leadership
to teachers’ resistance via STEM literacy (0.158 x —0.385
—0.061) was opposite in direction to the direct path, indicating a

~
~

suppression pattern in the statistical model, with the direct path
coefficient decreasing after the mediator was included. Therefore,
teachers’ STEM literacy partially mediated the relationship between
authoritarian leadership and teachers’ STEM resistance, consistent
with Hypothesis 6 (H6).

To further examine the mediating role of teachers STEM
literacy in the relationship between authoritarian leadership and
teachers’ resistance, the PROCESS macro was employed to test
the moderating effect. The results revealed a significant interaction
between authoritarian leadership and work engagement (8 =
—0.040, p = 0.003), indicating that work engagement significantly
moderated the impact of authoritarian leadership on teachers’
STEM literacy. Further simple slope analysis (as shown in Table 4)

FIGURE 2
SEM model path.
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demonstrated that under low levels of work engagement (M -
1SD), authoritarian leadership significantly and positively predicted
teachers’ STEM literacy; at moderate levels, the effect was not
significant; whereas under high levels of work engagement (M +
1SD), the effect reversed. These findings suggest that authoritarian
leadership was significantly and positively associated with teachers’
STEM literacy only when work engagement was low, whereas a
negative association emerged when work engagement was high
(as depicted in Figure 3). Thus, work engagement moderated
the predictive relationship between authoritarian leadership and
teachers’ STEM literacy, confirming Hypothesis 9 (H9).

As shown in Figure2 in the preceding text, benevolence-
moral leadership was not a significant predictor of teachers’ STEM
resistance (8 = 0.058, p = 0.061), indicating that Hypothesis 2 (H2)
was not supported. Benevolence-moral leadership significantly and
positively predicted teachers’ STEM literacy (8 = 0.409, p < 0.001),
while STEM literacy significantly and negatively predicted teachers’
STEM resistance (f = —0.385, p < 0.001), confirming Hypotheses
4 (H4) and 5 (H5). Therefore, teachers STEM literacy fully
mediated the relationship between benevolence-moral leadership
and teachers’ STEM resistance, consistent with Hypothesis 7 (H7).
Finally, work engagement significantly and negatively predicted
teachers’ STEM resistance (8
Hypothesis 8 (HS).

Further analysis of the moderating effect of work engagement
using PROCESS macro Model 7 revealed that the interaction
between benevolence-moral leadership and work engagement

= —0.076, p =0.006), supporting

was significantly associated with teachers’ STEM literacy (B =
0.039, p = 0.003), indicating that work engagement significantly
moderated the relationship between benevolence-moral leadership
and teachers’ STEM literacy. Further analysis of the moderated
mediation effect, as shown in Table 4, demonstrated that as levels
of work engagement levels increased, the positive association
between benevolence-moral leadership and teachers’ STEM literacy
became stronger (as depicted in Figure 4), confirming the effective
moderating role of work engagement in the relationship between
benevolence-moral leadership and teachers’ STEM literacy and
thereby validating Hypothesis10 (H10).

5 Discussion

5.1 Paternalistic leadership and teachers’
STEM resistance

Paternalistic leadership, rooted in Confucian culture (Farh
and Cheng, 2000), combines authority with benevolence (Pang
et al,, 2012). Some believe that the management art of “combining
kindness with strictness” in paternalistic leadership can achieve
ideal management outcomes (Farh and Cheng, 2000). This
study provides survey-based evidence for the managerial
relevance of paternalistic leadership in STEM education, and
further shows that authoritarian leadership and benevolence-
moral leadership exhibit inconsistent patterns of association.
Authoritarian leadership significantly and positively predicted
teachers’ STEM resistance, whereas benevolence-moral leadership
did not significantly negatively predict it. This finding suggests
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TABLE 4 Results of the moderated mediation effect test for work engagement.

Standard
error

Indirect 95% confidence interval

effect

Outcome Moderator Level of moderator

variable

Independent

variable
Lower

limit

Upper
limit

Low High
Authoritarian Leadership

FIGURE 3
The moderating effect of work engagement on authoritarian
leadership and teachers’ STEM literacy.

that paternalistic leadership is not consistently associated with
positive outcomes in STEM education reform. Specifically,
authoritarian leadership, which emphasizes hierarchy and
obedience, is positively associated with teacher resistance and
higher levels of opposition to STEM teaching changes. Although
benevolent-moral leadership is characterized by emotional support
and care and is negatively associated with teacher resistance, its
direct association is not statistically significant. Previous research
findings align with this study: for example, Long et al. (2014)
found that authoritarian leadership directly and positively
predicted work alienation, while benevolent leadership did not
significantly and negatively predict it directly but exerted an
influence through organizational support as a mediator. Similarly,
research on university teachers has revealed that job satisfaction
fully mediated the relationship between moral leadership and
organizational citizenship behavior, as well as the relationship
between benevolent leadership and task performance (Qiu and
Yang, 2015). Thus, the functioning of paternalistic leadership in
management appears to be complex, with different leadership
styles being related with teachers’ attitudes and behaviors through
distinct pathways. The positive associations of benevolence-
moral leadership may be latent, requiring mediation through
other psychological processes before becoming observable in
empirical models.
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Authoritarian Teacher’s Work Low-score group —0.031 0.012 —0.055 —0.009
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Difference between groups 0.040 0.015 0.011 0.070
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FIGURE 4
Moderating effect of work engagement on the relationship between
benevolence-moral leadership and teachers’ STEM literacy.

5.2 Teachers’ STEM literacy as a mediator

First, STEM literacy fully mediated the relationship between
benevolence-moral leadership and teachers’ STEM resistance.
This study found that although the direct association between
benevolence-moral leadership and teacher resistance was
nonsignificant, a significant indirect path was observed via teachers’
STEM literacy. Specifically, benevolence-moral leadership was
positively predicted with teachers’ STEM literacy, which in turn
was negatively associated with teacher resistance. This result
reveals that benevolence-moral leadership is not directly related
to lower resistance to change but is indirectly associated with
lower resistance through its association with teachers’ professional
competence, which is consistent with the “resource gain” logic of
Conservation of Resources Theory (Hobfoll et al., 2018). That is,
benevolence-moral leadership creates psychological security and
a positive work attitude for teachers through caring support and
moral exemplarity (Zheng et al., 2020), prompting them to translate
leadership support into motivation for improving STEM literacy
and thereby alleviating resistance to change due to insufficient
competence. This finding expands current understanding of
the pathways through which benevolence-moral leadership is
associated with educational outcomes, suggesting that its role is
more strongly reflected in capacity building rather than in the
direct transmission of pressure.
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Second, STEM literacy partially mediated the relationship
between authoritarian leadership and teachers’ STEM resistance.
This study found that authoritarian leadership significantly and
positively predicted teachers STEM resistance, indicating that
authoritative and command-oriented management is associated
with higher levels of teacher resistance and dissatisfaction. On the
other hand, although authoritarian leadership significantly and
positively predicted teachers’ STEM literacy, the pathway analysis
revealed characteristics of a “suppression effect” (MacKinnon
et al., 2000). Specifically, authoritarian leadership was indirectly
associated with lower teacher resistance through its positive
association with STEM literacy; however, this indirect pathway
was opposite in direction to its positive direct path, resulting in a
partial mediating role overall. This finding suggests that although
authoritarian leadership is related to higher levels of teachers’
professional performance indicators (e.g., skills training and
teaching standardization embedded in institutional arrangements),
its relatively limited psychological support and emotional
connection are also associated with higher levels of teacher
resistance. This contradictory effect resonates with leadership
research on the “paradoxical behavior™ (Batool et al., 2023),
underscoring the need for caution: short-term improvements in
teachers’ STEM literacy under authoritarian leadership may be
accompanied by long-term psychological depletion.

5.3 Work engagement as a predictor and
moderator

This study found that work engagement significantly and
negatively predicted teachers’ STEM resistance, meaning that
higher work engagement was associated with less resistance and
fewer resistant behaviors toward STEM teaching changes among
teachers. Teachers with high work engagement tend to be more
focused, enthusiastic, and responsible, and are more likely to report
supportive attitudes toward teaching reforms; correspondingly,
higher work engagement is associated with lower levels of resistance
to new teaching concepts and methods. Although work engagement
is often viewed as an outcome variable (Christian et al., 2011;
Kim et al., 2013), research shows that it forms a gain cycle
with factors such as willingness to change, with mutual causation
(van den Heuvel et al., 2010). According to Conservation of
Resources Theory (Hobfoll et al., 2018), teachers with high work
engagement tend to actively invest their personal resources (e.g.,
psychological capital, professional efficacy) into their work to
enhance their adaptability and cope with challenges brought by
change. This study confirms from an educational perspective that
work engagement is an antecedent variable of teacher resistance,
influencing their attitudes toward teaching changes.

This study also found that work engagement played a
differentiated moderating role under different leadership styles.
The positive association between benevolence-moral leadership
and STEM literacy became stronger as work engagement increased,

1 A leader's apparently competing yet interrelated behaviors to meet
structural and follower demands is known as paradoxical behavior.
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with the moderating effect of work engagement exhibiting a
relatively stable gain effect. In other words, the positive association
between benevolence-moral leadership and teachers’ STEM
literacy was stronger at higher levels of work engagement. Previous
research has found that when teachers perceive higher supervisor
support, the positive correlation between work engagement and
their perceived work competence is stronger; conversely, this
correlation is weaker when supervisor support is perceived
as low (Lin et al, 2022). This study further confirmed this
relationship from the perspective of STEM education, clarifying
the pattern of associations among teachers’ work engagement,
benevolence-moral leadership, and teachers’ STEM literacy. At
the same time, it is consistent with the motivational pathway
of the Job Demands-Resources (JD-R) model (Bakker and
Demerouti, 2007): benevolence-moral leadership is associated
with higher levels of perceived job resources, such as emotional
support, moral guidance, and organizational support, which in
turn are related to higher work engagement. Teachers with higher
levels of engagement also tend to report more learning-oriented
behaviors and higher levels of STEM literacy, suggesting a mutually
reinforcing pattern among leadership support, engagement, and
professional development.

Conversely, authoritarian management was positively
associated with STEM literacy only when teachers’ work
engagement was low, whereas this association became weaker
or even negative as work engagement increased. When work
engagement was low, authoritarian leadership was positively and
significantly associated with teachers’ STEM literacy; however,
when work engagement was moderate or high, this positive
association gradually weakened and even became negative,
displaying an “inverted U-shaped” moderating trend. A possible
reason is that when teachers have low work engagement,
authoritarian leadership can lead to limited improvements
with
professional development management; however, for highly

in competence through pressure-driven compliance
engaged teachers, authoritarian management may suppress
their their

motivation for professional development. Previous research

autonomy and creativity, thereby weakening
has also confirmed from aspects such as employee compliance,
gratitude, and supervision satisfaction that the impact of leaders’
authoritarianism on subordinates varies depending on employees’
“traditionality”® or authority orientation: for subordinates with
high authority orientation and who value compliance and
obligations, authoritarian leadership shows a larger effect. For
subordinates who stress equal rights, the association tends to
weaken or become non-significant among subordinates with low
authority orientation (Cheng et al., 2004). Self-Determination
Theory suggests that when external control exceeds an individual’s
capacity for autonomous regulation, even if the target outcome
(e.g., STEM literacy) temporarily improves, it may still lead to
motivation depletion and reverse resistance due to violation of
the individual’s fundamental need for autonomy (Deci and Ryan,

2 Here, "traditionality” refers to the tendency of employees to accept and
follow the hierarchical system in society, such as whether they tend to obey
authority and follow the superior-subordinate relationship.
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2000). This complex effect is particularly salient in the field of
STEM education: in many countries, including China, there
are no specialized pre-service teacher education programs for
STEM teachers. Consequently, closing institutional gaps largely
depends on the continuous learning and professional initiative of
in-service teachers. If leaders adopt high-pressure authoritarian
management to promote reforms, it may produce only superficial
or compliant changes in the short term, but fail to foster teachers’
deep identification with and sustained commitment to STEM
education. Instead, such practices risk suppressing teachers’
intrinsic motivation for professional growth and undermining the
long-term effectiveness of reforms.

5.4 Limitations and further work

Although this study has made certain explorations in
theoretical construction and empirical analysis, it still has
limitations that need to be further addressed in future research:

First, the research design mainly relies on cross-sectional
data, making it difficult to reveal causal mechanisms among
variables. This study uncovered the pathways of influence among
leadership styles, teachers’ STEM literacy, work engagement, and
teachers’ STEM resistance through structural equation modeling
and mediation-moderation analysis. However, since the data were
collected at a single time point, it is challenging to confirm the
temporal sequence and dynamic changes among the variables.
Future research could consider adopting longitudinal designs or
experimental studies to more precisely identify causal relationships
and developmental trends.

Second, although the research results show a significant
moderating effect of work engagement, the underlying mechanisms
remain to be further explored. This study found that work
engagement exerts either amplifying or suppressing effects on
the pathways through which different leadership styles influence
outcomes; however, the underlying mechanisms driving these
effects remain unclear. In particular, school organizational
contexts may also influence leadership effectiveness beyond
the factors involved in this study. For example, a school’s
innovative culture may strengthen the transmission effect of
on STEM-related
while administrative accountability or standardized testing

benevolence-moral leadership resources,
pressures may amplify the negative effects of authoritarian
leadership. Therefore, it is still necessary to further integrate
organizational-level ~antecedent variables and individual-
level psychological processes to analyze their mechanisms
of action.

Third, the sample source has certain regional limitations,
affect the

conclusions. The sample for this study was selected from

which may generalizability of the research
STEM teachers in a provincial capital city in northern China.
Due to the influence of cultural, institutional, and economic
development levels, the research conclusions have certain
situational ~dependencies. Future research could expand
the sample coverage and conduct cross-regional or even

cross-cultural comparative studies to enhance the universal

Frontiers in Psychology

10.3389/fpsyq.2026.1726148

applicability and cross-situational explanatory power of the
research conclusions.

6 Conclusions

This study examined the relationships among paternalistic
leadership, STEM literacy, work engagement, and teachers’ STEM
resistance. The findings indicate that authoritarian leadership
was positively associated with teachers’ resistance, whereas
benevolence-moral leadership was indirectly associated with
lower resistance via STEM literacy. These patterns suggest
that different leadership styles may operate through distinct
psychological and professional processes, which may have
important implications for managing teacher resistance during
STEM reform. STEM literacy emerged as a central mediator:
it fully transmitted the effect of benevolence-moral leadership
and partially mediated the paradoxical effect of authoritarian
leadership. Although authoritarian leadership predicted higher
STEM literacy, path analysis showed a suppression effect: the
indirect pathway—in which higher STEM literacy was associated
with lower resistance—ran opposite to the direct pathway,
in which authoritarian leadership was associated with higher
resistance. This pattern reflects a suppression effect with partial
mediation; short-term improvements in teachers’ STEM literacy
observed in association with authoritarian leadership may be
accompanied by long-term psychological depletion. Moreover,
work engagement not only negatively predicted resistance
but also moderated leadership effects. For benevolence-moral
leadership, the positive association with teachers’ STEM literacy
was stronger at higher levels of work engagement, while the
effect of authoritarian leadership followed an inverted U-shaped
trend, turning from positive under low engagement to negative
at higher engagement. To enhance teachers’ STEM literacy and
willingness to participate in STEM education, schools may consider
cultivating a culture of benevolent-moral leadership while carefully
defining the boundaries of authoritarian management practices.
Meanwhile, differentiated incentive and support mechanisms
should be developed based on teachers’ levels of work engagement,
thereby fostering sustained professional development and
active involvement in STEM education reform, which provides
important implications for the management of STEM reform at
the school level.
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