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Abstract

This study examines the role of digital leadership in driving innovation performance within
Chinese enterprises, with a focus on the mediating effects of organizational learning and
organizational identification. Using a quantitative research design with data from 331
employees across various industries in Shandong Province, the analysis reveals that digital
leadership has a positive influence on organizational learning and identification, which, in turn,
enhances innovation performance. Specifically, the findings indicate that leaders who
demonstrate digital thinking, adaptability, and interpersonal skills are more effective in
cultivating a learning environment and fostering a sense of shared identity among employees.
These dynamics are crucial for fostering innovation in China's rapidly evolving digital
economy. The research underscores the importance of developing digital leadership
competencies and leveraging organizational culture to support sustainable innovation
outcomes. The study emphasizes the importance for organizations in China to strategically
invest in developing digital capabilities and cultivating a collaborative, inclusive organizational
culture to drive successful digital transformation.
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Introduction

The rapid advancement of digital technologies, including artificial intelligence (Al), big data,
and blockchain, is dramatically reshaping the global business landscape. These innovations
bring both unprecedented opportunities and complex challenges to organizations worldwide.
Between 2006 and 2019, approximately 50% of the Fortune 500 companies disappeared,
primarily due to failure to adapt to digital change (Berman, 2019). Similarly, the average
lifespan of S&P 500 companies dropped from 61 years in 1958 to less than 18 years by 2022
(Statista, 2023). This accelerated shift places enormous pressure on leaders to navigate digital
transformation effectively. Despite widespread recognition of the importance of digital
transformation, only 7% of organizations worldwide have achieved full digital maturity
(Hotbauer et al., 2019; Demsetz, 2021). One of the most significant barriers to progress is the
lack of leaders equipped with a digital mindset and the ability to foster innovative cultures
(Khin & Ho, 2020). Digital transformation is not solely a technological upgrade—it demands
organizational change, cultural adaptation, and, most importantly, strategic leadership.

In China, Shandong Province has emerged as a pioneer in promoting digital transformation.
Designated as China’s first digital transformation facilitation center, the region has taken
significant steps to support enterprise-level innovation. As of September 2023, there were 4.39
million enterprises in the province, reflecting rapid digital development. In November 2023,
118 enterprises were selected as pilots for digital transformation initiatives across diverse
industries (Shandong Provincial People's Government, 2023). These developments make
Shandong a meaningful context for exploring how leadership drives organizational
transformation. Recent studies indicate that organizations with strong digital leadership are
more likely to achieve successful transformation, while inadequate leadership contributes to
digital initiative failure rates as high as 70% (Bartsch et al., 2020). Digital leaders are expected
to demonstrate agility, systems thinking, interpersonal skills, and a clear vision to guide their
organizations through uncertainty.

Although digital leadership has gained scholarly attention, empirical research examining its
direct and indirect effects—particularly within the context of Chinese enterprises—is still
limited. In particular, the mechanisms through which digital leadership influences innovation
performance remain underexplored. Two potential mediating factors—organizational learning
and organizational identification—have been identified as critical elements in organizational
adaptation, but their roles in digital transformation processes require further empirical
validation. The research pursues the following objectives: (1) To explore the components of
digital leadership within the context of digital transformation in Shandong enterprises. (2) To
investigate the impact of digital leadership on innovation performance. (3) To analyze the
mediating effects of organizational learning and organizational identification in the relationship
between digital leadership and innovation performance.

Literature Review and Hypotheses

Digital Leadership

Digital technologies are having a profound impact on organizations, accelerating their digital
transformation and altering traditional leadership structures (Avolio et al., 2014; Sook, 2017).
For this reason, scholars' focus on leadership has shifted from classical personal traits to a
broader understanding of leadership, with increasing attention paid to its interactions within
the internal and external environments of organizations. The concept of digital leadership was
developed to address emerging leadership needs (Larson & DeChurch, 2020).

Digital leadership belongs to the category of transformational leadership. The emergence of
digital leadership is a result of the development of transformational leadership. Bass (1995)
argues that transformational leadership is a process that enhances employees' sense of
belonging and motivation by recognizing the tasks of subordinates. Digital leadership is an
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emerging concept that has emerged in the digital era (Roman et al., 2019; Sasmoko et al., 2019;
Stjepi¢ et al., 2020; Vrontis et al., 2021).

Mihardjo et al. (2019) stated that digital leadership is the integration of digital culture and
digital competence. Digital leadership leverages the capabilities of digital technology as part
of its leadership style to create value for the company. Benitez et al. (2022) stated that digital
leadership is the ability of digital leaders within an organization to utilize digital, marketing,
business, and strategic leadership skill sets to lead and manage interdisciplinary staff in
digitally transforming the organization.

Digital leadership is divided into four dimensions: digital thinking power, digital detective
power, digital social power, and digital reserve power (Alnuaimi et al., 2022; Avolio et al.,
2014; Brett, 2019; Martins, 2019; Sasmoko et al., 2019; Sheninger, 2019; Sandel, 2013).
Organizational change in enterprises in the digital era is fast. Business leaders value and tap
into digital technology. Digital leaders use digital means to encourage innovation (Larson &
DeChurch, 2020; Roman et al., 2019; Sasmoko et al., 2019; Stjepi¢ et al., 2020; Vrontis et al.,
2021). Digital leaders enhance employee belonging. Digital leaders effectively promote the
digital transformation of enterprises and improve digital transformation performance.

While the existing literature provides a foundational understanding of digital leadership, most
studies have focused on Western contexts, potentially overlooking cultural factors that may
influence leadership behaviors in Asian organizations. Research from Thailand, for instance,
highlights how digital leadership interacts with cultural expectations of hierarchy and collective
behavior (Srimata et al., 2019). Their study demonstrates that the effectiveness of digital
leadership is mediated by school climates and engagement, suggesting contextual factors may
play a role in Chinese enterprises. Additionally, Suksai et al. (2021) proposed a digital
leadership development model aligned with Thailand’s 4.0 national policy, emphasizing the
importance of policy-level support and localized leadership training. These findings suggest
that regional digital transformation efforts, such as those in Shandong Province, may benefit
from culturally specific leadership frameworks. Therefore, this study extends previous models
by testing digital leadership within China’s unique socio-economic and policy environment.
Organizational Learning

Organizational learning is of paramount importance and serves as the foundation of an
organization's competitiveness (Inthavong et al., 2023). The types of concepts in organizational
learning include improving behavior, environmental interaction, process level, experience
generating knowledge, accumulation, and transformation (Chen et al., 2023).

Argote & Epple (1990) hold the view that organizational learning can be understood as the
introduction of more appropriate knowledge and skills to carry out error correction activities.
Organizational learning achieves positive adjustments to organizational outcomes. Holmqvist
(1999) states that learning organizations have a significant advantage in creating, absorbing,
and transferring knowledge. Organizational learning refers to the cognitive and behavioral
changes within an organization. The necessary components of organizational learning are
cognitive and behavioral (Bingham & Haleblian, 2012). Huber (2019) states that both cognitive
and behavioral elements are important components of organizational learning.

Organizational learning is an adaptive behavior of an organization (Sancho-Zamora et al.,
2022). Organizational learning enhances knowledge, deepens experience, sharpens
perceptions, refines behaviors, and strengthens an organization's ability to adapt to its
environment. Research on the relationship between active learning and leadership indicates
that leaders can enhance the learning atmosphere by fostering a sense of trust within the team
(Holmgqvist, 1999). An organizational learning culture serves as a bridge between empowering
leadership and open innovation (Abbas et al., 2020). Organizational learning is a key part of
the entrepreneurial orientation and dynamic capability process. Market orientation influences
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organizational learning, which in turn affects innovativeness. Research confirms the role of
organizational learning as a bridge between collaborative culture and firm performance.
Organizational learning will bring a series of effects to the organization. Scholars have
conducted extensive research on the relationship between organizational learning and corporate
innovation (Liao & Wu, 2010). Organizational learning encourages enterprises to achieve
innovative breakthroughs in products, technology, and other aspects (Noruzy et al., 2012).
Research confirms that innovation occurs when a company can conduct more efficient
organizational learning activities (Abbas et al., 2020). Organizational learning activities
undertaken by a company can have a positive impact on innovation in the company.

Despite extensive exploration of organizational learning, most existing frameworks emphasize
universal behavioral processes without fully considering national or organizational culture as
influencing variables. In East Asian contexts, including China, Confucian cultural values such
as respect for hierarchy and emphasis on collective goals may influence how organizations
absorb and disseminate knowledge. Studies suggest that in Chinese firms, trust and loyalty are
critical in shaping a learning culture, and leaders play a significant role in legitimizing
knowledge-sharing behaviors. Consequently, organizational learning in China may rely more
heavily on top-down support than on flatter organizational cultures.

Organizational Identification

Organizational identification refers to the mental state and cognitive association in which
individuals perceive themselves as part of the organization (Dutton et al., 1994; Rousseau,
1998). Organizational identification includes four attributes: cognitive, affective, evaluative,
and behavioral (van Dick et al., 2008), which can be further divided into situational and deep
identity.

Organizational identity is a comprehensive concept that refers to the consistency of
organizational members' behaviors and perceptions towards the organization (Pham, 2020).
Leadership has a significant influence on the emergence of organizational identification (Amiot
et al., 2007; Bartel, 2001; Epitropaki & Martin, 2005; Olkkonen & Lipponen, 2006; Smidts et
al., 2001). Organizational identification is significantly influenced by digital leadership,
creating a supportive environment for digital transformation. When employees feel a strong
connection to their organization, they are more likely to embrace and drive digital initiatives
(Lipponen et al., 2003).

Regarding the results produced by organizational identification, numerous studies have
demonstrated that organizational identification has a positive impact on employee input and
innovation performance (Yuan et al., 2016). This collective commitment enhances innovation
and adapts to new digital technologies, fostering a culture that supports continuous
improvement and technological advancement.

Employees are likely to share digital insights and practices, leading to improved digital
competence and agility across the organization (Pham, 2020). Employees' organizational
identification behaviors may facilitate the reinforcement of the organization's innovation
performance, enhance its reputation, and make it easier for organizational identification to
emerge in intergroup comparisons (Sook, 2017). However, much of the research on
organizational identification has centered on individual psychology and Western management
practices, with limited focus on collective identity in Asian settings. In collectivist societies
such as China, organizational identification is influenced by shared goals, in-group loyalty, and
alignment with national development narratives. For example, studies in Asian firms show that
employees’ identification is strengthened when their work is positioned as contributing to
broader societal or technological progress (Pham, 2020). This reinforces the need to explore
how digital leadership fosters collective identification under national policy initiatives, such as
“Made in China 2025,” or provincial programs in Shandong.
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Innovation Performance

Innovation performance refers to an enterprise's performance in innovation, serving as a means
to evaluate the efficiency and effectiveness of its innovation activities. Existing studies have
delineated enterprise innovation in four aspects: manifestation, degree, involvement, and type
of innovation (Ghoshal, 2020). Alegre & Chiva (2013) defined innovation performance as the
improvement in effectiveness and efficiency achieved by enterprises after investing certain
resource elements in the innovation system.

The innovation performance generated based on new products and technologies is also known
as radical innovation performance (Chang et al., 2012). Innovation performance includes the
development and successful launch of new products, services, processes, or business models
(Sun et al., 2020), as well as innovative performance in competitive markets.

Shandong Province is a particularly relevant setting for this research due to its unique role in
China’s digital transformation agenda. As the first province officially designated as a digital
transformation facilitation center, it has rapidly developed a comprehensive ecosystem
supporting digital infrastructure, innovation incubation, and policy guidance. The province’s
industrial diversity and extensive participation in pilot transformation programs provide a
context for examining how digital leadership manifests in organizational practices. Moreover,
Shandong’s strong alignment with national policy initiatives makes it a valuable case for
exploring the interaction between leadership, organizational learning, and identification.
Digital leadership can effectively guide corporate innovation. Entrepreneurs can develop a
clear vision and strategy to guide their teams in innovation (Guisado-Gonzalez et al., 2017).
Leaders adopt an open communication approach, listen to team members' opinions and
suggestions, and encourage an open communication atmosphere. The leader creates an
environment that enables experimentation with new approaches and learning, encouraging
team members to discover innovative solutions in practice (Li et al., 2021; Liao et al., 2023).
The acquisition of external knowledge contributes to a firm's innovation performance. Learning
content, learning levels, and learning sources have a positive impact on corporate innovation
performance. The conditions under which the dimensions of exploitative and exploratory
learning have an impact on firms' innovation performance are different (Abbas et al., 2020;
Ahmad et al., 2020; Kun, 2022). An organization's learning capability influences innovation,
while incremental innovation is impacted by both the firm's knowledge accumulation
capability and its organizational size (Abbas et al., 2019).

Organizational identity encompasses the collective beliefs, values, and norms that define an
organization and shape its culture. When employees strongly identify with their organization,
they feel a deep sense of belonging and alignment with its goals and objectives. Employees
with a strong organizational identity understand and align with the organization's mission and
strategic direction (Abbas et al., 2020; Ahmad et al., 2020; Chen et al., 2023).

Organizational identity fosters high levels of employee engagement and motivation (Hu et al.,
2023; Inthavong et al., 2023). Employees who identify with their organization are committed
to its success and are willing to go above and beyond their formal roles to contribute innovative
ideas and solutions. Organizations with a strong identity are more adaptable and agile in
responding to market changes and technological advancements. This adaptability enables them
to innovate rapidly, introducing new products or improving existing processes to meet evolving
customer needs and competitive pressures (Hu et al., 2023; Inthavong et al., 2023).
Organizational identity shapes the culture and mindset within an organization, influencing how
employees perceive their roles, contribute to innovation, and drive performance improvements.
According to the proposed research objectives, the following hypotheses were tested:
Hypothesis 1: Digital leadership has a positive impact on Organizational learning.

Hypothesis 2: Organizational learning has a positive impact on Innovation performance.
Hypothesis 3: Digital leadership has a positive impact on Innovation performance.
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Hypothesis 4: Digital leadership has a positive impact on Organizational identification.
Hypothesis 5: Organizational identification has a positive impact on Innovation performance.
Hypothesis 6: Organizational learning has a mediating effect between Digital leadership and
Innovation performance.

Hypothesis 7: Organizational identification has a mediating effect on the relationship between
Digital leadership and Innovation performance.

Research Methodology

Population and Sample

In November 2023, the Shandong Provincial government announced the list of the first batch
of enterprises participating in the digital transformation pilot in Shandong Province. The list
includes 118 digital transformation companies. Enterprise types include manufacturing, new
energy companies, biotechnology companies, the chemical industry, and modern service
enterprises. Among the digital transformation pilot enterprises in Shandong Province, there are
7 biotechnology enterprises, 20 new energy enterprises, 59 manufacturing enterprises, 26
chemical enterprises, and 6 modern services. The digital transformation pilot enterprises in
Shandong Province have a total of about 120,000 employees.

The stratified sampling approach was applied based on the type and size of the pilot enterprises.
Each industry category—manufacturing, new energy, biotechnology, chemical, and modern
services—was proportionally represented in the sample to reflect the diversity of the
population. Furthermore, enterprises were selected from multiple cities across Shandong
Province to ensure regional diversity. Within each selected enterprise, respondents were chosen
from different functional departments and organizational levels, including top management,
middle managers, and frontline staff, to capture a comprehensive range of perspectives on
digital leadership and innovation practices. Participants were assured anonymity and
confidentiality, and participation was entirely voluntary. These measures were designed to
enhance the representativeness and generalizability of the sample while reducing the risk of
systematic bias in the data.

Measurement

Digital leadership is divided into four dimensions: digital thinking power, digital detection
power, digital social power, and digital reserve power. There are 20 digital leadership
measurement items. This scale is used to measure employees' perception of digital leadership
in digital transformation pilot enterprises in Shandong Province.

Digital thinking power refers to the leader's ability to integrate digital thinking into the
enterprise's sustainable development strategy, establish a long-term strategic pattern, gain
insight into the future, and outline the ecosystem. Leaders need to develop strategies that are
tailored to the business's growth. Leaders encourage employees to work towards a shared vision
to achieve organizational goals. Digital thinking ability is an integral part of digital leadership
and the basis for distinguishing leaders.

Digital detective power means that leaders possess a certain level of digital literacy, enabling
them to gain timely insights into the trends of scientific and technological development and
environmental policies, and to make informed decisions and deployments in the face of
changing environments. Leaders need to grasp the trends in the world economy and adapt to
the trend of industry progress.

Digital social power is the foundation for leaders to adapt to their environment and drive the
continuous development of their organization. Digital social power refers to the ability of
leaders to actively learn and utilize digital tools, enhance the efficiency of communication and
collaboration with employees, provide employees with space for innovation and
communication, and improve the organization's operational effectiveness (Benitez et al., 2022).
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Digital reserve power refers to the ability of leaders to utilize digital technology to manage
talent, create a digital learning environment within the enterprise, and establish a digital talent
hierarchy. Leaders reward and recognize employees for their efforts and achievements (Brett,
2019).

Organizational learning is divided into three aspects: learning orientation, innovation culture,
and learning and sharing. Organized learning measurement items 13. To measure the status
quo of organizational learning in enterprises and employees' views on organizational learning.
Organizational learning is comprised of three key aspects: learning orientation, innovation
culture, and learning and sharing (Abdi et al., 2018). Learning orientation indicates that
enterprise leaders prioritize employee participation in key decisions.

Learning orientation indicates that enterprise leaders prioritize employee participation in key
decisions. Leaders see employee learning as both an expense and an investment. This attitude
reflects the leadership's emphasis on change to adapt to shifting circumstances. They view
employees' ability to learn as a key factor in the company's success and encourage innovative
thinking (Abdi et al., 2018; Liao & Wu, 2010).

Innovation culture refers to leaders who advocate for experimentation and innovation to
improve work processes and learn from the best practices of others in the industry. Experiences
and ideas provided by external resources, such as consultants, clients, and training companies,
are viewed as valuable learning tools. Employees are encouraged to provide comments and
suggestions on the procedures and methods used for task execution (Abdi et al., 2018).
Learning and sharing are where mistakes and failures are discussed and analyzed at all levels
of the business, and employees have the opportunity to discuss new ideas, initiatives, and
activities that are useful to the company (Abdi & Senin, 2015). Teamwork is a common
approach to working, and leaders provide tools to facilitate the practical application of what is
learned. These dimensions form the basis of corporate learning culture and provide a theoretical
basis for studying and evaluating organizational learning.

Organizational identity can be divided into three primary aspects: survival-oriented, belonging-
oriented, and success-oriented organizational identities. 15 items were measuring
organizational identification. This scale was used to measure employees' perceptions of
organizational identity in digital transformation pilot enterprises in Shandong Province.
Organizational identity can be divided into three categories: survivability, belongingness, and
success organizational identities (Brown, 2017). Organizational identity is a comprehensive
concept that refers to the consistency of an organization's members' behaviors and cognition
toward the organization they join, as well as the rational sense of contract and responsibility,
the irrational sense of belonging and dependence, and the behavioral results and commitment
to the organization based on this psychological foundation.

Innovation involves two dimensions: social innovation and technological innovation.
Technological innovation performance refers to the change in product technology and process.
In contrast, social innovation performance refers to the emergence of new social systems, such
as the patent system, which are innovation performance measurement items. Innovation
performance refers to an enterprise's performance in innovation, which serves as a means to
evaluate the efficiency and effectiveness of its innovation activities (Ghasemaghaei & Calic,
2019; Goh, 2005). Linton (2009) emphasizes that innovation generally involves two major
dimensions: social innovation and technological innovation. Technological innovation
performance refers to changes in product technology and process, whereas social innovation
performance refers to the generation of new social systems, such as the patent system.
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Research Results

Respondents’ Profiles and Studied Variables

The study analyzed demographic data from 331 respondents who provided valid information.
The gender distribution was relatively balanced, with 51.7% of participants being male and
48.3% female. Most respondents were between 26 and 35 years old (42.9%), representing the
core workforce in digital transformation settings. In the educational background, bachelor’s
(48.0%) and master’s degrees (25.1%) indicate a well-educated sample suitable for leadership
and innovation studies. The respondents primarily held operational roles (65.0%), with a
significant portion also in management or training positions, reflecting varied organizational
perspectives. Most participants had 6-15 years of work experience (68.2%), ensuring adequate
professional exposure for evaluating digital leadership and organizational change.

Reliability Analysis

The data presents the Cronbach’s Alpha reliability coefficients for various variables and their
dimensions, serving as a measure of the internal consistency of the measurement instruments.
All variables exhibit Alpha values above 0.8, indicating a high degree of reliability in the scales.
Within the dimension of digital leadership, digital thinking capacity (0.901) boasts the highest
reliability, signifying robust stability in this measurement item. Digital probing ability (0.881),
digital social competence (0.857), and digital reserve capacity (0.866) also demonstrate
commendable internal consistency. In terms of organizational learning, learning orientation
(0.898) possesses high reliability, while innovative culture (0.823) and learning and sharing
(0.830) exhibit solid measurement stability. All three measurements within the organizational
identification dimension exhibit high reliability, with existential organizational identification
(0.894), belonging organizational identification (0.859), and successful organizational
identification (0.883) demonstrating excellent internal consistency. In innovation performance,
social innovation (0.903) exhibits the highest reliability, highlighting the strong stability of this
measurement, while technological innovation (0.852) meets a commendable reliability
standard. The reliability coefficients of all variables surpass 0.8, indicating that the
measurement instruments employed in this study possess strong internal consistency.
Validity Analysis

Confirmatory factor analysis (CFA) is used to assess the fit of the measurement model,
ensuring that the instruments accurately reflect the research variables. Convergent validity is
established when factor loadings exceed 0.7, indicating statistical significance. Composite
reliability (CR) should exceed 0.7 to ensure internal consistency (Fornell & Larcker, 1981).
The Average Variance Extracted (AVE), which measures explanatory power, should be above
0.5 for strong reliability and validity (Hair et al., 2010). The CFA model fit indices indicate a
good fit of the model. The chi-square statistic (CMIN) is 82.446, with 48 degrees of freedom
(DF), resulting in a CMIN/DF ratio of 1.718, which is below 3, meeting the criteria for excellent
fit. The GFI and AGFI values are 0.960 and 0.935, respectively, exceeding 0.9, indicating a
high overall model fit.

Table 1 AVE and CR of Confirmatory Factor Analysis
Path Relationship Estimate S.E. C.R. P Factor Loading AVE CR
DTP <-- DL 1.000 0.741
DDP <-- DL  0.975 0.074 13.26  ***  (.783

DSP <— DL 0948 0071 1339 *** 0784 0.584 0.849
DRP <— DL 0883 0069 12757 *** 0748
LO <- OL  1.000 0.818
IC  <— OL 0787 006 13167 *** 0779 0584 0.807

LS <--- OL  0.778 0.067 11.694 ***  0.689
SUOI <--- Ol 1.000 0.754 0.538 0.776
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Path Relationship Estimate S.E. C.R. P Factor Loading AVE CR
BOI <--- OI 0.744 0.071 10.417 ***  0.666
SCOI <-- OI 0.972 0.081 11.997 ***  0.775
SI <--- [P 1.000 0.784
TI <--- [P 0.803 0.07 11.534 ***  (.724

0.569 0.725

Related Analysis
The study employed the square root of AVE (VAVE) values to verify discriminant validity.
Digital Leadership (DL) exhibited the highest correlation coefficient, as shown in Table 2.

Table 2 Results of Pearson's Correlation Analysis for Each Variable

Variables VAVE DL OL o1 KS
DL 0.764 0.764

OL 0.764 0.426%*%* 0.764

Ol 0.733 0.483 %% 0.286% % 0.733

P 0.755 0.543 %% 0.512% % 0.506%** 0.755

Note: *p < 0.05, **p <0.01, ***p <0.001

Results of Structural Equation Modeling

The CMIN/DF value is 1.697, which is well below the threshold of 5, indicating a good model
fit. The GFI = 0.960 and AGFI = 0.936, both above 0.9, indicate a high overall model fit. The
RMSEA = 0.046, less than 0.08, further supports the rationality of the model. The values of
Incremental Fit Index (IFI), Normed Fit Index (NFI), Tucker-Lewis Index (TLI), and CFI all
exceed 0.95, meeting the criteria for excellent fit, demonstrating a stable model structure with
strong explanatory power. The Standardized Root Mean Square Residual (SRMR) = 0.035,
below 0.05, indicates small model residuals and an ideal fit. All indicators meet the
requirements, suggesting a well-fitted model.

The results of the Structural Equation Modeling (SEM) for direct effect verification reveal the
path analysis outcomes among Knowledge Management (KM), Organizational Learning (OL),
and Organizational Innovation (OI). The research findings encompass path estimates, standard
errors (SE), critical ratios (CR), and significance levels (P-values), which are used to validate
the causal relationships and their significance among variables. The path estimate for the
influence of KM on OL i1s 0.607, with a C.R. of 7.713 and a significant P-value (p < 0.001).
This indicates a significant positive impact of KM on OL. The path estimate for the influence
of KM on OI is 0.477, with a C.R. of 5.394 and a significant P-value (p < 0.001). This
demonstrates a significant positive effect of KM on OI, highlighting its active role in driving
corporate innovation. The path estimate for the influence of OL on Ol is 0.165, with a C.R. of
2.098 and a significant P-value of 0.036 (p < 0.05). This suggests a significant positive
contribution of OL to OI. The results of the internal control indirect effects tests in Table 3.

Table 3 Results of Internal Control Indirect Effects Tests
Bias Corrected (95%)

(1)

Path Effect SE LLCI ULCI Yo
DL---> IP Direct Effect 0.292 0.048 0.197 0.387 52.40%
DL---> OL ---> IP o
Indirect Effect 0.124 0.023 0.083 0.173 22.30%
DL-—-> OI -—-> IP .
Indirect Effect 0.141 0.026 0.093 0.194 25.30%
DL--->1P 0.265 0.036 0.199 0.34 47.60%

Total Indirect Effect
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Bias Corrected (95%) o
Path Effect SE LLCI ULCI Yo

DL---> IP Total Effect 0.557 0.045 0.469 0.645 100%
Note: *p <0.05, **p <0.01, ***p <0.001 KM is knowledge management. OL is organizational
learning. Ol is organizational innovation.

Chi-square=40.467 df=47
Chi-square/df=0.861 p=.738
GFI=.980 AGFI=.966
CFI=1.000 RMSEA=.000

Figure 1 The Modified Structural Equation Model

€D

Conclusion and Discussion

This study explored the impact of digital leadership on innovation performance, with
organizational learning and organizational identification as mediating variables, based on data
collected from digitally transforming enterprises in Shandong Province. The results offer
several theoretical and practical insights into how digital leadership operates in organizational
contexts marked by rapid technological change.

In terms of theoretical contributions, the study enriches the existing literature by providing
empirical support for the four-dimensional structure of digital leadership, comprising digital
thinking power, detective power, social power, and reserve power (Vrontis et al., 2021). These
dimensions encompass the strategic and interpersonal competencies necessary for effective
leadership in digital environments. The findings also validate and extend earlier work by
Avolio et al. (2014), Mihardjo et al. (2019), and Larson & DeChurch (2020), confirming that
digital leadership is not only conceptually aligned with transformational leadership but also
uniquely shaped by digital culture and the integration of technology. Furthermore, by
examining the mediating roles of organizational learning and organizational identification, the
study sheds light on the underlying mechanisms through which leadership influences
innovation. This complements prior research by Abbas et al. (2020), Liao et al. (2023), and Hu
et al. (2023), suggesting that effective digital leaders foster a dual dynamic: knowledge sharing
and identity alignment, both of which contribute to performance outcomes.

From a practical perspective, the study suggests that organizations, particularly those in
developing economies like China, should adopt a more nuanced approach to leadership
development. Leaders should be trained in technical skills, strategic thinking, cross-functional
collaboration, and emotional intelligence. For instance, digital thinking power helps leaders
formulate vision-driven digital strategies, while digital detective power enables a timely
response to market and technological shifts. In Shandong Province, where industries such as
manufacturing, logistics, and agriculture are undergoing large-scale transformation, these
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leadership qualities are crucial. Companies with strong digital leadership tend to excel in
innovation-related outcomes, including product development and market responsiveness.
While the findings offer valuable insights, several limitations should be acknowledged. The
study is cross-sectional in design, which limits the ability to draw causal inferences.
Longitudinal studies could better capture the dynamic interaction between leadership behavior
and innovation performance. The data were collected from enterprises in Shandong Province,
which—although a representative and policy-driven region—may not fully reflect digital
transformation experiences in other Chinese provinces or global contexts. Third, the self-
reported nature of the survey may introduce bias, such as social desirability effects.

Future research could extend this study in several ways. Comparative studies across provinces
or countries would help determine the cultural or institutional boundary conditions of digital
leadership effectiveness. Furthermore, qualitative or mixed-method research could deepen
understanding of how leaders enact digital strategies. It would also be valuable to investigate
potential moderating variables, such as organizational size, innovation climate, or employee
digital literacy.

In conclusion, this study demonstrates that digital leadership has a significant impact on
innovation performance, mediated by the effects of organizational learning and organizational
identification. As digital technologies continue to reshape industries, leaders who foster
learning-oriented and identity-rich organizational cultures will be better positioned to achieve
sustainable innovation outcomes. These insights offer theoretical grounding and actionable
guidance for practitioners navigating digital transformation in China and beyond.
Management Implications

Enhancing Digital Competencies of Corporate Leaders

This research highlights the importance of digital leaders’ decision-making, technological
capabilities, knowledge management, change management, and culture-building capabilities in
driving organizational innovation performance. Digital transformation organizations need to
identify the components of digital leadership and strategically cultivate leaders’ digital literacy.
To achieve this, a comprehensive digital leadership training system should be developed,
integrating digital technologies, data-driven decision-making, good management, and creative
thinking into training. These organizational practices can enhance leaders’ decision-making by
integrating data analytics and intelligent decision-making tools, leveraging Al and big data.
Enhancing Enterprise Innovation Capabilities through Organizational Learning and
Identity Alignment

A strong organizational identity among employees can significantly enhance the innovation
efficiency of enterprises in the digital era. Shandong's digital transformation enterprises should
establish an open and transparent communication mechanism to enhance interaction between
top management and employees, promote a deeper understanding of digital strategies, and
foster a stronger sense of identity. Cultivating a teamwork culture and establishing cross-
departmental innovation teams will help improve innovation efficiency through collaboration.
In addition, defining the organization's mission through social responsibility and sustainable
development strategies will make employees feel more connected to the company's values and
innovation goals.

Furthermore, this study offers significant implications for cross-cultural management and
entrepreneurship in a region undergoing rapid industrial transformation. Pimsuwan et al.'s
(2023) study of Thai start-ups highlights that entrepreneurial behavior, when supported by a
strong internal identity and alignment with innovation performance, increases new venture
survival. Similarly, in Shandong's digitally transformed enterprises, fostering employee
identification through inclusive leadership, purpose-driven missions, and open innovation
channels can contribute to organizational resilience and long-term success.
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Synergizing Organizational Learning and Identity to Enhance Digital Innovation
Capability

Organizational learning and organizational identity strengthen and drive organizational
innovation performance. Organizations undertaking digital transformation should integrate
learning into culture building to ensure that employees identify with the company’s values as
they learn. By allowing employees to learn and innovate independently, these organizations
can foster a sense of belonging and identification with the organization. Integrating
organizational learning, teamwork, and innovation capabilities into performance appraisal
standards provides tangible benefits to employees, thereby strengthening the organizational
identity. Organizations in Shandong need to prioritize developing digital leadership, enhancing
learning, and strengthening their organizational identity to promote continuous innovation.
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