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 Organizations operating in operational-intensive environments, such 

as port services, face increasing pressure to enhance operational 

effectiveness amid rapid digital disruption. Although digital 

transformation initiatives have been widely implemented, many 

organizations struggle to translate technological adoption into tangible 

operational improvements. This study aims to examine the effects of 

digital transformation and human resource (HR) competence on 
operational effectiveness, with organizational innovation positioned 

as a mediating variable. This research applies a quantitative 

explanatory design using a causal approach. Data were collected 

through structured questionnaires distributed to 200 respondents, 

consisting of 100 internal employees and 100 external port service 

users at PT Pelindo (Persero) Regional 2, Sunda Kelapa Branch. The 

data were analyzed using Partial Least Squares–Structural Equation 

Modeling (PLS-SEM) with SmartPLS software to evaluate the 

measurement and structural models and test the proposed hypotheses. 

The findings reveal that digital transformation has a positive and 

significant effect on organizational innovation, and that HR 

competence also significantly influences it. Furthermore, 
organizational innovation has a strong positive effect on operational 

effectiveness and partially mediates the relationship between digital 

transformation and HR competence. These results indicate that 

technological initiatives and human resource capabilities contribute 

more effectively to operational performance when supported by strong 

organizational innovation mechanisms. 
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1. INTRODUCTION 

The acceleration of digital technology has fundamentally reshaped organizational 

operations across industries, compelling firms to integrate digital systems into core business 

processes. In operational-intensive sectors such as port services, digital transformation is no 
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longer merely an option but a strategic imperative to improve efficiency, service reliability, 

transparency, and competitiveness [1]. Port operations involve highly complex and 

interdependent activities, including vessel scheduling, cargo handling, terminal 

management, and logistics coordination, all of which require high levels of accuracy, speed, 

and data integration [2]. However, despite significant investments in digital infrastructure, 

many port organizations still struggle to achieve optimal operational effectiveness. This 

condition raises a critical research problem: why do digital transformation initiatives not 

automatically translate into improved operational effectiveness?. 

Prior studies emphasize that digital transformation enhances organizational 

performance by enabling process automation, real-time data analytics, and improved 

decision-making [3]. Similarly, human resource (HR) competence has been recognized as a 

key determinant of organizational success in the digital era, particularly in terms of digital 

literacy, adaptability, and learning capability [4], [5]. Further argue that dynamic human 

competencies must support digital capabilities to create sustainable competitive advantages. 

Nevertheless, existing empirical research tends to examine digital transformation and HR 

competence as direct predictors of organizational performance, with limited attention to the 

mediating mechanisms that translate these capabilities into operational outcomes. In 

particular, empirical evidence within state-owned service organizations and port operations 

remains scarce. This gap indicates the need to investigate organizational innovation as a 

bridging mechanism between digital initiatives, HR competence, and operational 

effectiveness. 

Organizational innovation refers to the organization’s ability to implement new ideas, 

processes, and systems that enhance efficiency and productivity [6]. Raisch and Krakowski 

[7] argue that innovation enables organizations to manage complexity and improve task 

execution in dynamic environments. In the context of port services, innovation may manifest 

in process reengineering, digital service integration, and improved coordination 

mechanisms. However, previous studies have rarely explicitly positioned organizational 

innovation as a mediating variable linking digital transformation and HR competence to 

operational effectiveness, particularly in port operations. Thus, this study contributes 

theoretically by integrating digital transformation theory [8], dynamic capability theory [9], 

and innovation-performance linkage perspectives [10] into a comprehensive structural 

model. 

Based on the identified research gap, this study aims to examine: (1) the effect of digital 

transformation on organizational innovation, (2) the effect of HR competence on 

organizational innovation, (3) the effect of organizational innovation on operational 

effectiveness, and (4) the mediating role of organizational innovation in the relationship 

between digital transformation, HR competence, and operational effectiveness within port 

operations. 

This research proposes that digital transformation and HR competence do not, in 

themselves, guarantee operational effectiveness unless they are effectively channeled 

through structured organizational innovation processes. By empirically testing this 

mediation model using Partial Least Squares–Structural Equation Modeling (PLS-SEM), the 
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study seeks to provide a clearer explanation of how digital and human capabilities are 

converted into measurable operational improvements. 

The expected contribution of this research is twofold. Theoretically, it enriches the 

literature by clarifying the mediating role of organizational innovation in operation-intensive 

service organizations and addressing a gap in prior studies that predominantly focus on direct 

effects. In practice, the findings are expected to provide strategic guidance to port operators 

and policymakers in designing integrated digital transformation programs supported by HR 

development and structured innovation management systems. Ultimately, this study aspires 

to support the development of more adaptive, innovative, and operationally effective port 

organizations in the era of digital disruption. 

 

2. LITERATURE REVIEW AND HYPOTHESES DEVELOPMENT 

Digital Transformation and Organizational Innovation 

Digital transformation is the integration of digital technologies into organizational 

processes to drive fundamental changes in operations and value creation. HR competence 

reflects employees’ knowledge, skills, and adaptability in utilizing technology effectively. 

Organizational innovation represents the organization’s ability to implement new ideas, 

processes, and systems that improve performance. Operational effectiveness refers to the 

extent to which organizations achieve objectives efficiently and effectively. Based on 

theoretical and empirical studies, the following hypotheses are proposed: 

Digital transformation is a strategic process that involves integrating digital 

technologies across all aspects of an organization to create fundamental changes in how it  

operates and delivers value. Digital transformation is not limited to technology adoption 

alone; it also encompasses changes in business processes, organizational structures, and 

decision-making patterns. Recent studies indicate that digital transformation serves as a 

major driver of organizational innovation, as digital technologies enable organizations to 

develop new business models, enhance flexibility, and accelerate innovation processes. 

Jiakui et al. [11] emphasize that digital transformation directly influences an 

organization’s capability to generate sustainable innovation. This argument is reinforced by 

Mu et al. [12], who state that digital transformation promotes innovation through the 

utilization of data, advanced technologies, and digital organizational capabilities. Therefore, 

digital transformation is expected to positively influence organizational innovation. 

H1: Digital transformation has a positive and significant effect on 

organizational innovation. 

 

Human Resource Competence and Organizational Innovation 

Human resource competence reflects the ability of individuals within an 

organization, including their knowledge, skills, and work attitudes, to support the 

achievement of organizational objectives. In the digital era, human resource competence 

extends beyond technical skills to include adaptability, continuous learning capability, and 

digital literacy. According to Jaiswal and Tyagi  [13], human resource competence is a key 

factor in supporting organizational innovation, particularly in the context of digital 

transformation. 
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Competent human resources are better equipped to utilize digital technologies 

effectively and integrate them into innovative work processes. Furthermore, Warner and 

Wäger (2021) argue that adequate human resource capabilities are a critical prerequisite for 

organizations to generate impactful and sustainable innovation. Based on this theoretical 

reasoning, human resource competence is expected to positively influence organizational 

innovation. 

H2: Human resource competence has a positive and significant effect on 

organizational innovation. 

 

Organizational Innovation and Operational Effectiveness 

Organizational innovation refers to an organization’s ability to create and implement 

changes that enhance overall performance. Innovation in processes, systems, and managerial 

practices is believed to improve both efficiency and operational effectiveness. Recent 

empirical research demonstrates that organizational innovation directly improves 

operational outcomes. 

Abdulhameed and Al-Kubaisy [14] argue that organizational innovation enables 

organizations to manage complexity more effectively and improve task execution. In 

addition, Nuryana et al. [15] highlight that organizational innovation plays a crucial role in 

increasing productivity and operational performance. In the context of port operations, 

innovative organizational practices are expected to streamline workflows, optimize resource 

utilization, and enhance service effectiveness. 

H3: Organizational innovation has a positive and significant effect on 

operational effectiveness. 

 

3. METHOD  

This study used a combination of sampling techniques: simple random sampling for 

internal respondents and purposive sampling for external respondents. The study population 

consisted of internal employees and external port service users involved in operational 

activities at PT Pelindo (Persero) Regional 2, Sunda Kelapa Branch. This study applied a 

combination of sampling techniques, including simple random sampling for internal 

respondents and purposive sampling for external respondents, to select participants based on 

predefined criteria. Data were collected using structured questionnaires measured on a Likert 

scale. 

Data analysis was conducted using Partial Least Squares–Structural Equation 

Modeling (PLS-SEM). The analysis stages included descriptive statistics, evaluation of the 

outer model (validity and reliability), evaluation of the inner model (R² and path 

coefficients), and hypothesis testing. In this study, the sample size was determined using the 

Slovin formula. The Slovin formula is commonly used to estimate the minimum required 

sample size when the total population size is known, but detailed population characteristics 

are not fully known. This formula is particularly useful in quantitative research involving 

relatively large populations, as it allows researchers to obtain a representative sample with 

an acceptable level of accuracy. 
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According to Sugiyono [16], a sample is a subset of the population that reflects the 

population’s overall characteristics. The Slovin formula helps ensure that the selected 

sample adequately represents the population while maintaining statistical efficiency. In this 

research, the margin of error (e) was set at 5 percent, a commonly accepted value in social 

science research that balances precision and feasibility. 

The Slovin formula is expressed as follows: 

n = N / (1 + N e²) 

where n represents the sample size, N represents the population size, and e represents 

the margin of error. 

With a population of 132 internal employees and a margin of error of 5 percent 

(0.05), the sample size was calculated as follows: 

n = 132 / (1 + 132 × 0.05²)   

n = 132 / (1 + 0.33)   

n = 132 / 1.33   

n = 99.25 ≈ 100 respondents 

 

The study population consisted of two groups of respondents: internal and external. 

Internal respondents comprised permanent employees of PT Pelindo (Persero) Regional 2, 

Sunda Kelapa Branch, totaling 132 employees. The sample size for internal respondents was 

determined using the Slovin formula, with a 5 percent margin of error (0.05). Based on this 

calculation, the minimum required sample size was approximately 100 respondents. 

Therefore, 100 internal respondents were selected using simple random sampling. External 

respondents included port service users, such as shipping companies, shipping agents, cargo 

owners, and other parties directly involved in port operations. A total of 100 external 

respondents were selected using a purposive sampling technique to capture users’ 

perspectives on digital service implementation and operational effectiveness. In total, this 

study involved 200 respondents: 100 internal and 100 external. This sample size exceeds the 

minimum requirements for Partial Least Squares–Structural Equation Modeling (PLS-SEM) 

analysis and ensures adequate statistical power for hypothesis testing. The sample selection 

procedure was conducted through the following steps: 

a. Compiling a list of all permanent employees resulted in a total population of 132 

individuals. 

b. Assigning a unique identification number from 1 to 132 to each member of the population. 

c. Using a random number generator, such as the RAND() function in Microsoft Excel, 100 

identification numbers were randomly selected from the list of 132 internal employees. 

d. Employees whose identification numbers were selected were designated as research 

respondents, while the remaining individuals were retained as reserve respondents in the 

event of non-response. 
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Table 1. Operational Definition of Variables 

Variable Operational Definition Indicators Source 

Digital 

Transformation (X1) 

The process of utilizing digital 

technologies to enhance 

efficiency, effectiveness, and 

innovation in the company’s 

operational activities. 

1. Implementation of digital 

systems (PTOS-M, PHINNISI) 2. 

Work process efficiency 3. 

Adaptation to technology 4. 

Integration of operational data 

Nuryana et 

al. (2024) 

Human Resource 

Competence (X2) 

The abilities, skills, and work 

attitudes of employees are 

necessary for performing tasks 

effectively in achieving 

organizational objectives. 

1. Knowledge 2. Skills 3. Work 

attitude 4. Ability to adapt to 

technology 

Baihaqi 

Ammy 

(2025) 

Organizational 

Innovation (Z) 

The organization’s capability to 
develop and implement new 

ideas that enhance efficiency 

and value in work processes. 

1. Support for new ideas 2. 
Process innovation 3. 

Improvement in service quality 4. 

Application of innovative 

technologies 

Hamzali 

(2022) 

Operational 

Effectiveness (Y) 

The level of organizational 

success in achieving 

operational objectives through 

efficient and productive use of 

available resources. 

1. Timeliness of task completion 

2. Work productivity 3. 

Efficiency in resource utilization 

4. Achievement of operational 

targets 

Maysarah 

(2023) 

 

Measurement Scale 

All indicators in this study were measured on a five-point Likert scale ranging from 

1 (strongly disagree) to 5 (strongly agree), reflecting respondents’ levels of agreement with 

the questionnaire statements. The operational definitions and measurement indicators were 

developed based on established theories and previous empirical studies to ensure strong 

conceptual validity. The measurement model adopted in this research emphasizes causal 

relationships among variables through the Partial Least Squares–Structural Equation 

Modeling (PLS-SEM) approach. This approach is particularly suitable for analyzing 

complex relationships among latent variables and for research that focuses on prediction and 

theory development. Accordingly, the operationalization of variables in this study is not only 

theoretically grounded but also methodologically consistent with prior studies that have 

demonstrated validity in examining the effects of digital transformation and technology-

based service systems (Hidajat & Ananda, 2024). 

 

4. RESULTS AND DISCUSSION 

Population is defined as a general area consisting of objects or subjects that possess 

certain qualities and characteristics, as determined by the researcher, to be studied, from 

which conclusions are drawn [16]. The population in this study comprises two groups of 

respondents: internal and external. Internal respondents comprise all permanent employees 

of PT Pelindo (Persero) Regional 2, Sunda Kelapa Branch, totaling 132 employees. These 

employees are distributed across several organizational units, including the Commercial 

Division, the Operations and Engineering Division, the Business Compliance Division, and 

the Finance and Human Resources (HR) Division. External respondents include port service 

users at PT Pelindo (Persero) Regional 2, Sunda Kelapa Branch, including shipping 

companies, shipping agents, cargo owners, and other parties that directly use port operational 
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services. The inclusion of external respondents aims to obtain users’ perspectives on service 

quality, operational effectiveness, and the impact of the company’s digital transformation. 

 

Smart PLS Descriptive Statistical Test 

According to Sugiyono [16], a research variable is anything in any form determined 

by the researcher to be studied in order to obtain information about it, from which 

conclusions are then drawn. In quantitative research, variables are used to measure cause-

and-effect relationships among the phenomena under investigation. This study involves four 

main variables, which are classified as follows: a. Independent variables (X₁, X₂):  X₁ = 

Digital Transformation, X₂ = Human Resource (HR) Competence b. Intervening variable 

(Z): Z = Organizational Innovation c. Dependent variable (Y):  Y = Operational 

Effectiveness 

 

Table 2. Descriptive Statistics 

Variable N Minimum Maximum Mean 

Digital Transformation 200 3 5 4.13 

HR Competence 200 3 5 4.22 

Organizational Innovation 200 3 5 4.19 

Operational Effectiveness 200 3 5 4.18 

Valid N 200    

 

Based on the descriptive statistics, the number of valid observations in this study 

included 200 valid observations, consisting of 100 internal and 100 external respondents. 

The measurement results for each research variable are presented as follows. The Digital 

Transformation variable has a mean of 4.13, with a minimum of 3 and a maximum of 5. This 

indicates that respondents generally perceive the implementation of digital transformation 

to be high. The HR Competence variable has the highest mean value among all variables, 

namely 4.22, with a minimum of 3 and a maximum of 5. This suggests that respondents 

perceive the organization’s human resource competence as very high. The Organizational 

Innovation variable has a mean of 4.19, indicating that respondents perceive organizational 

innovation as high. Furthermore, the Operational Effectiveness variable has a mean of 4.18, 

indicating a high level of operational effectiveness within the organization. Overall, the 

descriptive statistics indicate that all research variables fall within the high to very high 

category, suggesting positive perceptions from respondents regarding digital transformation, 

human resource competence, organizational innovation, and operational effectiveness. 
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Figure 1. Loading Factor Results 

 

Validity and Reliability Test 

Reliability testing aims to assess the level of internal consistency of indicators in 

measuring a latent construct. In the Partial Least Squares–Structural Equation Modeling 

(PLS-SEM) approach, construct reliability reflects the extent to which indicators within a 

construct produce stable and consistent measurement results. According to Hair et al. (2021), 

construct reliability in PLS-SEM should be evaluated using Composite Reliability (CR) as 

the primary measure, with Cronbach’s Alpha as a supporting measure. Composite Reliability 

is considered more appropriate in the PLS-SEM context because it accounts for differences 

in indicator loadings when measuring latent constructs, thereby providing a more accurate 

estimate of reliability than Cronbach’s Alpha, which assumes equal indicator weights. 

 

Table 3. Validity and Reliability 

Matrix Cronbach’s 

Alpha 

rho_A Composite 

Reliability 

Average Variance 

Extracted (AVE) 

Digital Transformation 0.753 0.753 0.844 0.575 

HR Competence 0.929 0.933 0.950 0.825 
Organizational Innovation 0.840 0.843 0.893 0.675 

Valid N : 200     

 

Based on the results of data processing using SmartPLS with a total of 200 

respondents, the following reliability and validity values were obtained: 

1. Cronbach’s Alpha: measures the lower limit of the reliability value of a variable and is 

acceptable if the value is> 0.6 

2. Composite reliability: measures the real value of the reliability of a variable and is 

acceptable if the value is> 0.7 

3. Average Variance Extracted (AVE) is acceptable if the value is above 0.5 
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The Cronbach’s Alpha values for all constructs range from 0.75 to 0.93, indicating 

satisfactory internal consistency. According to Hair et al. (2021) and Sarstedt et al. (2022), 

Cronbach’s Alpha values of 0.60 or higher are considered acceptable, particularly in 

exploratory research or model development studies, provided that the Composite Reliability 

values meet the required threshold. 

 

Hypothesis Test 

Table 4. Hypothesis Test 

 
Hypothesis Coefficient 

Sample 

Mean 

Standard 

Deviation 

t 

Statistic 
p value Decision 

H1 Digital transformation has a 

positive and significant effect on 

organizational innovation 

0.496 0.490 0.060 2.163 < 0.001 Supported 

 

H2 

Human resource competence has a 

positive and significant effect on 
organizational innovation. 

 

0.516 

 

0.516 

 

0.049 

 

10.346 

 

< 0.001 

 

Supported 

 

H3 

Organizational innovation has a 

positive and significant effect on 

operational effectiveness.  

 

0.834 

 

0.832 

 

0.028 

 

30.062 

 

< 0.001 

 

Supported 

 

DISCUSSION 

Digital Transformation has a significant effect on Organizational Innovation. 

The results of this study indicate that digital transformation has a positive and 

significant effect on organizational innovation. This finding is consistent with [2], who argue 

that digital transformation encourages organizations to develop new ways of working, 

accelerate decision-making, and create technology-based innovations. The implementation 

of integrated digital technologies enables organizations to respond to environmental changes 

more adaptively and innovatively. 

 

Human Resource Competence and Organizational Innovation 

The positive effect of human resource competence on organizational innovation 

reinforces the findings of [3], which were further extended in the post-2020 context by 

Nefianto [17]. These studies emphasize that digital competencies, learning capabilities, and 

human resource adaptability are key factors in fostering organizational innovation. Without 

competent human resources, digital transformation initiatives may fail to generate optimal 

innovation outcomes [18]. 

 

Organizational Innovation and Operational Effectiveness 

The results of this study indicate that organizational innovation has a significant 

effect on operational effectiveness. This finding is consistent with the arguments of Artanto 

et al. [19], who state that innovation in organizational processes, systems, and structures 

directly contributes to improvements in efficiency and operational effectiveness. 

 

The Mediating Role of Organizational Innovation 

The mediating role of organizational innovation reinforces the views of Belabas [20], 

who argues that the success of digital transformation and improvements in human resource 
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competence do not automatically lead to enhanced performance. Instead, these 

improvements must be channeled through well-managed innovation processes. Accordingly, 

organizational innovation serves as a strategic linkage between digital transformation, 

human resource competence, and operational effectiveness. 

This study used a structured quantitative approach to examine the relationships 

among digital transformation, human resource (HR) competence, organizational innovation, 

and operational effectiveness in port operations. The discussion section elaborates on the 

stages of data processing, model evaluation, validation procedures, and the interpretation of 

findings, demonstrating how the expected research outcomes were systematically obtained 

[21]. 

The research began with data collection using structured questionnaires distributed 

to 200 respondents, consisting of 100 internal employees and 100 external port service users. 

The measurement instruments were developed based on established theoretical constructs 

from prior studies, ensuring content validity. All indicators were measured using a five-point 

Likert scale to capture respondents’ perceptions. Before testing the structural relationships, 

the data were screened to ensure completeness and consistency [22]. Descriptive statistical 

analysis indicated that all variables were perceived as high, suggesting that digital 

transformation, HR competence, organizational innovation, and operational effectiveness 

were well recognized within the organizational context [23]. 

The next stage involved evaluating the measurement model (outer model) using 

Partial Least Squares–Structural Equation Modeling (PLS-SEM). Convergent validity was 

assessed using factor loadings and Average Variance Extracted (AVE). All constructs 

achieved AVE values above the recommended threshold of 0.50, indicating that the 

indicators sufficiently explained their respective latent variables [24]. Reliability testing was 

conducted using Cronbach’s Alpha and Composite Reliability (CR). The CR values 

exceeded 0.70, confirming strong internal consistency among indicators. These results 

demonstrate that the measurement model was statistically valid and reliable, allowing further 

analysis of the structural model [25]. 

Subsequently, the structural model (inner model) was evaluated to assess its 

predictive power and to test hypotheses. The coefficient of determination (R²) values 

indicated moderate to strong explanatory capability for organizational innovation and 

operational effectiveness. Path coefficient analysis and bootstrapping procedures were 

conducted to test the significance of direct and indirect relationships. The bootstrapping 

results revealed that digital transformation significantly influences organizational 

innovation, and that HR competence also does so. Furthermore, organizational innovation 

showed a strong positive effect on operational effectiveness, as indicated by a high t-statistic 

and a p-value below 0.001. 

To assess mediation effects, indirect path analysis was performed. The results 

confirmed that organizational innovation partially mediates the relationship between digital 

transformation and operational effectiveness, as well as between HR competence and 

operational effectiveness. This means that digital initiatives and HR capabilities improve 

operational performance both directly and indirectly through innovation mechanisms. The 

mediation analysis strengthens the theoretical assumption that technological investment and 
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human capital development require structured innovation processes to generate tangible 

operational outcomes [26]. 

Overall, the research process demonstrates that rigorous data processing, 

measurement validation, and structural model testing are essential to ensure empirical 

robustness. The integration of statistical validation and theoretical grounding confirms that 

organizational innovation functions as a strategic mechanism that translates digital 

transformation and HR competence into improved operational effectiveness. These findings 

provide a clearer explanation of how digital and human resource capabilities interact in 

complex operational environments, such as port operations. 

 

5. CONCLUSION 

Conclusion 

This investigation confirms that integrating digital initiatives and developing 

workforce capabilities are decisive factors in strengthening organizational performance. The 

study demonstrates that operational effectiveness is not determined solely by technological 

adoption or employee expertise, but by the organization’s capacity to transform both into 

sustainable innovation. In this context, innovation functions as a strategic conduit that aligns 

technological change with human capability, thereby creating measurable improvements in 

efficiency, service quality, and goal attainment. The empirical model exhibits adequate 

explanatory and predictive strength, indicating that the proposed framework is robust for 

understanding organizational performance enhancement in digitally driven environments. 

From a theoretical standpoint, this study enriches the resource-based and dynamic 

capability perspectives by empirically illustrating how digital infrastructure and human 

capital interact through innovation mechanisms to influence operational outcomes. It 

advances the discourse on digital transformation by positioning organizational innovation as 

an essential integrative construct rather than a peripheral outcome. 

Managerially, the findings highlight that systematic competency development 

programs must accompany investment in advanced technologies. Organizations are 

encouraged to design continuous training, digital literacy enhancement, and adaptive 

leadership strategies to ensure that technological systems are effectively utilized. 

Policymakers and institutional leaders may also consider formulating strategic roadmaps that 

synchronize digital adoption with innovation-oriented organizational cultures. 

Several limitations frame the interpretation of this study. First, the research design 

relies on cross-sectional data, which restricts the ability to capture long-term causal 

dynamics. Second, the analysis focuses on a specific organizational or sectoral context, 

potentially limiting generalizability across industries or geographical regions. Third, 

measurement indicators are primarily perception-based, which may introduce subjective bias 

despite statistical validation procedures. Finally, external variables such as organizational 

culture, leadership style, or market turbulence were not incorporated into the structural 

model. 

Subsequent studies are encouraged to adopt longitudinal approaches to examine the 

sustainability of innovation-driven operational improvements over time. Expanding the 

model by incorporating moderating variables such as organizational culture, digital maturity 
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level, or leadership orientation may also provide deeper explanatory insights. Comparative 

studies across sectors or countries would enhance the framework’s generalizability. 

For the broader community, this research offers practical insight into how institutions 

can navigate digital disruption responsibly and strategically. By demonstrating that 

technology must be harmonized with human capability and innovative processes, the study 

contributes to a more comprehensive understanding of sustainable organizational 

development in the digital era. 

 

Recommendation 

Port operators are encouraged to strengthen integrated digital transformation 

strategies that are embedded in core port operations, including vessel traffic management, 

cargo handling, terminal operations, and port service administration. Digital initiatives 

should be designed to improve interoperability among port systems (e.g., terminal operating 

systems, billing systems, and customer service platforms), rather than implemented as 

isolated technological solutions. Continuous development of human resource competence is 

essential for port operators, particularly in enhancing digital skills, operational analytics 

capabilities, and adaptability to technological change. This can be achieved through 

structured training programs, certification in port-related digital systems, on-the-job 

learning, and the cultivation of a strong learning-oriented organizational culture to support 

digital port operations. Port operators should establish a structured innovation management 

system that actively involves employees across operational, technical, and administrative 

functions. Such a system should facilitate the generation, testing, and implementation of 

innovations across port processes, safety, service efficiency, and customer experience, 

ensuring that these initiatives translate into tangible improvements in operational 

effectiveness. 
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