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Abstract

This study aimed to examine the effect of ICT-based supervision on employee work discipline and analyze the
moderating role of digital literacy in public sector organizations in coastal areas. A quantitative approach was
employed using survey data collected from 217 public-sector employees. The data were analyzed using Partial
Least Squares Structural Equation Modeling (PLS-SEM) with SmartPLS 4 and purposive sampling from five
coastal regencies. The results showed that ICT-based supervision positively and significantly affected work
discipline. Digital literacy also had a strong and significant influence, emerging as the most dominant factor.
However, the moderating effect of digital literacy was not significant. The findings indicate that human
capability mediates technology effectiveness, and digital literacy plays a more critical role than technological
systems in shaping employee discipline. This study was limited by its cross-sectional design and focus on a
specific regional context, which may have affected its generalizability. This study contributes to the digital
governance literature by highlighting the dominant role of digital literacy and providing empirical evidence
from coastal regions.

Keywords: Digital Literacy, ICT-Based Supervision, North Kalimantan, Public Administration, Socio-
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1. INTRODUCTION

As an archipelagic country with more than 17,000 islands, Indonesia faces significant
challenges in ensuring equitable public service delivery and developing digital infrastructure.
Government initiatives, such as e-government systems and digital performance, have been
implemented to improve public sector performance. However, disparities in digital access and
literacy across regions, particularly in coastal and remote areas, remain major concerns. Recent
studies have highlighted that disparities in digital infrastructure and human resource capacity
significantly affect governance quality and employee behavior in public institutions (Hossain et al.
2025) ; Ly, 2025). This issue is particularly relevant in Indonesia, where regional inequality continues
to influence public service delivery and bureaucratic performance.

In response to these challenges, the adoption of Information and Communication Technology
(ICT)-based supervision has emerged as a strategic approach to enhance transparency, accountability,
and real-time monitoring of employee performance. ICT-enabled systems, such as digital attendance
platforms and integrated performance management applications, allow organizations to
systematically track employee activities and enforce discipline more effectively (Febriyanti,
Widianingsih, Sumaryana, & Buchari, 2023; Munir & Hamid, 2026). Empirical evidence suggests
that digital governance mechanisms can strengthen oversight functions and reduce inefficiencies in
public administration by improving data accuracy and managerial responsiveness (Adil, Marhani, &
Rosa, 2025; Fleischer & Wanckel, 2024; Jukneviciené et al., 2025).

However, the effectiveness of ICT-based supervision is not solely determined by the
availability of technological systems. A growing body of literature emphasizes that individual
capabilities, particularly digital literacy, play a crucial role in shaping employees interactions with
and responses to digital systems (Cetindamar Kozanoglu & Abedin, 2021; Duan & Dong, 2025; Lei,
Tang, Zhao, & Chen, 2024). Digital literacy encompasses the ability to access, evaluate, and utilize
digital information effectively, as well as to engage ethically in digital environments. In the context
of public sector organizations, employees with higher levels of digital literacy are more likely to adapt
to digital work systems, comply with organizational rules, and exhibit disciplined work behavior
(Amankona, Yi, Tackie, Tweneboa Kodua, & Odai, 2025; Ndone, 2025).
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Previous studies have consistently demonstrated a positive relationship between supervision
and employee discipline and between digital competence and performance outcomes. Nevertheless,
empirical findings remain fragmented regarding how technological and human factors interact to
influence work discipline. While some studies focus on the direct effects of ICT adoption or digital
competence, limited attention has been given to the moderating role of digital literacy in
strengthening or weakening the relationship between ICT-based supervision and employee discipline,
particularly in the public sector context (Al-Hawamleh, 2024; Dogbe, Alhassan, Adomako, & Davies,
2024).

Moreover, existing research has largely been conducted in urban or technologically advanced
settings, leaving a significant gap in understanding how digital governance mechanisms operate in
geographically constrained areas, such as coastal regions (Bhimasta, Surya, & Pramudita, 2025;
Ichdan, 2024). These areas present unique challenges, including limited digital infrastructure, lower
levels of technological readiness, and socioeconomic constraints that may influence employee
behavior differently than urban environments. Consequently, findings from prior studies may not be
fully generalizable to these contexts or populations.

Based on these gaps, this study aims to examine the effect of ICT-based supervision on
employee work discipline and analyze the moderating role of digital literacy in this relationship
within the context of public sector employees in coastal areas of North Kalimantan Province, focusing
on civil servants (ASN) at echelon III-IV levels. By integrating technological and human capability
perspectives, this study contributes to the literature on digital governance and public sector
management, particularly by providing empirical evidence from under-researched regions
characterized by infrastructural and digital disparity. Based on the identified research gaps, this study
aims to address the following objectives:

RO;: Examine the effect of ICT-based supervision on employee work discipline.

RO:;: To analyze the effect of digital literacy on employee work discipline.

RO;: To investigate the moderating role of digital literacy in the relationship between ICT-
based supervision and discipline.

2.  LITERATURE REVIEW
2.1 Theoretical Framework: Socio-Technical Systems Theory

This study is grounded in the socio-technical systems theory, which emphasizes the
interdependence between technological systems and human factors in organizational performance.
According to this perspective, the effectiveness of technology implementation depends not only on
technological infrastructure but also on the capabilities and readiness of its users. In the context of
this study, ICT-based supervision represents the technical system, and digital literacy reflects the
human system. The interaction between these two dimensions determines the effectiveness of work
discipline in public sector organizations. This framework provides a theoretical basis for
understanding why digital literacy may play a more dominant role than technology.

2.2 ICT-Based Supervision and Work Discipline

Supervision is a fundamental managerial function aimed at ensuring that organizational
activities are aligned with predetermined standards and objectives. In public sector organizations,
supervision plays a crucial role in maintaining employee discipline, accountability, and performance.
With the advancement of digital technologies, traditional supervision mechanisms have evolved into
ICT-based supervision systems that enable real-time monitoring, data-driven evaluations, and
transparent reporting processes.

Recent studies suggest that ICT-based supervision enhances organizational control by reducing
information asymmetry and improving managerial decision-making processes (Febriyanti et al.,
2023; Niu, Ozdemir, & Kim, 2025). From the perspective of principal-agent theory, digital
supervision systems help minimize opportunistic behavior by increasing visibility and traceability of
employee actions (Medina, Baudet, & Lebraty, 2024; Sakita, Helgheim, & Brathen, 2024).
Furthermore, the integration of ICT into public administration has been shown to strengthen
governance quality and improve compliance with organizational rules (Jukneviciené et al., 2025).
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The development of ICT-based systems in organizational management has become increasingly
important in the era of Industry 4.0, enabling more efficient monitoring and decision-making
processes (Banding & Padliansyah, 2022).

Empirical evidence also indicates that digital monitoring tools, such as electronic attendance
systems and performance dashboards, contribute to higher levels of employee discipline by enforcing
consistency and accountability (Fleischer & Wanckel, 2024). However, the effectiveness of such
systems may vary depending on contextual factors, including infrastructure readiness and employee
adaptability. Employee performance and discipline are influenced by effective human resource
practices, including recruitment, selection, and proper job placement (Nugraha & Indiyati, 2025;
Shalahuddin, Werang, Suaib, Huriati, & Kamase, 2022).

2.3 Digital Literacy and Employee Behavior

Digital literacy has emerged as a critical competency in the digital transformation era,
particularly within public sector organizations. It encompasses not only technical skills but also the
cognitive and ethical dimensions related to the use of digital technologies. According to Lei et al.
(2024), digital literacy significantly influences employees’ ability to adapt to digital environments
and perform tasks efficiently and effectively.

In organizational settings, digital literacy has been linked to various positive outcomes,
including improved performance, enhanced collaboration, and increased compliance with
organizational procedures (Amankona et al., 2025; Nikou, De Reuver, & Mahboob Kanafi, 2022).
Employees with higher digital literacy are more capable of understanding digital systems, interpreting
data, and responding to digital feedback mechanisms, which ultimately fosters disciplined work
behavior (Duan & Dong, 2025). Moreover, digital literacy plays a strategic role in supporting digital
transformation initiatives in the public sector. Studies indicate that without adequate digital
competencies, the implementation of ICT systems may fail to achieve the desired outcomes, as
employees may resist or misuse technological tools (Hossain et al., 2025; Valtonen & Holopainen,
2025). Therefore, digital literacy is a foundational element for the successful adoption of digital
governance practices.

2.4 Moderating Role of Digital Literacy

Although ICT-based supervision and digital literacy have been widely studied as independent
predictors of employee performance and discipline, their interaction remains underexplored. Recent
research highlights the importance of examining moderating variables to better understand complex
relationships within digital organizational environments (Chatterjee, Chaudhuri, Vrontis, &
Giovando, 2023; Hoang, 2024). Digital literacy is expected to function as a moderating variable that
strengthens the effectiveness of ICT-based supervision. Employees with higher levels of digital
literacy are more likely to fully utilize digital supervision systems, interpret performance indicators
accurately, and adjust their behavior accordingly (Ndone, 2025; Oberldnder, Beinicke, & Bipp,
2020).

Conversely, employees with lower digital literacy may experience difficulties in using digital
systems, which can weaken the impact of ICT-based supervision on employee performance.
Employee behavior and performance are also shaped by organizational culture and work motivation,
which play crucial roles in supporting discipline in the workplace (Shalahuddin, 2022). This
moderating perspective is supported by studies on digital governance and organizational behavior,
which emphasize that human capital readiness significantly influences the outcomes of technological
implementation (Al-Hawamleh, 2024). In this regard, digital literacy acts not only as an individual
competency but also as a contextual factor that determines the effectiveness of organizational control
mechanisms.

2.5 Research Gap and Hypothesis Development

Although previous studies have established the positive effects of supervision and digital
competence on employee outcomes, several gaps still remain. First, most studies have examined these
variables independently rather than exploring their interaction effects. Second, limited research has
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focused on the moderating role of digital literacy in the relationship between ICT-based supervision
and discipline. Third, empirical evidence from geographically constrained regions such as coastal
areas remains scarce. To address these gaps, this study proposes an integrated framework that
examines both direct and moderating effects within the context of public sector organizations in
coastal regions. Based on the theoretical and empirical arguments discussed above, the following
hypotheses are formulated.

H;: ICT-based supervision positively affects employee work discipline.

H>: Digital literacy positively affects employee work discipline.

H;: Digital literacy moderates the relationship between ICT-based supervision and employee
discipline.

3. METHODOLOGY
3.1 Research Design

This study employed a quantitative approach with an explanatory research design to examine
the causal relationships between ICT-based supervision, digital literacy, and work discipline.
Quantitative methods are appropriate for testing theoretical models and hypotheses involving latent
variables, particularly in public sector research contexts, where behavioral constructs are measured
using perception-based indicators (Sohail & Chen, 2022). The explanatory design allows for the
identification of both direct and moderating effects among variables within a structured analytical
framework.

3.2 Population and Sample

The study population consisted of public sector employees working in the coastal areas of
North Kalimantan Province, Indonesia. These regions are characterized by geographical constraints
and varying levels of digital infrastructure, making them relevant for examining the effectiveness of
ICT-based supervision. A purposive sampling technique was employed to ensure that respondents
met specific criteria, namely, (1) active public sector employees and (2) individuals who have
experience using digital systems in their work environment. This approach is widely used in structural
equation modeling (SEM) studies to ensure contextual relevance and data quality (Tarig, Batool,
Liagat, & Khan, 2025).

The final sample comprised 217 respondents. The sample size satisfied the requirements for
Partial Least Squares Structural Equation Modeling (PLS-SEM), which is suitable for studies with
moderate sample sizes and complex models. According to Sarstedt, Ringle, and Hair (2021), the
minimum sample size in PLS-SEM should be at least five to ten times the number of indicators or
based on the inverse square root method. With 18 indicators used in this study, the sample size
exceeded the recommended threshold, indicating adequate statistical power.

3.3 Data Collection

Data were collected using a structured questionnaire distributed to respondents across five
administrative regions: Tarakan City, Bulungan Regency, Malinau Regency, Nunukan Regency, and
Tana Tidung Regency in North Kalimantan Province. The questionnaire employed a five-point Likert
scale ranging from 1 (strongly disagree) to 5 (strongly agree), which is commonly used to measure
perceptions and attitudes in behavioral studies. The measurement items were adapted from the
established literature on supervision, work discipline, and digital literacy to ensure content validity.
Prior to data collection, the questionnaire was reviewed to ensure clarity and relevance to the public
sector context.

3.4 Variables and Measurement

This study included three main constructs: ICT-based supervision (independent variable), work
discipline (dependent variable), and digital literacy (moderating variable). Each construct was
operationalized using multiple indicators derived from previous studies. ICT-based supervision was
measured using four dimensions: setting standards, performance measurement, performance
comparison, and corrective actions. Work discipline was measured using indicators such as
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attendance, compliance with rules, adherence to work standards, vigilance, and ethical behavior.
Digital literacy was measured through competencies, including information literacy, digital
communication, content creation, digital security, problem-solving, and ethical use of technology.
All constructs were modeled as reflective variables, consistent with prior research in public
administration and information systems (Radzi, Rahman, & Almutairi, 2022).

3.5 Data Analysis Technique

Data analysis was conducted using Partial Least Squares Structural Equation Modeling (PLS-
SEM) with SmartPLS 4 software. PLS-SEM was selected because of its suitability for predictive and
exploratory research, particularly when dealing with complex models, non-normal data distributions,
and relatively small to medium sample sizes (Chinnaraju, 2025; Sarstedt et al., 2021). Compared to
covariance-based SEM (CB-SEM), PLS-SEM focuses on maximizing the explained variance (R?)
and is more appropriate for theory development and prediction-oriented studies (Sukhov, Olsson, &
Friman, 2022). Additionally, PLS-SEM can simultaneously test measurement models (outer model)
and structural relationships (inner model), including moderating effects.

The analysis procedure consisted of two main stages. First, the measurement model was
evaluated to assess reliability and validity using loading factors, Cronbach’s alpha, composite
reliability, average variance extracted (AVE), and HTMT. Second, the structural model was assessed
by examining the path coefficients, t-statistics, p-values, effect sizes (f2), and Q* with blindfolding,
as well as the moderating effect of digital literacy using interaction terms. Bootstrapping with 5,000
resamples was applied to test the statistical significance of the hypothesized relationships, as
recommended in SEM analysis to obtain robust standard errors and confidence intervals (Legate,
Ringle, & Hair Jr, 2024).

3.6 Common Method Variance (CMYV)

As the data were collected using self-reported questionnaires, common method variance
(CMV) was assessed to ensure that the results were not biased. Harman’s single-factor test was
conducted, in which all measurement items were loaded into an exploratory factor analysis. The
results showed that the first factor accounted for less than 50% of the total variance, indicating that
CMV was not a serious concern in this study. Therefore, the validity of the findings was not
significantly affected by common method bias.

4. RESULTS AND DISCUSSIONS

This section presents the results of the data analysis and discusses the findings in relation to
the proposed hypotheses and existing literature. The analysis was conducted using Partial Least
Squares Structural Equation Modeling (PLS-SEM), which includes the evaluation of the
measurement and structural models. The results provide empirical evidence regarding the
relationships between ICT-based supervision, digital literacy, and employee work discipline,
particularly in public sector organizations in coastal regions.

4.1 Respondent Characteristics
Table 1. Respondent characteristics

Characteristic Category Frequency (n) Percentage (%)
Gender Male 128 59.0
Female 89 41.0
Age <30 years 37 17.1
30-35 years 58 26.7
3640 years 64 29.5
> 40 years 58 26.7
Education Level High School (SMA) 31 14.3
Diploma (D3) 43 19.8
Bachelor (S1) 112 51.6
Master (S2) 31 14.3
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Work Experience < 5 years 48 22.1

5-10 years 79 36.4

> 10 years 90 41.5

The majority of respondents were male (59%), aged between 36 and 40 years (29.5%), and
held a bachelor’s degree (51.6%). Most respondents had more than 10 years of work experience
(41.5%), indicating that the sample was dominated by experienced public sector employees.

4.2 Variables and Measurement Indicators
Table 2. Variables and measurement indicators

Variable Indicators Measurement Items

ICT-Based Setting Standards Performance standards are clearly established

Supervision through digital systems
Performance Employee performance is regularly monitored
Measurement through digital applications
Performance Work outcomes are compared with standards
Comparison through digital reports or dashboards
Corrective Action Supervisors provide corrective actions based on

digital performance data
Work Discipline | Attendance Employees arrive and leave work on time

according to regulations
Compliance with Rules | Employees comply with all organizational rules

and procedures
Adherence to Work | Employees perform tasks in accordance with
Standards established standards
Vigilance Employees work carefully, accurately, and
efficiently
Ethical Behavior Employees  demonstrate  professional  and

responsible work behavior
Digital Literacy | Information &  Data | Employees are able to search and evaluate digital

Literacy information effectively
Communication & | Employees are able to communicate and
Collaboration collaborate using digital platforms

Digital Content Creation | Employees are able to create and manage digital
content for work purposes

Digital Security Employees understand data security and digital
privacy

Problem Solving Employees are able to use digital tools to solve
work-related problems

Digital Ethics Employees use digital technology responsibly and
ethically

4.3 Convergent Validity

The measurement model was evaluated to assess the reliability and validity of the constructs
before proceeding to structural model analysis. In Partial Least Squares Structural Equation Modeling
(PLS-SEM), the evaluation of the outer model is essential to ensure that the indicators accurately
measure their respective latent variables. This study assessed indicator reliability by examining outer
loadings, where values above 0.70 indicate a strong correlation between the indicators and their
constructs. Internal consistency reliability was evaluated using Cronbach’s alpha and composite
reliability (CR), with threshold values greater than 0.70 indicating satisfactory reliability (Sarstedt et
al., 2021). Furthermore, convergent validity was assessed using the Average Variance Extracted
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(AVE), where values exceeding 0.50 indicate that the construct explains more than half of the
variance of its indicators. The results of the measurement model evaluation are shown in Table 3.

Table 3. Measurement model evaluation

Variable Indicator | Loading Cronbach Composite Reliability | AVE
Alpha (CR)

Digital Literacy DL1 0.834 0.910 0.930 0.690
DL2 0.805
DL3 0.834
DL4 0.862
DL5 0.839
DL6 0.809

ICT-Based ICT1 0.865 0.887 0.922 0.746
Supervision ICT2 0.850
ICT3 0.863
ICT4 0.876

Work Discipline WDI1 0.871 0.916 0.937 0.749
WD2 0.881
WD3 0.860
WD4 0.871
WDS5 0.843

As shown in Table 3, all indicator loadings exceeded the recommended threshold of 0.70,
indicating satisfactory indicator reliability. The Cronbach’s alpha and composite reliability values for
all constructs were above 0.70, demonstrating strong internal consistency reliability. In addition, the
AVE values for all constructs were greater than 0.50, confirming that convergent validity was
achieved. These results indicate that the measurement model is reliable and valid, and therefore
suitable for further analysis of the structural model.

4.4 Discriminant Validity

Discriminant validity was assessed to ensure that each construct was empirically distinct from
the other constructs in the model. This study employed two commonly used approaches in PLS-SEM:
the Fornell-Larcker criterion and the Heterotrait-Monotrait ratio (HTMT). The Fornell-Larcker
criterion requires that the square root of the Average Variance Extracted (AVE) for each construct
should be greater than its correlations with other constructs. HTMT values below 0.90 indicate
adequate discriminant validity (Sarstedt et al., 2021). The results of the discriminant validity testing
are presented in Table 4.

Table 4. Discriminant validity (Fornell-Larcker Criterion and HTMT)

Fornell-Larcker Criterion
Variable Digital Literacy | ICT-Based Supervision | Work Discipline
Digital Literacy 0.831
ICT-Based Supervision | 0.276 0.864
Work Discipline 0.741 0.383 0.865
HTMT Ratio
Relationship HTMT Value
ICT-Based Supervision < Digital Literacy 0.304
Work Discipline <> Digital Literacy 0.810
Work Discipline <> ICT-Based Supervision 0.421
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As shown in Table 4, the square root of the AVE for each construct is greater than the
correlations with the other constructs, satisfying the Fornell-Larcker criterion. This indicates that
each construct has adequate discriminant validity. Furthermore, all HTMT values were below the
threshold of 0.90, confirming that the constructs were empirically distinct from one another.
Therefore, the discriminant validity of the measurement model was established.

4.5 Structural Model Evaluation

After confirming the reliability and validity of the measurement model, the structural model
was evaluated to test the proposed hypotheses using AMOS. The assessment included the
examination of path coefficients, t-statistics, p-values, and effect sizes (f?). In addition, the coefficient
of determination (R?) and predictive relevance (Q?) were evaluated to assess the explanatory and
predictive power of the model. The results of the structural model evaluation are shown in Table 5.

Table 5. Structural model results

Hypothesis Relationship Coefficient T- P- 2 Result
(1)) Statistic | Value

H,; ICT-Based Supervision 0.203 4.205 0.000 | 0.088 | Supported
— Work Discipline

H, Digital Literacy — Work 0.705 13.071 0.000 | 0.983 | Supported
Discipline

H; ICT-Based Supervision x 0.033 0.907 0.364 | 0.005 Not
Digital Literacy — Work Supported
Discipline

Model Fit:

e R?(Work Discipline) = 0.585
e Adjusted R*?=0.579
o (Q2=0434

As shown in Table 5, ICT-based supervision positively and significantly affected work
discipline (B = 0.203, p < 0.05), supporting H;. Digital literacy has a strong positive and significant
effect on work discipline ( = 0.705, p < 0.05), supporting H>. However, the moderating effect of
digital literacy on the relationship between ICT-based supervision and work discipline was not
significant (B = 0.033, p > 0.05), indicating that A3 is not supported. The R? value of 0.585 indicates
that 58.5% of the variance in work discipline is explained by the model, which can be considered to
be moderate. Furthermore, the Q? value of 0.434 suggests that the model has a strong predictive
relevance.
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Figure 1. Structural model
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Figure 1 illustrates the structural model analyzed using PLS-SEM, including the relationships
between ICT-based supervision, digital literacy and work discipline. The model presents the path
coefficients and coefficient of determination (R?) for the dependent variable. The results show that
digital literacy has the strongest positive effect on work discipline (f = 0.705), followed by ICT-
based supervision (B = 0.203). Meanwhile, the interaction effect between ICT-based supervision and
digital literacy was relatively weak and not statistically significant ( = 0.033). The R? value of 0.585
indicates that the model explains 58.5% of the variance in the students’ work discipline. Overall, the
figure demonstrates that digital literacy plays a dominant role in influencing employee discipline,
whereas ICT-based supervision contributes as a supporting factor. This finding highlights the
importance of human capability in maximizing the effectiveness of digital governance.

4.6 Disscussions

The relatively moderate coefficient suggests that while ICT-based supervision plays an
important role in shaping employee work discipline, its influence is not as dominant as other factors.
This indicates that the presence of digital monitoring systems alone is insufficient to fully control or
predict employees’ behavior. This finding is consistent with prior studies emphasizing that digital
supervision enhances transparency, traceability, and accountability in organizational processes but
may not fully determine behavioral outcomes due to the complex nature of human factors (Fleischer
& Wanckel, 2024; Jukneviciené et al., 2025). Therefore, ICT-based supervision should be viewed as
a facilitating mechanism rather than the sole determinant of discipline.

In the context of coastal regions, this result can be further explained by infrastructural
limitations, uneven digital access, and disparities in technological readiness among workers. These
constraints may reduce the effectiveness of ICT-based monitoring systems, as not all employees can
fully engage with or benefit from digital tools. Consequently, the implementation of technology in
such environments may face practical challenges that limit its effectiveness. This suggests that
technology serves more as a supporting mechanism rather than a primary driver of discipline,
particularly in geographically constrained regions.

This finding aligns with previous research highlighting that digital competence enhances
adaptability, compliance, and performance in digital work environments (Amankona et al., 2025; Lei
et al., 2024). Employees with high digital literacy are more capable of interpreting digital systems,
responding effectively to monitoring mechanisms, and aligning their behavior with the organization’s
expectations. In this sense, digital literacy functions as an enabling capability that allows employees
to maximize the benefits of technology.

Importantly, this study reveals that human capability is more influential than technological
systems in driving employee discipline than technological systems. This finding reinforces the socio-
technical perspective, which emphasizes that successful digital transformation depends not only on
the availability of technology but also on the readiness and competence of its users (Duan & Dong,
2025; Hossain et al., 2025). Without adequate human capacity, even advanced technological systems
may fail to produce desired organizational outcomes.

This finding provides an important contribution to the literature because it challenges the
common assumption that individual competencies always strengthen the effectiveness of
technological systems. Instead, the results suggest that digital literacy functions primarily as an
independent predictor rather than a moderating variable. This implies that its influence on employee
behavior operates directly rather than through interaction effects with the supervision systems.

One possible explanation is that employees with high digital literacy tend to exhibit self-
regulated behavior, reducing their dependence on external supervision mechanisms. These
individuals are more likely to internalize organizational rules and proactively adapt to digital work
environments. Conversely, employees with low digital literacy may struggle to use ICT-based
systems effectively, thereby limiting the potential interaction effect between technology and
supervision. This asymmetry may explain the nonsignificant moderating effect observed in this study.

The non-significant moderating effect of digital literacy suggests that its role does not depend
on the presence of ICT-based supervision but operates independently as a direct determinant of
discipline. This finding challenges the common assumption that individual competencies always
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enhance the effectiveness of technological systems. Several explanations can be proposed for this.
First, the absence of moderation may be attributed to the relatively homogeneous digital literacy
levels among respondents, which limits variability and reduces interaction effects. Second, the
relationship between ICT-based supervision and work discipline may be linear rather than
conditional, meaning that supervision affects discipline regardless of the digital literacy level.

Third, from a theoretical perspective, this result indicates that digital literacy functions as a
primary antecedent rather than a boundary condition. Employees with high digital literacy tend to
exhibit self-regulated behavior and reduce their reliance on external monitoring systems. Conversely,
employees with low digital literacy may not effectively utilize ICT systems, thereby weakening this
interaction effect.

This finding suggests the need to reconsider the role of human capability in digital governance
models, where digital literacy may substitute rather than moderate technological control mechanisms.
Thus, digital literacy is a direct determinant of work discipline rather than a reinforcing factor in
supervision systems. Its role is fundamental in shaping employee behavior, particularly in
environments where digital systems are increasingly integrated into organizational processes.

These results suggest that the combination of ICT-based supervision and digital literacy
provides a meaningful and comprehensive explanation of employee discipline in the public sector,
particularly in geographically constrained regions. The integration of technological and human
factors offers a more holistic understanding of how disciplines are formed and maintained.

This study contributes to the literature in three key areas. First, it extends principal—agent theory
by incorporating ICT-based supervision as a modern digital control mechanism in public
organizations, thereby updating traditional supervision concepts in the context of the digital
governance. Second, it reinforces human capital theory by demonstrating that digital literacy is a
critical resource that influences employee behavior and organizational outcomes. Third, the findings
support the socio-technical perspective, emphasizing that human capability is more critical than
technological systems in achieving effective digital governance outcomes. This highlights the need
to consider both the technological and human dimensions in organizational research and practice.

From a practical standpoint, the findings suggest that policymakers and public sector managers
should prioritize the development of digital literacy among employees. While investments in ICT
infrastructure remain important, they should be complemented by continuous training programs and
capacity-building initiatives to enhance employees’ digital competencies. In coastal and remote areas,
where infrastructural challenges persist, strengthening human capacity may yield greater benefits
than relying solely on technological solutions alone. Therefore, a balanced approach that integrates
technology with human resource development is essential to ensure the effectiveness of digital
transformation initiatives in the health sector.

This study provides empirical evidence from coastal regions that are often underrepresented in
digital governance research. The findings highlight that geographical constraints significantly
influence the effectiveness of digital systems and employee behavior, thereby underscoring the
importance of contextual factors. By focusing on North Kalimantan, this study demonstrates that the
regional context plays a crucial role in shaping the outcomes of digital transformation initiatives in
the public sector. This insight is particularly relevant for policymakers in developing regions, where
disparities in infrastructure and digital readiness remain significant challenges to be addressed.

5. CONCLUSIONS
5.1 Conclusion

This study aimed to examine the effect of I[CT-based supervision on employee work discipline
and analyze the moderating role of digital literacy in public sector organizations in coastal areas. The
findings reveal that ICT-based supervision has a positive and significant effect on work discipline,
indicating that digital monitoring systems contribute to improving employee compliance and
accountability. Furthermore, digital literacy has a stronger and more significant effect on work
discipline, suggesting that employees’ ability to understand and utilize digital technologies plays a
dominant role in shaping disciplined behavior. However, the moderating effect of digital literacy was
not significant, indicating that it does not strengthen the relationship between ICT-based supervision
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and work discipline. Overall, this study highlights that human capability, particularly digital literacy,
is more influential than technological systems in enhancing employees’ discipline. These findings
contribute to the literature on digital governance by emphasizing the importance of integrating
technological systems into human resource development.

5.2 Research Limitations

This study had several limitations. First, the research was conducted using a cross-sectional
design, which limits the ability to capture changes in behavior over time. Second, the study focused
only on public sector employees in the coastal areas of North Kalimantan, which may limit the
generalizability of the findings to other regions or sectors. Third, the model only included ICT-based
supervision and digital literacy as predictors of work discipline, while other potential factors such as
organizational culture, leadership style, and motivation were not. These limitations suggest that the
findings should be interpreted in the specific context of this study.

5.3 Suggestions and Directions for Future Research

Based on the findings and limitations, several recommendations for future research are
proposed. Future studies should use longitudinal designs to better understand changes in employee
behavior over time. Expanding research to include different regions or sectors would enhance the
generalizability of the findings. Additionally, future research should consider incorporating other
variables, such as leadership, organizational culture, and employee motivation, to provide a more
comprehensive understanding of the factors influencing work discipline. Researchers should explore
alternative analytical approaches or mixed-method designs to gain deeper insights into the interaction
between technology and human capability in digital governance contexts.
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