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Aceh; Province. Based on a partial least squares-structural equation modeling (PLS-SEM)
Corporate responsibility; analysis of 150 respondents, two principal results can be formulated. First,
Customer satisfaction; operational outcomes have been proven to be the most significant determinant of
Digitalization; customer satisfaction. Second, image (corporate responsibility) and perceived port
Operational efficiency; digitalization (technology-driven port management) did not show a significant direct
Port management paradigms; effect on customer satisfaction. Furthermore, these two variables actually had a
Truck drivers significant negative effect on operational outcomes, which in turn had an indirect

negative impact on customer satisfaction. The study highlights a contextual
misalignment between techno-social and stakeholder- oriented port management
strategies and the practical expectations of downstream logistics users.

1. Introduction

The development of cargo ports globally demonstrates increasing competition, placing service
quality as a key factor in competitiveness (Roh et al., 2025). Although the transformation towards
smart ports and e-transformation has been shown to improve customer satisfaction and loyalty, its
success is highly dependent on consistent core service quality and comprehensive customer
orientation (Zhou & Suh, 2025). Therefore, various approaches, such as benchmarking, Quality
Function Deployment, and the Kano model, have been developed to identify service gaps and
prioritize quality-improvement investments, thereby enhancing customer satisfaction and
strengthening port competitiveness in the global market (Gonzalez & Quesada, 2024).

At the conceptual level, a significant paradigm shift has occurred in port management, moving
from traditional approaches to a more complex and multi-layered framework. The initial paradigm,
rooted in the service quality (SERVQUAL) perspective, positioned customer satisfaction as a direct
result of service efficiency, speed, reliability, and low cost through direct interaction between service
providers and users without the mediation of technology or other actors (Campomori & Casula, 2022;
Ingsih et al., 2024). As stakeholder theory evolved, the focus of port management expanded from
consumers alone to a range of other actors, such as local communities, governments, workers, and
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the environment, giving rise to the stakeholder paradigm, which emphasizes social and environmental
responsibility as a source of value creation (Satta et al., 2025). However, this paradigm remains one-
way and may burden service provider organizations (Reed et al., 2024).

More recently, the techno-social paradigm has emerged to address these limitations by
emphasizing the inseparability of human actors, digital resources, and interaction patterns in shaping
organizational outcomes. Under this paradigm, organizational performance is understood as the result
of (1) individual and group capabilities and motivations, (2) digital infrastructures that enable
transformation, and (3) the collective interaction between human and technological components (Iden
& Bygstad, 2025). Unlike stakeholder-oriented or technology-centric approaches, the techno-social
paradigm conceptualizes technology not merely as a supporting tool but as an integral element
embedded within social practices and decision-making processes (Herterich et al., 2023). This
distinction implies that contemporary studies of port customer satisfaction can no longer rely solely
on efficiency- or responsibility-based paradigms but must also account for customer service quality,
stakeholder responsibility, and technology-mediated interactions.

Empirical studies increasingly support this integrative perspective. Research conducted in
Vietnam and other developing countries demonstrates that SERVQUAL-derived dimensions, such as
reliability, responsiveness, assurance, empathy, and tangibles, including technology adoption and
terminal physical conditions, remain significant predictors of container port satisfaction (Dewa, 2023;
Nguyen et al., 2022). Furthermore, structural factors such as intermodal network accessibility, service
route diversity, and nonlinear port-selection attributes have been shown to influence user satisfaction
in the Kano model and in configurative approaches (Roh et al., 2025). Thus, the development of
modern logistics systems demonstrates that user satisfaction is increasingly shaped by service
digitalization, interaction personalization, service accessibility, intermodal integration, and human
resource knowledge and competency, which have been shown to improve efficiency, transparency,
flexibility, and the quality of the user experience (Siregar et al., 2022; Veloso & Sousa, 2022).

In the Indonesian context, prior studies have shown that port user satisfaction in Aceh is
strongly associated with service optimization, infrastructure quality, and human resource
performance, with Malahayati Port serving as the region’s primary container hub (Taharuddin et al.,
2025). However, operational evaluations indicate that, despite relatively high user satisfaction,
service performance still exhibits low to moderate variation across several Aceh ports (Nurazizah et
al., 2023). This is reinforced by the finding that the lean service approach places customer value and
satisfaction at the heart of efforts to increase container port productivity (Amri et al., 2024).

Based on the above description, this study proposes a model that examines the influence of
service quality variables as determinants of user satisfaction in freight port transportation, by
integrating the traditional customer paradigm, stakeholder paradigm, and techno-social paradigm.
Operational variables- operational efficiency, corporate responsibility, and technology-driven port
management- are positioned as determinants of port customer satisfaction. This study aims to
contribute theoretically by advancing integrated models of port service quality and, practically, by
offering strategic insights for port managers seeking to enhance service quality and user satisfaction
in a sustainable and context-sensitive manner.

2. Literature review

Container port service quality may be defined as the overall quality of port facilities and the
port’s ability to offer differentiated services compared to its competitors (Bastug et al., 2022). Itis a
measure of how well a service meets customer needs, as seen from the comparison between customer
expectations and the actual service received (Veloso & Sousa, 2022). Service quality occurs through
a process and represents an intensive performance presentation (Kuzu, 2024).

This study uses three independent variables to represent the three currently evolving port
management paradigms: consumer-oriented, stakeholder-based, and technology-oriented. The
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consumer-oriented variable is operational outcomes, the stakeholder paradigm is image (from
corporate social responsibility), and the technology paradigm is digitalization.

Operational outcomes reflect the final quality of the service provided. Uniform and
standardized services, guaranteed cargo safety, accurate shipping documents, and a diversity of
service types are also indicators in this dimension. A grounded theory study by Fahri (2022) identified
aspects of public satisfaction relevant to service operational outcomes (outputs). Because output is
part of reliability and assurance, it also significantly influences satisfaction with the use of sea
logistics routes.

Hypothesis 1 = External factors have a positive and significant effect on customer satisfaction.

Beyond operational aspects, a port’s image and reputation are also crucial for service quality.
This image is shaped by social responsibility, which focuses on how the port operates safely and is
environmentally friendly. Furthermore, fulfilling social responsibility towards the surrounding
community is an important indicator in assessing the sustainability of port services. Research
(Vasheghani & Abtahi, 2023) on multimodal strategic planning highlights the importance of port
reputation in driving satisfaction with maritime logistics routes.

Hypothesis 2 = Image factors have a positive and significant influence on customer
satisfaction.

Digitalization is an effort to eliminate the inconvenience caused by manual processes. (Lin et
al., 2025). When digitalization is implemented in services, consumers perceive that this
inconvenience is reduced, or even eliminated, thus encouraging them to consume (Chen & Huang,
2025). Based on this, digitalization can increase consumer satisfaction. (Brunner et al., 2025). This
type of digitalization represents a key characteristic of future ports and is a central objective of
technological development in the transportation sector (Pagano et al., 2022). Digital technologies will
increase port efficiency in various ways, such as reducing idle time, enhancing security, ensuring
efficient cargo handling, creating accurate port schedules and plans, and reducing the number of
operations required to move containers (Kine et al., 2022). A study by Siregar et al. (2022) on the
electronic system showed the effect of perceived digitalization on satisfaction in sea logistics routes.
Therefore, perceived port digitalization has a significant impact on satisfaction with sea logistics.

Hypothesis 3 = The perceived port digitalization has a positive and significant effect on
customer satisfaction.

Furthermore, because operational outcomes in port management are part of performance,
performance is also influenced by image and perceived variables related to port digitalization. Image
and digitalization variables, in turn, indirectly influence operational outcomes, increasing satisfaction
with sea logistics. Therefore, the following hypothesis is proposed:

Hypothesis 4 = Image has a positive and significant influence on operational outcomes.

Hypothesis 5 = Perceived port digitalization has a positive and significant effect on
operational outcomes.

Hypothesis 6 = Image has a positive and significant influence on customer satisfaction
indirectly through operational outcomes.

Hypothesis 7 = Perceived port digitalization has a positive and significant effect on
customer satisfaction, indirectly through operational outcomes.

3. Methodology

The image variable and the perceived port digitalization variable are measured using a scale
developed from the literature (Pagano et al., 2022). The image indicators from corporate social
responsibility (CSR) are denoted CSR1-CSR7, indicating that seven items are used to measure image.
There are four perceived port digitalization (DG) indicators, covering DG1-DG4. The operational
outcomes (OC) variable comprises six indicators, OC1-OC6. These indicators were developed from
questionnaires created by Vrhovac et al. (2024) and Lopes et al. (2025). Finally, the customer
satisfaction (CS) indicator comprises five items, labeled CS1-CS5. The indicators for this variable
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are adapted from Alsalfitti and Notteboom (2025). All indicators are measured on a five-point Likert
scale, where 1 indicates Strongly Disagree, and 5 indicates Strongly Agree. All constructs in this
study are measured using consistent reflective indicators, and no distinction is made in measurement
between direct and indirect effects. The differences among hypotheses lie solely in the structural
relationships tested.

Two ports were used as research locations in this study: Malahayati (75 respondents) and
Lhokseumawe (75 respondents). Both ports are the largest in Aceh province, Indonesia. The statistical
parameters for both ports are shown in Table 1. Pelindo Multi Terminal, a state-owned port company,
manages both ports. Pelindo Multi Terminal manages 36 ports in Indonesia, some of which are under
subsidiaries such as Indonesia Kendaraan Terminal and Tanjung Priok Port. Figure 1 shows the
location of this study, along with the locations of other Pelindo ports on Sumatra Island.

Table 1 Location description.

Malahayati Lhokseumawe

Size Pier: 380 m Pier: 761 m
Depth: -9 to -16 m Depth: -9 to -13 m

Location 5.598°N, 95.523°E 5.167°N, 97.150°E

Ship visits 379 units (1,681,382 Gross 300 - 450 units (2.5 - 3.2 million
tonnage) (2024) Gross tonnage)

Container yard size 20,000 m? 25,000 m?

Technological features Cashless payment, 1 unit Cashless payment, 1 unit mobile
reachstacker, 1 unit harbor crane, 3 units forklift, 2 units
mobile crane, 2 unit mobile terminal trucks, and a digital
crane, and a digital logistics logistics monitoring system
monitoring system

Throughput capacity 250,000 TEUs/year (installed 4.5 million tons (installed
capacity) capacity) 1.2 million tons (2023
Containers: 12,307 TEUs (2024  realization)
realization)

Non-containers: 289,449 Tons
(2024 realization)

Source: Pelindo Multi Terminal (2025)

In the context of this research, both ports are currently focusing on digitizing their logistics
flows to reduce extortion, shorten dwell times, and improve data transparency. This digitalization is
transforming the way truck drivers work from a manual/paper-based system to an app- and card-
based system. This digitalization makes queues more predictable with a booking system, cashless
payments, digital documents with QR codes, and the location of goods displayed in the system/app.

However, this study conceptualizes digitalization at the perceptual level rather than as an
objective infrastructural construct. Therefore, digitalization is modeled as a reflective construct, in
which observed indicators represent users’ overall evaluation of the port’s digital service capabilities.
Such an approach is consistent with prior research in information systems that treats user perceptions
of technology as reflective latent variables. Hence, this study does not measure what the port has, but
how the user experiences it.
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Figure 1 Research location.
Source: Pelindo Multi Terminal (2025)

The respondents in this research are truck drivers. Questionnaires were distributed to truck
drivers waiting at the ports. Truck drivers’ opinions are extremely important to port performance
because their perceptions reflect the actual and operational quality of port services. They are the actors
most negatively affected by port disruptions, as they are a vital link between ports and end consumers
(Jaya & Kaisar, 2024). Communication failures between terminals and truck drivers can result in long
container waiting times, high empty runs, and increased freight costs (Karam et al., 2023). In the
context of digitalization, truck drivers are key nodes in the digital shipping ecosystem (Gao et al.,
2023). Furthermore, studies by Bottalico and Nowak (2024), Eaton (2024), and Rattanakunuprakarn
et al. (2024) show that work pressure, fatigue, safety issues, and the quality of working conditions for
truck drivers significantly impact the resilience of logistics and port systems by causing congestion,
reduced throughput, and increased operational uncertainty. Therefore, truck drivers are an indirect
and significant source of port revenue and are key players in the maritime economy (Hammed et al.,
2025). Port governance models must take truck drivers into account to ensure successful and effective
transformation (Andersen et al., 2023).

The selection of truck drivers as the focal respondents in this study is theoretically grounded
in their role as front-line operational users and critical intermediaries in the port logistics chain. In
port systems, different stakeholders prioritize different value drivers, and these preferences are often
highly context-specific (Pallis & Vitsounis, 2016). Truck drivers, as landside operators, directly
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experience port service performance in terms of turnaround time, congestion, coordination, and
system reliability.

Prior studies emphasize that truck drivers are not only frequent users of port facilities but also
key informants on service quality and operational efficiency, as their perceptions are shaped by
repeated interactions with port processes (Vaggelas, 2019; Cele, 2018). Moreover, in the intermodal
supply chain, port drayage drivers occupy a structurally disadvantaged yet critical position, often
facing delays, inefficiencies, and coordination failures that reflect broader systemic issues (Jaffee &
Rowley, 2009; Jiang et al., 2017).

From a methodological perspective, focusing on truck drivers enables the study to capture
operational-level articulation of user demand, which is often underrepresented in port policy and
management research. Their perspectives provide valuable insights into the practical effectiveness of
port management paradigms, particularly regarding real-time service delivery and workflow
integration.

This study used SmartPLS3 to analyze the data using partial least squares structural equation
modeling (PLS-SEM). PLS-SEM is suitable for estimating complex equations with a limited number
of participants and for handling non-normal data. The inclusion of both direct and indirect paths
enables testing of partial mediation, providing a more comprehensive understanding of how
digitalization and image influence satisfaction.

The analysis was carried out in two steps. The first step was confirmatory factor analysis
(CFA) to analyze the validity and reliability of the model using the average variance extracted (AVE),
composite reliability (CR), and heterotrait monotrait (HTMT) parameters. Iltems were removed if the
parameter threshold was not met. In the next stage, a structural analysis was conducted using the
bootstrapping method with 5,000 resamplings to obtain the significance level of individual
relationships in the model. A hypothesis will be accepted if the significance level of the relationship
between the two hypothesized variables reaches a threshold of 0.05 (p-value < 0.05) and the sign
(positive or negative) of the path coefficient is in the hypothesized direction.

4. Results

The demographic details of the respondents in this study are listed in Table 2. The largest
group of respondents was aged 30 - 39 years (20.3 percent), used class III trucks (72.7 percent), had
only been operating at the studied port for 1 - 5 years (65.3 percent), and transported cement (35.3
percent). These statistics indicate that the study respondents were dominated by active, medium-scale
operational actors, with relatively early to intermediate levels of experience, who routinely interact
directly with core port services, so that their perceptions reflect their actual operational experiences
with service quality and port performance.

Several CFAs were conducted to correct items whose loading factors, AVE, CR, or HTMT
were outside the established threshold. The CFA revealed that, of 22 items, seven had to be eliminated
to obtain values that met the criteria of AVE > 0.5, CR > 0.7, and HTMT < 0.9. These deleted items
include CSR1, CSR2, CSR4, OC3, OC4, DG3, and CS3. The remaining 15 items were retained to
represent four latent variables. As shown in Table 3, the AVE for each latent variable exceeded 0.5,
and the CR exceeded 0.7, indicating satisfactory levels of convergent validity and composite
reliability. Although the loading factor was very low (DG4), this item was retained because it did not
affect the AVE and CR values. Discriminant validity, as shown in Table 4, was calculated using
HTMT. Overall, these results showed no ratios above 0.9, confirming that discriminant validity was
not violated.

The research model was then tested using the bootstrapping procedure with 5,000 resamples,
as shown in Figure 2. All paths involving outcome variables were highly significant, as indicated by
p-values of 0.009 for image to outcome, 0.000 for perceived port digitalization to outcome, and 0.000
for outcome to customer satisfaction. All were within the value limit below 0.01, indicating a highly
significant relationship. Meanwhile, the direct effects of image and perceived port digitalization on
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customer satisfaction were insignificant because the p-values for the image-to-customer satisfaction
and perceived port digitalization-to-customer satisfaction paths were both greater than 0.05, namely,

0.113 and 0.357 (Table 5).

Table 2 Respondent demographic details.

Variables (n =150) %
Age group
20-29 32 21.3
30-39 44 29.3
40 - 49 42 28.0
50-59 23 15.3
60 and above 9 6.0
Truck
Class III (2-axle trucks) 109 72.7
Class IV (3 axle trucks) 7 4.7
Class V (Trucks > 4 axles) 34 22.7
Length of time using the port
1 -5 years 98 65.3
6 - 10 years 30 20.0
11 - 15 years 13 8.7
16 - 20 years 8 53
21- 25 years old 1 0.7
Items that are usually carried
Bulk asphalt 8 53
Palm kernel shells 15 10.0
Crude palm oil 25 16.7
Logistics 47 31.3
Cement 53 353
Flour 2 1.3
Frequency
1 -5 times 13 8.7
6 - 10 times 49 32.7
11 - 15 times 53 353
16 - 20 times 19 12.7
21 - 25 times 14 9.3
26 - 30 times 2 1.3

Maritime Technology and Research 2026; 8(4): 286449

Page 7 of 17



The impact of competing port management paradigms on consumer satisfaction: The case of truck drivers Mukhlis et al.
https://s004.tci-thaijo.org/index.php/MTR
Table 3 Convergent validity and composite reliability.
Items Wordings Loadings
Image from Corporate Social Responsibility (CSR) (CR = 0.828; AVE = 0.549)
CSR1, CSR2, and CSR4 failed to converge
CSR3 The port I use always emphasizes safety in operations and work. 0.649
CSR5 The port I use demonstrates strong social responsibility towards 0.749
employees and other stakeholders.
CSR6 The port I use always emphasizes environmentally friendly 0.856
operations.
CSR7 The port I use has an environmental management system in 0.695
place.
Operational Outcomes (OC) (CR =0.803; AVE =0.504)
OC3 and OC4 failed to converge
OCl1 The workforce at this port has high experience and 0.740
professionalism.
0C2 The port I use always provides reliable service. 0.682
0G5 The port I use always offers competitive service prices. 0.693
0Co6 The costs and service processes at this port are communicated 0.725
transparently.
Perceived Port Digitalization (DG) (CR = 0.780; AVE = 0.560)
D@3 failed to converge
DG1 I can make orders and track shipments digitally at this port. 0.778
DG2 The digital-based container management system at this port is 0.932
very reliable.
DG4 The level of application of information and communication 0.453
technology (ICT) in customer service at the port I use is very
good.
Customer Satisfaction (CS) (CR = 0.875; AVE = 0.645)
CS3 failed to converge
CS1 Overall, I am satisfied with the facilities, equipment, and 0.881
infrastructure at the port I used.
CS2 Overall, I am satisfied with the management and employees of 0.887
the port I use.
CS4 I will recommend this port service to my business partners. 0.522
CS5 I will continue to use the port services I currently use. 0.863
Table 4 Discriminant validity using HTMT.
Constructs CS DG CSR OC
Customer satisfaction (CS)
Perceived Port Digitalization (DG) 0.281
Image (CSR) 0.325 0.389
Outcome (OC) 0.741 0.472 0.343
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Table 5 Structural analysis results.

Standard

B Mean deviation t values p-values Conclusion
Direct Effects
Outcome -> Customer Satisfaction  0.650 0.653 0.061 10.66 0.000 H1 Accepted
Image -> Customer Satisfaction -0.109 -0.110 0.067 1.62 0.113 H2 Rejected
Perceived Port Digitalization -> 0.088  0.075 0.097 0.91 0357  H3 Rejected
Customer Satisfaction
Image -> Outcome -0.170 -0.186 0.065 2.63 0.009 H4 Rejected
Perceived Port Digitalization == o399 9302 0.092 409 0000  HS Rejected
Outcome
Indirect Effects
Perceived Port Digitalization -> 0245 0.257 0.067 365 0.000 H6 A ted
Outcome -> Customer Satisfaction s ‘ ) ‘ ceepte
Image -> Outcome -> Customer 0110 -0.122 0.044 2.49 0.013  H7 Accepted

Satisfaction

CSR3
“-"“
CSR5
CSR6
CSR7 Im@’sge
-0.170 (0.009) -0.109(0.113)
cs1
oc1
- 34944 G52
oc2 i 32.896
* —— 0.650 (0.000) —p
T 2950,
& 23.003 Ccs4
0oc6 Qutgome Customer i
Satisfaction 55
-0.377 (0.000) 0.088 (0.357)
DG1 ’
h&ﬁ?d_._,__‘_
DG2 4—5.951—
‘__,1.323”
DG4

Digitalization

Figure 2 Model of the influence of port service quality variables on satisfaction.

The coefficients of determination were 0.412 for customer satisfaction and 0.175 for
operational outcomes. These results indicate that operational outcomes, image, and perceived port
digitalization account for 41.2 percent of the variance in customer satisfaction, while image and
perceived port digitalization account for 17.5 percent of the variance in operational outcomes. Other
unexplained variance may be caused by polynomial or interactive relationships between variables in
the model, observed variables that have been removed from the model, transcendent aspects of quality
or results that cannot be measured and are subjective, and other variables not measured in this study.

A surprising finding is that both perceived port digitalization and image negatively impact
operational outcomes. Meanwhile, the effect of operational outcomes on customer satisfaction is
positive. This means that perceived port digitalization and image reduce the impact of operational
outcomes needed to improve customer satisfaction.
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This finding contradicts a substantial body of prior research that generally reports positive
effects of digitalization and CSR on operational and service performance in port and logistics
contexts. For instance, Almeida and Okon (2024) demonstrate that smart port technologies enhance
user satisfaction and operational efficiency, while Zhou and Suh (2025) find that CSR initiatives
positively influence service-related outcomes in container terminals. Against this prevailing narrative,
and building on this study’s contribution, particularly its focus on competing port management
paradigms and the often-overlooked perspective of truck drivers, the following section provides a
detailed discussion that further elaborates and substantiates these insights.

5. Discussion

This study deliberately adopts the perspective of truck drivers to capture operational-level
evaluations of port performance, which are often overlooked in port governance studies. Using PLS-
SEM, this study found a significant positive relationship between operational outcome and CS, and a
significant negative relationship between image and perceived port digitalization and CS. This finding
suggests that, for the study respondents, who were predominantly truck drivers, institutional image
and digital transformation initiatives were not yet perceived as direct sources of value that increased
satisfaction. This is in line with the view that the benefits of CSR and perceived port digitalization
are often indirect, long-term, or felt more by other strategic actors, such as cargo owners, regulators,
or terminal operators, rather than by day-to-day operational users.

Interestingly, the results of the study actually show that image and perceived port
digitalization have a negative and significant effect on operational outcomes. This finding contradicts
previous research. The literature shows that smart technologies can improve user satisfaction among
truck drivers (Almeida & Okon, 2024). This research is also not in line with findings at container
terminals in South Korea; that CSR influences aspects of user satisfaction (Zhou & Suh, 2025).

One possible explanation for this discrepancy lies in differences in respondent profiles: prior
studies often capture managerial or system-level perspectives. In contrast, this study reflects the
experiences of operational users. This conflicting result indicates that, in the empirical context of this
study, increased image and perceived port digitalization initiatives are correlated with decreased
perceived operational performance. This finding supports the critical literature on perceived port
digitalization and CSR in the port sector, which emphasizes trade-offs and implementation burdens,
particularly in the early stages of adoption. Barbieri and Capoani (2025) emphasized that
digitalization and automation also carry social risks, such as labor substitution, which can reduce
social acceptance and perceptions of fairness within the port community. In practice, when
digitalization is high, it can trigger negative impacts, such as reduced job opportunities and increased
energy consumption (Cardinali & de Giovanni, 2022). A study by Almeida and Okon (2024) also
emphasized that developing smart ports without comprehensive evaluation benchmarks can lead to
unanticipated negative social and economic impacts. Karam et al. (2023) show that digitalization can
reduce operational efficiency in trucking if digital systems are not synchronized with drivers’ work
practices and do not support disruption management. Current research shows that digitalization does
not reduce the burden that prevents truck drivers from experiencing satisfaction, as observed by Wide
et al. (2023). Instead, it increases administrative complexity (Wide et al., 2023).

Consequently, this research, from a sociotechnical perspective, confirms the assumption that
organizations are networks of individuals and resources working together to achieve goals (Iden &
Bygstad, 2025). Whenever an organization overemphasizes one aspect (technology), and neglects the
other (human resources), technology will have an undesirable effect. A study by Acheampong et al.
(2025) at the Port of Tema, Ghana, on independent truckers found that the adoption of technologies
such as the Truck Appointment System (TAS) is highly dependent on truck drivers’ education,
training, and self-efficacy. Like Ghana, the ports of Malahayati and Lhokseumawe in Indonesia are
also in the context of developing countries that are still new to implementing digitalization. In this
situation, digitalization has not yet reached an optimal stage that can satisfy all stakeholders.
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This shortcoming in developed countries is illustrated by a study by Karlsson et al. (2023).
This study shows that digitalization is often geared toward employee needs because ports, especially
smaller ones, are more likely to satisfy the interests of their internal stakeholders. In contrast, at an
ultra-modern port like Tuas, digitalization integrates the needs of both internal and external
stakeholders (Roh et al., 2025).

Although digitalization is modeled as a unified latent construct, additional insight can be
gained by examining the descriptive statistics of its individual indicators. The results reveal a nuanced
pattern across different aspects of perceived digitalization. The ability to perform digital ordering and
shipment tracking (DG1) shows the highest mean score (M = 3.71; SD = 0.845), suggesting that core
transactional functionalities are relatively well established. However, the perceived reliability of the
container management system (DG2) shows moderate scores with high variability (M = 3.31; SD =
0.864), indicating inconsistent user experiences among respondents. Most notably, the ICT-based
customer service dimension (DG4) records the lowest mean and relatively low variance (M = 2.99;
SD = 0.548), suggesting a consistently weaker evaluation across users. This implies that, while basic
digital functionalities are available, the integration of ICT into customer-facing services remains
underdeveloped.

These findings suggest that dissatisfaction with port digitalization is primarily driven by
uneven system reliability and insufficient integration of digital services. In practical terms, this may
relate to issues such as system responsiveness, service interface quality, or communication
inefficiencies rather than purely infrastructural components. Therefore, even within a reflective
measurement framework, analyzing individual indicators provides important diagnostic insights into
which aspects of digitalization require improvement. This indicator-level interpretation helps address
concerns that reflective modeling may obscure specific problem areas by demonstrating that
meaningful operational insights can still be derived from item-level analysis.

A CSR program in a maritime company can be seen as creating an image that is more
“concerned with stakeholders’ interests, including government, customers, society, the environment,
and employees” (Zhai, 2023). This quote suggests that truck drivers are not yet viewed as distinct
stakeholders targeted by CSR. Furthermore, truck drivers themselves have an interest in carrying out
their duties while remaining focused on operational outcomes. The present study argues that this
orientation, along with the lack of CSR-driven impact on truck driver satisfaction, may explain why
this study revealed no positive impact on driver satisfaction.

To further interpret these findings, this study draws on the Technology Acceptance Model
(TAM) and the Unified Theory of Acceptance and Use of Technology (UTAUT) (Venkatesh et al.,
2012) to explain why digitalization may not lead to higher satisfaction in this context. According to
TAM, technology adoption is primarily driven by perceived usefulness and perceived ease of use.
However, empirical evidence from Banda Aceh and Jambi shows that perceived usefulness and
attitude toward use may not significantly influence digital transformation, while ease of use and social
influence play a more critical role (Wildhani et al., 2024). This suggests that digital systems may be
implemented without necessarily being perceived as beneficial by users.

In this study, the negative relationship between perceived port digitalization and satisfaction
may indicate that digital systems are not sufficiently aligned with truck drivers’ operational needs.
From a UTAUT perspective, this can be explained by weak facilitating conditions and high effort
expectancy, where users experience technological systems as complex, unreliable, or poorly
integrated into their workflows. Studies in Aceh further confirm that facilitating conditions and
performance expectancy are key determinants of technology use, whereas other factors, such as social
influence, often have a limited impact (Afrah et al., 2025).

This misalignment is particularly relevant in developing regions such as Aceh, where
infrastructural limitations, inconsistent system interfaces, and varying levels of digital literacy often
constrain digital adoption. Prior research in rural Indonesia highlights that barriers such as system
usability issues, limited infrastructure, and low digital literacy significantly hinder effective
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technology adoption (Yusufetal., 2026). As a result, digitalization may increase the perceived burden
on operational users rather than reduce it.

Furthermore, studies in Aceh indicate that technology adoption is highly context-dependent
and often influenced by economic and capability constraints. For example, research on smart farming
technology adoption in Aceh shows that limited user capability and high implementation costs
significantly hinder adoption, despite generally positive attitudes toward technology (Agussabti et al.,
2022). Similar patterns are observed in fintech and digital payment adoption, where facilitating
conditions and user readiness play a more decisive role than perceived benefits alone. These findings
suggest that the unfavorable perception of digitalization observed in this study is not necessarily a
rejection of technology itself, but rather a reflection of incomplete adoption conditions, where
technological systems are introduced without sufficient support, training, or alignment with user
practices. This study, therefore, suggests that digitalization in port contexts should be evaluated in
terms of user acceptance conditions, as emphasized by TAM and UTAUT frameworks.

From a practical perspective, these findings challenge the prevailing assumption that
digitalization and CSR initiatives will automatically enhance operational performance and user
satisfaction. Instead, port managers should recognize that poorly aligned digital transformation efforts
may impose unintended operational burdens, particularly on frontline users such as truck drivers.
Furthermore, these findings suggest that port digitalization should be implemented as a gradual and
inclusive transformation process. Given that truck drivers represent operational users with varying
levels of digital literacy, a fully digital system may unintentionally increase their cognitive and
administrative burden. Therefore, port authorities should consider hybrid and transitional solutions to
bridge the digital divide. For instance, the use of short messaging services (SMS)-based services or
simplified mobile interfaces can provide accessible alternatives for users who are less familiar with
complex digital platforms. In addition, deploying field officers or on-site digital assistants can help
truck drivers navigate digital systems, particularly during the early stages of implementation.

Furthermore, improving facilitating conditions, such as system reliability, interface usability,
and real-time support, is critical to ensuring that digitalization reduces, rather than increases,
operational friction. Training programs tailored to truck drivers’ needs and work routines may also
enhance their perceived ease of use and, ultimately, improve acceptance, as suggested by the TAM
and UTAUT frameworks. These measures highlight that successful port digitalization is also a
human-centered adaptation process. This study, therefore, emphasizes that the success of
digitalization should be evaluated by the extent to which these technologies are usable, accessible,
and meaningful for all user categories. Furthermore, port digitalization strategies should shift from a
technology-centric approach toward a user-centered implementation model that prioritizes usability,
inclusiveness, and operational compatibility.

It is important to note that these findings are contextually bounded by the sample, which
consists of 150 truck drivers as direct operational users. They are an important, yet relatively small,
segment of the broader port stakeholder population. Other actors, such as cargo owners, freight
forwarders, shipping agents, and port authorities, may interact with digital systems differently, and
potentially derive greater strategic or informational benefits; therefore, the findings may not fully
capture their potentially more favorable perceptions. As a result, the negative relationship observed
between perceived port digitalization and customer satisfaction should be interpreted as stakeholder-
specific rather than universal, reflecting operational exposure, system usability, and day-to-day work
constraints.

This reliance on a single stakeholder perspective also implies a partial assessment of customer
satisfaction within a complex, multi-actor port environment. These limitations are particularly
important in interpreting the study’s counterintuitive findings, as the negative perceptions of
digitalization and CSR may reflect stakeholder-specific biases rather than system-wide performance
outcomes. Accordingly, future research is encouraged to adopt a multi-stakeholder approach to better
understand how digitalization generates differentiated value across user groups.
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6. Conclusions

This study contributes to the literature by demonstrating that port management paradigms do
not operate universally and linearly towards customer satisfaction. The integration of efficiency,
social responsibility, and techno-social paradigms needs to be tested simultaneously and contextually.
These findings enrich the literature on port service quality by confirming that perceived port
digitalization and corporate responsibility do not always serve as value drivers; rather, they can
become value inhibitors if they are not aligned with the operational needs of primary users.

Practically, the results of this study imply that port managers in developing regions like Aceh
need to prioritize improving operational outcomes, such as reduced waiting times, reliable gate and
loading/unloading processes, and service transparency, before or simultaneously with the
implementation of digitalization and social responsibility agendas. Digitalization and CSR need to be
designed to be more user-centered, simple, and support the smooth operation of truck drivers as key
actors in port connectivity. With this approach, port transformation toward a more sustainable and
technology-based direction can truly improve user satisfaction, not reduce it.

Furthermore, this study confirms that port customer satisfaction results from a complex
interaction between management paradigms and user characteristics; thus, port policies and strategies
need to consider the different roles, experiences, and needs of actors within the logistics ecosystem
in a more inclusive, contextual manner. This study highlights that digitalization may not create
uniform value across stakeholders, but instead produces asymmetrical benefits and burdens,
particularly between strategic and operational actors.
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