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Abstract
Hong Kong Air Cargo Terminals Limited (Hactl) handles over 40% of cargo at Hong 
Kong International Airport. However, its fixed infrastructure leaves little room for 
physical expansion. Better operational performance (OP) should come from how the 
terminal deploys its existing resources. Grounded in the dynamic capability theory 
(DCT) and the resource-based view (RBV), this study examines the roles of training, 
traceability, and OP, as well as the mediating role of organizational agility in these 
relationships. This study used partial least squares structural equation modeling on 
survey data gathered from 70 Hactl professionals. The findings reveal that training 
improves OP both directly and indirectly through agility, whereas traceability affects 
OP only via agility. These findings contribute to the RBV and DCT literature by showing 
that technological resources require full mediation through dynamic capabilities to 
translate into OP. In practice, managers should treat traceability not as a standalone 
performance driver but as an input to agility. Meanwhile, training programs should 
sustain both routine efficiency and adaptive capacity.
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1. Introduction
Hong Kong Air Cargo Terminals Limited (Hactl) handles over 40% of cargo at Hong 
Kong International Airport, approximately 4.9 million tonnes in 2024.1 Despite this 
scale, the terminal faces mounting operational pressures. Its infrastructure, such as 
runways, warehouses, trucks, and handling equipment, is fixed, but the demands of 
regulatory cargo delivery shift constantly. This means better operational performance 
(OP) rarely comes from adding more equipment. Rather, its origins lie in how well the 
terminal deploys its existing organizational resources to adapt in real time.2

In the air cargo logistics sector, operations represent the terminal’s physical handling 
activities, such as loading, unloading, storage, customs clearance, and transfer, while 
logistics encompass the broader coordination of information and material flows across 
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the multiple players.3 In this context, OP represents the 
logistics performance of the cargo terminal specifically. 

The resources that drive this performance fall into 
two broad categories. In terms of human resource 
management, training prepares staff to interpret system 
data and execute decisions under time pressure.4,5 When 
a last-minute booking arrives, or a United States (US)-
bound shipment triggers the Air Cargo Advance Screening 
(ACAS) pre-filing requirement, trained staff can resolve 
these exceptions without delays. On the technology side, 
traceability provides accurate, real-time visibility across 
cargo flows and handling processes.6 Both are embedded 
within the same air cargo logistics information systems.7,8 
However, previous studies have tended to examine them in 
isolation, treating each as a direct driver of OP.9,10

Combining organizational and digital information 
capital could help Hactl improve its OP, while training 
and traceability have been examined separately in general 
logistics and manufacturing contexts.11,12 Empirical 
evidence comparing their complementary yet distinct 
roles in air cargo terminal operations remains scarce.13 
These characteristics make the resource, capability, and 
performance linkage particularly complex. Specifically, it 
is unclear whether training and traceability follow similar 
or differentiated pathways in shaping OP through dynamic 
capabilities. The resource-based view (RBV) suggests that 
training and traceability are valuable and heterogeneous 
resources. Only limited evidence demonstrates their direct 
impact on performance.14 What matters is whether the 
firm can leverage them to sense environmental shifts, seize 
opportunities, and reconfigure operational processes.15

In addition, the dynamic capability theory (DCT) 
stresses that the competitive advantage of the company is 
hidden within the distinctive process.16 Agility here captures 
this conversion mechanism. Although organizational 
agility has been widely recognized as a critical factor in 
dynamic environments17, it is frequently conceptualized as 
an outcome variable rather than as a mediating mechanism 
that translates resources into performance.2,4 Existing 
studies provide limited insight into how agility functions 
as a dynamic capability that enables firms to reconfigure 
operational processes and embrace uncertainty.18,19 These 
gaps lead to three questions: Research question (RQ)1: Do 
training and traceability affect OP? RQ2: Do training and 
traceability contribute to agility? RQ3: Does agility mediate 
their respective relationships with OP?

This study collects survey data from 70 professionals at 
Hactl and examines how training and traceability affect OP 
through agility. It makes three key contributions. Firstly, 
it shows human and technological resources. Training 

and traceability influence OP through different pathways. 
Training enhances OP directly and through agility, while 
traceability only works when agility serves as a mediator. 
Secondly, it extends the RBV and DCT frameworks 
to explain the situation at Hactl. Lastly, for terminal 
operators, implementing better tracking systems will 
not help if they merely capture data. Digital investments 
should be coordinated with agility to enable companies to 
reconfigure.

This paper is organized as follows. Section 2 reviews 
the relevant literature and develops hypotheses. Section 
3 describes the research methodology. Section 4 presents 
empirical results. Section 5 discusses the findings and 
outlines theoretical and managerial implications. Section 
6 concludes the study and highlights limitations and 
directions for future research.

2. Literature review and hypotheses 
development

2.1. Training

Training refers to the extent to which an organization 
provides its employees with opportunities to develop 
and upgrade work-related skills through regular training 
programs.5 It reflects management’s commitment to 
continuous skill enhancement as a means of strengthening 
workforce flexibility, operational efficiency, and 
organizational adaptability. Training programs cultivate 
versatile, adaptable, and well-connected employees, who 
are vital for achieving logistics agility and sustaining 
a competitive position.4,20 In the logistics industry, 
continuous investment in training helps logistics firms 
boost operational efficiency, reduce operational errors, and 
foster innovation.21

Training equips employees to identify and overcome 
system interface constraints and data flow bottlenecks. 
By strengthening cross-system information coordination 
capabilities, employees can ensure data consistency, 
integrity, and timeliness across heterogeneous platforms 
while adapting to the transition from traditional paper-
based operations to cloud-enabled, collaborative, real-
time, and modifiable digital workflows.22 In doing so, 
training helps alleviate shortages of specialized skills and 
pressure on human resource allocation, and it helps build a 
logistics workforce characterized by operational efficiency, 
system adaptability, and the capability to manage multi-
customer compliance requirements.21,22 

2.2. Traceability

Traceability offers data to enable comparison between the 
actual condition and the expected goals.23 Most empirical 
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work on traceability has focused on the manufacturing 
industry and the pharmaceutical supply chain, where 
the primary concerns are batch recalls and temperature 
control.24,25 Air cargo terminals present a different problem. 
Here, traceability is not just about tracing a defect back to 
its source, but more about knowing where a shipment is 
right now. Specifically, whether it has cleared customs, 
been loaded, or missed its connection. Ground handlers, 
therefore, can reallocate labor and equipment before a 
delay.26 This capability enables rapid source identification 
and timely corrective actions, including recalls in the 
event of quality or safety incidents.27,28 More importantly, 
traceability is widely recognized as a critical operational 
capability in complex and time-sensitive air cargo logistics 
environments.

Platform-based traceability integrates data from 
airlines, freight forwarders, and customs systems into a 
single system. Previous studies have shown that traceability 
increases supply chain resilience and improves performance 
in the era of Industry 4.0.23 Khan et al.28 found that supply 
chain traceability depends on transparency. However, they 
rarely tested whether traceability translates into agility or 
further affects OP. Air-cargo operations are characterized 
by high cargo value, strict time constraints, multi-actor 
coordination, and frequent cross-border handovers. In this 
context, traceability enhances real-time visibility, reduces 
operational uncertainty, improves exception handling, 
and supports more efficient coordination among airlines, 
ground handlers, freight forwarders, and regulatory 
authorities.29 This gap is obvious in air cargo research, 
where high cargo value and tight schedules make speed as 
important as the accuracy of data.

2.3. Agility

Agility varies greatly across industries. In the primary 
sector, a high level of agility is greatly valuable, but it is 
insufficient to maintain high performance in the coffee 
supply chain.30 Even in the coffee industry, which requires 
agility, being agile alone is not sufficient. In the secondary 
industry, evidence suggests that adopting agility can help 
manufacturing firms improve their response capacity 
and reduce instability.17 In tertiary industries, logistics 
agility indicates an organization’s ability to respond to 
supply chain disruptions, with information sharing 
and collaborative forecasting as antecedents.4 Air cargo 
terminals face a sharper issue. The aim of logistics agility 
is to reconfigure strategies for variable aircraft schedules or 
complex customs clearances. 

Empirical studies of agility in the air cargo sector remain 
scarce. Most existing studies treat agility as an outcome of 
artificial intelligence and human resource management, 

both of which help firms become more agile.2,4 Whether 
agility transforms prior resources into OP is unclear. Teece31 
underlined that sensing, seizing, and reconfiguring are 
keys to companies’ success regarding technological change 
and uncertain environments. Nevertheless, few studies in 
air cargo logistics have tested agility as a mediator and have 
barely compared human and technological resources.17,18

2.4. Operational performance

Generally, OP is described as the outcome that converts 
input into output through daily operational activities. 
Pattnaik and Pattnaik3 defined it as companies that actively 
reduce costs, improve quality, and enhance delivery in the 
green supply chain. Furthermore, in the manufacturing 
industry, Hautala-Kankaanpää32 divided OP into delivery 
performance, cost performance, and quality performance, 
and linked them to production flexibility. However, in the 
air cargo sector, OP should include cargo handling time 
accuracy, operational process control, turnover flexibility 
during peak times, and unit capacity.33 More specifically, 
OP in Hactl’s cargo terminal can be measured through 
five dimensions: cost, timeliness, quality, customer value-
added, and waste reduction.34

2.5. Theoretical paradigm

Through the lens of RBV, a firm’s training and traceability 
are treated as valuable assets that are difficult for its 
competitors to imitate.15 However, RBV remains silent on 
how these assets generate returns in a rapidly changing 
environment and translate into faster turnaround times 
and lower handling errors. The DCT addresses this gap 
by introducing dynamic capabilities as the mediator that 
converts resources into performance. Teece’s31 framework 
distinguishes sensing, seizing, and reconfiguring 
capabilities to help firms adapt to environmental shifts. 
The air cargo logistics company requires quick responses, 
and agility captures this adaptive capacity.18

Critically, the DCT suggests that different resources 
may rely on dynamic capabilities to some degree. 
Human capital, such as training, can produce immediate 
performance gains through direct skill training. Employees 
who understand customs regulations or operate the 
system smoothly can handle cargo faster and make fewer 
errors.10 Technological capability includes traceability 
that detects the cargo location, status, and the subsequent 
flow direction.23 Their value depends entirely on whether 
the organization can rapidly translate that information 
into operational activities. This indicates an asymmetric 
mediation pattern. Training may drive OP both directly 
and through agility, while traceability may influence OP 
only when agility mediates the relationship.
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Empirical studies show evidence. If the resource is a 
common technology, competitors might easily mimic and 
adopt it.32 Reaidy et al.29 found that Industry 4.0 technology 
does not have a significant direct effect on supply chain 
performance, but it does play a role through the mediating 
effects of supply chain integration and visibility. The 
empirical results of Hautala-Kankaanpää32 also showed 
that digital platforms may even have a negative impact on 
OP if they lack supply chain capabilities. These findings 
suggest that when exploring the impact of training and 
traceability on OP, we must focus on whether these 
factors achieve performance conversion through a specific 
operational capability, rather than assuming a simple linear 
relationship. Figure 1 presents the research model. Training 
and traceability serve as the resource base. Agility functions 
as a dynamic capability that mediates its influence on OP. It 
is expected that these mediated pathways will differ across 
the two resources, reflecting their distinct organizational 
roles.

2.6. Hypotheses development

Air cargo terminal operations depend heavily on 
employee proficiency and judgment under pressure.2 
Systematic training shortens cargo handling cycles, 
reduces breakage and error rates, and improves cost and 
quality performance.10 In changing logistics environments, 
effective training programs improve technical proficiency, 
decision-making speed, and adaptability to digital 
systems.5,33 Training directly strengthens the organization’s 
capacity to execute tasks accurately and efficiently, thereby 
supporting higher levels of OP.10,22 At Hactl, where staff 
should navigate the Community Systems for Air Cargo 
Plus (COSAC-Plus) platform alongside various airline 
systems, structured training ensures that employees can 
interpret real-time data and manage exceptions. For 
example, when the staff has last-minute bookings or 
ACAS pre-filing requirements, they know how to maintain 
service reliability during disruptions. These improvements 
in the task directly strengthen OP.32 Thus, we proposed the 
following hypothesis (H):

(i)	 H1: Training has a positive effect on OP in Hactl.

The function of training is not just to execute tasks 
immediately. Training prepares staff to be familiar 
with advanced cargo management systems, such as 
COSAC-Plus. Furthermore, it helps employees cultivate 
communication and coordination skills to deal with specific 
cargo compliance issues.35,36 By enabling employees to 
understand and address airline and ACAS filings, training 
strengthens critical network relationships and facilitates the 
exchange of vital logistics information. A skilled workforce 

can rapidly interpret knowledge, sense the situation, and 
make faster decisions to improve organizational agility.4 In 
Hactl, employees’ training programs are indispensable for 
cultivating an adaptive operational team. This developed 
human capital enables the organization to sense changes, 
reconfigure processes, and execute responses effectively. 
Consequently, this finding led to H2.

(ii)	 H2: Training has a positive effect on agility in Hactl.

The existing literature is inconsistent regarding the direct 
relationship between traceability and OP. On the one hand, 
Khan et al.28 hold that traceability can reduce information 
asymmetry and improve resource utilization, thereby 
enhancing supply chain performance. On the other 
hand, in the highly uncertain operational environment, 
with the coordinated organizational capacity, digital 
technology resources might cause negative effects or 
contribute nothing to the OP.32 At air cargo terminals, 
this debate comes to the fore. A traceability system such 
as COSAC-Plus provides real-time data throughout the 
flow of goods. However, these data are potential resources 
rather than actual performance. The main bottleneck in 
Hactl’s operations is the increasing number of cargo and 
data conflicts. If the company cannot transform data into 
source reconfiguration within a few minutes or lacks 
dynamic capability, the traceability system will serve only 
as a recorder. It will be difficult to act on cost, delivery, and 
quality performance.29 Therefore, even though traceability 
has a direct effect on OP in previous studies23,24, its direct 
effects may be severely suppressed in the specific scenario of 
air cargo in high-speed and high-uncertainty situations.13 
Based on the above discussion, we put forward H3.

(iii)	H3: Traceability may positively affect OP in Hactl.

Traceability plays a crucial role in cultivating dynamic 
capability. According to DCT, traceability significantly 
enhances a firm’s sensing capability, which is the first step 
in dynamic capability.31 At Hactl, COSAC-Plus, combined 
with Airwaybill Resource Scanning (AWRS) and the 
Logistics Control System (LCS) system, monitors detained 
goods and processing bottlenecks, and navigates location 
issues.11 However, sensing is not equal to performance. 
Akhtar et al.19 found that real-time information can 
improve OP through organizational dynamics response 
capabilities. The situation endowed by traceability 
quickly captured threats and opportunities and flexibly 
reconfigured resources and processes through subsequent 
agility. Hong et al.2 also confirmed that digital tracking 
and information sharing are important antecedents of hub 
agility. Therefore, the positive impact of traceability on 
operational agility is theoretically robust and contextual. 
Accordingly, H4 was proposed.
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Figure 1. Research model
Abbreviations: DCT: Dynamic capability theory; RBV: Resource-based view.

(iv)	 H4: Traceability has a positive effect on the agility in 
Hactl.

As a high-level dynamic capability, the core function 
of agility is to transform organizational resources 
into operational outputs that adapt to changes in the 
environment.4,18 In the context of air cargo terminals, agility 
is the ability to quickly identify threats and opportunities, 
flexibly adjust operational plans, shorten decision-making 
cycles, and response quickly.2 This capability is crucial for 
navigating the inherent uncertainties of air cargo, such 
as schedule changes, volume fluctuations, and regulatory 
mandate adjustments.

Through the lens of DCT, agility directly impacts OP 
through seizing and reconfiguring.31 Agile organizations 
are better positioned to align their operations with evolving 
customer and stakeholder demands, thereby strengthening 
competitiveness and overall supply chain performance.36 
In practice, agility is largely enabled by smooth and timely 
information flows that support rapid decision-making and 
coordinated action. When information is shared effectively 
across supply chain partners, organizations can shorten 
delivery lead times, improve order-processing efficiency, 
and reduce supply chain risks.37 These capabilities 
are particularly important in air-cargo and airline-
related operations, where tight schedules, high service 
expectations, and frequent disruptions require fast and 
flexible operational responses. 

Prior studies have indicated that agility contributes 
to OP through improved cost efficiency and resource 
utility. Supply chains create value by enhancing logistics 
efficiency, which, in turn, improves profitability, sales 
performance, and satisfaction among customers and 
supply chain partners.38 Similarly, Dubey et al.39 argued 

that agile supply chains, supported by information sharing, 
collaboration, and visibility, are better able to allocate and 
utilize resources efficiently, leverage assets effectively, and 
control operational costs. These improvements directly 
enhance OP by maintaining service reliability. Based on 
the above discussion, H5 was proposed.

(v)	 H5: Agility has a significant positive effect on OP.

Drawing on the integration logic of RBV and DCV, 
training and traceability are strategic resources, and their 
performance transformation in an uncertain environment 
relies on the activation of dynamic capabilities.40 However, 
there is an asymmetry: these two types of resources depend 
on distinct dynamic capabilities.

For training, it can directly reduce human mistakes 
and shorten processing time by improving employees’ 
operational skills.5,10 There is a direct effect between 
training and OP. At the same time, training enhances 
the organization’s perception and reconstruction ability 
by cultivating employees’ cross-system information 
operational skills and exception-handling abilities.4 Thus, it 
indirectly affects performance through agility.41 Therefore, 
agility works as a mediator between training and OP.

The essence of traceability is a set of recorded data and 
the tracking of orders, goods, and their location.23 Although 
traceability provides rich, real-time data, these data cannot 
automatically translate into operational adjustments.28,42 
Air cargo terminals are facing high pressure. In the context 
of an air cargo terminal, time pressure is extremely high, 
and coordination complexity is considerably high. If there 
is a lack of dynamic ability to quickly convert real-time 
tracking information into decision-making and execution, 
the traceability system may become an information island.11 
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Therefore, the contribution of traceability to performance 
is more significantly dependent on the transmission of 
operational agility. Traceability provides the real-time 
data input required for perception, while agility completes 
the subsequent actions of capture and reconstruction, 
converting data into resource reallocation and process 
adjustment, ultimately improving OP.18,29 In other words, 
agility is a crucial bridge between traceability and OP.

In the context of Hactl, its air cargo information system 
integrates heterogeneous systems from multiple airlines 
and logistics partners, creating a shared foundation 
for coordination. Through agility, these human and 
technological resources are converted into faster 
responses to flight changes, improved coordination across 
cargo handling processes, and more efficient resource 
utilization, ultimately leading to enhanced OP. Agility is 
conceptualized as the mediator linking organizational 
resources to performance outcomes. Therefore, H6a and 
H6b were proposed:

(vi)	 H6a: Agility positively mediates the relationship 
between training and OP in Hactl. H6b: Agility 
positively mediates the relationship between 
traceability and OP in Hactl.

3. Method

3.1. Data collection and sample

Before the survey data collection, this study conducted 
a pilot study. We collected 30 valid responses from firms 
at the Terminal Service Center (TSC) of Hactl. The 
document-processing unit serves as the core information 
department within the air-cargo process. It handles critical 
tasks, such as verifying waybills, pre-planning aircraft 
loading and unloading, coordinating with airline agents, 
and preparing customs documentation. TSC professionals 
were deeply involved at every step from data entry to the 
physical operations of both information exchange and 
operational decision-making. 

Staff in this unit can comprehensively and accurately 
assess the actual levels of logistics-platform use, operational 
agility, and overall performance, providing feedback with 
high content validity and contextual representativeness. 
Based on the staff feedback, we refined some wording items 
to enhance clarity. Given that respondents in Hong Kong 
mainly read traditional Chinese and largely use English 
at work, the questionnaire was ultimately presented in 
a bilingual format (traditional Chinese and English) to 
reduce language burden and ensure high-quality data and 
validity.

Using purposive sampling, the questionnaires were sent 
to staff via Google Forms and Wenjuanxing. Purposive 

sampling ensures that respondents possess direct, 
hands-on experience with Hactl’s cargo information 
systems and operational decision-making. It is essential 
for accurately assessing training, traceability, agility, and 
OP. We received 70 questionnaires from respondents, 
covering approximately 87% of the targeted operational 
roles at Hactl. The response rate was adequate for this 
study, as it was well above the 20% minimum response rate 
recommended in the literature for supply chain research.43 
Because all questionnaires were sent via Google Forms 
and Wenjuanxing, there were no missing values. Despite 
the modest sample size, it met the minimum requirement 
for partial least squares structural equation modeling 
(PLS-SEM) analysis and represented key operational units 
within Hactl. Thus, all data were used in the data analysis.

In terms of gender, males accounted for 57.14% and 
females for 42.86%, indicating a relatively balanced gender 
distribution. The participants’ ages were primarily between 
20 and 40 years old, accounting for 74.29%, which is 
representative of the core workforce in enterprises. The 
data were collected from the Freighter front (34.29%), the 
Freighter back (38.57%), the Data Entry Clerk (14.29%), and 
the management (12.86%). The educational backgrounds 
of the respondents were distributed as follows: high 
school and below (31.43%), associate (28.57%), bachelor’s 
(34.29%), and master’s and above (5.71%). Besides, the 
working years of respondents were distributed as follows: 
1 year and below (32.86%), 1 to 3 years (including 3 years) 
(32.86%), 3 to 5 years (including 5 years) (8.57%), 5 years 
and above (25.71%). Table 1 presents the descriptive 
statistics for the respondents.

3.2. Common method bias 

This study employed SmartPLS 4 (PLS-SEM; SmartPLS 
GmbH, Germany). It was a quantitative study. Additionally, 
survey studies are prone to bias. Therefore, using Harman’s 
single-factor test, the common method bias (CMB) 
and the model constructs were verified. Following the 
methods from Baah et al.18 and Reaidy et al.29, this study 
assessed CMB using SPSS 27 (IBM, US). As explained by 
Podsakoff et al.44, this test shows the observed variables in 
an exploratory factor analysis (EFA). A single factor should 
account for less than 50% of the cumulative variance. If a 
single factor accounts for 50% or more of the cumulative 
variance, then the CMB exists.45 The EFA and principal 
component analysis indicated that the study was free 
of CMB, as the single factor explained 47.82% of the 
cumulative variance. Therefore, CMB was not of much 
concern in this study.

3.3. Research method

The study used PLS-SEM to analyze the data and test the 
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Table 1. Descriptive statistics (N = 70)

Variable Items Number of respondents %

Gender
Male 40 57.14

Female 30 42.86

Age

30 and under 31 44.29

30 to 40 years old 22 31.43

40 to 50 years old 11 15.71

50 and above 6 8.57

Education

High school and below 22 31.43

Associate 20 28.57

Bachelor 24 34.29

Master and above 4 5.71

Department

Freighter front 24 34.29

Freighter back 27 38.57

Data Entry Clerk 10 14.29

Management 9 12.86

Working years

1 year and below 23 32.86

1–3 years (including 3 years) 23 32.86

3–5 years (including 5 years) 6 8.57

5 years and above 18 25.71

hypotheses. According to Hair46, PLS-SEM is suitable for 
explorative studies that identify the drivers of a construct. 
Fornell and Larcker47 and Hair et al.43 indicated that PLS-
SEM is more appropriate for analyzing models in the 
early stages of theory development. In addition, PLS-SEM 
is useful for assessing reflective constructs and testing 
mediation. Considering that this paper examined both the 
direct effects of training and traceability and the mediating 
effect of agility through the lens of the RBV, it has little 
empirical evidence. PLS-SEM was deemed suitable for this 
study. The analysis of the data involved the evaluation of 
the measurement and structural models. The measurement 
model (including validity and reliability) was assessed 
using internal consistency reliability, convergent validity, 
and discriminant validity, while the structural model 
was assessed using coefficients of determination (R2) and 
predictive relevance (Q2) of the exogenous constructs 
on the endogenous constructs. We ran the PLS‑SEM 
algorithm with 300 samples and 5,000 bootstrap samples. 
The blindfolding applied an omission distance of nine.43

4. Results
The development of the questionnaires followed the 
guidelines stipulated by Podsakoff et al.44 to minimize 
concerns. Specifically, the anonymous respondents 
completed the questionnaire, and then we obtained 
measures from diverse sources in Hactl. 

4.1. Measurement model assessment

4.1.1. Reliability analysis 

For the given theoretical model, the reliability of the 
measurement items was evaluated using Cronbach’s alpha 
(CA), average variance extracted (AVE), and composite 
reliability (CR). The measurement model met the threshold 
of ≥0.7, which is considered satisfactory.43 The results are 
reported in Table 2. All the scales were measured with 
a 5-point Likert-type scale anchored with completely 
disagree (1) and completely agree (5), and were estimated 
through the respondent’s perceptual evaluation. All these 
scales were considered as reflective constructs.

The factor loadings for the training sample ranged 
from 0.803 to 0.846, and the reliability (CA = 0.843; AVE 
= 0.679; CR = 0.894) was acceptable. The traceability scale 
(a 5-item scale) was adopted from a previous study by Ma 
et al.24 All items loaded above the 0.7 level (0.772–0.840) 
and showed good reliability (CA = 0.863; AVE = 0.647; 
CR = 0.901). Agility (a 4-item scale) was measured on a 
scale adapted from that of Baah et al.18 (CA = 0.819; AVE 
= 0.649; CR = 0.881). OP (CA = 0.863; AVE = 0.710; CR = 
0.907) was also measured. 

The proposed theoretical model was examined for 
multicollinearity to assess whether predictor variables 
were strongly correlated. High multicollinearity may occur 
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when one predictor variable is highly correlated with or 
predicts another, potentially biasing the estimation results. 
Accordingly, multicollinearity was assessed using the 
variance inflation factor (VIF) values. The VIF values for 
most constructs fell within the acceptable threshold (<3.3). 
However, item OP4 exhibited a VIF of 4.618, exceeding the 
conservative threshold and suggesting multicollinearity. 
Therefore, OP4 was removed from the model to mitigate 
multicollinearity and improve the robustness of the 
analysis.

4.1.2. Discriminant validity

According to Fornell and Larcker47, discriminant validity 
is used to assess the uniqueness of the latent variables 
and to ensure that each item loads onto its corresponding 
construct and that there is no overlap or repetition of the 
items. To assess this, the correlations among the constructs 
were examined (Table 3) and compared with the square 
roots of AVE values. If the square root of AVE values is 
greater than the diagonal elements, the constructs are 
distinct. Similarly, in the present study, the latent variables 
satisfied the criteria for discriminant validity.

To make it more reasonable, this study also used the 
heterotrait–monotrait (HTMT) ratio of correlations.48 
HTMT is widely used for testing discriminant validity. The 
HTMT ratios (0.664–0.824) of agility, OP, traceability, and 
training indicate that the model achieved discriminant 
validity (Table 4), as the values were <0.85 threshold 
suggested by Henseler et al.48

4.2. Structural model assessment

In this section, the structural model was estimated to 
estimate path coefficients and test the proposed hypotheses 
among the constructs. The structural model (Figure 2) was 
evaluated to examine the explanatory and predictive power 
of the proposed relationships. In assessing the structural 
model, the coefficients of determination (R2) and predictive 
relevance (Q2) were used to evaluate the model’s predictive 
accuracy and relevance.

We assessed the explanatory power using the coefficient 
of determination (R2). Following the work by Hair et al.43, 
R2 thresholds of 0.75, 0.50, and 0.25 can generally be 
interpreted as substantial, moderate, and weak explanatory 
power, respectively. The R2 values for agility and OP were 
0.474 and 0.579, respectively, both exceeding the threshold 
for weak explanatory power (0.25) and thus indicating 
moderate explanatory power (Table 5). 

To assess the model’s predictive relevance, we employed 
the blindfolding procedure to obtain Stone–Geisser’s 
Q2 values.49,50 As shown in Table 5, both Q2 values were 

significantly greater than zero (agility: Q2 = 0.289; OP: Q2 = 
0.384). This confirms that the model was predictive of the 
endogenous constructs. Specifically, the higher Q2 value 
for OP suggests that the model’s predictors are particularly 
effective at forecasting this key outcome variable.

4.3. Hypothesis testing

The results of the direct effects are presented in Table 6 
and Figure 2. The findings indicate that not all proposed 
direct paths were supported. Specifically, H1, H3, H4, and 
H5 were supported, while H2 was rejected due to the non-
significant direct path from traceability to OP.

The analysis of indirect effects (mediation) revealed 
significant pathways. Both training and traceability exerted 
significant indirect effects on OP through the mediation 
of agility, supporting H6a and H6b. In addition, the 
bootstrapped confidence intervals (CIs) for both indirect 
effects did not include 0 (H6a: CI = [0.020, 0.264]; H6b: CI 
= [0.084, 0.377]), further confirming the robustness of the 
mediating role of agility (Table 7).

5. Discussion 

5.1. The relationship between training, traceability, 
and operational performance

This study found that training has a positive effect on OP 
(H1 supported). The finding is consistent with the study 
by Jahangir et al.4, which surveyed human resources 
management practices in Chinese logistics companies. 
Training directly improves operational output by enhancing 
employees’ ability to adopt technology and solve problems. 
In air cargo terminals, such as Hactl, air cargo operations 
are highly dependent on multiple systems. Employee 
training enables them to directly reduce error rates and 
shorten the cargo handling time, thereby translating 
human capital into cost and delivery performance.10

Noticeably, the direct effect of traceability on OP was 
not significant (H3: β = 0.094, t = 0.850, p > 0.05), which 
is contrary to the existing literature. Previous studies have 
shown that digital resources directly drive performance. 
In particular, Baah et al.18 pointed out that supply chain 
visibility has a direct effect on supply chain performance in 
the manufacturing industry. Also, Riaz et al.23 confirmed 
that supply chain traceability affects OP through serial 
mediators. This means technical resources can directly 
contribute to efficiency improvement. In comparison, air 
cargo terminal operations are extremely time-constrained 
and operationally heterogeneous. COSAC-Plus processes 
nearly 1 million transactions per day and connects to the 
systems of more than 100 airlines. In this situation, cargo 
tracking and data recording only provide information to 
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Table 2. Measurement model assessment results

Items Loadings CA AVE CR VIF

Training1: Our employees receive training to perform 
multiple tasks 0.803

0.843 0.679 0.894

2.017

Training2: Our plant employees receive training and 
development in workplace skills on a regular basis 0.831 2.180

Training3: Management at this plant believes that 
training and continual upgrading of employee skills 
are important

0.846 2.151

Training4: Our employees regularly receive training 
to improve their skills 0.816 2.016

TR1: Our cargo information system traceability 
facilitates the identification of cargo location 
information

0.772

0.863 0.647 0.901

2.075

TR2: Our cargo information system provides 
traceability for tracking the status of cargo shipments 0.740 1.585

TR3: Our cargo information system traceability 
facilitates tracking cargo from import to export 0.822 2.776

TR4: Our cargo information system facilitates 
tracking the source of cargo quality problems 0.818 1.965

TR5: Our cargo information system traceability 
facilitates the recall of cargo with safety concerns 0.840 1.752

AG1: Our firm quickly detects and adapts to changes, 
threats, and opportunities 0.740

0.819 0.649 0.881

1.415

AG2: Our firm frequently modifies tactics and 
operations when needed 0.822 1.866

AG3: Our firm can quickly make decisions 0.818 1.851

AG4: Our firm can implement decisions quickly in 
response to market changes 0.840 2.024

OP1: Our company significantly reduced overall 
operational costs 0.769

0.863 0.710 0.907

1.871

OP2: Our company significantly reduced lead times 0.891 2.636

OP3: Our company significantly improved product 
quality 0.813 1.954

OP4: Our company helped our customers develop 
better services Removed 4.618

OP5: Our company significantly reduced waste 
within the service process 0.892 2.612

Abbreviations: AG: Agility; AVE: Average variance extracted; CA: Cronbach’s alpha; CR: Composite reliability; OP: Operational performance; TR: 
Traceability; VIF: Variance inflation factor.

Hactl. Without the organizational ability to translate real-
time data into operational efficiencies, information itself 
can delay the decision-making process for overload.11

Therefore, the absence of the direct effect means that 

traceability does not directly serve as a performance driver 
in air cargo logistics. There is a significant threshold of 
capability for its value. H3 is not a failure of assumption 
but rather reveals the applicable boundaries of DCT in 
extremely dynamic scenarios.
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Table 3. Discriminant validity: Fornel–Larcker criterion

Parameter Agility OP Traceability Training
Agility 0.806

OP 0.697 0.843

Traceability 0.650 0.582 0.804

Training 0.568 0.640 0.596 0.824

Abbreviation: OP: Operational performance.

Table 4. Heterotrait–monotrait criterion

Parameter Agility OP Traceability Training

Agility

OP 0.824

Traceability 0.766 0.664

Training 0.678 0.742 0.696

Abbreviation: OP: Operational performance.

Figure 2. Structural model
Abbreviation: OP: Operational performance.
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Table 5. Model explanatory power and predictive relevance

Parameter R2 Adjusted R2 Blindfolding (Q2)

Agility 0.474 0.458 0.289

OP 0.579 0.559 0.384

Abbreviation: OP: Operational performance.

Table 6. Direct effect results

Hypothesis β S.E. t p Results

H1: Training → OP 0.329 0.114 2.893 0.004** Supported

H2: Training → Agility 0.280 0.109 2.559 0.011** Supported

H3: Traceability → OP 0.094 0.111 0.850 0.396 Rejected

H4: Traceability → Agility 0.484 0.110 4.419 <0.001*** Supported

H5: Agility → OP 0.449 0.122 3.676 <0.001*** Supported

Notes: β: Path coefficient; *p < 0.05 (t > 1.645); **p < 0.01 (t > 2.326); ***p < 0.001 (t > 3.090). 
Abbreviations: OP: Operational performance; S.E.: Standard error.

Table7. Specific indirect effect

Hypothesis β S.E. t p CI [2.05–97.5%] Results

H6a: Training → Agility → OP 0.126 0.063 1.980 0.048* [0.020, 0.264] Supported

H6b: Traceability → Agility → OP 0.217 0.075 2.889 0.004** [0.084, 0.377] Supported

Notes: β: Path coefficient; *p < 0.05 (t > 1.645); **p < 0.01 (t > 2.326). 
Abbreviations: OP: Operational performance; S.E.: Standard error.

5.2. The relationship between training, traceability, 
and agility

Hypotheses H2 (β = 0.280, t = 2.559, p = 0.011) and H4 (β 
= 0.484, t = 4.419, p < 0.001) showed that both training and 
traceability significantly enhance organizational agility. 
Moreover, traceability exerts a stronger effect on agility 
than training does. This finding supports the view of Akhtar 
et al.19, based on the theory of organizational information 
processing, that the use of real-time information enhances 
operational agility by strengthening an organization’s 
dynamic response capabilities. In the Hactl context, 
COSAC-Plus, AWRS, and LCS constitute the digital nerve 
of the organization, enabling managers to perceive cargo 
detention, flight changes, and handling bottlenecks in real 
time. Similarly, Hong et al.2 found that digital tracking and 
information sharing are the core antecedents of agility in 
the Incheon Aviation Hub. In contrast, while training can 
improve agility, its role is more in human capital, whereas 
traceability provides real-time situational awareness at the 
system level, with greater scale and response speed in a 
multi-agent and uncertain air cargo environment.

5.3. The mediating role of agility

Agility positively affected OP in air cargo terminal 
operations (H5: β = 0.449, t = 3.676, p < 0.001). In a time-
constrained environment, such responsiveness directly 
translates into improved operational outcomes. This result 
provides further validation of the DCT, which emphasizes 
that a firm’s capability deployment outweighs its resource 
possessions.31 In the air cargo context, agility acts as the 
mediating mechanism that transforms information 
availability into OP.

The most valuable finding of this study lies in the 
asymmetric mediating effect of agility, particularly the 
mediation paths of H6a (β = 0.126, t = 1.980, p < 0.05) and 
H6b (β = 0.217, t = 2.889, p < 0.01). Specifically, agility fully 
mediates the relationship between traceability and OP, 
while partially mediating the relationship between training 
and OP. This asymmetric mediation pattern highlights 
that human resources and technological resources follow 
distinct transformation pathways. 

These asymmetric paths are related to the existing 
literature. Riaz et al.23 proposed a sequence of mediating 
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chains from Industry 4.0 to traceability, visibility, 
resilience, and performance, emphasizing that technical 
resources need to develop multiple capabilities to achieve 
performance. Khan et al.28 found that traceability affects 
inventory management through transparency. This study 
further refines the finding: in the dynamic environment 
of an air cargo terminal, the impact of traceability on 
performance can be transmitted through operational 
agility. Agility is not a secondary path; it is the necessary 
mechanism through which technical resources translate 
into performance. In the meantime, training has two roles: 
directly improving OP and enhancing it through agility. In 
other words, employees can directly apply learned skills 
to improve operational efficiency and indirectly enhance 
performance by strengthening adaptability. This finding 
is consistent with Dubey et al.’s11 viewpoint that big data 
resources must be combined with organizational dynamic 
capabilities to produce performance. This study expands its 
scope conditions from manufacturing to air cargo services. 
Furthermore, it identifies the mediating role of agility on 
conversion paths.

5.4. Theoretical contribution

Through the lens of RBV, training represents a valuable 
human capital resource that can generate performance 
gains in the absence of higher-order capabilities. This 
finding is associated with prior studies that highlight 
the importance of employees’ competence in improving 
operational outcomes in logistics companies. However, 
the effect also indicates that training alone may not fully 
unlock its performance. This competitive capability should 
be embedded in adaptive operational processes. Hactl’s 
employee training is a structured and scenario-based 
capability development process. In the context of Hactl, 
logistics information systems and operational systems 
serve multiple airline customers. The training aims not 
to enable employees to proficiently handle standardized 
operational procedures, but rather to address specific data 
and customs declaration requirements.

Furthermore, the contribution of this study is to 
examine the transmission mechanism from resource 
to capability, and to performance. Specifically, training 
allows a partial direct performance path, while traceability 
requires full competency mediation. This finding 
highlights that digital resources need to be combined 
with organizational capabilities to produce performance. 
It provides new empirical evidence for the scope of DCT 
in dynamic situations. In addition, this study enriches 
the micro-level understanding of dynamic capabilities by 
integrating the RBV and DCT frameworks to explain how 
traceability empowers agility by reducing environmental 
uncertainty.

5.5. Managerial implications

For air cargo terminal managers, this study proposes three 
recommendations: first, traceability investments should 
be evaluated based on their agility and enabling potential, 
rather than simply pursuing the complexity of data 
capture. Second, the training program should shift from 
simply operational skills to embedded agile development. 
In this way, employees can leverage their resources to 
transform performance within a limited time. Third, the 
air cargo logistics industry needs to prioritize collaborative 
standard systems across air cargo terminals, rather than 
upgrading their systems in isolation. Hactl operates 
COSAC-Plus and ACAS. They show that the hybrid model 
of systems and standardized governance can effectively 
balance customized compliance with internal operational 
consistency.

5.6. Limitations

This study has some limitations that suggest directions 
for future research. PLS-SEM is suitable for small-sample 
exploratory studies, but the results from a company (Hactl) 
may not generalize to others. Future studies could test the 
model with multiple cargo terminals, logistics providers, 
and geographic contexts to strengthen external validity. 
Secondly, the use of cross-sectional, self-reported data may 
also limit causal interpretation. Although Harman’s single-
factor test was used to reduce bias, further statistical checks 
or longitudinal research would provide stronger causal 
evidence. Future studies can dive into the system data or 
delivery records to make the study more specific. Thirdly, 
OP was measured through managerial perceptions. 
Including objective or multi-source data in future studies 
would make the findings more robust. Additionally, agility 
was treated as a first-order construct in this study. Future 
research could examine it as a higher-order construct, 
separating its components into sensing, seizing, and 
reconfiguring to see how training and traceability influence 
each stage. Lastly, exploring possible non-linear effects or 
thresholds in the relationship between sources and agility 
could provide further insights. Addressing these points 
will deepen understanding of digital transformation in air 
cargo operations that rely heavily on assets and real-time 
information.

6. Conclusion
This study integrates RBV and DCT to explore how training 
and traceability affect OP through operational agility, 
using Hactl as a case study. PLS-SEM analysis revealed 
three core findings. First, training has both direct and 
indirect effects on OP, whereas traceability affects OP only 
indirectly through agility, indicating that the two types of 
resources follow different transformation paths. Second, 
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the promotion effect of traceability on operational agility 
is significantly stronger than that of training, revealing the 
core position of digital perception infrastructure in high-
speed air cargo logistics platforms. Third, operational agility 
completely mediates the relationship between traceability 
and OP, while it only partially mediates the relationship 
between training and OP. These findings extend the scope 
of information resources and supply chain performance 
from manufacturing to air cargo scenarios.
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