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Abstract

Continuous technological changes in various industries are necessary for achieving economic
development goals. Logistics, as an integral part of the supply chain, is gaining an increasingly
significant role for national economies. To encourage its further development, especially in the era
of intensive digitization and the context of Industry 4.0, innovations and new technologies
are seen as important drivers. The paper examines the impact of capacity for innovation and
availability of latest technologies on countries’ overall logistics performance, as well as individual
components of international logistics. Additionally, the role of export and import as moderators
of this relationship are analysed, to see the patterns of its influence in open economies.
The empirical results provide evidence of a positive direct impact of selected technological
variables on the elements of international logistics, as well as a positive effect of export and import
on the Logistics Performance Index (LPI), while the introduction of moderators into the analysis,
using the Baron & Kenny model, points out that the impact of technological components is weaker
in economies with a higher volume of exports.
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1. Introduction

The Fourth Industrial Revolution (Industry 4.0) refers to the intensive application of solutions
aimed at raising the level of technological equipment, capacity for innovation and new genera-
tions of digital technologies. The exponential development of modern technologies is stimulated
by the growing need for continuous industrial development and constant changes to improve eco-
nomic performance and industrial production. For this reason, Industry 4.0 represents an impor-
tant factor in structural changes, economic growth and improving competitiveness (Mici¢, 2020).
What distinguishes this industrial revolution from the previous ones is the interaction between dig-
ital technology and the physical world through the intensive application of innovations (Schwab,
2017). Innovations themselves provide numerous benefits in different areas (Akram et al., 2023).
Digitization of production processes requires the connection of all economic functions, in order
to efficiently ensure the creation of added value (Alibekova ef al., 2020). Intensive technological
changes are aimed at increasing the efficiency and productivity of production processes, while
the increasingly intense international character of industrial production imposes the need to im-

prove the system of global supply chains (GSC) and global value chains (GVC).

Digital reality, as the basis of Industry 4.0, implies connecting the concept of digital tech-
nologies and physical things in the real world (“internet of things, IoT”), which provides the basis
for further development of numerous economic activities, such as logistics. Logistics represents
a part of the supply chain that plans, implements and controls the efficiency of the movement
of goods, services and information, from the point of origin to the point of consumption (Marti
et al., 2014), and plays an important role in economic and industrial development. The primary
role of logistics is in connecting production, distribution and consumption in order to increase
the efficiency and intensity of exchange. Bugarci¢ et al. (2020) pointed out that improvement
of logistics performance contributes to increases in bilateral trade and intensification of interna-
tional economic cooperation. Additionally, the negative impact of the distance between individual
markets, as equivalent to trade costs, can be mitigated by continuous improvement to the logistics
system at the macroeconomic level. The development of logistics through modern technological
solutions (Logistics 4.0) is an indispensable part of Industry 4.0. Delfmann et al. (2018) empha-
sized that the digital transformation of economy and society cannot be achieved without adequate
logistics support. The goals of Industry 4.0 can only be achieved if the logistics system of an econ-
omy is capable of supplying production processes with the necessary inputs while respecting

the requirements of timeliness, quality and place of delivery (Hofmann and Riisch, 2017).

In this context, the concept of Logistics 4.0 stands out as “smart logistics”, which implies
acknowledgement of modern technological solutions to improve the functioning of this system

according to the requirements of Industry 4.0. Logistics 4.0 refers to the optimization of logistics
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activities supported by artificial intelligence systems and appropriate software based on which
it is possible to use relevant information and establish an optimum degree of automation of all
logistics operations (Barreto et al., 2017). Timm and Lorig (2015) define the concept of Logistics
4.0 as a transition from hardware-oriented logistics to software-oriented logistics. Existing tech-
nological solutions that support Logistics 4.0 are the internet of things, cyber-physical systems,
big data, cloud computing, mobile-based systems, social media-based systems and other tech-
nologies (Winkelhaus and Grosse, 2020). Based on these characteristics, it can be assumed that
the development of logistics is dominantly dependent on availability and efficiency of use of mod-
ern technologies and innovations. Digital solutions in this area can provide numerous advantages
for individual companies, industries as well as the entire economy by improving business produc-

tivity and gaining competitive advantages.

Existing literature provides ample evidence of the importance of logistics for improving
competitiveness and stimulating economic growth (D’Aleo and Sergi, 2017; Sergi et al., 2021),
increasing the intensity of international trade (Hausman et al., 2013; Puertas et al., 2014; Marti
et al., 2014; Gani, 2017; Bugarci¢ et al., 2020; Zaninovi¢ et al., 2020) and attracting investments
(Luttermann et al., 2020; Bugarci¢ and Skvarciany, 2023). The importance of logistics is espe-
cially emphasized in crisis conditions, such as during the COVID-19 pandemic (Richey Jr. and
Davis-Sramek, 2020), and as a factor of business development (A¢imovi¢ et al., 2022). The gap
in the existing literature consists in a lack of empirical research and concrete proposals for im-
proving logistics performance at the national level. Such solutions would lead to continuous im-
provement of various areas within the economy. Bearing in mind the current global business situ-
ation and importance of the Logistics 4.0 concept, the determinants of technological development
can be singled out as potential factors for the improvement of logistics, especially capacity for in-
novation and availability of latest technologies, components of the Global Competitiveness Index
(GCI). These indicators as elements of the GCI represent key indicators of the level of innovative
capacity and the availability of modern technology in different economies. Logistics performance
at the level of countries can be monitored through the Logistics Performance Index (LPI), created
by the World Bank, which contains six key components of logistics quality, namely: customs, in-

frastructure, logistics services, timeliness, quality of international shipments and ability to track.

In accordance with the previously stated, as well as the fact that the existing literature pro-
vides scarce empirical evidence on Logistics 4.0 and on ways to improve logistics performance,
the main subject of this paper is to look at the potential for development of logistics through
increasing the capacity for innovation and availability of modern technology. The paper aims
to examine the degree of influence of selected GCI components on the LPI and to determine
the intermediary role of export and import in this relationship. In this regard, the following hy-

potheses are formulated:
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H : Capacity for innovation has a positive impact on logistics performance.
H,: Availability of latest technologies has a positive impact on logistics performance.

H,: Export/import moderates the relationship between (a) capacity for innovation (b) avail-

ability of latest technologies, and logistics performance.

The contribution of the research consists in finding patterns for improving logistics perfor-
mance and examining the concrete role of innovations and modern technologies within Industry/
Logistics 4.0. Our empirical findings confirm the effects of modern technological solutions in this
area, which provides valuable insights for companies as well as policymakers focused on devel-
opment of the logistics sector. Additionally, the evidence presented on the moderating role of ex-
ports and imports points out that the implementation of modern technologies is more significant
in small open economies with a lower total volume of foreign trade activity. Large open econ-
omies, with a higher absolute value of export, feel the effects to a lesser extent. Also, importers

could benefit more. We provide an explanation for those results.

The paper is structured as follows: after the introduction, a literature review is given in Sec-
tion 2, followed by the research methodology in Section 3 and a discussion of the obtained results
in Section 4. Finally, Section 5 presents concluding considerations and recommendations for fur-

ther research.

2. Literature Review

The development of Industry 4.0 and digital transformation creates new opportunities in various
economic sectors and stages along the value chain. According to the World Economic Forum
report (WEF, 2017), it is expected that the development of innovation, greater openness of econ-
omies and companies’ aspirations to include other market participants in innovation and develop-
ment processes will play a major role in future development patterns. Innovations have already
provided many positive effects in different areas (Ullah ez al., 2023). Modern technology signif-
icantly affects production through comprehensive decentralization, strengthening the role of dis-
tribution flows and removal of conventional industrial paradigms. Strange and Zucchella (2017)
pointed out that new digital technologies have a significant impact on the organization of activi-
ties within the GSC. The application of the Industry 4.0 concept creates added value within GVC
and is an important element in gaining competitive advantages in many industries. Adeitan et al.
(2019) stated that logistics operations should be based on the application of modern technology
such as the implementation of barcoded, electronic data interchange (EDI), geographical position-
ing systems (GPS), enterprise resource planning (ERP), distribution requirement planning (DRP),
very small aperture terminals (VSAT), geographical information systems (GIS), automated guid-
ed vehicle systems (AGVS) and automated inventory tracking systems (AITS). These systems are
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based on innovations and modern technologies, which enable business improvement, raise the level
of efficiency of logistics operations and contribute to the development of Logistics 4.0. The key
advantages of applying modern technological solutions in logistics activities can be seen in business

decentralization, self-regulation of processes and increased efficiency (Hofmann and Riisch, 2017).

Improving logistics performance requires technological changes such as increasing the trans-
parency and efficiency of supply chains and improving process integrity control. These require-
ments represent the backbone of the Logistics 4.0 concept (Barreto ez al., 2017). Slusarczyk et al.
(2020) agreed that the determinants of Industry 4.0 can positively influence logistics performance,
especially in an international context. The application of modern technology enables continuous
growth of productivity (Kayikci, 2018), while the application of innovation is reflected in all seg-
ments of the supply chain processes (Abdirad and Krishnan, 2020). Digital transformation enables
achieving a higher level of flexibility and automation of supply chains (Nufiez-Merino et al., 2020),
which consequently leads to a more efficient logistics system and further contributes to the improve-
ment of the economic environment and creates additional potential for economic growth and de-
velopment. In this way, the adoption of innovative technologies generates benefits for all actors
in the supply chain (Dallasega et al., 2018). Here, we can restate the earlier confirmation from indi-
vidual companies’ point of view that the application of new technological solutions leads to better
business results in the field of logistics (Lai et al., 2010). Improving the technological base and busi-
ness logistics could provide benefits for all processes and business activities within the supply chain,
including procurement, production and delivery. Positive results can be seen through the reduction
of logistics costs, optimization of work and reduction of delivery times (Kayikei, 2018), which di-
rectly affect the competitive position and the level of participation in GSC.

Seen from a macroeconomic perspective, where there is insufficient research in the exist-
ing literature, innovation and technological readiness can favourably influence the development
of logistics (Moldabekova et al., 2021). Their research first provided evidence of the positive
impact of innovation factors and modern technology on all elements of countries’ logistics perfor-
mance (measured using the LPI), thus establishing one of the ways to stimulate the development
of Logistics 4.0. The results of the study are in line with Cemberci et al. (2015), who emphasized
that if a country strives to improve its competitive advantage in the international environment,
it must improve the quality of logistics services, especially international transportation, tracking
and tracing and timeliness. Their analysis of potential factors for improving the logistics perfor-
mance of countries by examining the relationship between the economy’s global competitiveness
and logistics system gave certain results. Ekici ef al. (2016) analysed the relationship between
the pillars of the GCI and LPI to find the most adequate development strategy to improve the LPI.
Among the many factors related to logistics performance, they concluded that the wide availabil-
ity of the internet represents the most important determinant of sustainable development of logis-

tics. A later addition to that research (Ekici et al., 2019) shows that governments should focus
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on technological readiness, higher education and training, innovation, market size and infrastruc-

ture to achieve improvements in their countries’ logistics performance.

When it comes to the mediating role of economic openness factors, the existing literature
provides different evidence on the part of export and import as moderators. The role of export
in the relationship between the LPI and GDP does not give statistically significant results (D’ Aleo
and Sergi, 2017), while support of export as a moderator is present in the relationship between
the market orientation of companies and financial performance (Mostafiz et al., 2021). Regarding
the impact of technological innovations on export, it has been proven that process innovations,
unlike products, have a positive effect on export performance (Edeh et al., 2020), which unequiv-
ocally indicates the importance of modern technologies and the capacity of innovations for export
competitiveness (Bicakcioglu-Peynirci et al., 2020). In addition to direct impact examination,
these findings provide a basis for the inclusion of economic openness components as moderators
in looking at the relationship between innovation and modern technology on the one hand, and
logistics performance on the other. This approach would lead to the creation of a broader picture
in understanding the scope of Logistics 4.0 and would supplement the previous research that has
indicated the possibilities of applying this system in different areas, such as in specific industries
(Jagtap et al., 2020), from the aspect of sustainability (Facchini et al., 2019; Torbacki and Kijew-
ska, 2019) or the perspective of individual companies (Bag et al., 2020; Ardolino et al., 2022).

Previous literature has provided indications regarding the importance of modern technolo-
gies and the potential of various determinants of Industry 4.0, where the concept of Logistics 4.0
arises. Also, the necessity of implementing these concepts in different industries has been empha-
sized. However, there is a noticeable lack of empirical studies and scientific confirmations regarding
the contribution of innovations and new technologies in the improvement of logistics performance
at the level of countries. Additionally, we find a motive in the lack of evidence that considers the role
of countries’ export and import as key components of economic growth and development that can
determine the success of the Logistics 4.0 concept within the research framework.

3. Methodology and Data

To test the moderating effect, several regression models were created. A moderator is a qualitative
or quantitative variable that affects the direction and/or strength of the relationship between the in-
dependent or predictor variable and the dependent or criterion variable (Baron and Kenny, 1986).
In this study, export and import are used as moderators, and it is assumed that they influence
the relationship between GCI components (capacity for innovation and availability of latest tech-
nologies) and the LPI. The LPI includes aggregate and individual ratings for quality of customs
procedures, physical infrastructure, opportunities and ease of arranging international shipments,

quality of logistics services, the ability to track shipments and timeliness. This index represents
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the most relevant assessment of the level of development for trade logistics (Arvis et al., 2018),
which is why it was chosen as the dependent variable. The independent variables used represent
benchmarks within global competitiveness of economies, quantifying segments of innovation and
success of application of modern technologies from reliable sources. Also, the LPI represents
the most comprehensive measure of logistics performance at the country level, developed by
the World Bank. This index provides an assessment of national logistics systems, including com-
ponents on the policy regulations side (inputs) and outcomes of service delivery performance. Po-
tential biases and limitations may arise due to the use of indices that provide only one dimension
of secondary data and the limited years of observation. The LPI has been published biannually
since 2007. Also, the analysis includes selected variables within the Industry 4.0 concept, while

other elements of the framework are neglected due to data availability at the national level.

According to the procedure developed by Baron and Kenny (1986), regression models could
answer whether there is a moderator effect of selected variables. This is particularly important for
our research objective since we want to see how innovation and new technology behave in dif-
ferent economies depending on their degree of openness, measured by our moderators: volumes
of exports and imports. This model enables us to make the assessment according to existing data.
The first model indicates the results of the multiple regression analysis, which determines the in-
fluence of the independent and moderating variable on the dependent variable. The second mod-
el involves testing the influence of the interaction variable (independent x moderator variable)
on the dependent variable, while the third model presents the results of the moderator analysis.
To eliminate the problem of multicollinearity between the independent and moderator variables,
individual variables were centred (mean-centring), which participate in the formation of the in-
teraction variable (Aiken and West, 1991). The analysis used secondary data from 31 European
countries (including the EU and Western Balkans countries), for the period from 2007 to 2018,
which was defined based on the availability of the LPI, whose assessment was published biannu-

ally during the observed period.

4. Empirical Findings and Discussion

The results of the empirical analysis indicate that the variance growth value (VIF) is less than
10, based on which it is concluded that multicollinearity is not a problem, while the F-statistic is
significant at the p < 0.001 level. The presented values indicate that there is a significant direct
influence of GCI components on the LPI and its dimensions, as well as a direct influence of ex-
port/import on the LPI (Table 1). Also, the results of the regression analysis and the applied meth-
odology state that there is a moderating effect of export and import on the relationship between
capacity for innovation and availability of latest technologies, and the LPI. These results were also

confirmed for individual LPI components (presented in the Appendix).
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Table 1: Moderating effect of export/import (dependent variable: LPI)

Variables Model 1 Model 2 Model 32
A. Effect of export on “capacity for innovation - LPI” linkage
Capacity for innovation (X) 0.830%** 0.727*** 0.517%**
Export (W) 0.193*** 0.736%**
XxW —0.530%**
F-statistic 404.534*** 228.439%** 211.455%**
R? 0.689 0.715 0.778
B. Effect of import on “capacity for innovation - LPI” linkage
Capacity for innovation (X) 0.830*** 0.711%** 0.550%**
Import (W) 0.222%** 0.620%**
XxW —0.410%**
F-statistic 404.534*** 238.064*** 208.859%**
R? 0.689 0.723 0.776
C. Effect of export on “availability of latest technologies - LP1” linkage
fe"ca[::‘a;i;:i‘; ‘s’f( )'(a)te“ 0.824%** 0.704%** 0.545%**
Export (W) 0.298%** 0.616***
XxW —0.356%**
F-statistic 387.053%** 277.969%** 232.468%***
R? 0.679 0.753 0.794
D. Effect of import on “availability of latest technologies - LP1” linkage

fe"ca}::‘a;i::i‘; ‘s’f()'gte“ 0.824%** 0.692%** 0.547%**
Import (W) 0.317%** 0.590***
XxWw 0.323%**
F-statistic 387.053%** 285.474%** 238.567%%*
R? 0.679 0.758 0.798

Note: *** p < 0.01, ** p < 0.05, * p < 0.1, ns — not significant

Source: Authors’ own calculations

1 VIFs <5
2 VIFs <10
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The first model confirms hypotheses H| and H, by proving a direct positive impact of innova-
tion and the application of modern technologies on overall logistics performance. This relationship
is also confirmed in individual components of the national logistics system, which further justifies
the application of innovation and modern technologies as determinants of logistics improvement and
indicates the importance and contribution of the Logistics 4.0 concept. The implications of these em-
pirical results point to the justification of directing the strategy towards raising modern technological
capacities, in order to enable further development of all elements of the logistics system through
a greater degree of digitization, application of modern technical and technological solutions in logis-
tics activities and development of innovations in this sector. The ultimate goal, which is reflected
in an increased level of logistics system efficiency and improvement of its elements, enables further

realization of its role as a factor of trade and industrial development.

The second model presents the results of impact of the interaction variable on the LPI, where
there is also a positive statistically significant influence that provides the basis for applying the se-
lected method of moderator analysis in the case of export and import as moderators. Based on that,
the results of the third model indicate a statistically significant role and the existence of a moderating
influence of both export and import, which confirms the third hypothesis (,). The results, how-
ever, indicate that the positive effects of direct influence, presented in Model 1, will decrease with
an increase in countries’ exports and imports. The impact of capacity for innovation on the LPI will
thus be smaller if it is a country with a higher volume of foreign trade activity. Analogously, the im-
pact of availability of latest technologies on the LPI will also be lower if export is higher, while

on the contrary, an increase in countries’ import will contribute to a greater degree of this impact.

As an explanation of the presented results, we can point out the assumption that initial devel-
opment of modern technologies and innovation capacity gives direct positive effects on the develop-
ment of logistics. However, this impact is more significant in smaller economies with a lower total
volume of foreign trade activity. Large open economies, with a higher absolute value of export, will
feel the effects of the Logistics 4.0 concept to a lesser extent. On the other hand, the positive role of im-
port as a moderator of the relationship between availability of latest technologies and the LPI can be
attributed to the import of modern technologies, which would contribute to strengthening the posi-
tive effects of this relationship for those countries with a suitable import structure. The explanation
for the presented results could also be connected to some negative sides of economic openness,
such as evidence of asymmetric effects in the short and long term in the impact of the openness
of the economy on economic growth (Udeagha and Ngepah, 2021). The lack of positive influence
of export as a moderator of selected variables can also be attributed to the fact that countries with

high participation in GSC already possess a high level of logistics system development.
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5. Conclusion

The aspiration to intensify further development of logistics, to achieve the goals of economic
policy aimed primarily at encouraging international trade, improving competitiveness and attract-
ing foreign investments, requires determination of factors that contribute to raising the quali-
ty of the logistics system in a national economy. With intensive digitization and the imperative
of applying modern technologies, as well as continuous innovations in various fields, there is
a need to examine the role of these elements in improving logistics performance. This concept is
recognized in the literature as Logistics 4.0, within which the potential for further development
of this sector is presented. The stated assumptions concern the application of modern technologies
and innovations to further develop the overall logistics system and its components. Our empirical
analysis with secondary data confirmed the set hypotheses through direct and moderating influ-
ence, where the elements of the openness of the economy that are closely related to the realization

of international logistics activities were selected as moderators.

Fulfilling the assumption about the positive influence of innovation and modern technol-
ogies on logistics performances implies the importance of Logistics 4.0 and provides empirical
validation of this concept. In this way, we can state that capacity for innovation and availability
of latest technologies make a direct contribution to the development of the overall and individual
elements of the logistics system. Additionally, the role of export and import as moderators of this
relationship was examined using the Baron & Kenny model. It was shown that export reduces
the contribution of modern technologies to the development of logistics, while there is a posi-
tive contribution of import as a moderator of this relationship. The presented evidence can serve
in further understanding of the Logistics 4.0 concept and guide economic policymakers towards
improvements in logistics performance at the national level. The small time interval of the anal-
ysis due to the LPI availability can be singled out as a limitation of the research. It would be
interesting to see what the outcomes will be in the coming years due to the increasingly rapid
development of innovations and new technologies. Will it provide an even greater stimulus for
the improvement of logistics, or will there be saturation? In addition, the paper tested the impact
of two selected indicators of the level of technological readiness, while future studies may consid-
er other determinants of the Fourth Industrial Revolution to test their contribution to the develop-
ment of the logistics system. Also, other sources of selected variables could be used to compare
results. Regarding moderators, an additional angle may be constructed by the implementation
of new moderators. In this way, the understanding of the environment in which logistics perfor-

mance can be further developed would be expanded.
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Appendix

Table 2: Moderating effect of export/import (dependent variable: customs)

Variables Model 1 Model 23 Model 3*
A. Effect of export on “capacity for innovation - customs” linkage
Capacity for innovation (X) 0.847*** 0.771%** 0.600%**
Export (W) 0.144%** 0.585%**
XxWw —0.430%**
F-statistic 466.207*** 249.713%%** 207.116%**
R? 0.718 0.733 0.774

B. Effect of import on “capacity for innovation - customs” linkage

Capacity for innovation (X) 0.847*** 0.759%** 0.628%***
Import (W) 0.164%** 0.490%**
Xx W —0.336***
F-statistic 466.207%** 255.179*** 204.638***
R? 0.718 0.737 0.772

C. Effect of export on “availability of latest technologies - customs” linkage

Availability of latest

technologies (X) 0.840%** 0.736%** 0.617%**
Export (W) 0.260%** 0.496***
XxWw —0.265***
F-statistic 438.714*** 291.609%** 219.848***
R? 0.706 0.762 0.785

D. Effect of import on “availability of latest technologies — customs” linkage

Availability of latest

technologies (X) 0.840%** 0.728%** 0.620%**
Import (W) 0.264*** 0.4771%**
XxWw —0.240%**
F-statistic 438.714%** 292.599*** 220.028%***
R? 0.706 0.763 0.785

Note: *** p < 0.01, ** p < 0.05, * p < 0.1, ns — not significant.
Source: Authors’ own calculations

3 VIFs <5.
4 VIFs < 10.
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Table 3: Moderating effect of export/import (dependent variable: infrastructure)

Variables Model 1 Model 2° Model 3¢
A. Effect of export on “capacity for innovation - infrastructure” linkage

Capacity for innovation (X) 0.833*** 0.291** 0.5271%**
Export (W) 0.305** 0.719**
XxWw —0.473%**
F-statistic 416.296%** 11.226%** 218.911%**
R? 0.695 0.230 0.784

B. Effect of import on “capacity for innovation - infrastructure” linkage

Capacity for innovation (X) 0.833*** 0.692%** 0.554%**
Import (W) 0.264%** 0.606***
Xx W —0.352%**
F-statistic 416.296*** 264.560%** 217.269%**
R? 0.695 0.744 0.783

C. Effect of export on “availability of latest techno

logies - infrastructure” linkage

Availability of latest

technologies (X) 0.835%** 0.702%** 0.576***
Export (W) 0.330%** 0.582%**
XxW —0.287%**
F-statistic 419.915%** 338.394%** 262.847%**
R? 0.696 0.788 0.813

D. Effect of import on “availability of latest technologies - infrastructure” linkage

Availability of latest

technologies (X) 0.835%** 0.689*** 0.575%**
Import (W) 0.344%** 0.562%**
XxW —0.252%**
F-statistic 419.915%** 350.124%*** 271.257%**
R? 0.696 0.794 0.818

Note: *** p < 0.01, ** p < 0.05, * p < 0.1, ns — not significant.

Source: Authors’ own calculations

5 VIFs <5.
6 VIFs < 10.
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Table 4: Moderating effect of export/import (dependent variable: international

shipment)

Variables

Model 1

Model 27

Model 32

A. Effect of export on “capaci

ty for innovation - international shipment” linkage

Capacity for innovation (X) 0.744*** 0.660*** 0.458%**
Export (W) 0.157*** 0.679%***
Xx W —0.509***
F-statistic 226.530%** 121.035%** 102.239%**
R? 0.553 0.571 0.629

B. Effect of import on “capaci

ty for innovation - international shipment” linkage

Capacity for innovation (X) 0.744%** 0.646*** 0.494%**
Import (W) 0.181*** 0.562***
XxWw —0.3971***
F-statistic 226.530%** 123.904*** 100.197***
R? 0.553 0.577 0.624

C. Effect of export on “availability of latest techno

logies - international shipment” linkage

Availability of latest

technologies (X) 0.703** 0.595%** 0.420%%*
Export (W) 0.271%% 0.618%**
Xx W —0.389%**
F-statistic 178.966%** 113.874%%* 90 142%%%
R 0.494 0.556 0.604

D. Effect of import on “availability of latest technologies - internationa

I shipment” linkage

Availability of latest

technologies (X) 0.703** 0.584*** 0.427%**
Import (W) 0.282%** 0.581%**
Xx W ~0.346%**
F-statistic 178.966*** 115.669%** 02.588%**
R? 0.494 0.560 0.605

Note: *** p < 0.01, ** p < 0.05, * p < 0.1, ns — not significant.

Source: Authors’ own calculations

7 VIFs <5.
8 VIFs < 10.
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Table 5: Moderating effect of export/import (dependent variable: logistics

competence)

Variables

Model 1

Model 2°

Model 3

A. Effect of export on “capacity for innovati

on - logistics competence” linkage

Capacity for innovation (X) 0.834*** 0.719*** 0.511%**
Export (W) 0.215%** 0.752%**
Xx W —0.524%***
F-statistic 416.995%** 243.486*** 226.194%**
R? 0.695 0.728 0.789

B. Effect of import on “capacity for innovati

on - logistics competence” linkage

Capacity for innovation (X) 0.834*** 0.704%** 0.549%**
Import (W) 0.2471%** 0.628***
XxW —0.399%**
F-statistic 416.995*** 252.970%** 221.224%**
R? 0.695 0.736 0.786

C. Effect of export on “availability of latest technologies - logistics competence” linkage

Availability of latest

technologies (X) 0.818*** 0.688*** 0.536%**
Export (W) 0.322%%* 0.626***
XxWw —0.340%**
F-statistic 369.230%*** 281.210%** 230.621%**
R? 0.669 0.756 0.793

D. Effect of import on “availability of latest technologies - logistics competence” linkage

Availability of latest

technologies (X) 0.818%*** 0.677%** 0.537%**
Import (W) 0.333*** 0.600%**
XxW —0.309%**
F-statistic 369.230%** 287.752%** 235.765%**
R? 0.669 0.760 0.796

Note: *** p < 0.01, ** p < 0.05, * p < 0.1, ns — not significant.

Source: Authors’ own calculations

9 VIFs <5.
10 VIFs<10.
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Table 6: Moderating effect of export/import (dependent variable: tracking and tracing)

Variables

Model 1

Model 2"

Model 3™

u

A. Effect of export on

capacity for innovat

ion - tracking and tracing” linkage

Capacity for innovation (X) 0.786*** 0.685%** 0.458***
Export (W) 0.1971%** 0.777%**
Xx W —0.5771%**
F-statistic 296.641%** 164.226*** 153.309%**
R? 0.618 0.645 0.718

B. Effect of import on “capacity for innovat

ion - tracking and tracing” linkage

Capacity for innovation (X) 0.786%** 0.664*** 0.489%**
Import (W) 0.227%** 0.665%**
XxWw —0.450%**
F-statistic 296.641%** 172.858*** 153.753***
R? 0.618 0.655 0.718

C. Effect of export on “availability of latest technologies - tracking and tracing” linkage

Availability of latest

technologies (X) 0.798%*** 0.685%** 0.517%**
Export (W) 0.2871*** 0.627%**
XxWw —0.387%**
F-statistic 320.819%** 215.408*** 182.056***
R? 0.637 0.703 0.751

D. Effect of import on “availability of latest technologies - tracking and tracing” linkage

Availability of latest

technologies (X) 0.798%** 0.671% 0.517%*
Import (W) 0.301%*% 0.606***
XxW ~0.355%**
F-statistic 320.819%** 223.774%% 189.904%**
R 0.637 0.71 0.759

Note: *** p < 0.01, ** p < 0.05, * p < 0.1, ns — not significant.

Source: Authors’ own calculatio

11 VIFs<5.
12 VIFs<10.

ns
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Table 7: Moderating effect of export/import (dependent variable: timeliness)

Variables Model 1 Model 2" Model 3"

A. Effect of export on “capacity for innovation - timeliness” linkage
Capacity for innovation (X) 0.715%* 0.629*** 0.410%**
Export (W) 0.162%** 0.728***
Xx W —0.552%**
F-statistic 191.4571%** 102.645%** 89.862%**
R? 0.51 0.530 0.598

B. Effect of import on “capacity for innovation - timeliness” linkage
Capacity for innovation (X) 0.715%* 0.6171%** 0.438%**
Import (W) 0.193*** 0.626%***
XxWw —0.445%**
F-statistic 191.4571%*** 105.890*** 90.282***
R? 0.5 0.538 0.599

C. Effect of export on “availability of latest technologies - timeliness” linkage

Availability of latest technologies (X) 0.724%** 0.625%** 0.445%**
Export (W) 0.246%*** 0.605%**
Xx W —0.407%**
F-statistic 201.753%* 123.264*** 101.370%**
R? 0.524 0.575%** 0.627

D. Effect of import on “availability of latest technologies - timeliness” linkage

Availability of latest technologies (X) 0.724%*** 0.613*** 0.444%***
Import (W) 0.262*** 0.584%**
XxW —0.373%**
F-statistic 201.753%** 126.142%** 104.563%***
R? 0.524 0.581 0.634

Note: *** p < 0.001, ns — not significant.

Source: Authors’ own calculations

Table 8: List of commonly used abbreviations

GCl Global Competitiveness Index
GSC Global supply chain

GVC Global value chain

LPI Logistics Performance Index
13 VIFs<5.

14  VIFs<10.
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