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Abstract. Road transport infrastructure is an attribute whose importance is increasingly emphasized in the context of a circular and
sustainable economy. However, the link between this attribute and tourism spending has not been sufficiently examined. Therefore, with an
emphasis on the level of development of European countries included in the Organisation for Economic Co-operation and Development
(OECD), the research objective of this study was to assess the links between selected indicators of road transport and tourism spending.
The analytical processing included economic data provided by international organizations and collected for the period 2010-201.
Specifically, Human Development Index (HDI), Global Innovation Index (GII), Density of road (DENSITY), Share of urban roads
(URBAN), Road infrastructure investment (INVEST), Business tourism spending (BTS), Leisure tourism spending (LTS), Domestic
tourism spending (DTS), Foreign visitors spending (VEFS). The research sample consisted of European OECD countries (n = 26). Cluster
analysis (Partition Around Medoids) divided selected countries based on HDI and GII into two clusters (less developed and more
developed countries). The use of descriptive analysis together with analysis of differences (Mann — Whitney test) showed significant
differences between these two clusters in most indicators (DENSITY, INVEST, BTS, LTS, DTS), while their higher values were measured
in more developed countries with the exception of INVEST. Differences between clusters of countries were also revealed by correlation
analysis (Spearman's p). In countries with a lower level of development, a panel regression analysis confirmed significant positive
associations between DENSITY and tourism spending (BTS, LTS, VEFS). The results indicated that the development of countries played
an important role in evaluating the links examined in this study. In less developed countries, progress in the development of road
infrastructure could be associated with increased tourism spending.
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1. Introduction

Tourism can be considered a very important sector of the economy of many countries (Dogru & Bulut 2018, Uslu
et al. 2020). Evidence of this statement is the significant contribution of tourism to gross domestic product (GDP)
in countries (World Travel & Tourism Council [WTTC] 2020). This underlines the need to constantly examine
this sector from different perspectives in order to identify significant factors with the potential for tourism
development. One of these factors may be transport infrastructure, specifically road transport infrastructure
(Vochozka & Sheng 2016, Lazaroiu et al. 2020). There is no doubt that tourism and transport infrastructure are
economically beneficial (Albaladejo et al. 2021, Chen et al. 2021, Haller et al. 2020, Nenavath 2021), and there is
a presumption that they are interconnected. Li et al. (2015) emphasized that transport infrastructure always plays
an important role in the development of tourism. According to the authors, the behaviour of tourism visitors when
choosing a destination is characterized by a multinomial logit choice model based on the utility of destinations,
which largely depends on the accessibility of destinations (Li et al. 2015, Liska 2016). This supports the
willingness of policy makers to improve road transport infrastructure, as countries need to grow in terms of
transport infrastructure and tourism in order to make economic gains (Horak et al. 2020). The above-mentioned
facts were the greatest motivation for conducting the presented research, which focused on the links between
selected indicators of road transport and tourism spending with an emphasis on the development approach in
European OECD countries. For these reasons, this paper differs from other studies that analyse the marketing
(Civelek et al. 2020) and innovative activities of various businesses in the tourism sector (Civelek et al. 2021,
Kljucénikov et al. 2021), and investigate the economic development of touristic locations (Klju¢nikov et al. 2020a,
Kljucnikov et al. 2020b) of some European countries. The structure of the study is as follows: the introduction
section describes the main focus of the study. The theoretical background section provides key information on the
issue in order to find out where the scientific knowledge is. The methodological section contains a description of
the data as well as the methods used in the analytical process. The obtained results were the basis for discussion in
the fourth section. The section of conclusions provides a brief summary of the most important findings from the
study and a formulation of recommendations.

2. Theoretical background

As indicated above, transport infrastructure and tourism are two areas of economic life in countries that play an
irreplaceable role in developing policies and plans aimed at sustainable development (Vochozka et al. 2016).
These areas offer opportunities for socially responsible improvements that, in addition to generating economic
benefits, also respect the environment and quality of life (Belas et al. 2018, 2020a, 2020b). Economic, social,
environmental, innovative and cultural factors are vital for the development of sustainable tourism in countries
and need to focus on stimulating and ensuring the positive effect of tourism infrastructure on concrete beneficial
outcomes (Mamirkulova et al. 2020). Zhang J. and Zhang Y. (2021) investigated the dynamic link between
tourism and transport infrastructure and confirmed the bidirectional Granger causality between highway and
tourism. In addition, they revealed the fact that tourism and transport infrastructure have a synergy effect on
income inequality. Costea et al. (2017) considered transport infrastructure to be a key determinant of
competitiveness of tourism. According to these authors, the availability of a secure and fast transport network to
the most important tourist centres of a country is vital. No tourist resource, no matter how important, can be
effectively implemented without transport infrastructure. Thus, the absence or an insufficient development of
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infrastructure can be a major factor of the lack of development of tourism activities (Costea et al. 2017). This is in
line with the findings of Khadaroo and Seetanah (2008), who stated that transport infrastructure is a significant
determinant of tourism inflows into a destination. In their other study, they revealed that tourists from
Europe/America and Asia are particularly sensitive to transport infrastructure (Khadaroo & Seetanah 2007).
Based on their results, transport infrastructure, non-transport infrastructure, but also income of tourists, distance,
and relative prices are important elements in the equation of demand in tourism. At this point, the inflows and
demand in tourism can be expressed by tourists' spending. All these findings support the importance of
investigating the link between transport infrastructure and tourism at an international level and justify the
presented research.

With the growing research interest in tourism and transport infrastructure, it is possible to identify different
perspectives on the examination of these two areas. Nguyen (2021) examined the impact of investment in tourism
infrastructure development on attracting international visitors. Using the potential accessibility approach,
Michniak et al. (2014) investigated the impact of investments in road infrastructure on tourism development in
terms of intensification of stays. Jou et al. (2012) focused on the influence of new road infrastructure on tourism
behaviour. Wendt et al. (2021) examined the correlations between the development of the transport network and
the increase in tourist traffic, and their results show that transport infrastructure plays a critical role in ensuring the
connections of border regions. Kanwal et al. (2020) examined the relationship between perceived impact of road
and transport infrastructure development and local community support for tourism through perceived
environmental impact, perceived tourism benefits, and perceived community satisfaction. On the other hand, there
is still a lack of knowledge on the link between road transport infrastructure and tourism demand represented by
visitors' spending. Stehel and Vochozka (2016) examined economic added value in the transport sector. In
connection with economic added value, Vochozka and Machova (2018) further examined the value generators of
transport companies in the Czech Republic. Majerova and Fernandes (2020) examined brand loyalty as a future
pillar of resuscitation of brand value in tourism and identified relevant sources of brand value relevant to brands
characterized by loyalty.

The issue under investigation provides many indicators as appropriate measures of tourism development, but
tourism spending is a crucial indicator that provides high economic value (Brida & Scuderi 2013, Garcia-Sanchez
et al. 2013, Usmani et al. 2021). Compared to tourist arrivals, tourism spending captures not only the tourist
attractiveness of a country, but also the behaviour of tourists in terms of their consumption of goods and services
in a visited country as well as the economic effect (Fredman 2008, Wang & Davidson 2010). In this context,
tourism spending is very closely linked to tourism participation, and the opposite is also true (Gavurova et al.
2020, Wu et al. 2013, Yang et al. 2021). At the same time, in the issue of tourism spending, it is necessary to take
into account the purpose of traveling and spending money in a country. In this context, the main purposes include
leisure activities and business activities of tourists (Uyen 2019). Leisure tourism covers purposes, in which
recreation, relaxation, exploring new places and cultures, and hobbies play a dominant role (David-Negre et al.
2018, Venkatesh 2006). Business tourism covers work-related purposes, the core of which are meetings and
events of a commercial, educational and governmental nature (Dragicevic et al. 2012, Nicula & Elena 2014). In
addition to the above-mentioned, there are many other criteria for classifying tourism spending that should be
taken into account in research in order to provide a deeper insight into the issue. For example, the place of
residence may offer a closer look at both domestic and foreign tourists.

The facts presented in the previous paragraphs encourage the examination of the links between transport
infrastructure and tourism demand, while this study took into account specific types of transport infrastructure,
i.e., road transport infrastructure. In addition, tourism demand in this study was expressed by tourists' spending,
which were classified in terms of purpose (business and leisure) and in terms of borders (domestic and foreign).
This provided a deeper insight into the issue.
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3. Research objective and methodology

With an emphasis on the level of development of European OECD countries, the research objective of this study
was to assess the links between selected indicators of road transport and tourism spending using bivariate analysis
of effects. This objective was met in three analytical steps:

- Dividing countries into clusters based on their innovation potential and development.

- Providing basic statistical information on data through descriptive analysis.

- Assessment of bivariate associations using correlation and regression analyses.
The analyses covered selected OECD countries with a geographical location in the European area. Thus, 26
countries were included in the research: Austria (AUS), Belgium (BEL), Czech Republic (CZE), Denmark
(DEU), Estonia (EST), Finland (FIN), France (FRA), Germany (DEU), Greece (GRC), Hungary (HUN), Iceland
(ICL), Ireland (IRL), Italy (ITA), Latvia (LVA), Lithuania (LTU), Luxembourg (LUX), Netherlands (NDL),
Norway (NOR), Poland (POL), Portugal (POR), Slovak Republic (SVK), Slovenia (SVN), Spain (ESP), Sweden
(SWE), Switzerland (CHE), United Kingdom (GBR). The observed period in these countries was 2010 to 2018,
while the innovation index for these countries was collected from the reports from 2011 to 2019, as they
contained data with a one-year lag.

The whole analytical process included data obtained from the following databases:

- Human Development Reports (2021) for the Human Development Index (HDI): A composite index
measuring average achievement in three basic dimensions of human development—a long and healthy
life, knowledge and a decent standard of living (measured in a score from 0 to 1; the higher the score, the
more positive the evaluation).

- Cornell University, INSEAD and WIPO (2021) for the Global Innovation Index (GII): It ranks the
innovation ecosystem performance of economies around the globe each year while highlighting
innovation strengths and weaknesses and particular gaps in innovation metrics (measured in a score from
0 to 100; the higher the score, the more positive the evaluation).

- Organisation for Economic Co-operation and Development database (OECD 2021): (i) Density of road
km per one hundred square km (DENSITY); (ii) Share of urban roads in total road network (URBAN);
(ii1) Road infrastructure investment per gross domestic product (INVEST).

- World Travel & Tourism Council database (WTTC 2020): (i) Business tourism spending (BTS) —
spending of domestic residents and foreign visitors during business trips in a country (USD per capita);
(i1) Leisure tourism spending (LTS) — spending of domestic residents and foreign visitors on leisure
purposes in a country (USD per capita); (iii)) Domestic tourism spending (DTS) — spending of domestic
residents on business and leisure purposes in a country (USD per capita); (iv) Foreign visitors spending
(VEFS) — spending of foreign visitors on business and leisure purposes in a country, including transport
spending, but excluding international spending on education (USD per capita).

The data on tourism spending were mathematically adjusted, as the WTTC database provided gross values per
country in billions of dollars:

TS, x 1,000,000,000
POPULATION,
PPP,

100

TSI‘ s

The whole analytical process was divided into two integral parts. The first part was devoted to cluster analysis,
the purpose of which was to divide countries into homogenous clusters based on their HDI and GII. Prior to this
analysis, the silhouette method was used to estimate the optimal number of clusters. The cluster analysis was
based on Partitioning Around Medoids (PAM) method and Manhattan distance (Kassambara 2017). At this point,
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it should be noted that the clusters of countries identified by the cluster analysis were applied in further analyses
of this research. Thus, the interpretations of their results were formulated in terms of a cluster of less developed
countries and a cluster of more developed countries. In the first part of the whole analytical process, a descriptive
analysis was also used to point out the statistical characteristics of the data in terms of central tendency measures
(mean, median). This analysis also included an assessment of the differences in selected indicators between
individual clusters. The nonparametric Mann—Whitney U test was used for this purpose. The second part of the
whole analytical process consisted of correlation analysis and regression analysis. The correlation analysis was
performed using a nonparametric method, i.e., Spearman's p. The regression analysis was performed in two steps:
(i) first, the assumptions were verified to select a suitable model (fixed effects / random effects), (ii) second, panel
regression analysis was applied. F tests (FT ID, FT Time) verified the significance of effects in the internal data
structure with respect to its country dimension (ID) and its time dimension (Time). This step justified the
application of panel models. The Hausman test (HT) was used to decide on the choice of a regression model with
fixed effects or a regression model with random effects (Wooldridge 2010). The above-mentioned analytical
procedures were performed using the R programming language — version: 4.1.1, nickname: Kick Things (R Core
Team 2021) and IDE PyCharm (JetBrains s.r.0., Prague, Czech Republic).

4. Results and discussion

This section presents the main results of the analyses described in the methodology. At the beginning of this
section, the cluster analysis was carried out, and the essence of this analysis was the division of countries into
homogenous clusters in terms of their level of development represented by HDI and GII indicators. For this
purpose, the data (GII and HDI) collected for each country were first averaged over the observed period.
Subsequently, the averaged values were standardized in the range of 0 to 1, with O representing the lowest average
score and 1 the highest average score.
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Figure 1. Cluster map — GII & HDI

Source: own elaboration
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In terms of cluster analysis, the first step was focused on determining the optimal number of clusters using the
silhouette method. Two clusters of countries were estimated for the cluster analysis using the PAM method based
on the Manhattan distance. Figure 1 shows a cluster map, in which the first cluster included countries with a
higher level of development represented by HDI and GII and the second cluster covered countries with a lower
level of development. Accordingly, the most developed countries were Switzerland, Sweden and the Netherlands.
On the other hand, less developed countries could be considered as countries with great potential to improve their
development. The convergence theory indicates faster progress in weaker countries compared to stronger
countries, and in this way weaker countries can more easily get closer to stronger countries. A well-designed
policy can avoid the risk of middle income and many other economic imperfections that have affected several
countries with higher levels of development. A similar idea was also presented in a study conducted by
Ekonomou and Kallioras (2020).

Figure 2. Clusters in a geographical context

Source: own elaboration
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Figure 2 shows the examined countries in a geographical context, and the intensity of their shadow indicates their
development. In other words, the more intense shadow presents a higher value of the standardized average GII
and HDI indicators (the more intense the shadow, the higher the level of development). The number assigned to
the countries indicates the cluster in which they were included.

Table 1. Descriptive analysis of road transport indicators and tourism spending indicators

C DENSITY URBAN INVEST BTS LTS DTS VEFS

P 1 Mean Med Mean Med Mean Med Mean Med Mean Med Mean Med Mean Med
AUT 1 155.16 150.97 71.82 71.24 0.12 0.12 576.9 574.6 3480.2 34742 | 2090.6 2093.8 | 1966.5 1951.3
BEL 1 51049  510.49 - - 0.14 0.15 427.9 423.9 1213.9 1209.6 742.7 728.2 899.1 968.5
CHE 1 180.96 180.99 - - 0.70 0.69 511.4 511.5 2876.9  2870.3 1933.1 1935.8 | 1455.1 1445.5
CZE 2 72.18 72.18 30.03 30.00 0.58 0.51 277.7 258.2 1176.4 1180.7 593.3 578.4 860.8 855.6
DEU 1 - - - - 0.44 0.43 615.6 607.3 29412 29302 | 30655 3031.2 491.3 496.1
DNK 1 176.66 177.20 - - 0.41 0.40 927.4 940.7 1483.2 1444.7 13544 13313 | 1056.2 1054.0
ESP 2 - - - - 0.45 0.42 368.2 366.8 2748.6  2779.7 1393.8  1377.7 | 1723.0 1768.8
EST 2 136.64 136.02 8.55 8.66 0.90 0.89 658.5 681.1 2130.5  2166.6 714.9 699.5 20742 21459
FIN 1 25.68 25.69 10.80 11.25 0.56 0.56 788.6 781.4 2047.9 20727 | 2089.1 2102.8 747.4 782.3
FRA 2 196.69 198.01 14.76 14.82 0.53 0.50 490.6 484.6 20343  2020.4 1694.3 1687.9 830.5 806.1
GBR 1 174.22 174.21 35.57 35.27 0.33 0.34 902.0 872.7 1901.4 1918.1 2309.9  2367.2 493.6 504.7
GRC 2 - - - - 0.99 0.86 227.1 221.5 3222.6 33478 13924 1395.1 | 2057.2  2176.7
HUN 2 226.46  225.20 31.39 31.48 0.77 0.84 136.4 135.9 1188.9 1151.5 391.0 395.1 934.3 900.6
IRL 1 141.23 139.36 - - 0.38 0.33 618.4 653.0 1354.8 1330.9 450.9 474.3 1522.3  1514.8
ISL 1 - - - - 0.43 0.40 1768.2 1601.6 | 6867.3  6901.5 | 2913.0 29434 | 5722.5 5485.0
ITA 2 86.40 86.76 - - 0.24 0.22 601.2 579.6 24404 25385 | 23172 24004 7243 735.4
LTU 2 134.29 134.62 78.79 82.06 0.87 0.73 248.9 2553 898.2 904.8 484.6 503.5 662.5 671.7
LUX 1 124.67 119.30 25.75 25.75 0.43 0.44 183.2 170.2 3749.4  3850.0 696.6 694.8 3236.0 33247
LVA 2 94.16 94.18 15.29 15.36 0.83 0.83 278.4 282.8 1357.8 1376.2 682.3 687.3 953.9 911.8
NLD 1 412.50  412.32 52.08 52.08 0.36 0.36 426.1 406.6 12432 1240.0 876.5 869.5 792.8 777.2
NOR 1 25.90 25.89 - - 0.96 1.01 576.4 555.2 1769.1 1635.8 1655.0 15385 690.5 652.5
POL 2 135.99 136.20 16.38 16.36 0.96 0.69 171.5 150.1 482.6 481.9 211.0 209.5 443.1 438.5
PRT 2 15.36 15.62 - - 0.38 0.16 5222 548.1 2806.6  2811.7 1198.3 1253.2 | 2130.6  2085.2
SVK 2 108.03 114.01 - - 0.76 0.72 359.2 341.8 866.6 814.6 626.0 608.4 599.9 553.3
SVN 2 100.25 100.17 31.54 31.20 0.34 0.29 387.6 374.3 2240.8  2240.2 909.3 906.5 1719.1 1712.9
SWE 1 52.86 52.81 19.97 19.63 0.46 0.46 892.5 869.0 1867.7 1854.8 1732.0  1732.8 | 1028.2 991.1
CL 1 169.70 150.97 35.17 35.20 0.45 0.42 708.8 595.0 2522.8 1973.2 1685.3 1804.1 1546.3  1004.3
CL 2 119.10 116.19 29.68 29.95 0.68 0.61 363.7 332.8 1814.9 1976.0 969.9 749.7 1208.7 907.3
Diff Test 8442%** 2888 9716+ 9231+ 11893+ 10147+ 13501

Note: ID — country identifier; CI — cluster; Med — median; Diff Test — difference test; DENSITY — density of road km per one hundred
square km; URBAN — share of urban roads in total road network; INVEST — road infrastructure investment per gross domestic product;
BTS — business tourism spending; LTS — leisure tourism spending; DTS — domestic tourism spending; VEFS — foreign visitors spending; p-
value < 0.01 — ***; p-value < 0.001 — }

Source: own elaboration
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Table 1 shows the measures of the central tendency (mean, median) for individual countries. The table also
contains a column, in which the cluster (Cl) is defined for each country. Missing values were identified for the
DENSITY and URBAN indicators in several countries. At this point, it should be noted that these countries were
not included in the bivariate analytical procedures, i.e., they were excluded from the sample. At the end of the
table, the rows CL 1 and CL 2 show the results for the individual identified clusters (groups) of countries. The last
row contains the results of the difference test, which evaluated the differences in individual indicators between
cluster 1 and cluster 2.

Significant differences were found in most indicators. In terms of road transport indicators, significant differences
were identified for DENSITY and INVEST. For DENSITY, a higher value of central tendency measures was
observed in cluster 1 (mean = 169.70; median = 150.97). This indicates that the countries included in cluster 1
(more developed countries) were characterized by a higher density of roads. On the contrary, for INVEST, higher
values of central tendency measures were observed in cluster 2 (mean = 0.68; median = 0.61). Accordingly, the
countries included in cluster 2 (less developed countries) were characterized by higher investments in road
infrastructure per gross domestic product.

The revealed findings can be understood as meaning that more developed countries already have a quality road
infrastructure, while less developed countries are only in the process of building it. In line with this assumption, a
higher level of road infrastructure in more developed countries encourages higher road density, while efforts to
build better road infrastructure require more investment in less developed countries.

These efforts are mainly aimed at reducing inequalities in transport infrastructure between different countries,
which can also help to address the problems of uneven economic growth across countries in the long term (Chen
et al. 2021). In fact, investments in transport are a key aspect of economic growth. Countries thus have the
opportunity to improve their position in the development assessment presented in this study. In addition,
investments in transport and communications infrastructure have a strong and positive impact on international
visitor attraction (Nguyen 2021), which may be reflected in tourism demand and, consequently, in tourism
spending.

In terms of tourism spending indicators, significant differences were identified for BTS, LTS and DTS, and higher
values of central tendency measures were observed in cluster 1. This suggests that the countries included in
cluster 1 reported significantly higher business tourism spending, leisure tourism spending, and domestic tourism
spending. These results were expected, as more developed countries also have more developed tourism. The
results in this study can be compared with the results of Szajt (2018), who took a closer look at changes in tourism
spending in the countries of the European Union and economic development.
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Table 2. Correlation matrix in cluster specification — Spearman's p

Indicator DENSITY URBAN INVEST BTS LTS DTS VEFS
cluster 1
DENSITY -0.431 -0.280 -0.363 -0.185 0.057
URBAN <0.001 -0.304 0.335 0.191 0.339
INVEST <0.001 <0.001 0.008 0.091 0.068 -0.163
BTS 0.006 0.067 0.931 0.198 0.579 -0.045
LTS <0.001 0.043 0.345 0.033 0.596 0.475
DTS 0.071 0.257 0.482 <0.001 <0.001 -0.230
VEFS 0.579 0.040 0.091 0.629 <0.001 0.013
cluster 2
DENSITY -0.117 0.299 -0.276 -0.317 -0.361 -0.167
URBAN 0.365 -0.170 - -0.402 -0.382 -0.352
INVEST 0.004 0.186 -0.344 -0.294 -0.411 0.036
BTS 0.006 <0.001 <0.001 0.516 0.376
LTS 0.001 0.001 0.002 <0.001
DTS <0.001 0.002 <0.001 <0.001 <0.001 0.437
VEFS 0.099 0.005 0.708 <0.001 <0.001 <0.001

Source: own elaboration

Table 2 shows the results of a nonparametric correlation analysis in which the cluster specification was applied.
The upper part above the diagonal of the individual matrices contains correlation coefficients and the lower part
below the diagonal contains p-values expressing the statistical significance of coefficients. Negative coefficients
are highlighted in red and positive coefficients are highlighted in green. Coefficients with a significance level of
0.05 and lower are highlighted in bold. A richer colour indicates a stronger correlation. Significant differences in
correlations between more developed countries (cluster 1) and less developed countries (cluster 2) could be
observed in a substantial number of analysed cases. Focusing on the correlations with DENSITY, different results
were found for URBAN (p: cluster 1 = 0.767; cluster 2 = -0.117) and INVEST (p: cluster 1 = -0.431; cluster 2 =
0.299). Regarding the correlations with URBAN, different results between clusters were evident for all indicators.
In terms of the correlations with INVEST, it was possible to observe different results between clusters in all
indicators with one exception, which was VEFS. Interestingly, different results were also identified in terms of
tourism spending indicators and their correlations. A significant and positive correlation between BTS and VEFS
was revealed in cluster 2 (p = 0.376, p-value = <0.001), but this was not true in cluster 1, where the significance
of this correlation was not confirmed (p = -0.045, p-value = 0.629). The most obvious difference was found in the
correlation between DTS and VEFS (p: cluster 1 = -0.230; cluster 2 = 0.437). Thus, differences between clusters
of countries were also revealed by correlation analysis. All these confrontational findings require further research.
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Table 3. PLM - selection of the most suitable model

Reg. Model PLM model PLM model
Cluster 1 Cluster 2
DENSITY—BTS RND WTN
DENSITY—LTS RND WTN
DENSITY—DTS RND RND
DENSITY—VEFS RND WTN
URBAN—BTS RND RND
URBAN—LTS RND RND
URBAN—DTS RND RND
URBAN—VEFS RND RND
INVEST—BTS RND WTN
INVEST—-LTS RND WTN
INVEST—DTS RND RND
INVEST—VEFS RND RND

Note: RND — White 2 Random ind ID; WTN — Arellano Within ind ID

Source: own elaboration
Table 3 specifies the most suitable methods for estimates in the applied regression analyses. These concretisations
of the methods were selected on the basis of several tests (F test for individual and time effects, Hausman test),

the results of which are given in Appendix 1.

Table 4. Results of PLM regression models

Model Coef PLS model PLS model
Cluster 1 Cluster 2
DENSITY—BTS E 7_20;38600 2067
DENSITY—LTS E 2’2_(3)'6?240 10.90%*
DENSITY—DTS E 1,_61832()70 731'71320
DENSITY—>VEFS E 1;5%?860 10.13%*
URBAN—BTS E 7_025‘?01200 3_307'%5700
URBAN—LTS 5 2,16 51?320 1,;1182.54070
URBAN—DTS P 571,070 58519
URBAN—VEFS E 1,22;;.1280 1,-136; .87070
INVEST—BTS E ;22'2%% -16.18
INVEST—LTS E 2_’269585',9693% 1528
INVEST—DTS E lfggfﬁgo 9-655.4,1; 10 0
INVEST—VEFS E L ’577969',7374% 1?3;‘;3830

Note: p-value < 0.05 — **; p-value < 0.01 — ***

Source: own elaboration
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Table 4 shows the results of regression models, based on which it was possible to confirm a positive and
significant association in only three analysed cases, namely between DENSITY and BTS (B = 2.06***), between
DENSITY and LTS (B = 10.9**), and between DENSITY and VEFS (B = 10.13**). These associations were
found in cluster 2, i.e., in less developed countries. The findings revealed the fact that in less developed countries,
a higher density of roads can be reflected in higher business tourism spending, leisure tourism spending, and
foreign visitors spending. The findings of this study may follow the findings of Zhang J. and Zhang Y. (2021),
who revealed a significant association between transport infrastructure (represented by highways) and tourism.
More specifically, Zhang et al. (2021) also revealed the effect of road network density on tourism. This study did
not confirm any significant association between road infrastructure investment and foreign visitors' spending,
while the findings of Nguyen (2021) indicated a strong and positive impact of transport investments on foreign
visitor attraction. On this basis, it was assumed that a higher foreign visitor attraction would be reflected in their
willingness to pay, as well as in tourism spending as such. However, this was not supported in the presented
study. This can be explained by the fact that the study covered only investments in road infrastructure, while the
inclusion of investments in all types of transport infrastructure could show different results. The nature of
participation in tourism in terms of length of stay should also be considered, Michniak et al. (2014) revealed that
investments in road infrastructure may lead to an intensification of weekend-tourism or several days' tourism,
indicating expected higher tourism spending. On the other hand, the authors pointed out a minor effect of the
investments in terms of the choice of long-term stays. Further research is needed in this regard. Also, the fact
remains that tourism is a very complex research area, and many other factors should be taken into account
(Feriyanto et al. 2019, Kozicka et al. 2019).

5. Conclusions

The research objective of this study was to assess the links between selected indicators of road transport and
tourism spending using bivariate analysis of effects. The study applied a development approach in European
OECD countries. The applied cluster analysis divided the examined countries into two homogenous clusters
based on the Human Development Index and the Global Innovation Index. Accordingly, more developed
countries (cluster 1) and less developed countries (cluster 2) were included into the main analyses. Descriptive
analysis provided a first look at the data. It was the difference analysis that revealed significant differences in
road transport indicators and tourism spending indicators between cluster 1 and cluster 2. In general, more
developed countries were characterized by a significantly higher density of roads. On the other hand, less
developed countries were characterized by significantly higher investments in road infrastructure per gross
domestic product. In terms of tourism spending indicators, more developed countries reported significantly
higher business tourism spending, leisure tourism spending, and domestic tourism spending. The results of the
correlation analysis also revealed considerable differences in the significance and direction of correlations
between countries with a higher level of development and countries with a lower level of development. It could
be stated very cautiously that, in terms of the correlations between road transport indicators and tourism visitors'
spending, positive coefficients prevailed in countries with a higher level of development, and negative
coefficients prevailed in countries with a lower level of development. Using panel regression models, it was
possible to confirm significant associations between road transport indicators and tourism spending in only three
analysed cases. In all three cases, these findings were observed in countries with a lower level of development
and in the road density indicator. On the basis of a positive trajectory, it could be concluded that an increase in
road density can be associated with an increase in tourism spending (business, leisure and foreign) in less
developed countries.

Focusing on policy implications and recommendations, this study offers a valuable platform of important
findings needed for evidence-based decision-making at national and international levels. The results could be of
interest to strategic planners and policy makers, who should know the situation from every perspective in order to
strengthen tourism and infrastructure and thus the economy. Deeper knowledge can ensure effective decisions.
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The study provides new knowledge in the issue of tourism and transport infrastructure, while a specific research
optic has been applied. It has been shown that in less developed countries, progress in the development of road
infrastructure could be associated with increased tourism spending, and this should be taken into account by
decision-makers in these countries. The results indicated that the development of countries played an important
role in evaluating the links examined in this study. In countries with a lower or higher level of development,
various ways should be sought to improve economic prosperity as well as sustainability. The links between the
indicators of road transport and tourism spending have not been sufficiently examined; therefore, it can be stated
that the study filled this research gap and brought novelty and a new perspective on the issue.

Potential limitations can also be identified in this study. For instance, the findings can be generalized only to
OECD countries. Future research activities will focus on other indicators of transport infrastructure, as well as
other indicators expressing the development of tourism, which would be closer to each other in practical life.
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Appendix 1

Table 5. PLS models — assumptions

Model WT FT ID FT Time HT Model
Classic model — Cluster 1
DENSITY—BTS 1.83 * 84.98 0.26 <0.01 White 2 Random ind ID
DENSITY—-LTS 2.14 ** 256.04 T 0.05 2.07 White 2 Random ind ID
DENSITY—DTS 2.07 ** 24342 1 0.05 1.41 White 2 Random ind ID
DENSITY—VEEFS 1.55 335.05 0.05 0.52 White 2 Random ind ID
URBAN—BTS 1.31 81.98 1.04 0.58 White 2 Random ind ID
URBAN—LTS 1.6 184.74 0.03 0.1 White 2 Random ind ID
URBAN—DTS 1.48 161.97 1.24 0.19 White 2 Random ind ID
URBAN—VEFS 1.17 196.45 1 0.12 0.09 White 2 Random ind ID
INVEST—BTS 1.5 33.55 % 0.53 0.04 White 2 Random ind ID
INVEST—LTS 1.46 82.42 + 0.22 0.01 White 2 Random ind ID
INVEST—DTS 2.41 ** 330.69 T 0.13 0.09 White 2 Random ind ID
INVEST—VEFS 1.43 49.56 0.25 <0.01 White 2 Random ind ID
Classic model — Cluster 2
DENSITY—BTS 2.26 ** 92.56 T 0.32 4.13 ** Arellano Within ind ID
DENSITY—-LTS 2.82 *** 116.03 1 0.36 6.94 *** Arellano Within ind ID
DENSITY—DTS 1.86 * 287.33 1 0.1 1.37 White 2 Random ind ID
DENSITY—VEFS 2.29 ** 94.65 1 0.47 747 *H* Arellano Within ind ID
URBAN—BTS 1.83 * 106.81 T 0.06 1.34 White 2 Random ind ID
URBAN—LTS 1.59 277.03 ¥ 0.2 0.93 White 2 Random ind ID
URBAN—DTS 1.53 1525.68 0.11 2.26 White 2 Random ind ID
URBAN—VEFS 1.71 * 179.56 0.22 0.27 White 2 Random ind ID
INVEST—BTS 1.92 * 106.77 0.29 4,12 ** Arellano Within ind ID
INVEST—LTS 2.33 ** 115.78 0.28 5.57 ** Arellano Within ind ID
INVEST—DTS 2.23 ** 236.16 T 0.21 0.55 White 2 Random ind ID
INVEST—VEFS 2.7 79.25 ¥ 0.39 0.09 White 2 Random ind ID
Lag model — Cluster 1
DENSITY—BTS 1.81 * 141.02 0.3 0.21 White 2 Random ind ID
DENSITY—-LTS 2.38 ** 386.24 1 0.14 0.06 White 2 Random ind ID
DENSITY—DTS 2.08 ** 259.87 0.02 0 White 2 Random ind ID
DENSITY—VEFS 1.71 * 549.81 1 0.28 0.06 White 2 Random ind ID
URBAN—BTS 1.25 3742 0.16 0.32 White 2 Random ind ID
URBAN—LTS 1.71 * 137.57 0.29 6.87 *** Arellano Within ind ID
URBAN—DTS 1.44 113.12 0.78 0.05 White 2 Random ind ID
URBAN—VEFS 1.41 89.95 0.2 0.95 White 2 Random ind ID
INVEST—BTS 1.5 3544 0.42 0.27 White 2 Random ind ID
INVEST—LTS 1.45 86.63 0.14 0.16 White 2 Random ind ID
INVEST—DTS 2.39 ** 33253 1 0.01 0.02 White 2 Random ind ID
INVEST—VEFS 1.44 52.77 1 0.27 0.44 White 2 Random ind ID
Lag model — Cluster 2

DENSITY—BTS 2.48 ** 72.18 1 0.51 1.73 White 2 Random ind ID
DENSITY—-LTS 2.66 *** 126.98 1 0.55 0.97 White 2 Random ind ID
DENSITY—DTS 1.9 * 244,55 0.16 0.25 White 2 Random ind ID
DENSITY—VEFS 2.44 ** 90.67 T 0.61 46.26 Arellano Within ind ID
URBAN—BTS 1.88 * 87.92 0.11 0.9 White 2 Random ind ID
URBAN—LTS 1.4 306.44 1 0.16 0.31 White 2 Random ind ID
URBAN—DTS 1.64 1135.09 + 0.07 0.03 White 2 Random ind ID
URBAN—VEFS 1.79 * 164.59 1 0.17 0.9 White 2 Random ind ID
INVEST—BTS 2.14 ** 108.01 T 0.33 2.96 * White 2 Random ind ID
INVEST—LTS 2.52 ** 116.32 1 0.65 0.78 White 2 Random ind ID
INVEST—DTS 2.17 ** 268.25 1 0.16 0.41 White 2 Random ind ID
INVEST—VEFS 2.82 *** 72.15 1 0.76 0.01 White 2 Random ind ID

Note: * p-value<0.1; ** p-value<0.05; *** p-value<0.01; 1 p-value<0.001
Source: own elaboration
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