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Abstract. Tourism spending as well as innovations are characterized by great economic value,
which emphasizes the need for their research from a macroeconomic perspective. The objective
of the research was to assess the significance of the relations between infrastructure innovations
and tourism spending in a sample of developed countries. The analytical processes included macroeconomic indicators expressing tourism spending and innovations. The research sample consisted of 36 countries of the Organization for Economic Co-operation and Development (OECD)
(2010–2019). The analytical processes were primarily performed using robust panel regression
and cluster analysis. One of the most important findings is that innovations in information and
communication technologies (ICTs) were dominant in terms of the effects on tourism visitors’
spending. The results showed that innovations in other areas of infrastructure (general infrastructure, ecological sustainability) should not be neglected either. The significant effects of selected innovation indicators showed positive trajectories. As a result, with the strengthening of innovation
activities, an increase in tourism spending is expected, which may lead to economic development.
It can be assumed that innovation efforts in countries such as Mexico, the Slovak Republic and
Turkey could have great potential for improvement. Based on the results, innovations should be
considered a part of tourism development strategies, while ICTs play an important role in this
issue. It is desirable to support effective tools to increase the number of innovations in tourism.
These innovation efforts at the national level may translate into higher tourism spending, which
appears to be economically beneficial.
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Introduction
Innovation is a fundamental pillar in improving living standards and can affect individuals,
institutions, entire industries, economic sectors and countries in different ways (OECD & Eurostat, 2019). Thus, innovations are extremely important for countries’ economies, not only at
the international level (European Union [EU], Lisbon Strategy, 2020), but also at the regional
level, and their importance is growing with increasing public investment in research, education and support for innovation sectors. The tourism sector, which provides services requiring a certain level of innovative knowledge or skills, is no exception. The changing dynamics
of society put pressure on innovations in tourism and its adaptation to new business models
(Tarí et al., 2020). Innovations disrupt established patterns and tourism is gradually moving
away from the mass form that was typical of the 20th century. The position of supply, which
greatly affected the mass tourism market, was replaced by unstable demand, as the market
was saturated with an increase in the number of destinations. This provides an opportunity
to develop innovative and creative thinking that supports the emergence of attractive tourism destinations and services. Lifestyle change also affects the behaviour of tourism visitors;
therefore, tourism enterprises are looking for ways to meet the needs of an aging, healthier
and wealthier population, which is not looking for the lowest available price, but the best
quality at the best price. At the same time, implementing innovation in the tourism sector is a
challenge especially for small and medium-sized enterprises (SMEs), which are facing efforts
to increase productivity, economies of scale and to improve market position. In particular,
innovations in information technology offer new opportunities, which has led to changes
in the nature of this sector with environmental, socio-cultural, psychological and economic
importance (Gossling, 2017). These aspects have a significant impact on traditional tourism
business models. In this sense, today’s modern innovations have become a crucial tool for
tourism visitors on their trip, and tourism enterprises strive to implement innovations in
their business (Amaro et al., 2016; Xiang et al., 2015). All these facts lead to the assumption
that innovations in selected areas of infrastructure can also be reflected in the spending of
tourism visitors, which plays an important role in tourism characterized as a driving force
of economic growth (Lee & Chang, 2008).
The tourism sector is considered to be very proactive, as evidenced by the development
in the field of information and communication technologies (ICTs), networks, databases,
electronic marketing and others. The whole marketing process of the tourism sector is significantly changing in order to realize the huge potential of ICTs. This also places increased
demands on policy instruments that support innovations without significantly disrupting
with market dynamics. In this context, the role of the government in market regulation processes in the tourism sector remains questionable. In any case, governments should support
the development of innovative enterprises, while cooperation, technologies or better use of
human capital are significant determinants of service innovations (Divisekera & Nguyen,
2018). Small enterprises are very sensitive to competition, which can be an obstacle to their
mutual and beneficial cooperation. According to several international reports, cooperation
between SMEs in tourism is insufficient (European Commission, 2014, 2016, 2019). Therefore, in supporting the development of SMEs, governments should explicitly support inno-
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vative tourism policies in order to achieve synergetic effects of innovations and ensure the
sustainability of tourism. The sustainability of tourism is closely linked to environmental
sustainability (Adedoyin & Bekun, 2020), and the implementation of eco-innovations can
be considered as a differentiating element and a decisive factor for competitiveness in this
sector (Alonso-Almeida et al., 2016). It is the governments of countries that can significantly support environmental sustainability. Topics related to environmental protection and
sustainability will be an increasingly important criterion in the development of regulatory
mechanisms and public policies.
Based on these facts, the issue of innovations and tourism should not be overlooked, as
both elements have great economic value. Given the fast-growing sector and technological
advances, it is necessary to examine this issue not only at the microeconomic level but also
at the macroeconomic level (Buhalis et al., 2019). This was the motivation of this study,
which aimed to assess the significance of the relations between innovations in selected areas
of infrastructure and tourism spending in a sample of developed countries from a macroeconomic point of view. Thus, the presented research enriches knowledge in the area of
innovations in the tourism sector, and the findings provide valuable information for policy
makers and other actors in the tourism sector, as well as for regional strategic and development plan makers.

1. Theoretical background
Tourism is a very important part of the economy (Dogru & Bulut, 2018; Li et al., 2018; Uslu
et al., 2020). This is evidenced by the fact that tourism in the countries of Organisation for
Economic Co-operation and Development (OECD) contributed to gross domestic product
(GDP) by an average of 8.8% in 2019, with a growing trend since 2016 (World Travel &
Tourism Council [WTTC], 2020) and it significantly reflects the national competitiveness
(Ginevicius et al., 2020). For this reason, attention should be paid to those aspects that contribute to the development of tourism, while innovations seem to be of great value. In this
context, Popescu (2018) emphasized the fact that the development of sustainable tourism in
the future will depend, among other aspects, on innovations. Another important factor in
the tourism sector is better general infrastructure (Usmani et al., 2021). Therefore, it can be
stated that countries need to grow in terms of innovations in infrastructure that supports the
tourism sector. Last but not least, environmental aspects need to be taken into account when
addressing tourism development, with sustainable tourism practices and eco-innovations
playing an important role (Adedoyin & Bekun, 2020; Dogru et al., 2020; Kocak et al., 2020).
For these reasons, there is a growing interest in understanding this issue from various
perspectives, while the research community focuses mainly on critical and systematic review
(Gomezelj, 2016; Pikkemaat et al., 2019; Trunfio & Campana, 2019) or on examining the
implementation of innovations in this sector at local, regional, national or destination level
(Gajdosik et al., 2017; Hardy & Aryal, 2020; Hjalager & Flagestad, 2012; Makkonen & Hokkanen, 2013). Another important issue is use of the sharing economy principles in tourism, as
described in the research of Fialova and Vasenska (2020) or Krylov (2019). A very interesting
idea in the tourism sector could be the idea of democratizing innovations by empowering
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customers to take an active part in co-creation activities, which could be reflected in their
stronger behaviour and tourism spending, with the Internet playing an important role in
this process (Fuchs & Schreier, 2011; Grissemann & Stokburger-Sauer, 2012). In this sense,
Buonincontri et al. (2017) used the statistical method of path analysis and they also found a
positive relationship between experience co-creation and the satisfaction of tourism visitors
and their level of spending. As can be seen, innovations in tourism can be used for various
purposes supporting the sector.
In any case, technology readiness and ICT infrastructure are the drivers that are very
important for the tourism sector (Racherla et al., 2008; Oliveira & Martins, 2010). Today’s
smart innovations enable to capture the movement of tourism visitors in time and space.
In this way, it is possible to identify and adapt to their behaviour, which makes it easier for
tourism enterprises to offer their services (Gretzel et al., 2015). These modern innovations
create a smart socio-technical system that is causing substantial change in travel and tourism
(Wang & Xiang, 2012); therefore, it is necessary to convert all tourism resources to smart
tourism resources (Sigala, 2018). It is well known that innovations provide great value for
the development and quality of tourism and it can be expected that the development and
implementation of innovations may support tourism in terms of improving its potential and
opportunities, which may attract more tourism visitors who are willing to spend money in
this sector. For this reason, the issue needs to be addressed not only in terms of tourism enterprises and their innovation efforts, but especially in terms of how innovation efforts affect
tourism visitors and their spending.
Based on the facts mentioned in the previous paragraph, infrastructure innovations may
contribute to the development of tourism. On the other hand, this raises the question of how
infrastructure innovations affect tourism spending. At this point, it is necessary to emphasize
the findings revealed by Ballina et al. (2019), who confirmed that a greater perception of the
usefulness of ICT infrastructure by tourism visitors increases their satisfaction and spending
at the destination. Using the Granger causality test, N. Kumar and R. R. Kumar (2020) also
confirmed that ICTs can cause demand in tourism. In this context, Rehman et al. (2020) also
used Granger causality estimated and revealed a long-term and short-term association between tourism spending and ICT infrastructure in developed countries. In terms of specific
forms of innovation and ICT infrastructure, Neuts et al. (2013) found that virtual tours, as
one of the modern e-services in tourism, have a positive and significant effect on the level
of spending of tourism visitors. On the other hand, these authors also found a negative and
significant effect of e-forums. All these innovations provide travel information, which is very
important in the decision-making of tourism visitors. According to Vietze (2011), who used
ordinary least squares (OLS) multivariate regression analysis, innovations in information
infrastructure (e.g. the Internet) have a significant effect on outbound tourism spending.
From a macroeconomic point of view, the findings of Milicevic et al. (2020) should not go
unnoticed. These authors examined the ICT Development Index and tourism receipts using
a panel regression method and they confirmed the indirect positive effect of ICT use on
tourism receipts, with tourist arrivals being the mediating variable (Milicevic et al., 2020).
Thus, in their study, tourist arrivals and tourism receipts increased with the increasing use
of ICTs. In this regard, innovations can be considered as a competitive advantage in tour-
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ism in countries as well as prices of products and services provided (Dvorsky et al., 2020).
Innovations in infrastructure provide great opportunities for developing and strengthening
tourism (Adeola & Evans, 2020).
Building on the previous facts, efforts to increase tourism spending through innovations
in selected areas of infrastructure can be considered beneficial, as tourism spending is a key
indicator of high economic value (Brida & Scuderi, 2013; Garcia-Sanchez et al., 2013; Usmani
et al., 2021). For this reason, the use of tourism spending is preferred to the use of tourist
arrivals, as this indicator captures the consumption of goods and services in tourism and
the economic effect (Wang & Davidson, 2010; Fredman, 2008). Tourism spending depends
on tourism participation and vice versa (Wu et al., 2013; Yang et al., 2021), and this fact
motivates tourism enterprises to meet the needs of tourism visitors. Uyen (2019) pointed to
the fact that the main motives and preferences for traveling and spending money are leisure,
business and education, while the author considered them to be the drivers of tourism spending. Business tourism is associated with commercial, governmental or educational purposes
and activities in various forms of meetings and events (Dragicevic et al., 2012; Nicula &
Elena, 2014). This type of tourism is less represented among tourism visitors, as evidenced by
the lower average number of total trips, nights and spending (Ibanescu et al., 2018). Leisure
tourism is associated with pleasurable purposes and many activities focused on relaxation,
recreation, adventure, sports participation, knowledge of different cultures and countries, but
also art and music (David-Negre et al., 2018; Venkatesh, 2006). In any case, there are many
determinants of tourism spending (Brida & Scuderi, 2013; Marrocu et al., 2015; Park et al.,
2020; Stefko et al., 2020), and based on the findings in the previous paragraph, innovations
are expected to be one of them.
Based on the above-mentioned findings, it is clear that both infrastructure innovations
in tourism and tourism spending are well examined at the micro-level, with an emphasis on
tourism enterprises and business. However, the macroeconomic perspective is overlooked
and the effects of infrastructure innovations on tourism spending are also unexamined. The
importance of research at the macroeconomic level is underlined by the fact that both elements are of great value to the national economy as a whole. Hence, the presented study
fills this gap and clarifies how innovations in selected areas of infrastructure affect tourism
spending in OECD countries.

2. Methodology
2.1. Research objective and questions
The knowledge base suggests that innovations play an important role in tourism. The findings mentioned in the previous section reveal the assumption that infrastructure innovations
can also support the tourism sector in terms of spending, as innovations help enterprises to
better identify the needs of tourism visitors who are willing to spend money. Based on this,
the primary objective of the presented research was to assess the significance of the relations
between innovations in selected areas of infrastructure and tourism spending in a sample of
developed countries. These countries were members of the OECD, while Columbia was excluded due to its short membership. Thus, 36 OECD countries were involved in the research.
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The following research questions were formulated:
– RQ I: Is there an effect of information and communication technology innovations
on selected indicators of tourism visitors’ spending?
– RQ II: Is there an effect of general infrastructure innovations on selected indicators
of tourism visitors’ spending?
– RQ III: Is there an effect of ecological sustainability innovations on selected indicators
of tourism visitors’ spending?

2.2. Research data
Innovations in selected areas of infrastructure were obtained from the Global Innovation
Index (GII) reports from 2011 to 2020. Information on countries’ innovation activity have
been provided by Cornell University, INSEAD and WIPO (2020a) since 2007, but earlier
published data (2007–2010) in the GII reports were not appropriate for research purposes.
The reason is that earlier editions of the GII reports contain a minimum of countries and
the methodology of compiling the index was still under the process of development in these
years. Therefore, this research includes the GII data published from 2011 (4th edition) and
later. At the same time, it should be noted that these data were assigned to the data on tourism spending with regard to a one-year lag, i.e. the indicators of infrastructure innovations
from 2011 were assigned to the indicators of tourism spending from 2010.
The data on infrastructure innovations consisted of three indicators: information and
communication technologies (ICT), general infrastructure (INF), and ecological sustainability (ECL). Table 1 shows their components. In general, the innovation indicators used in
the research are measured by an index in the theoretical range from 0 to 100, while a higher
value represents a more positive outcome.
Indicators of tourism visitors’ spending (TS) were obtained from the World Travel &
Tourism Council (WTTC, 2020), while the oldest data were from 2010 and the most recent
data were from 2019. These indicators included business tourism spending (BTS), leisure
tourism spending (LTS), domestic tourism spending (DTS) and visitor exports – foreign
spending (VEFS). The WTTC defines them as follows: BTS – tourism spending on business trips of domestic residents and foreign visitors in a country, LTS – tourism spending
of domestic residents and foreign visitors on leisure purposes in a country, DTS – tourism
spending of domestic residents on business and leisure purposes in a country (multi-use
consumer durables are not included due to the fact that they are not purchased only for
tourism purposes, this is in line with total expenditure on domestic tourism), VEFS – tourism spending of foreign visitors on business and leisure purposes in a country, including
transport spending, but excluding international spending on education (WTTC, 2020).
TSxi ×1,000,000,000
POPULATION xi
TSi =
,
PPP gdpi
100

(1)
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Table 1. Description of infrastructure innovation variables
(source: Cornell University, INSEAD & WIPO, 2020b)
Variables

ICT

INF

ECL

Variable description
ICT access (composite index that weights five ICT indicators (20% each)):
1. fixed telephone subscriptions per 100 inhabitants;
2. mobile cellular telephone subscriptions per 100 inhabitants;
3. international Internet bandwidth (bit/s) per Internet user;
4. percentage of households with a computer;
5. percentage of households with Internet access.
ICT use (composite index that weights three ICT indicators (33% each)):
1. percentage of individuals using the Internet;
2. fixed (wired)-broadband Internet subscriptions per 100 inhabitants;
3. active mobile-broadband subscriptions per 100 inhabitants.
Government online service:
The Online Services Index component of the E-Government Development Index is a
composite indicator measuring the use of ICTs by governments in delivering public
services at the national level.
Online e-participation:
The E-Participation Index (EPI) is derived as a supplementary index to the United
Nations E-Government Survey. It extends the dimension of the Survey by focusing
on the government use of online services in providing information to its citizens or
“e-information sharing”, interacting with stakeholders or “e-consultation” and engaging
in decision-making processes or “e-decision making”.
Electricity output:
Electricity output – GWh per mn population
Logistics performance (A multidimensional assessment of logistics performance, the
Logistics Performance Index):
1. the efficiency of customs and border management clearance;
2. the quality of trade and transport infrastructure;
3. the ease of arranging competitively priced shipments;
4. the competence and quality of logistics services;
5. the ability to track and trace consignments;
6. the frequency with which shipments reach consignees within scheduled or expected
delivery times.
Gross capital formation:
Gross capital formation in % of GDP.
GDP per unit of energy use:
GDP per unit of energy use (2010 PPP$ per kg of oil equivalent).
Environmental performance:
The Environmental Performance Index ranks 180 countries on 32 performance indicators
across 11 issue categories covering environmental health and ecosystem vitality.
ISO 14001 environment certificates:
ISO 14001 Environmental management systems – Requirements with guidance for use:
Number of certificates issued (per billion PPP$ GDP).
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The WTTC provides data on tourism spending (TS) in billions of dollars (1,000,000,000
USD) per country, and these indicators were converted per capita in the first step of the
analytical processing. For this purpose, the population of selected countries was obtained
from OECD databases (OECD, 2020). These data were then adjusted (by division) using
purchasing power parity, OECD.Stat – Purchasing Power Parities for GDP per capita Current
PPPs (index for OECD countries, OECD mean = 1).

2.3. Analytical processes
The analyses consisted of regression models within OECD countries (n = 36) and within the
time interval from 2010 to 2019 (T = 10) in all countries. One-way individual pooling model,
one-way individual fixed (within) effect model, one-way individual random effect model:
Swamy-Arora’s transformation (Swamy & Arora, 1972) were applied. The selection (recommendation of preference) of these models was based on the results of the Breusch-Pagan test,
the Wooldridge test (for unobserved individual effects) (Wooldridge, 2010), the Baltagi and
Li one-sided LM test (Baltagi & Li, 1995), the F test for the presence of individual effects
(or time effect), the Hausman test for panel models and the Angrist Newey test (Angrist &
Newey, 1991). Estimates of these regression models were performed using robust estimation. The Pooling model was estimated using the heteroscedasticity-consistent covariance
matrix estimation method, the Arellano method of estimate (Arellano, 1987) was used in
the case of the fixed effect model, while the random effect model was estimated using the
White 2 estimator. In each analysed case, the regression models contained one endogenous
(dependent) variable and one exogenous (independent) variable, indicating simple panel
regression models.
In the first steps of the analyses, a statistical description of the indicators and the links
between them was carried out in order to present and specify the variables. Descriptive analysis included the basic statistical measures (arithmetic mean, standard deviation, trimmed
mean (5%), interquartile range, median absolute deviation, minimum, maximum, skewness,
kurtosis). Correlation analysis was performed using Spearman’s nonparametric coefficient
ρ, subsequently, regression analysis was applied. The final part of the analytical processing
was devoted to the application of cluster analysis performed by the algorithm Partitioning
Around Medoids (PAM) and Manhattan distances (Schubert & Rousseeuw, 2019). The number of clusters was estimated using the silhouette method (Kassambara, 2017).
The programming language R v. 4.0.2 (R Core Team, 2020) was used for this analytical
processing in R Studio – RStudio, Inc., Boston, MA, U.S.

3. Results
This section is divided into three main parts, the first part is devoted to the application of
descriptive analysis followed by correlation analysis and regression analysis representing the
core of the research. The last part is devoted to cluster analysis that is an applied part of the
research.
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Table 2. Mean values for individual countries
ID
AUS

ICT
79.590

INF
49.910

ECL
45.650

BTS
547.344

LTS
2651.458

DTS
2550.984

VEFS
647.818

AUT

71.850

46.160

49.180

579.978

3503.430

2098.137

1985.272

BEL

65.420

45.950

41.010

429.599

1208.417

752.535

885.480

CAN

78.210

57.160

37.740

662.110

1110.189

1382.247

390.052

CZE

53.610

42.700

57.720

274.559

1178.538

600.240

852.858

DEU

77.660

44.600

47.400

616.661

2944.884

3067.307

494.238

DNK

79.130

40.970

54.770

949.994

1504.864

1381.309

1073.549

EST

75.900

41.530

55.010

667.227

2123.440

718.954

2071.712

FIN

78.820

50.850

48.530

787.445

2050.944

2082.332

756.053

FRA

80.730

45.050

46.840

494.489

2049.795

1703.982

840.301

GBR

88.110

38.310

57.330

909.179

1905.993

2319.834

495.337
2182.451

GRC

61.270

25.960

47.020

231.903

3356.294

1405.748

HUN

58.740

32.880

51.610

136.496

1220.837

391.914

965.419

CHE

69.770

47.600

64.120

517.456

2884.631

1938.445

1463.642

CHL

63.500

34.360

41.030

268.642

1444.860

1393.812

319.691

IRL

66.200

39.860

56.110

610.724

1354.304

445.542

1519.486

ISL

68.100

54.680

34.930

1833.719

7018.315

2941.739

5910.285

ISR

75.810

38.040

44.960

330.362

1637.957

951.530

1016.789

ITA

66.450

36.200

61.410

610.951

2487.388

2358.973

739.367

JPN

83.280

46.170

51.070

598.448

1228.505

1616.641

210.310

KOR

90.580

51.500

40.020

180.414

721.938

491.098

411.254

LTU

65.460

27.600

55.020

251.932

900.142

489.907

662.167

LUX

75.310

40.420

47.790

186.153

3725.333

697.658

3213.826

LVA

58.400

32.510

49.600

273.648

1359.095

689.501

943.240

MEX

55.570

31.000

37.070

156.942

2553.490

2390.340

320.090

NDL

86.790

42.460

45.930

435.952

1254.938

880.255

810.636

NOR

78.810

67.140

48.340

583.463

1817.938

1689.357

712.043

NZL

78.560

44.910

42.540

1065.986

4683.470

3556.521

2192.936

POL

59.230

34.420

41.500

179.685

484.195

213.454

450.426

POR

64.300

33.030

50.170

533.558

2890.424

1205.311

2218.675

SPN

75.040

39.980

64.820

372.285

2798.035

1414.807

1755.511

SVK

54.980

33.340

57.260

367.057

887.144

636.976

617.225

SVN

61.880

35.920

49.850

394.689

2235.952

907.752

1722.889

SWE

80.020

56.890

57.250

906.227

1888.788

1730.987

1064.029

TUR

48.770

34.950

37.850

138.509

853.281

451.375

540.414

USA

83.310

49.550

36.650

725.061

1653.842

1939.125

439.779

Note: In each column, the five countries with the lowest mean value are underlined and the five countries with the highest mean value are highlighted in bold.
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Table 2 provides the mean values of the indicators for each country. It is appropriate to
focus on which countries acquired the maximum values within the individual indicators and,
conversely, which countries acquired the minimum values. Subsequently, all these indicators
were examined without classification of countries.
Table 3 shows the statistical characteristics of the indicators. Regarding the indicators
of infrastructure innovations, the ICT indicator acquired a remarkable value of the central
tendency measures (mean: 71.1), while the INF (mean: 42.1) and ICL (mean: 48.7) indicators clearly showed lower values. With a focus on the indicators of tourism spending, the
category of the highest spending was represented by the LTS indicator (mean: 2099.3) and,
conversely, the category of the lowest spending was represented by the BTS indicator (mean:
522.5). The skewness and kurtosis characteristics indicated some deviations from the normal
distribution. As the presented research was mainly based on panel regression models, it was
not necessary to consider it as a problem that could significantly affect the results.
Table 4 shows the results of the correlation analysis using Spearman’s ρ, while the values
of the coefficient ρ are given above the diagonal and the values of p are given below the
diagonal. In general, it can be stated that a significant relationship was confirmed in most
cases. When interpreting the relationships, it is appropriate to take into account the fact that
these are panel data and the internal structure of the panel was not taken into account in the
correlation analysis. The assessment of the properties resulting from the data structure was
the aim of the following analytical part.
Table 3. Descriptive analysis
Var

Mean

SD

Med

Trim

IQR

MAD

Min

Max

Ske

Kurt

ICT
INF
ECL
BTS
LTS
DTS
VEFS

71.1
42.1
48.8
522.5
2099.3
1430.2
1191.5

14.7
11.3
10.1
349.3
1297.3
849.9
1117.8

73.8
41.4
49.2
492.4
1824.1
1368.6
838.1

72.1
41.9
48.6
478.7
1919.6
1353.9
993.9

22.2
15.7
14.7
401.5
1494.2
1342.3
1002.3

16.1
11.6
11.1
298.3
981.3
1000.9
557.9

29.0
15.7
25.1
113.0
454.8
197.5
67.0

94.0
74.8
88.7
2599.2
8863.9
3851.9
8323.0

–0.6
0.2
0.2
2.4
2.1
0.6
3.3

–0.5
–0.2
–0.2
10.5
7.0
–0.4
15.4

Note: Var – variable; Mean – arithmetic mean; SD – standard deviation; Med – median; Trim – trimmed
mean 5%; IQR – interquartile range; MAD – median absolute deviation; Min – minimum; Max – maximum; Ske – skewness; Kurt – kurtosis.
Table 4. Correlation analysis: Spearman’s ρ
Corr ρ
ICT
INF
ECL
BTS
LTS
DTS
VEFS

ICT
<0.001
0.041
<0.001
0.005
<0.001
0.560

INF

ECL

BTS

LTS

DTS

VEFS

0.490

0.108
0.040

0.440
0.467
0.134

0.148
0.122
0.081
0.396

0.323
0.328
–0.050
0.652
0.715

–0.031
–0.004
0.257
0.203
0.609
0.025

0.453
<0.001
0.021
<0.001
–0.943

0.011
0.125
-0.342
<0.001

<0.001
<0.001
<0.001

<0.001
<0.001

0.639
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Table 5. Tests of assumptions of the panel regression model
Model

BP

WUE

BL LM

F CNT

F YER

H F-R

RH

AN

ICT→BTS

16,75†

1.82*

17.03†

78.96†

0.707

5.89**

3.74*

39.69

ICT→LTS

4.73**

2.16**

15.9†

170.37†

0.074

0.045

0.08

32.07

ICT→DTS

2.97*

3.59†

13.37†

604.8†

1.045

1.243

3.47*

69.74

ICT→VEFS

9,17***

1.76*

16.98†

89.93†

0.599

1.454

1.86

21.18

INF→BTS

69.68†

2.12**

17.22†

65.49†

2.75***

712.489†

7.94***

148.13†

INF→LTS

39.44†

2.31**

16.41†

130.9†

0.591

0.634

0.54

138.99†

INF→DTS

0.61

3.62†

14.56†

454.03†

1.366

2.516

6.41**

71.99

INF→VEFS

74.66†

1.82*

17.18†

76.37†

0.51

0.049

0.04

151.49†

ECL→BTS

62.38†

2.2**

16.98†

81.72†

0.637

0.38

0.19

33.67

ECL→LTS

67.41†

2.25**

16.09†

138.33†

0.763

1.114

0.54

40.59

ECL→DTS

7.87***

3.8†

14.36†

502.34†

0.363

0.491

0.69

54.1

ECL→VEFS

91.784†

1.77*

16.88†

79.12†

0.652

0.596

0.26

39.28

Note: * – p-value < 0.1; ** – p-value < 0.05; *** – p-value < 0.01; † – p-value < 0.001; BP – Breusch-Pagan test; WUE – Wooldridge’s test for unobserved individual effects; BL LM – Baltagi-Li one-sided LM
test; F CNT – F test for the presence of individual effects within countries; F YER – F test for the presence of individual effects within years; H F-R – Hausman (fixed–random) test; RH – Regression-based
Hausman test; AN – Angrist and Newey’s test.

Table 5 provides the results of the tests of model specifics, and this output supports a
selection of methods, the results of which are shown in Table 6. In the first step, a test evaluating the constant variability of residues was applied, i.e. the Breusch-Pagan test of heteroscedasticity. The output of this test showed the presence of significant heteroscedasticity in most
of the analysed cases. The significant heteroscedasticity was not confirmed at a significance
level lower than 0.05 in two cases (ICT→DTS = 2.97*; INF→DTS = 0.61). Serial correlation
was evaluated using Wooldridge’s unobserved effects test and the Baltagi-Li one-sided LM
test, while a significant result can be clearly observed in all of the analysed cases. Based on
this, it is possible to speak of a significant serial correlation in all cases. Thus, it was reasonable to prefer a robust estimate of the assumed effects. The F test for countries clearly
confirmed the effects in all cases, and therefore a panel model was preferred over a model
that does not take into account the effects. The opposite situation is evident in the output of
the F test for years, in which the significance of the effects of years occurred only in one case
(INF→BTS = 2.75***). Due to the low occurrence of time effects, only countries were taken
into account in the panel model for model uniformity. The sixth and seventh columns show
the outputs of the Hausman test and its robust version, as this test tends to favour the fixed
model in the case of heteroscedastic data. However, based on the outputs of these tests, it was
possible to recommend a fixed model before a random model only in two cases (INF→BTS;
INF→DTS). In the last column, Angrist and Newey’s test of fixed model restriction revealed
a significant result in several cases, but also in INF→BTS, in which the result of the Hausman
test recommended a fixed model. Based on the result of Angrist and Newey’s test, a preference for a random model was more appropriate in this case. Overall, the random model
preference was recommended as the most appropriate model in all but one case (INF→DTS).
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Table 6. Regression analysis outputs
Model
(R2)
ICT→BTS
(.12; .12, .11)
ICT→LTS
(.02; .23, .21)
ICT→DTS
(.10; .26, .24)
ICT→VEFS
(.01; .14, .13)
INF→BTS
(.16; .01, .01)
INF→LTS
(.02; .01, .01)
INF→DTS
(.09; .01, .01)
INF→VEFS
(.01; .01, .01)
ECO→BTS
(.01; .02, .02)
ECO→LTS
(.01; .04, .04)
ECO→DTS
(.01; .02, .02)
ECO→VEFS
(.01; .02, .03)

Pooling [SE]vcov
β
α
β
α
β
α
β
α
β
α
β
α
β
α
β
α
β
α
β
α
β
α
β
α

8.38†[4.70–12.06]
–73.32[–313.51–166.87]
12.80*[–2.09–27.69]
1189.39**[108.81–2269.98]
17.99***[6.14–29.85]
151.1[–687.11–989.32]
3.19[–7.08 13.45]
964.97***[242.84 1687.11]
12.56***[4.62 20.51]
–6.14[–292.06 279.77]
17.33[–16.23–50.89]
1370.15**[98.51–2641.79]
22.09***[7.60–36.58]
500.97[–143.96–1145.89]
7.81[–22.47–38.08]
863.04 [–240.01–1966.09]
–0.15 [–10.74–10.45]
529.64* [–57.98–1117.27]
6.57[–46.48–33.33]
2419.77** [188.22–4651.32]
–6.11[–27.57–15.34]
1728.2***[576.95–2879.49]
–0.61***[–35.33–34.11]
1221.19 [–737.62–3180.00]

Fixed [SE]arellano

Random [SE]white

3.91† [2.78–5.04]
244.56†[113.64–375.48]
15.43† [12.22–18.63]
15.46† [6.39–24.53]
1002.49† [833.70–1577.82]
5.82†[4.70–6.94]
5.78† [3.07–8.49]
1016.44†[742.18–1290.70]
13.24† [9.53–16.95]
13.47** [2.70–24.24]
250.48 [–196.26–697.22]
1.88** [0.44–3.31]
1.40** [0.22–2.58]
443.57† [341.88–545.26]
5.35*** [1.31–9.39]
5.11† [2.43–7.79]
1874.22† [1441.61–2306.83]
1.79**[0.18–3.40]
1.67**[0.20–3.14]
1354.82†[1084.26–1625.39]
4.94** [0.50–9.38]
4.84*** [1.76–7.93]
983.70† [613.12–1354.29]
2.59*** [0.78–4.41]
2.68* [–0.34–5.70]
395.96† [242.92–548.99]
10.32† [4.85–15.80]
10.63** [1.72–19.53]
1595.92† [1077.34–2114.51]
2.77*** [0.74–4.79]
2.81** [0.08–5.54]
1295.35† [998.50–1592.21]
10.16† [4.17–16.14]
10.49** [0.19–20.80]
696.28*** [199.37–1193.19]
3.79** [0.57–7.01]

Note: * – p-value < 0.1; ** – p-value < 0.05; *** – p-value < 0.01; † – p-value < 0.001; SE – standard
error; vcov – Robust estimation; arellano – Arellano estimator; white – White 2 estimator.

Table 6 presents the outputs of the panel regression models, while a fixed model and a
random model should be preferred as panel methods. It is clear that the significance of the
effects was confirmed in the vast majority of the analysed cases. According to Table 5, the
fixed model should be preferred for INF→BTS (β = 1.67**), which showed a significant effect.
In the other analysed cases, the random model was recommended and the significance (α =
5%) was confirmed. In all these cases, the positive β coefficients are evident, which can be
interpreted as meaning that with an increase in infrastructure innovations, an increase in
tourism visitors’ spending can also be expected. This fact can be considered positive from
an economic point of view. Based on the outputs of the coefficient of determination (R2),
information and communication technologies (ICT) can be seen as the area of infrastructure
innovations, in which the effect of efforts would be greatest.
In the last analytical part of this section, the cluster analysis included the selected indicators of tourism spending and infrastructure innovations of individual OECD countries,
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which were adjusted by the arithmetic mean for all years and, subsequently, standardized
from 0 to 1, with 1 representing a more positive result. Due to the presence of outliers, the
PAM algorithm was considered the most appropriate algorithm and it was used for clustering. The silhouette method applied to determine the optimal number of clusters recommended two clusters for infrastructure innovation indicators, four clusters for tourism spending
indicators, and two clusters for the link between infrastructure innovations and tourism
spending. With regard to this link and its clusters, the inputs consisted of the mean values
of the indicators of infrastructure innovations (ICT, INF, ECL) and tourism spending (BTS,
DTS, LTS, VEFS) after the above-mentioned standardization, while these inputs were again
adjusted by the mean. This process created two new variables, infrastructure innovations
mean (INFS) and tourism spending mean (TS), which were included in the cluster analysis.
Tourism spending clusters

Dim2 (20.7%)

2

Cluster

1

1
2
3
4

0
–1
–2
–7.5

–5.0

–2.5

0

2.5

Dim1 (69.7%)
Infrastructure clusters

Dim2 (33.3%)

2
1

Cluster

0

1
2

–1
–2
–2

–1

0

1

2

Dim1 (54.1%)
Infrastructure and tourism spending clusters
4
2

Cluster

TS

1
2

0
–2
–2

–1

0

1

2

INFS

Figure 1. Cluster map for (1) infrastructure innovation indicators; (2) tourism spending indicators;
(3) the link between infrastructure innovation and tourism spending indicators
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Figure 1 shows the analysed countries in individual clusters in terms of the dimension of
infrastructure innovations, tourism visitors’ spending and the link between these indicators
(the characteristics linking the mentioned indicators). When interpreting clusters, it is appropriate to take into account the mean values for individual countries, which are given in Table 2.
With a focus on the first part of the figure (INFRASTRUCTURE Clusters), the countries in
the first cluster can be evaluated more positively than the countries in the second cluster.
Based on the output in the second part of the figure (TOURISM SPENDING Clusters), the
fourth cluster, which consists of only one country (Iceland), can be considered the most
positive, on the other hand, the lowest acquired values were found in the third cluster. The
last part of this figure (INFRASTRUCTURE and TOURISM SPENDING Clusters) shows
two clusters, and it can be observed that the countries in the second cluster acquired more
negative values. Countries represent their position based on the value of TS and INF, and
the higher the value, the more positive the result. The second cluster also includes Iceland,
which showed very high spending of tourism visitors during the analysed period, but this
country lagged behind in terms of infrastructure innovations.

4. Discussion
In general, it can be stated that both innovations and tourism are of great economic importance. This fact indicates the importance of research in this issue. Therefore, the objective of
this study was to assess the relations between innovations in selected areas of infrastructure
and tourism spending in a sample of developed countries. The research revealed interesting
findings, which are discussed in this section with many international studies.
The findings from the descriptive analysis indicate that OECD countries achieved a relatively high level of ICTs during the analysed period. This fact is considered to be very positive, as information and communication technologies contribute to economic growth in the
short and long term (Kurniawati, 2020), and this encourages investment in infrastructure
innovations. Also, ICTs enable participation in co-creation, which is also positively associated
with the level of tourism spending (Buonincontri et al., 2017; Fuchs & Schreier, 2011; Grissemann & Stokburger-Sauer, 2012). On the other hand, OECD countries achieved remarkably
lower levels in areas such as general infrastructure (INF) and ecological sustainability (ECL).
In these areas, it was possible to observe results belonging to the lower half of the theoretical
range of values. These findings revealed the weakness of the analysed developed countries,
as general infrastructure is an important element for tourism development and economic
growth (Usmani et al., 2021). Also, the literature emphasizes the role of eco-innovations
and green environment in terms of sustainability, while the tourism sector is no exception
(Adedoyin & Bekun, 2020; Dogru et al., 2020; Pikkemaat et al., 2019). Alonso-Almeida et al.
(2016) also pointed to the limited development of eco-innovations in tourism and together
with our findings, this could motivate countries to proceed a change.
In terms of tourism spending, the highest value was found in the case of leisure tourism
spending (LTS), on the contrary, the lowest level was found in the case of business tourism
spending (BTS). This result was to be expected, as business tourism is a specific form of
tourism that includes specific travel purposes (Dragicevic et al., 2012; Nicula & Elena, 2014),
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which corresponds to a lower number of total trips, nights and spending compared to leisure
purposes (Ibanescu et al., 2018). On the other hand, leisure tourism includes many opportunities to spend money (David-Negre et al., 2018; Venkatesh, 2006). These aspects play an
important role in explaining our findings.
With a focus on the mean values of selected indicators within OECD countries, the highest values of the ICT indicator were found in countries such as Korea, the Netherlands and
the United Kingdom. Regarding the INF indicator, Norway, Canada and Sweden showed
higher mean values among the analysed countries. In the last area of infrastructure innovation, represented by the ECL indicator, higher values could be assigned to countries such as
Spain, Switzerland and Italy. From the opposite point of view, Turkey, the Czech Republic and
the Slovak Republic showed the lowest mean values of the ICT indicator among the analysed
countries. In the case of the INF indicator, the lowest values were found in Greece, Lithuania
and Mexico, while countries such as Iceland, the United States and again Mexico showed the
lowest mean values in the ECL indicator. In terms of tourism spending represented by the
four indicators, countries such as Iceland, New Zealand and Denmark showed the highest
values in the BTS indicator, while Iceland, New Zealand and Luxembourg also dominated
in the LTS indicator. Similar findings were revealed for the DTS indicator, in which New
Zealand, Germany and Iceland had the highest mean values of domestic tourism spending.
Regarding the VEFS indicator, the highest values were found in countries such as Iceland,
Luxemburg and Portugal. On the other hand, the lowest values of the BTS indicator could be
assigned to countries such as Hungary, Turkey and Mexico. In the case of the LTS indicator,
Poland, Korea and again Turkey showed the lowest mean values among the analysed countries. Finally, the lowest values in the DTS indicator were shown by Poland, Hungary and
Ireland, and countries such as Japan, Chile and Mexico had the lowest values in the VEFS
indicator. In general, countries with lower values should be considered as countries with great
potential for improvement.
The output of the correlation analysis performed using Spearman’s ρ revealed significant
relationships in most of the analysed cases. Therefore, it is possible to confirm the relationship between innovations in selected areas of infrastructure and tourism spending. The highest rate of relationship with the ICT indicator was observed for the BTS and DTS indicators,
while a moderate to substantial rate was confirmed in both cases. Very similar findings were
revealed in the case of relationship with the INF indicator. A moderate to substantial rate
of relationship between the ECL indicator and the VEFS indicator was also confirmed. The
relationship between innovations in selected areas of infrastructure and tourism spending
in developed countries was also confirmed by Rehman et al. (2020), who revealed both
long-term and short-term associations. All these facts indicate great opportunities for the
development and strengthening of tourism and confirm an important role of innovations in
selected areas of infrastructure in this sector (Adeola & Evans, 2020).
The significance of the effects was examined using robust panel models. Based on several
tests, the fixed model and the random model were preferred to the pooling model, and the
use of these models can be recommended in statistical procedures of a similar type. After
comparing the models, it seems that ignoring the effects could lead to erroneous conclusions.
One of the most important findings is the fact that the significant and positive effects of
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innovations in selected areas of infrastructure on tourism spending were confirmed in the
vast majority of the analysed cases. Therefore, it can be concluded that with an increase in
infrastructure innovations, an increase in tourism visitors’ spending can also be expected.
Information and communication technologies (ICTs) can be considered as the area of infrastructure innovations with the greatest effect. From a macroeconomic point of view, this is
in line with the findings of Vietze (2011), who revealed that this type of information infrastructure has a significant effect on outbound tourism spending. Our finding also agrees with
the findings of other studies with a microeconomic perspective, while Ballina et al. (2019)
found that a greater perception of the usefulness of ICTs by tourism visitors increases their
spending. Subsequently, Neuts et al. (2013) revealed that virtual tours as one of the modern e-services associated with ICT infrastructure in tourism have a positive and significant
effect on the level of spending of tourism visitors. In this context, Ardielli (2020) said that
participation at the local level is very important as it contributes to the implementation of
the concept of Smart Cities.
The output of the cluster analysis revealed the need to pay increased attention to infrastructure innovations in countries such as Mexico, Turkey, Poland, Hungary, the Slovak
Republic, but also Lithuania and the Czech Republic. In general, efforts in this area are likely
to increase tourism visitors’ spending. Special attention should be paid to countries such as
Mexico, the Slovak Republic or Turkey, which achieved lower values in the ICT indicator,
but also lower tourism spending. This indicates great potential for improvement in these
countries. As the results show, these suffering economies are recommended to improve their
ICT infrastructure in order to increase tourism spending as well as to develop their tourism
(Racherla et al., 2008). At the same time, the development of ICT infrastructure would contribute to their long-term economic growth (Nair et al., 2020).
In terms of innovation potential, the tourism sector faces a major challenge, as there are
many areas for improvement. The findings suggest that innovations should be considered
a part of tourism development strategies, while ICTs play an important role in the issue.
Policy-makers should not overlook these facts, and it is desirable to focus on effective tools
and encourage efforts to increase the number of innovations in tourism. The innovation
efforts at the national level may translate into higher tourism spending, which appears to be
economically beneficial. At present, this issue is even more important, as tourism is severely
affected by the coronavirus disease 2019 (COVID-19) pandemic. The COVID-19 pandemic
is currently a major challenge for tourism development, while people tend to reduce their
spending on tourism during a crisis (Eugenio-Martin & Campos-Soria, 2014). For this reason, it is necessary to look for effective ways to revitalize tourism, and innovations appear to
be one of them. It is appropriate to focus on infrastructure innovations that are attractive to
tourism visitors and offer many opportunities to spend money. At a time of travel restrictions,
it is appropriate to focus on virtual tourism, in which ICTs play an important role.
The use of ICTs will be a major area for change and innovation in the tourism sector.
Building active partnerships and strengthening regional, national and international cooperation is an important recommendation for countries in the context of the results of the
analyses. The dynamics of the competitive environment and the processes of globalization
create new and more flexible frameworks for cooperation and the need for new models in
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the tourism systems of countries. Innovation in tourism will increasingly depend on networks and cooperation. Therefore, it will be necessary to develop active regional cooperation
networks that will have greater potential for the implementation of innovative processes in
tourism, as well as for the competitive advantages of countries.
At present, eco-innovation in tourism is gaining attention. It is an approach in which environmental and climate policies are pursued. The level of implementation of eco-innovation
varies from country to country, with differences due to several factors, such as resources and
support framework. In EU countries, the provision of support for eco-innovation is largely
focused on the segment of small and medium-sized enterprises (e.g. Mura, 2020). In the
future, this can have a major effect on the transition to environmental sustainability with
benefits for innovative enterprises in terms of gaining new customers, entering new markets,
attracting new investments and increasing profitability. Eco-innovation does not place such
a strong emphasis on the uniqueness of solutions, but the environmental aspect is a key
criterion. In addition, enterprises that use eco-innovation have a greater advantage due to
ever-tightening regulatory standards. Several studies show that investing in “green” SMEs,
which operate in the field of innovative technologies from an environmental point of view,
generates above-average profits, creates jobs and mitigates the impact on the environment
(OECD, 2013; EU, 2019; Eco-innovation Observatory, 2016). These aspects provide a platform for further research and for the development of international research collaborations
that will place emphasis on sustainable tourism and environmental sustainability.
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Conclusions
The presented research has shown that examining the relations between infrastructure innovations and tourism visitors’ spending at the macroeconomic level is beneficial. This issue
brings many interesting findings that can be applied in practice in order to increase the
economic prosperity of countries as a whole. The objective of the presented research was to
assess the significance of the relations between innovations in selected areas of infrastructure and tourism spending in a sample of developed countries. This objective was achieved
in three parts of the analytical processes, which consisted of descriptive analysis, regression
analysis, and cluster analysis. The main results showed that innovations in selected areas of
infrastructure play an important role in the tourism sector, due to the fact that innovation
efforts can also be reflected in the development of tourism in terms of expected spending.
In general, it can be concluded that infrastructure innovations have an effect on tourism
visitors’ spending. One of the most important findings is the fact that ICT infrastructure is an
area, in which the effect of innovation efforts would be greatest in terms of tourism spending.
The findings also showed that general infrastructure and ecological sustainability should
not be neglected either. The positive and significant effects revealed in the research indicate
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that with the strengthening of innovation activities in the analysed infrastructure areas, an
increase in tourism spending can be expected. Based on these findings, it was possible to
answer all three research questions in the affirmative.
Tourism is often seen as a sector with a lower level of innovations compared to the manufacturing sector, therefore it is necessary to design effective tools to improve this situation,
as innovations can significantly support the development of tourism. Based on this, tourism
faces a major challenge in fulfilling its innovation potential, and there are many areas for
improvement in terms of infrastructure innovations, ICTs and eco-innovations. In particular,
the development of ICTs offers many opportunities in this issue, as information and communication technologies make a major contribution to innovation processes. For these reasons,
it is strongly recommended that policy makers focus on innovations in their tourism development strategies. Innovation efforts at the national level may translate into higher tourism
spending, which appears to be economically beneficial. Accordingly, decision-makers should
strongly support ICT infrastructure and implement measures to support general infrastructure with an emphasis on the green environment, while technologies, general innovations
and eco-innovations play an important role. At the same time, the attention of policy makers
should be focused on improving the education system and supporting science and research
in this issue.
Last but not least, policy makers should motivate tourism enterprises and tourism destinations in their innovative behaviour and ensure easy access to innovation processes. Tourism enterprises, as drivers of innovations in this sector, should look at innovation from a
strategic point of view. The new opportunities offered by innovations in tourism are a key
aspect of achieving a competitive advantage. It is also necessary to take into account the dynamic changes in tourism and in customer preferences, while innovations in ICT infrastructure can help management follow these changes and adapt to them in order to achieve higher
profits, as higher tourism spending means higher tourism receipts. In this context, it may be
necessary for managers to facilitate the successful implementation of innovative processes,
in which traditional tourism resources are transformed into innovative tourism resources.
One of the potential limitations that was identified in the presented research is that the
infrastructure innovations have been assessed based on their sub-index, which consist of
data of third parties, therefore there is a certain time mismatch in data collection. Another
limitation arises from the calculation aspect, meaning that in two models, a significant effect
was observed within the analysed years. However, in terms of the composition of the overall structure of the calculations, the effect of years was not taken into account. A potential
limitation is also the fact that the results can be generalized only to countries with a higher
level of development, as OECD countries were included in the research. The future research
activities will be carried out mainly in the field of ICT infrastructure and the sample will
include countries with a lower level of development.
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Notations
Abbreviations
AUS – Australia,
AUT – Austria,
BEL – Belgium,
CAN – Canada,
CHE – Switzerland,
CHL – Chile,
CZE – Czech Republic,
DEU – Germany,
DNK – Denmark,
ESP – Spain,
EST – Estonia,
FIN – Finland,

FRA – France,
GBR – United Kingdom,
GRC – Greece,
HUN – Hungary,
IRL – Ireland,
ISL – Iceland,
ISR – Israel,
ITA – Italy,
JPN – Japan,
KOR – Korea,
LTU – Lithuania,
LUX – Luxembourg,

LVA – Latvia,
MEX – Mexico,
NDL – Netherlands,
NOR – Norway,
NZL – New Zealand,
POL – Poland,
POR – Portugal,
SVK – Slovak Republic,
SVN – Slovenia,
SWE – Sweden,
TUR – Turkey,
USA – United States.
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