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Abstract : Tourism has become an information-intensive business that heavily relies on ICT to provide information and conduct
transactions for consumers of touristic products and services. Thus, ICT infrastructure would play a major role in the development of
the tourism sector. This paper aims to investigate the threshold effect of ICT infrastructure on tourism sector development in top10
African tourism destinations including ; Botswana, Egypt, Kenya, Morocco, Namibia, Rwanda, South Africa, Tanzania, Tunisia,
Uganda. To do so, a double panel threshold regression model utilized over the period 2004 to 2017. The empirical results revealed a
new perspective that there is a double-threshold effect of ICT infrastructure on the development of tourism sector, indicating a nonlinear effect of ICT infrastructure on the development of tourism sector in top 10 African tourism destinations. More specifically, the
empirical results reveal that ICT infrastructure weakly and positively derives the number of intentional tourism arrivals and
international tourist receipts when the level of ICT infrastructure is less or equal to the first threshold, while it strongly and positively
derives the number of intentional tourism arrivals and international tourist when the level of ICT infrastructure is less or equal to the
first and second thresholds. Thus, this paper provides important implications for policy makers, in that maximizing the benefits from
information technology in developing tourism sector can be achieved when its level between certain critical threshold values.
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* * * * * *
INTRODUCTION
Tourism is one of the fastest growing sectors in the global economy. According to the World Travel and Tourism Council,
(WTTC), the tourism sector accounted for 8.8 trillion dollars (10.4%) of the total global gross domestic product (GDP) in
2018. Moreover, the contribution the sector makes to global GDP was 1.7 times higher than the mining sector, 1.5 times
higher than banking and automotive manufacturing, and 1.4 times higher than agriculture. Africa is particularly significant to
the tourism market with its tourism sector, founded on cultural and historical attractions, being considered one of the essential
pillars of African economies (Butler and Rogerson, 2016; Okupe et al., 2018). The tourism sector in Africa has become one of
the most significant contributors to economic growth as it comprises 8.5% of total GDP. Tourism is a fast growing sector in
Africa with a growth rate of 5.6% in 2018, second only to Automotive manufacturing with 7.1%. It is also fourth in terms of
job creation with 24.3 million employees in tourism, which accounts for 6.7% of total employment (WTTC, 2018).
Considering this data, it can be concluded that tourism has the potential to meaningfully accelerate Africa’s economic
development. More specifically, it can be seen that in countries that contain a top 10 tourist destinations, the tourism sector is
one of the leading sectors in their economies. Statistic, (2018), the tourist sector accounts for nearly 25 million Pules (12.6%)
to Botswanan GDP, 496.4 billion (9.3%) to Egyptian GDP, 137.8 billion Dirhams (11.7%) to Moroccan GDP, 806.3 billion
Kenyan Shillings (8.2%) to Kenyan GDP, 28.610 million Namibian dollars (14.7%) to Namibian GDP, 354.9 billion South
African Rand (7%) to South African GDP, 922 billion Rwandan Franc (10.2%), 5.141.1 billion Tanzanian Shillings (10.7%)
to GDP, 15.761 million Tunisian dinars (13.9%) to GDP, 6.622 billion Ugandan Shillings (5.6%) to GDP. In addition, the
tourism industry provides millions of jobs and thereby reduces unemployment rates, with 10% of the world's workers being
employed in the tourism sector. According to the WTTC, in 2019 tourism sector provides 92.3 thousand jobs in Botswana,
2.490 million jobs in Egypt, 1.336 million jobs in Morocco, 1.579 million jobs in Kenya, 114.6 thousand jobs in Namibia,1.483
million jobs in South Africa, 331.2 thousand jobs in Rwanda, 1.550 million jobs in Tanzania, 373.5 thousand jobs in Tunisia,
and 536.6 thousand jobs in Uganda. Despite this, the development of this sector in African countries is still at remarkably low
levels compared to other regions. For example, in 2018, the number of international tourist arrivals was only 47.6 million in
Africa, compared to 519.5 million and 320.2 million in European Union and Asia and pacific countries respectively.
Information and communication technology (ICT) infrastructure plays a major role in the development of the tourism
sector through its influence on tourism firms’ operations and performances. The spread and advisement of ICT infrastructure
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offer instruments that facilitate the construction of new tourism businesses and the restructuring of existing one (Buhalis, 1998,
2003). Also, the spread and advisement of ICT infrastructure can reshape and change the nature of tourist firms' products,
processes, businesses and competition (Buhalis, 1998; Law and Jogaratnam 2005). Furthermore, ICT provides several
strategies that tourism firms can benefit from, namely: creating barriers to entry; making provided products and services more
distinguishable; reducing products’ distribution channels; improving pricing competition abilities; diminishing product supply
costs and facilitating supply products; as well as, increasing cost efficiency. Therefore, the adoption of advanced ICT enhances
tourism firms’ growth opportunities through reducing information asymmetry and agency costs (Chen et al., 2018). Given that
tourism firms' performance and ICT infrastructure are closely connected, tourism firms have been encouraged to adopt the
right ICT infrastructure to efficiently direct and manage their operations in order to help them provide competitive prices and
thereby enhance their performance (Madhukar and Sharma, 2019), and consequently develop the tourism sector as a whole.
The improvement of ITC infrastructure also contributes to developing the tourism sector by providing tourists, and
tourism-related businesses with necessary information and appropriate applications. In this vine, the internet, computer,
and mobile technologies provide current and potential tourists with quick, direct and cheap information on destinations
such as touristic landmarks, economic stance, security position, accommodation, transport, and any other related
information. As a result, the number of incoming tourists coming would increase and thereby improve the development
of the sector. In addition, advanced ICT offers tourism applications that have enabled tourists to plan all transacti ons
related to their programs online, including booking tickets and hotels, travel insurance and other related transactions
(Tan et al.,2017; Law et al.,2018). For example, mobile technology through mobile devices enhance transactions and
provides guides on tourism transactions (Ukpabi and Karjaluoto, 2017), where 60% of global smart phone users
download travel apps onto their devices with 45% of them using these apps regularly to plan transactions related to their
touristic programs (Good Work Labs, 2016). As a result, tourism applications not only deliver appropriate advantages in
terms of easy cancellations, modified offers, a secure payment platform, planning and research but they also deliver
other advantages that save time and costs, such as comparative pricing and access to the best offers at lower prices
(Madhukar and Sharma, 2019). Furthermore, utilizing advanced ICT infrastructure, in particular the internet, increases
the online presence of a tourist destination, making it competitive in the global market by providing online applications
that facilitate the work of tourist agencies and other related tourism businesses (Adeola and Evans, 2020).
This would efficiently promote domestic tourism in the global market, increasing the demand for tourism services
and eventually enhance the sector's development. The deployment of mobile technology has fundamentally transformed
what tourism is offering. In light of the above, tourism has become an information-intensive business that relies on ICT
to provide information and conduct transactions for consumers of touristic products and services via internationally
available applications (Gretzel et al., 2015). Thus, it is not surprising that ICT infrastructure has played an important
role in developing the tourism sector (Gössling, 2021). For example, leading online travel companies like Booking
Holdings and the Expedia Group made worldwide revenues of 15.07 billion and 12.07 billion US dollars respectively in
2019 (Statistics, 2019). Empirical evidence by Adeola, and Evans (2020), found that the increase of ICT by 1 unit leads
to increasing tourism demand by 1.5 units. This indicates that the higher scale of ICT, the greater the number of tourist
arrivals, implying that ICT significantly improves the level of the tourism sector.
Although, African countries have sought to adopt advanced ICT due to its potential to ameliorate tourism sector
development (Ukpabi and Karjaluoto, 2017; Ankomah and Larson, 2019), The spared of ICT across the African
continent had only increased in the late 2000s and early 2010s, (Ponelis and Holmner, 2015). It was only in the
beginning of 2000s, that the internet became more commonplace in African households (Beda, 2019). In particular, the
individual use of the internet in top 10 Africa countries have gradually progressed over the first decade of millennium
(See the graph below). For example, the percentage of individual using the internet per hundred inhabitants in Botswana
was 3.3% in 2004, 6% in 2010, and substantially reached to 47% in 2017, in Egypt this figure was 11.9% in 2004,
21.6% in 2010, and remarkably increased to 44.95% in 2017, in Kenya was 3.02% in 2004, 7.20% in 2010,and modestly
increased to 17.8% in 2017 comparatively to Botswana and Egypt, in Morocco was 11.16% in 2004, increasing to 52%
in 2010, and 61.76% in 2017 (International Telecommunication Union’s World indicator, Statistics, 2017).
Nevertheless, the level of African countries’ ICT infrastructure in particular is still lower comparatively to their
counterparts in developed countries. For example, individuals using the internet in developed countries is substantially
higher, in the USA, for example, the figure was 64.67% in 2004, 71.69% in 2010, and substantially reached to 87.27%
in 2017, in France was 39.15%,77.28% in 2010, and 80.50% in 2017 (International Telecommunication Union’s, World
indicator, Statistics, 2017). Moreover, the level of development in ICT infrastructure in African countries have not
reached the desired level to meaningfully affect competitiveness of the regions' tourism sector (Wamboy et al., 2020),
which in turn may influence the level of tourism sector development in those countries. Based on above this study
proposes that the relationship between ICT infrastructure and tourism development in Africa is non-linear and there by
attempts to answer the following question: what is the threshold for ICT infrastructure to meaningfully contribute to the
development of the tourism sector in the 10 top African destinations? In investigating this area, this paper aims to
empirically investigate the threshold effect of ICT infrastructure on tourism sector development by focusing specifically
on Botswana, Egypt, Kenya, Namibia, Morocco, Rwanda, South Africa, Tanzania, Tunisia, Uganda during the period
2004-2017. Understanding the effect of ICT infrastructure including Internet usage by individuals, fixed broadband
subscriptions, and broadband Internet connection via home computer in those countries will help tourism industry policy
makers design policies, strategies, and programs that could maximize the benefits from that develop the tourism sector.
The effect of ICT infrastructure on developing tourism sector has not fully and empirically been investigated.
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The only study that has empirically studied the effect ICT infrastructure on tourism sector development carried out
by Adeola, and Evans, (2020) which focused on the effect of ICT infrastructure on the number of intentional tourist
arrivals in African countries. Thus, this paper contributes to literature in two main ways. First, it expands the literature’s
scope on the effect of ICT infrastructure on tourism sector development by investigating the threshold effect of ICT
infrastructure on tourism sector development in top 10 African tourism destinations Second, this paper will provide
comprehensive empirical evidence on the relationship between ICT infrastructure and the development of tourism sector
by including the effect of ICT infrastructure on international tourist arrivals and international tourism r eceipts.
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Figure 1. Individual use of internet as percentage
luxury destinations for Slovenian tourists.
of population in top 10 African destinations
Also, Martins and Ferreira-Lopes,
(2017) examined the effect of economic activity on tourism demand. They found that the World's GDP per capita, is the
driving force among the macroeconomic variables that stimulates the number of international tourist arrivals. In the
same way, Shahbaz et al., (2017) confirmed that GDP per capita in Malaysia stimulates tourism demand by increasing
the number of international tourist arrivals and international tourism receipts. More recently, Rasool et al. (2021)
investigated the relationship between tourism development and economic growth in BRICS countries and concluded that
international tourism receipts per capita and economic growth are co-integrated and have long relationship.
Also, they found out a bi-directional causal relationship between international tourism receipt per capita and
economic growth which therefore back up both the tourism-led growth hypothesis, and the economic-driven tourism
growth hypothesis. Consequently, tourism sector is not only the driving force for economic growth, but the economic
growth itself can contribute in developing tourism sector in BRICS countries.
2.2. Effect of exchange rate on tourism sector development
Another standard of literature have concentrated on the effect of exchange rate on tourism development as one of the
most important factors influencing tourism industry, as it directly affects tourism companies' costs and revenues.
Changes in foreign exchange can lead potential travelers to change their destinations or reduce the length of the
holidays, both of which result in revenue loss to the host country’s economies (Webber, 2001). However, the empirical
studies have not reached to the same conclusion on the effect of exchange rate on tourism demand. Some studies have
found out positive effect, negative effects, others found no effect. For example, Surugiu et al. (2011), Vita et al. (2013),
Khoshnevis et al. (2017), showed that exchange rate had a negative impact on the international tourism demand in the
case of Romania, Turkey, and the USA respectively. However, Quadri and Zheng (2010) analyzed the relationship
between exchange rates and international arrivals of 19 host countries in the case of Italy.
The impacts only had the statistical significance in 8 countries, while exchange rates were found to be irrelevant with
international tourist arrivals in eleven of the nineteen countries. Martins et al., (2017) indicated that the decline in the
nominal exchange rate of the origin country against the tourist destination country could increase tourism demand by
tourists from the origin country’s as long as the level of prices in the tourist destination country relatively lesser than
those in tourist origin country. Contrary, if the level of prices in the tourist destination country is higher than the origin
country, the more likely it is for the number of tourists coming from the origin country to the tourist destination to the
tourist destination country to decrease. Tung (2019) argued that devaluation of domestic currency has positive effect on
the number of foreign tourists to Vietnam indicating that as the Dong exchange rate against the USA dollar increase,
foreign tourists look for to other touristic destinations causing a decline in the number of foreign tourists coming to
Vietnam. Sharma et al. (2019) also, found that number of foreign tourist arrivals in India is negatively affected by
exchange rates in both the long and short-term, with greater impact in the short-term.
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2.3. Effect of inflation on tourism sector development
Several studies have paid attention to the effect of inflation on tourism development. In this aspect (Salman, 2003; Lim,
2004; Dritsakis, 2004; Toh et al., 2006). Indicated that as the level of prices increase, the number of international tourist arrivals
declines, indicating that inflation has a negative impact on the development of tourism sector. Saayman, and Saayman (2015)
showed how tourist expenditure by international tourists in South Africa response to relative price in origin destinations as well
as in competitor destinations. Results indicated the elasticity of tourist expenditure by tourists in South Africa with respect to
relative price of origin destinations (Australia, Brazil, France, Germany, India, Netherlands, UK, and USA, was inelastic expect
for Netherland. Therefore, tourist expenditure decrease by less than the increase in the relative price expect for Netherland.
Furthermore, the substitute price elasticity was positive indicating that tourism destinations including Botswana, Kenya and
Tanzania, are considered as international tourism destination substitutes to South Africa. Therefore, if prices in South Africa
increases relatively to those destinations, the tourist spending in South Africa may declines, with more tourists spending money
in alternative destinations. Finally, Martins and Ferreira-Lopes, (2017) pointed out that a decline of relative domestic prices do
help boost tourism demand as measured by the number of international tourist arrivals, but relative prices become more
important in affecting tourism demand when the international tourist expenditures is employed as the proxy for tourism demand.
2.4. Effect of financial development on tourism sector development
A limited number of studies have considered the role of financial development in deriving tourism sector development. For
example, with a focus on India, Ohlan (2017), found that there is a long-term link between tourism and various financial
development. Shahbaz et al. (2017) highlight that the Granger causality test shows bi-directional causation between financial
development and tourism. They also, found that there is also a long-term link with the development of the tourism sector
(foreign tourist arrivals and tourist receipts). Furthermore, they indicated that financial development positively affects tourist
development in the long-term. Katircioglu et al. (2018) confirmed the existence of a long-term association between financial
and tourist development, which can be attributed to the pecking order theory: better financial and market conditions will attract
tourism entrepreneurship because firms will be able to use more capital instead of being forced to use leveraging.
Yenisehirlioglu and Bayat (2019) investigated whether there is a causal relationship between tourism development and
financial development in the MENA countries. They found out a unidirectional causal relationship running from financial
development to tourism development in Jordan and Tunisia. Whereas, in Sudan and Morocco a unidirectional causal
relationship was found from tourism development to financial development. In addition, Musakwa, and Odhiambo, (2020)
investigated the causal link between financial development and tourism development in South Africa. They pointed out that
the causal link between the two depends on the proxy being used for financial development. In the sense that a unidirectional
causality link was existed in the short and the long- run from tourism development to financial development when broad
money was employed to represent financial development. Whereas, a bidirectional causal link was found between them in
the short -run, but a unidirectional causal link from financial development to tourism development was found to in the longrun when the domestic credit provided by financial sector was used to account for financial development.
2. Effect of ICT infrastructure on tourism sector development
A number of studies have indicated that ICT plays an important role in influencing the development of the tourism
industry. Ma et al., (2003) examined how the development of ICT, particularly the internet, have transformed the
Chinese tourism industry. They indicated that despite the development of ICT in China, Chinese business had not seen
as much benefit as had been expected from the internet. Most tourism-related businesses in China still conduct their
operations in traditional way with little application of an information network. Also, Bethapudi, (2013) and Firoiu and
Croitoru (2013), point out that ICT has an essential role in developing and expanding the tourism industry's activities as
ICT facilitates reaching tourism products and services by targeting customers across the globe, especially after the
emergence of web technologies via mobile computers. All studies on the impact of ICT on the tourism industry have
empirically ignored the effect of ICT on tourism development. The one exception to this is Adeola and Evans (2020),
who found that ICT positively influences the number of intentional tourist arrivals in Africa. This paper seeks to expand
the existing literature on this perspective by investigating the threshold effect of ICT infrastructure on tourism industry's
development by focusing on the top 10 African tourism destinations. Moreover, Kumar and Kumar, (2020) studied the
association between ICT infrastructure and tourism demand in major tourist destinations namely; China, France,
Germany, Italy, Mexico, Russia, Spain, the United Kingdom, and the United States. They indicated that mobile
subscriptions and broadband positively and strongly derive international tourist arrivals in both short and long-runs.
DATA AND METHODOLOGY
1. Data
As mentioned above, this paper investigates the effect of ITC infrastructure on the development of the tourism sector in
related to the top 10 African tourism destinations. To achieve this, yearly data covering the period from 2004 to 2017 will be
employed. The start and end point for data duration was chosen based on the availability of data, with the 2004 starting date
the result of the fact that some ITC infrastructure proxies, namely fixed broadband subscriptions (per 100 people), have been
available in all countries since 2004. In the same way, the end date of 2017 was due to the availability of data related to
dependent variables until this year. For example, data on international tourist arrivals, and international tourism receipts in
Kenya and Botswana are available until 2017. Also, data on some independent variables, like the number of individuals using
the Internet (% of population) are available up to 2017 in Botswana, Kenya, Namibia, South Africa, Rwanda, and Uganda.
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2. Dependent variables
The dependent variable in this study is the development of the tourism sector which is represented by two indicators,
namely, international tourist arrivals (
) and international tourism receipts (
) since the World Tourism
Organization (UNWTO) considers these two indicators as important in gauging tourism development (Koçak et al.,
2020). Furthermore, previous studies (e.g. Lee and Brahmasrene, 2013; Naradda Gamage et al., 2017) have concentrated
on these as proxies for development in the sector, and they took them into account to represent the sector's development.
Data on
and
was taken from World Bank data.
3. Independent variables
The key independent variable in this study is ICT infrastructure in the African countries that were the top 10 most
popular destinations for tourists in the period 2004-2017. Existing literature (e.g.Toader et al., 2018; Bahrini and Qaffas,
2019) has used different proxies for ICT, including mobile cellular subscriptions per 100 people (
), the number of
fixed telephone subscriptions per 100 people (
), the individual use of internet as percentage of population (
) ,and
the number of fixed broadband subscriptions per 100 people (
). However, those proxies are at most highly correlated,
as is shown in Table (1), and hence using them all or some of them in one model will rise multicollinearity problem. The
influence of control variables on the tourism sector's development will also be taken into account following previous
studies by including; gross domestic product (
), inflation rate presented by the growth rate of consumer price index (
),
real exchange rate (
) computed as nominal exchange rate (country inflation rate)/ the USA inflation rate), banking sector's
development is proxied by credit to the private sector (
). Data on ICT infrastructure, as well as, data on macroeconomic
variables were obtained from the World Bank's database. To overcome the multicollinearity problem related to
, and
, an index of ICT infrastructure
is constructed based on
,and
employing principle component analyses following (Adeola and Evans, 2020). Therefore, in this study the 10 most popular
African tourist destinations represent the ICT infrastructure variable. Table (2) shows the principal component analysis results
where the first principal component account for 71.8% of the variation, while the second, third and fourth explain only
16.6%,7.9%, and, 3.7% of the variation respectively. Consequently, the first principal component is the best representative of
that constructed from
, and
.Table (3) shows each variable statistical descriptions.
Table 1. Correlation matrix among independent variables
Correlation

1
-0.013
0.215
0.111
-0.163
0.398
0.568
0.482

1
0.551
-0.460
0.602
0.434
0.533
0.535

1
-0.290
0.440
0.312
0.377
0.385

1
-0.614
-0.637
-0.379
-0.283

1
0.781 1
0.719 0.687 1
0.663 0.826 0.781 1

Table 2. Principal component analysis for
PCA 1 PCA 2
PCA 4 PCA 4
Eigenvalues
2.87
0.664
0.316
0.148
% of variance 0.718
0.166
0.079
0.037
Cumulative
0.718
0.884
0.963
1
Variables
Vector 1 Vector 2 Vector 3 Vector 4
0.518
-0.191
0.769
0.318
0.391
0.917
0.004
-0.074
0.531
-0.180
-0.626
0.541
0.543
-0.299
-0.125
-0.077
Note: PCA: principal component analysis; Vector: Eigenvectors

4. Methodology
This study proposes that the impact of ICT infrastructure on the tourism sector, in terms of the top 10 African tourist
destinations, may be non-linear. In the sense that, African countries have devoted their efforts to adopt advanced ICT to
ameliorate the level of tourism sector development (Ukpabi and Karjaluoto, 2017). Also, the spread of ICT across the African
continent had only begun in the late 2000s, and increased in early 2010s (Ponelis and Holmner, 2015 and Beda, 2019).
Therefore, this study suggests that ICT infrastructure has different impacts on the development of the tourism sector through
the influence of different critical values of ICT infrastructure on development of the tourism sector. In other words, this study
employs on threshold regression model in providing empirical evidence on the impact of certain values of ICT infrastructure
ICT infrastructure on tourism sector development. More specifically, this study utilizes a panel threshold regression model
(Hansen, 1999) using yearly data during the period 2004-2017 following Liu, and Fan (2020). In this paper, the panel
threshold regression model implies that the response of the tourism sector to ICT infrastructure change is different under
different ICT infrastructure levels. For example, when the ICT infrastructure exceeds a critical value, the sign or the magnitude
of the ICT infrastructure coefficient significantly changes and thereby, the benefits from ICT infrastructure can be maximized
in order to improve the level of tourism sector's development. The panel threshold model (Hansen, 1999) is set as follows:
+

(

≤ γ) +

(

(1)

This study utilizes a panel threshold model to estimate equation (1) based on the variables explained above. Therefore, if a
single panel threshold model is used, the equation (1) needs to be rewritten in the following way:
+
(
≤ )+
(
(2)
While, if a double panel threshold model is used, the equation (1) needs to be rewritten as follows:
+

(

≤

)+

(

≤

)+
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Where:
is the dependent variable which represented by international tourist arrivals (ITA) and, international tourism
receipts (
),
is the constant term,
is a set of control variables including; gross domistic product (GDP), consumer
price index (
), Real exchange rate (
), credit to the private sector (
),
is the main independent variable
represented by information thechnology infrastructure index
,
signifies the threshold variable which is
information thechnology infrastructure index
, γ is the threshold value to be computed, ,
are the first and
second threshold variables respectively to be estimated, represents the error term, (.) is the indicative function, that takes the
value of 1 if the conditions in the parentheses are correct and 0 if the conditions in the parentheses are not established , ,
are the variables’ coefficients to be estimated for each variable, represents the country, and stands for years.
Variable

Table 3. Variables descriptive statistics
Mean
Std. Dev
Min
Max
Obs.
106.27
31.097
50.335
231.094 140
47.47
40.119
7.107
160.124 140
8.61E+10 1.16E+10 3.54E+09 4.26E+11 140
479.198
856.116
1.232
3692.242 140
3.41E+09 3.47E+09 4.40E+07 1.36E+10 140
4050919 3807881
421000 1.41E+07 140
73.748
43.156
1.581
163.875 140
5.508
4.476
0.102
14.883
140
1.173
1.551
0.001
7.012
140
0.787
1
-0.755
3.764
140
Table 4. Threshold effect test
Test for threshold effect
of
based on

Type of
F-value P-value
1%
5%
10%
threshold model
Single threshold
15.256*** 0.145 14.365 12.254 11.968
model
Double threshold
20.234*** 0.000 15.123 12.365
9.235
model
Triple-threshold
0.125
0.958
0.265
0.221
0.187
model
Test for threshold effect
of
based on
F-value P-value
1%
5%
10%
Single threshold
***
10.136
0.165
9.369
8.357
8.985
model
Double threshold
35.236*** 0.000 25.358 21.369 19.968
model
Triple-threshold
0.000
0.145
0.010
0.047
0.087
model
Note: *, **, *** indicate the coefficient that are significant
at 1%, 5%, 10% levels respectively
Table 5. Threshold value estimates

Threshold value
( )
( )

Threshold value
( )
( )

Estimating threshold value of
based on
95% Confident intervals
(0.392,0.410)
0.401
(1.452,1.501)
1.512
Estimating threshold value of
based on
95% Confident intervals
(0.332,0.361)
0.359
(1.412,1.453)
1.442

Figure 2. The study's methodology
Table 6. Threshold regression model results
Variables
Model 4
Constant
0.501
-0.988*
0.358**
0.994**
-1.135***
≤ 0.251
0.052*
0.251 <
≤ 1.412
1.298***
> 1.412
1.987
test
95.145***
2
68.451%
Obs.
140
Variables
Model 5
Constant
0.189
-1.205***
0.712
0.662**
-1.458***
≤ 0.299
0.078*
0.299<
≤ 1.463
0.741***
> 1.463
0.914
test
83.1259***
2
55.101%
Obs.
140
Note: Model 4,and model 5represent the effect of
on
and
respectively,*, **, *** indicate that coefficient that
are significant at 1%, 5%, 10% levels respectively

EMPIRICAL ANALYSIS
1 Testing and estimating threshold values
The adoption of double panel threshold model or a single panel threshold model depends on the statistical significance
of the number of threshold values being estimated. This study attempts to test for a double threshold model, and thereby
the model (3) can be rewritten and estimated as follows:
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+
(

(

≤

) +

≤

(

) +

(4)

+

(
(

≤

) +

(

≤

) +

(5)

Where:
is international tourist arrivals,
is international tourism receipts ,
is the constant term, gross
domistic product ,
consumer price index ,
is Real exchange rate,
is credit to the private sector,
information thechnology infrastructure index,
signifies the threshold variable which is information thechnology
infrastructure index ,
, ,
are the first and second threshold variables respectively to be estimated,
represents the error term, (.) is the indicative function, that takes the value of 1 if the conditions in the parentheses
are correct and 0 if the conditions in the parentheses are not established ,
, ,
,
,
,
,
are the
variables’ coefficients to be estimated for each variable, represents the country, and stands for years.
Models 4 and 5 estimated by repeating data 500 times utilizing a bootstrap method to estimate the F and p-value.
Based on model (4) and (5) there are three scenarios: the first scenario when neither the first threshold nor the second
threshold are statically significant implying that the model has no thresholds; the second scenario when model has one
threshold if is statically significance and is not, the third scenario is the model has two thresholds if both
and
are statically significant. Table (3) shows the number of threshold values for the threshold models of
and
as
per of
. Results indicate that information thechnology infrastructure index
has two threshold values for
both
and
threshold models since the p-value of both single threshold (
and the double threshold (
are
significant at the 1 % level of significance. After confirming existence of two threshold values (
), those two
threshold values should be estimated based on the number of thresholds.
Table 5 shows the estimated threshold value results. According to the estimated threshold values shown in Table 5,
model (4) and model (5) are classified into three segments. The first segment is when the level of threshold variable is
lower than the first threshold value. The second segment is when the level of threshold variable is higher than the first
threshold value but lower than the second threshold value. The third segment is when the level of threshold variable is
higher than the second. After confirming the existence of two threshold values, the relation between the threshold effect
of the ICT infrastructure and tourism sector development must be examined by regressing
first on
and
second on
. Thereafter, the different impacts of the two threshold values of
on
and
must be
compared to determine the economic meaning of those threshold values.
2. The threshold regression results
This study aims to investigate the threshold effect of ICT infrastructure on the tourism sector's development in the
top 10 African tourism destinations utilizing double panel threshold model that employs as the threshold variable.
Results of double panel threshold model are displayed in Table 6 based on model 4 and model 5 which indicate that the
effect of ICT infrastructure on the tourism sector's development in the top 10 African tourism destinations is not the
same and varies according to the threshold values. Therefore, the relationship between, and is non-linear and the benefits
of ICT infrastructure can be maximized to develop the tourism sector in the destinations mentioned.
This result is in accordance with Adeola and Evans, (2019) who indicated that the effect of mobile penetration,
internet usage on tourism development is non-linear in African countries. More specifically, they pointed out that mobile
penetration and internet usage significantly and negatively derive the number of international tourist arrivals only to a
certain point, after which they significantly and positively influence international tourist arrivals. Model 4 in Table 6 is
dedicated to investigate the threshold effect of ICT infrastructure on
in top 10 African tourism destinations.
According to Table 6 when the level of
is equal or lower than the first threshold value (
≤ 0.251),
the
has significantly marginal and weaker positive effect on
. This result implies that when the level of
is lower than the first threshold value, the tourism destinations cannot effectively maximize the benefits from
investing in ICT infrastructure to enhance the number of international tourist arrivals. In other words, when the level of
is too low,the response of
to
changes has not been in the desired level, and thereby supporting and
leading role of ICT infrastructure has not been fully mobilized to develop the touristic sector in destinations analyzed.
However, When the level of
is higher than the first threshold value but lower than the second threshold value
(0.251 <
≤ 1.412), the
has the dominant impact on
and also, the impact of
on
remains
significantly positive but the magnitude effect has remarkably and strongly increased.
This implies that the tourism destinations can maximized the benefits from ICT infrastructure to effectively improve
the level of their development by increasing investment in this area. However, when the level of
is above the
second threshold (
> 1.412), the effect of
on
is no longer positively and strongly significant,
indicating that
level of the majority of the top 10 African destinations have not yet reached the level above
1.412. In this regard, the level of
in destinations like Botswana, Kenya, South Africa, Tanzania, Rwanda
Namibia, and Uganda has reached an upper limit of 1.006, 0.386, 1.260, 0.144, 0.636 ,1.008, and 0.606 respectively.
However, the level of
has exceeded the level of 1.412 only in three destinations namely, Egypt, Morocco, and
Tunisia with
level of 2.741, 1.741 and 3.764 respectively. This result is in line with Liu and Fan, (2020) pointed
out that the effect of international technology spillovers on China's economic growth is nonlinear, that is, when
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international technology factors are between the two threshold values, the benefits from international technology
spillovers in enhancing China's economic growth are maximized. In the same way, the effect of ICT infrastructure on
is non-linear and varies according to the level of ICT infrastructure. Table 6 shows that
responses differently to
changes in
levels, where the response shifts from weakly negative into strongly positive as the level of
increases. More specifically, when the level of
is equal or lower than the first threshold value (
≤
0.299), the
positively and weakly response to ICT infrastructure.
This result implies that when the level of
is lower 0.229, the tourism destinations cannot enhance the
magnitude of international tourism receipts because at this level of
the tourism destinations cannot effectively
maximize the benefits from investing in ICT infrastructure to enhance the number of international tourist arrivals.
Whereas, when the level of
is higher than the first threshold value but lower than the second threshold value
(0.299 <
≤ 1.463), the
remarkably an strongly responses to
, indicating that top 10 African
destinations can maximize the benefits from ICT infrastructure to increases the magnitude of
.
However, when the level of
is above the second threshold (
> 1.463), the response of
to
is relatively higher but not statistically significant, indicating that
level of the majority of the top 10
African destinations have not yet reached the level above 1.463. Therfore, tourism destinations must enhance the
magnitude of investment in ICT infrastructure to enhance the magnitude of international tourist receipts.
It is noteworthy that
is remarkably and substantially affected by the level of inflation and exchange rate not by
the magnitude of ICT infrastructure as
. This may due to the fact that tourism expenditure is more likely to be highly
affected by the level of prices represented by the level of inflation and exchange rate reflecting that
is highly
affected by the level of inflation and exchange rate. In this aspect, Saayman and Saayman, (2015) indicated that if the
level of prices in the origin destination (South Africa) increases relatively to alternative destinations (Botswana, Kenya,
Tanzania) the tourist spending in origin destination declines, with more tourists spending money in alternative
destinations. Consequently,
tends to substantially decreases in response to inflation level changes.
CONCLUSION
In this paper, we propose a double panel threshold model to investigate whether ICT infrastructure has had a
threshold effect on tourism sector development in top 10 African tourism destinations during the period 2004 to
2017.The results show the ICT infrastructure has had a threshold effect on tourism sector development in top 10 African
countries signifying that this effect of ICT infrastructure on tourism sector development is non-linear and varies
according to the level of ICT infrastructure. More specifically, when the
level is employed as a threshold
variable, the response of both
and
to changes in
shift from weakly positive into strongly positive
response as the level of
increases, indicating that ICT infrastructure has a non-linear consistent effect on both
measures of tourism sector development in Top 10 tourism destinations. In particular, (1) when
level is below
0.251, the
will have a positive weak effect on
. When the level of
is higher than 0.215, but lower
than 1.412, the positive weak effect of the
on tourism development will be turn out to a strong positive effect.
When the level of
is higher than 1.412, the
will be irrelevant on
. This conclusion indicates that the
ICT infrastructure is not conducive to
in countries with low ICT infrastructure levels. On the contrary, in countries
with high ICT infrastructure levels will increase
. (2) On the same way,
has the same pattern response to
as
did but different in the magnitude. When
level is below0.299, the
will have a positive
weak response on
. When the level of
is higher than 0.299, but lower than 1.463,
will have a
positive strong response to
but this response is not as strong as the response of
to
.
When the level of
is higher than 1.463, the
will not have a significant response to
. This indicates
that the ICT infrastructure is not conducive to
in countries with low ICT infrastructure levels. On the contrary, ICT
infrastructure in countries with high ICT infrastructure levels will enhance
. To sum up, the level ICT infrastructure is
an important factor that results in developing the truism sector in the top10 African tourism destinations when ICT
infrastructure reaches to a certain level. In the sense that, when the ICT infrastructure is at lower level (lower threshold),
the top10 African tourism destinations can hardly improve their tourism sector development. Whereas, when the level of
ICT infrastructure is between the threshold values, the top10 African tourism destinations can effectively and substantially
enhance their presence and become more competitive in international tourism market leading to increase the demand for
tourism services and eventually enhance tourism sector development. In other words, the top 10 African tourism
destinations can maximize the benefits of information technology only when its level between the two thresholds.
The results of this study shed the light on important policy implications. Because ICT infrastructure has shown a
positive and strong relationship with tourism development only when the level of ICT infrastructure reaches a certain
threshold given that many African destinations have begun to enhance the level of investment in ICT infrastructure
sectors. Therefore, African policymakers in tourism industry need to consider ICT infrastructure trends to ensure that the
potential benefits from ICT infrastructure are fully maximized to improve tourism sector. Based on the above research
conclusions, the threshold of ICT infrastructure to fully maximize the befits from ICT infrastructure in developing
tourism sector is relatively low in the majority of top 10 African countries expect for Egypt, Morocco and Tunisia. The
lack of ICT infrastructure contribution in developing tourism sector in most of the African destinations can be attributed
to lower penetration of the technology and lack of ICT skill. Therefore, countries with lower ICT infrastructure should
encourage R&D investment in ICT sectors, speed up communication constructions, provide high-speed internet
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facilities, reduce the cost of internet to be affordable by individuals and tourism enterprises, and pay attention to ICT
infrastructure development. The findings also, have implications for academics researches by opening up new views on
the relationship between ICT infrastructure and tourism sector development in emerging markets. Therefore, future
researches are encouraged to further investigate in the effect of ICT infrastructure on tourism development in emerging
and advanced markets under different threshold of financial development, country stability, and institutional quality.
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