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Abstract- In this paper, we employed an innovative method, called 

a quantile mediation analysis, which combines a quantile 

regression and mediation analysis to examine the impact of 

tourism development on economic growth whether through 

export growth or not from 1990 to 2018 in Taiwan. The result of 

the traditional ordinary least square approach shows that 

Taiwan’s tourism development affects economic growth through 

the full mediation effect of export growth for the period of 1990-

2018 and there is no direct relation from tourism development to 

economic growth. Moreover, the results of this innovative 

analysis indicate that Taiwan’s tourism development also affects 

economic growth through the full mediation effect of export 

growth at below 0.6 distributions of economic growth, but at 

above 0.6 distributions of economic growth, there exist direct and 

partially indirect effect from tourism development to economic 

growth. From the results, we suggest that Taiwan’s government 

should focus on the export growth if she wants to promote 

Taiwan’s economic growth when the economy is in a recession, 

not focus on tourism development. 
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1.Introduction 

Whether tourism development promotes economic growth is 
still the controversial issue among scholars and policy makers.  
In the tourism research area, many empirical results indicated 
that tourism development and economic growth exists causal 
relationship in several nations [1]-[11]. For example, [1] 
showed that there is a long run equilibrium relationship 
between tourism development and economic growth. They 
conducted a standard Granger causality test and showed that 
there is one-way causal relationship between tourism 
development and economic growth with Spanish data. Their 
empirical results support the tourism-led growth hypothesis. [3] 
employed the leveraged bootstrap causality to examine the 
impact of tourism on the Turkey economy and also support the 

tourism-led growth hypothesis.  However, using data of South 
Korea and developing countries, [7] and [8] found that by 
using the co-integration analysis, there is no long-run 
relationship between tourism receipts and economic growth in 
South Korea and developing countries. On the other hand, [2] 
and [9] found a bi-directional relationship between tourism 
expansion and economic development.  

Furthermore, using the panel data for 55 counties, [10] 
indicated that there are causal relationships between tourism 
development and economic growth for Organization for 
Economic Co-operation and Development (OECD) countries 
and for non-OECD countries including those in Asia, Latin 
America and Sub-Sahara African countries for the period from 
1990 to 2002. [11] also used the threshold regression for 88 
countries to examine the relationship between tourism 
development and economic growth, and found that tourism 
development does not necessarily bring about economic 
growth under certain conditions.   

To summarize, we found that increase in tourism 
development may or may not promote the economic growth. 
Moreover, according to [12], tourism may have many 
beneficial effects, but it also generates some social and 
environmental costs, and opportunity cost that are normally 
overlooked. Therefore, whether or not the development of 
tourism strengthens the economy will depend on whether the 
benefits outweigh the negative impacts on tourism. In other 
words, whether the development of tourism has a positive 
impact on economic growth is still debatable. On the other 
hand, the above empirical studies overlooked one of the key 
factors, export growth, which affects economic growth. 
According to [13]-[15] empirical studies, they found that there 
existed the causal relationship between export growth and 
economic growth. [16] examine the long-run relationship 
among tourism, trade, and growth in Cyprus and showed that 
tourism, trade and real income growth are co-integrated; 
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therefore, there is a long-run equilibrium relationship among 
these three variables.  

The purpose of this paper is to investigate either if there is 
the direct relationship from tourism development to economic 
growth in Taiwan, or there is the indirect relationship from 
tourism development to economic growth through export 
growth in Taiwan, or if there exist both an indirect and 
indirect relationship. Moreover, in this study we employed an 
innovative methodology proposed by [17], which is totally 
different from the past research studies and called a quantile 
mediation analysis. This innovative method combines a 
quantile regression, which is more robust [18] and [19] 
because it estimates the median and the full range of other 
conditions, rather than ordinary least squares (OLS) regression 
to estimate mean, proposed by [20] and mediation analysis 
proposed by [21] to investigate the dynamic short-run causal 
impact of tourism development on economic growth across 
different conditional economic growth from 1990 to 2018 in 
Taiwan. The remainder of this paper is simply organized as 
follows. Section 2 describes research methodology. Section 3 
explains data collection and results from empirical analysis. In 
section 4, we present the concluding discussion and further 
comments. 

 
2. Research Methodology 

 

2.1 Quantile Regression: Various Studies 

A quantile regression is a statistical technique intended to 
estimate, and conduct inference about conditional quantile 
function. [20] proposed the quantile regression approach as an 
alternative to least squares regression in a wide range of 
applications. This approach takes into consideration the 
skewness of the distribution and gives a more complete picture 
of the way performance is affected by the various independent 
variables. This technique was further developed by [18] and 
[19]. Recently, the quantile regression has been receiving 
much attention for theoretical as well as empirical work, on a 
wide range of issues in economics. For example, [22] 
examined the evolution of the returns to education in Portugal 
during the 1980s and early 1990s by using OLS and quantile 
regression estimators. [23] used quantile regression methods 
to consider the issue of income convergence and the effects of 
policy variables on the conditional distribution of GDP growth 
rates. [24] used it for estimating gender wage differentials in 
Philippines. [25] used it for estimating economic volatility and 
returns to education in Venezuela. [26] used it for an analysis 
of the wage premium associated with technological change. 
[27] employed Quantile regression for an analysis the 
important aspect of parametric differences across high-growth 
and low-growth countries. 
 

2.2 An Introduction of a Quantile Regression  

A quantile regression which was introduced by Koenker 
and Bassett [18] offered a mechanism for estimating models 
for the conditional median function, and the full range of other 
conditional quantile functions. Whereas the method of 
ordinary least-squares regression results in estimates that 

approximate the conditional mean of the response variable, 
given certain values of the predictor variables, quantile 
regression results in estimates approximating either the 
median or other quantiles of the response variable. By 
supplementing the estimation of conditional mean functions 
with techniques for estimating an entire family of conditional 
quantile functions, quantile regression is capable of providing 
a more complete statistical analysis of the stochastic 
relationships among random variables. 

According to [19], a quantile regression is used when an 
estimate of the various quantile of a population is desired. One 
advantage of using quantile regression to estimate the median 
and the full range of other conditions, rather than ordinary 
least squares regression to estimate mean, is that a quantile 
regression will be more robust in response to large outliers. 
Like the least absolute deviations, the quantile regression 
objective function is a weighted sum of absolute deviations, 
which gives a robust measure of location, so that the estimated 
coefficient vector is not sensitive to outlier observations on the 
dependent variable. In addition, it also provides a more 
efficient approach than the least square method when the error 
term is non-normal. 

A quantile regression can be seen as a natural analogue in 
regression analysis to the practice of using different measures 
of central tendency and statistical dispersion to obtain a more 
comprehensive and robust analysis. Another advantage to 
quantile regression is the fact that any quantile can be 
estimated.  

According to [20] method, we let  Ttyt ...,2,1,   be 

a random sample on the regression process ttt xuy  , 

having conditional distribution function XYF  y = 

 yYF t  =  tt xyF  , where  Ttxt ...,2,1,   
denote a sequence of (row) k-vectors of a known design 
matrix. The θth regression quantile,  XYQ , is between 0 
and 1, given any θ to obtain the estimate β in order to get the 
weighted sum of absolute value of the error term is the 
minimum value for equation (1) 
 

     


tttt xyxy 1min              (1)                  

 tt XYt :                tt XYt :                           
Equation (1) is the weighted sum of absolute values 

consists of two parts, if the observation value is greater than or 
equal to the estimate, the weight is θ, or if the observation 
value is less than the estimate, the weight is 1-θ. The resulting 
solution to equation (1) is denoted as  , from which we 

obtain the θth conditional quantile  XYQ = x . In this 

paper, the dependent variable, ty , is the yearly real gross 

domestic product (GDP) and the independent variables, tx , 
include the yearly international tourism real receipts (TOUR) 
and the yearly total amounts of the exports (EXPO) which are 
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considered to the important variable which affects the 
economic growth in many empirical studies [13]-[15]. 
 

2.3 Meditation Analysis on Economic Growth 

 

We can use mediation analysis to investigate the causality 
from tourism development to economic growth through export 
growth and the direct relation between tourism development 
and economic growth in equations 2 to 4. The most common 
approach to examine mediation effect is the causal steps 
proposed by [21]. According to [21], they establish the 
following regression equations relating the independent 
variable, mediator variable, and dependent variable: 

 
GROW  = b0 + b1 TOUR +   e1                                    (2) 
EXPO = c0 + c1 TOUR + e2                                         (3) 
GROW = d0 + d1 TOUR + d2 EXPO+ e3                     (4) 
 

Here, the tourism development (TOUR) is measured as the 
yearly international tourism real receipts and EXPO is the 
yearly total amounts of the exports. Economic growth (GROW) 
is measured as the real Gross Domestic Product. Technically, 
ei, i=1,2,3 is the stochastic error term. Meditation analysis on 
export growth processes are as following: 

Step 1: The independent variable TOUR needs to relate to 
the dependent variable GROW, such that b1 in Equation 2 is 
significant. This condition is used to establish that there is a 
direct relationship between TOUR and GROW to be mediated.  

Step 2: The independent variable TOUR needs to relate to 
the mediator variable EXPO, such that c1 in Equation 3 is 
significant. This condition establishes the first stage of the 
mediated effect.  

Step 3: The mediator variable EXPO should relate to the 
dependent variable GROW, such that d2 in Equation 4 is 
significant. This condition establishes the second stage of the 
mediated effect.  

Step 4: The independent variable TOUR should no longer 
relate to the dependent variable GROW after the mediator 
variable EXPO is controlled, such that d1 in Equation 4 is not 
significant. This condition shows that the relationship between 
TOUR and GROW examined under the first condition 
disappears when the mediated effect transmitted through 
EXPO is considered.  

Satisfying all four steps provides evidence for complete 
mediation, whereas satisfying the first three steps indicates 
partial mediation if d1 in Equation 4 is still significant and is 
smaller than b1 in Equation 2. 

 
2.4 A Quantile Meditation Analysis 

An innovative method, proposed by [17], combines a 
meditation analysis and quantile regression which substitute 
equation 1 into equations 2 to 4, can be described to equations 
5 to 7. This analysis provides a useful supplement to the 
standard constant-parameter regression estimate (only one b or 
c or d) for studying all possible parameters (for all quantiles) 
vary across high dependent variable and low dependent 
variable. This novel method also leads to a more dynamic and 

complete understanding of what might really lie behind the 
stories of great effect or non-effect for tourism development 
on economic growth.  The quantile regression minimizes a 
weighted sum of the positive and negative error terms in 
equations 5 to7. 

 



tTOUR
1

-0-tGROW1
tTOUR

1
-0-tGROWmin

bb

bb
b




                 (5)  

 



tTOUR
1

-0-tEXPO1  
tTOUR

1
-0-tEXPOmin

cc

cc
c




                            (6) 

  

 

tEXPO
2tTOUR

1
-0-tGROW1 

tEXPO
2tTOUR

1
-0-tGROWmin

ddd

ddd
d




                 (7) 

Then we use the above four steps in section 2.3 meditation 
analysis on economic growth to examine if there is the direct 
relationship from tourism development to economic growth in 
Taiwan, or there is the indirect relationship from tourism 
development to economic growth through export growth in 
Taiwan, or if there exist both an indirect and indirect 
relationship in equation (5) to (7). 
 
3. Empirical Results 

 
This study uses annual Taiwan data that covers the period 

1990-2018. The data of the real gross domestic product, the 
real receipts of international tourism and the total amount of 
exports were taken from the Taiwan Economic Journal. All 
variables are in logarithmic form (standardized values). 

Before estimating equations 2 to 4 or 5 to 7, we employed 
the Augmented Dickey–Fuller (ADF) unit root test to examine 
the null hypothesis that a unit root is present in a time series 
and to determine the order of integration of these three 
variables. Table 1 display the unit root test results in levels 
and first differences with trend and intercept. The results show 
that we cannot reject the null hypothesis of the unit root for 
three variables in levels because p value is greater than 0.05. 
However, we reject the null hypothesis of a unit root at the 1% 
significant level or better for the first- value difference of 
these three variables since p value is smaller than 0.01. Based 
on the results from the ADF test, these three data series 
integrated of order one. 

 
Table 1 Results from the Augmented Dickey–Fuller Unit Root 

Test 
 
Variable    Level     p-value     1st difference     p-value 
________________________________________________ 
TOUR      -2.051     0.549          -4.897             0.003*      
EXPO      -2.642     0.266           -5.929             0.000* 
GROW     -1.928    0.613        -5.397             0.001* 
______________________________________________ 

* Denotes significance at the 1% level. 
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Regarding the causal relationship between tourism 
development and economic growth, and tourism development 
and export growth in equations 2 and 3 or 5 and 6, we 
demonstrate the causality test results in Table 2. The notation 
of TOUR≠>GROW means that the variable TOUR does not 
affect the variable GROW, Similar to TOUR≠>EXPO and 
EXPO≠>GROW. 

We find out some remarkable results as follows in table 2. 
First, there is the causal relationship from tourism 
development to economic growth by using traditional ordinary 
least square method (OLS). Second, by using a quantile 
mediation approach, there also exists causality running from 
tourism development to economic growth at any distributions 
of economic growth. Lastly, there exists causality running 
from tourism development to export growth by using 
traditional OLS method and at any distributions of export 
growth. This result establishes the first stage of the mediated 
effect. It asserts that we consider the mediated effect at any 
distributions of export growth. In other words, no matter what 
if the export growth is high or low, tourism development 
affects export growth. 

 
Table 2 Results from TOUR to GROW and from TOUR to 

EXPO at Different Quantiles 
________________________________________________ 
Quantile       TOUR≠> GROW        TOUR≠> EXPO 

b1          p-value           c1        p-value      
_______________________________________________ 
0.20               0.990*       0.000         0.949*     0.000 
0.40               1.006*       0.000         0.985*     0.000 
0.50               0.947*       0.000         0.989*     0.000 
0.60               0.911*       0.000         0.977*     0.000 
0.80               0.695*       0.001         0.692*     0.001 
OLS              0.940*       0.000         0.933*     0.000 
_______________________________________________ 
*Denotes significance at the 5%. 
 
The table 3 shows that d2 is significant both by using 

traditional OLS in equation 4 and a quantile mediation 
approach at any distribution of economic growth in Equation 
7, that is, the mediator variable EXPO relates to the dependent 
variable GROW. This result establishes the second stage of 
the mediated effect. That is, the export growth is a mediator 
variable. 

Furthermore, through the OLS method, the variable TOUR 
should no longer relate to the dependent variable GROW after 
the mediator variable EXPO is controlled, such that d1 is not 
significant in Equation 4. This condition shows that the 
relationship between TOUR and GROW examined under the 
first condition disappears when the mediated effect transmitted 
through EXPO is considered. This result evidences the 
complete mediation because of satisfying all four steps in 
equations 2 to 4.  

Third, through a quantile mediation analysis, the variable 
TOUR also no longer relates to the dependent variable GROW 
after the mediator variable EXPO is controlled at below 0.6 
distributions of economic growth in table 3 since d1 is not 

significant in Equation 7. This condition shows that the 
relationship between TOUR and GROW examined under the 
first condition disappears when the mediated effect transmitted 
through EXPO is considered. This result evidences the 
complete mediation because of satisfying all four steps in 
equations 5 to 7. However, at 0.8 distribution of economic 
growth, the result only satisfies the first three steps, which 
indicates partial mediation since d1 in Equation 7 is still 
significant and is smaller than b1 in Equation 5.  

The results of the effects of tourism development on 
economic growth are different from the previous results. 
Appling traditional ordinal least square method, we find 
tourism development affects economic growth through the full 
mediation effect of export growth for the period of 1990-2018 
and there is no direct relation between tourism development 
and economic growth, which is totally different from the 
previous empirical findings in [1] to [11]. Moreover, by using 
a quantile mediation analysis, we find more dynamic results. 
Tourism development affects economic growth through the 
full mediation effect of export growth at below 0.6 
distributions of economic growth. To put it another way, when 
Taiwan’s economic growth is lower, tourism development 
affects economic growth only through export growth. Lastly, 
at above 0.6 distributions of economic growth, there exist 
direct and partially mediation effects from tourism 
development to economic growth in Taiwan. In other words, 
when Taiwan’s economic growth is higher, not only tourism 
development affects economic growth, but also affects 
economic growth through export growth. 

 
Table 3 Results from TOUR and EXPO to GROW at 

Different Quantiles 
____________________________________________ 
Quantile   TOUR ≠> GROW    EXPO ≠> GROW 

d1        p-value          d2         p-value       
_________________ ___________________________ 
0.20          0.099      0.523          0.895*     0.000 
0.40          0.095      0.550          0.882*     0.000 
0.50          0.215      0.128          0.825*     0.000 
0.60          0.190      0.187          0.871*     0.000 
0.80          0.303*    0.036          0.626*     0.006 
OLS         0.155      0.086          0.840*     0.000 
_____________________________________________ 
*Denotes significance at the 5%. 
 

4. Conclusions 

Several empirical literatures have examined the causal 
relationship from tourism development to economic growth. 
Most research results found a directly positive effect of 
tourism development on economic growth by using the 
ordinary least square method. However, the empirical studies 
overlooked export growth, which affects economic growth. In 
this paper we not only investigate if there is the direct 
relationship from tourism development to economic growth in 
Taiwan, but also if there is the indirect relationship from 
tourism development to economic growth through export 
growth in Taiwan.  
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Moreover, in this study we employed an innovative 
methodology which combines a quantile regression, which has 
allowed to obtain the full characterization of the conditional 
distribution of the dependent variable economic growth in our 
study rather than its conditional mean only, and mediation 
analysis. That is, we provide a comprehensive picture of 
tourism development to economic growth in Taiwan over the 
period of 1990 to 2018 whether Taiwan’s economic growth is 
high or low. The result of the traditional ordinary least square 
approach shows that Taiwan’s tourism development affects 
economic growth through the full mediation effect of export 
growth for the period of 1990-2018 and there is no direct 
relation between tourism development and economic growth.  

Lastly, the results of this innovative analysis demonstrate 
that Taiwan’s tourism development also affects economic 
growth through the full mediation effect of export growth at 
below 0.6 distributions of economic growth, but at above 0.6 
distributions of economic growth, there exist direct and 
indirect effect from tourism development to economic growth.  
From the results, we suggest that Taiwan’s government should 
focus on the export growth if she wants to promote Taiwan’s 
economic growth when the economy is in a recession, not 
focus on tourism development.  
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