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Abstract 

This article aims to construct the optimal sales model for the digital navigation sys-
tems of online tourism databases. It is a broad concept that can quickly take on a pre-
cise form once their market position has been defined. We will investigate how the 
providers of information could earn a reasonable profit from tourism demanders and 
businesses within this systematic framework. We describe the supply-and-demand 
problem for online tourism databases from the perspective of the mechanism designer. 
Furthermore, we analyze the sensitivity of the optimal total reading time per unit of 
time of tourism demanders for each model parameter. These findings are important 
decision-making references for the mechanism designers of online tourism databases. 
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Background and Motivation 
 

 Recently, Taiwanese tour operators 
have collaborated with information pro-
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viders to launch an application called 
“Journey On” with the digital navigation 
systems of online tourism databases, 
which provides interactive tourism in-
formation in real time. However, as each 
person has a different way of expressing 
spatial information, they tend to use dif-
ferent types of information or expres-
sions to help a person reach their desti-
nation (e.g., landmarks, distance, direc-
tion, turns, indications, and walking dis-
tance) (Denis, Pazzaglia, Cornoldi, & 
Bertolo, 1999; Golding, Graesser, & 
Hauselt, 1996; Mark & Gould, 1995; 
Vanetti & Allen, 1988; Wright, Lick-
orish, Hull, & Ummelen, 1995; Chang, 
2016). As a result, the general public 
now expects information to be trans-
ferred via human-machine interfaces 
that facilitate two-way communication 
and return a variety of information, ra-
ther than only textual media (Li & 
Chang, 2016).  
 
 The “Destination tours” model al-
lows independent tourists (who are a 
rapidly growing part of the market) ob-
tain a comprehensive set of services and 
experiences in their journeys, including 
food, lodging, travel, and entertainment 
(LionTech, 2017). The primary func-
tions of the “Journey On” app are as 
follows: 1) “Tour selection,” which pro-
vides smart, cross-domain tourism ser-
vices by integrating all Taiwanese tour-
ism resources; 2) “Hot tickets,” which 
provides opportunities for group pur-

chases of food, surprise prizes, tours, 
admission tickets, and hot spring baths 
(more than 10,000 “hot tickets” have 
been sold); 3) Personalized operating 
interface: The app uses a dynamic ma-
sonry layout for the selection of online 
products; 4) Real-time communications: 
Orders by consumers, tour operators, 
and stores are processed synchronously 
in real time, to minimize time- consum-
ing back-and-forth communication; and 
5) Electronic voucher verification: Users 
of this app can scan their electronic 
vouchers at store counters, which is fast 
and convenient, and eliminates any po-
tential issues with changing it to cash or 
communication (LionTech, 2017). 

 
Online tourism databases are pub-

lications that have a close relationship 
with time. Huang (2013) notes that all 
publications (regardless of whether they 
are weekly, monthly, or electronic) have 
an intimate relationship with time, and 
that all publications have a periodic na-
ture. To understand this facet of online 
tourism databases, one must adopt the 
perspective of the guided person (i.e., 
the consumer). For example, certain 
tourism information or time-limited 
shopping ads should be published on the 
days when most consumers will receive 
their salaries (i.e., the days when the 
consumers have the most money). 
Online tourism databases with a fixed 
publication period can be obtained easi-
ly by tourism demanders, and they also 
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allow businesses to plan and establish an 
integrated publication production line, 
which includes article writing, editing, 
proofreading, and delivery. This is the 
relationship between time and the pub-
lication of online tourism databases. 
Digital navigation systems based on 
online tourism databases are a very 
broad concept, but they will quickly take 
on a precise form once their market po-
sition has been defined.   

 
Since digital navigation systems 

based on online tourism databases do 
not have a physical form, shop front, or 
sales representatives, most people will 
expect these systems to be sold cheaply, 
and they will be disappointed if this ex-
pectation is not met. Therefore, the sale 
of digital navigation information publi-
cations will require extremely patient 
sales personnel. Until digital navigation 
information publications become popu-
lar, their publishers should allow con-
sumers to feel at ease and gain certain 
advantages, and also empathize with 
their consumers as much as possible, in 
order to establish the reputation of their 
brand and grow in popularity. As men-
tioned above, official tourism websites 
and business portals, if properly cus-
tomizable and conducive to brand popu-
larization, will be able to satisfy the 
complex needs of tourists.  

 
Therefore, some information pro-

viders have constructed comprehensive 

keyword databases for the tourism in-
dustry by filtering and organizing the 
relevant spatial information, so that in-
dependent tourists may easily search for 
this information and satisfy their com-
plex needs via the Internet. This has led 
to the emergence of businesses that seek 
to earn a reasonable amount of profit 
from tourism by satisfying the tourists’ 
needs for customized spatial 
information. 

 
Chen and Kao (1987) constructed 

relationships between organizational 
departments, hierarchy structures, and 
the corresponding information, and 
made use of real activities in organiza-
tions to demonstrate the process and 
methodology of their approach, through 
the use of fuzzy quantities. In this work, 
we will employ this approach to replace 
the two-sided supply-and-demand model 
with a three-sided production and sales 
model, in the context of the tourism in-
dustry. We will discuss how the three- 
sided production and marketing model 
will replace the two-sided demand and 
supply model in the tourism sector. First, 
we utilize a keyword database for the 
tourism industry, which is filled by var-
ious tourism businesses with their key-
words. A classification mechanism will 
then be designed to organize the key-
words into an information architecture. 
A questionnaire will then be designed 
for tourism demanders (tourists). Based 
on the demanders’ responses, the infor-
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mation architecture will be filtered and 
reorganized to provide the start-
ing/ending points, number of days, 
number of people, required arrange-
ments, costs, season, transportation, 
landmarks, and cultural background of 
the tour. We will then investigate how 
the providers of this information could 
earn a reasonable amount of profit from 
tourism demanders and businesses 
within this framework. In other words, 
we will study tourism system informati-
zation in the context of tourists who are 
solely reliant on smartphones and GPS 
systems like Google Maps, and are re-
motely guided by centralized spatial in-
formation systems that can access their 
location at any time.  
 

Research Design and Methods 
 

Research Framework and Procedures 
 
This study focuses on applying the 

digital navigation systems of online 
tourism databases into developing the 
optimal sales model. The optimal sales 
model will be designed by expanding 
the conventional two-sided supply- 
and-demand model in microeconomics 
into a three-sided model that consists of 
tourism businesses, tourism demanders, 
and mechanism designers. By optimiz-
ing this model, we will then be able to 
determine the optimal price that should 
be paid by tourism demanders for each 
unit of reading time, and the optimal 

compensation to be paid to the authors 
for each unit of content that they provide 
to the online tourism database. 

Analytical Method 
The theory of supply and demand 

in microeconomics cannot be directly 
used for informatized tourism products, 
as this theory supposes that the seller’s 
stock of products decreases with each 
product that is sold, which is not the 
case for information products. Therefore, 
if microeconomics theory is to be used 
to analyze the supply and demand prob-
lem in the context of online tourism da-
tabases, one must then redefine the price 
and quantity of these products. It is also 
necessary to expand the conventional 
two-sided supply-and-demand model 
into a three-sided model: the first party 
is the original supplier of products 
(tourism businesses), the second party is 
the ultimate user of the products (tour-
ism demanders), and the third party is 
the designer who is responsible for pub-
lishing the online tourism database and 
designing the sales mechanism for the 
database (henceforth referred to as 
“mechanism designer”). In this work, 
we will describe the supply-and-demand 
problem for online tourism databases 
from the perspective of the mechanism 
designer. 

 
The sales market for automatically 

published online tourism databases 
(APOTD) may be treated as the amal-



2020-1062 IJOI 
http://www.ijoi-online.org/ 

 
The International Journal of Organizational Innovation 

Volume 13 Number 1, July 2020 
 

169 

gamation of two buyer-seller markets. In 
the first buyer-seller market, the tourism 
business is the seller (who creates and 
provides the basic content according to 
specifications provided by the mecha-
nism designer) while the mechanism 
designer is the buyer. In the second buy-
er-seller market, the mechanism design-
er is the seller while the tourism de-
mander is the buyer. The price of the 
online tourism database will be calcu-
lated according to the time taken by 
tourism demanders to read the database 
on the internet (the time taken to read 
the table of contents and summary of the 
online tourism database will not be 
charged).  
 

Results 
From a marketing perspective, sup-

ply and demand in the tourism industry 
are related to each other by the demand 
function, p = f(x) or its reciprocal, x 

= (𝑝), where p and x are the price and 

quantity of the tourism product, respec-
tively. In most cases, the demand curve 
slopes downwards from left to right. 
Therefore, any change in price is ac-
companied by an opposing change in 
quantity. However, the supply curve 
slopes upwards from left to right (the 
blue line in Fig. 1). Therefore, supply 
increases with increasing price. A typical 
set of demand and supply curves are 
shown in Figure 1. 

 
 

 
 

Figure 1 Typical market demand and supply curves 
Source: Given and integrated by researchers of this study. 

 
However, the supply and demand 

theories of microeconomics cannot be 
directly applied to tourism databases, 
since the seller’s stock does not decrease 

with the number of sales. Therefore, the 
price and quantity of these products 
must be redefined, so as to allow micro-
economics theory to be applied to digital 
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tourism databases. Furthermore, the 
two-sided buyer and supply model must 
be expanded into a three-sided produc-
tion and sales model (where the three 
parties are the tourism businesses, tour-
ism demanders, and mechanism design-
ers). As mentioned previously, we will 
describe the sales market for APOTD 
from the perspective of the mechanism 
designer. 

 
The sales market for APOTD may 

be treated as the amalgamation of two 
buyer-seller markets. In the first buy-
er-seller market, the tourism business is 
the seller (who creates and provides the 
basic content according to specifications 
provided by the third party), while the 
mechanism designer is the buyer. In the 
second buyer-seller market, the mecha-
nism designer is the seller while the 
tourism demander is the buyer. The price 
of the online tourism database should be 
calculated according to the time taken 
by tourism demanders to read the data-
base on the internet (the time taken to 
read the table of contents and summary 
of the online tourism database will not 
be charged). 

Mathematical Model 

Symbol Definitions.  

 To ensure that the contents of the 

online tourism database will be main-

tained at a certain level of quality, and 

receive the endorsement of tourism de-

manders, the time spent by the tourism 

demanders in each part of the online 

tourism database must be inspected after 

the database has been published for a 

certain period of time. The parts that re-

ceive little reading time should either be 

improved or omitted from the database. 
 
The price of the online tourism da-

tabase for tourism demanders (i.e., the 
price in the second buyer-seller market) 
is defined as p2. x1 is the number of 
pages read by the tourism demanders, 
and x2 is the time spent by the tourism 
demanders reading the online tourism 
database. The ratio between x1 and x2 
(the reading rate of the online tourism 
database) will stabilize after the first 
edition of the online tourism database 
has been published for some time.  

The relationship between p2 and  

is f(p2) = , and it is called the demand 

function of the second market (tourism 
demanders). The ratio between the total 
reading time of the tourism demanders 
and the number of pages that were in the 

online tourism database is , within 

some unit of time. In other words, it is 
the market reading rate of the online 
tourism database. The reading rate of an 
online tourism database is the sum of 
reading rates of all of its contents. 
f: The demand function of the second 
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market, f(p2) = . The value of f(p2) 

decreases with increases in p2. 

: The reciprocal function of f, i.e., p2 = 

)p1: p1 = θp2f(p2), 0 ≤ θ ≤ 1. This 

gives the increase in income (i.e., read-
ing time by tourism demanders per unit 
of time, or f(p2)) created by each unit of 
content (x1 = 1). This income, p2f(p2), is 
paid by the tourism demanders to the 
mechanism designers, and a part of this 
income (p1 = θp2f(p2), 0 ≤ θ ≤ 1) is given 
to the content authors. 
T: The (average) lifespan of an online 
tourism database on the market. 
c: The cost (borne by the authors) to 

create each unit of content for the 
online tourism database, before the 
database is constructed. If this cost is 
averaged across the life of the online 
tourism database, T, the content crea-

tion cost per unit of time is then . If 

a discount calculation is performed 
with T/2, the cost per unit of time for 
each unit of content then becomes 

erT/2, where r ≥ 0 is the discount rate. 

k: The consumables cost absorbed by 
the mechanism designer for each unit 
of reading time by the tourism de-
manders. This cost will initially be 
absorbed by the mechanism designer. 

g: The function that relates the 
first-market price (the authors’ com-

pensation) p1 (definition shown above) 
to x1, such that x1 = g(p1). x1 increases 
with p1. 

: The reciprocal function of g, i.e., p1 = 

(x1). 

 
 

Construction of the Model 
 
β1, β2 and β3 are the weights that 

represent the benefit per unit of time of 
the authors, tourism demanders, and 
mechanism designer, respectively. To 
maximize the benefit per unit of time of 
all three parties, the mechanism designer 
must find the (p1, p2) pair of values (or 
(x1, x2) pair of values) that maximizes 
the benefit function, π. This may be 
mathematically expressed as: 

       Max ( , ) [ ( ) 

𝑑𝑥 − ( ) ]+ 

[ ( ) 

− ] +  x2  

(4.1) 
where 

 p2 = ( )          (4.2) 

            p1 = ( )=θ                                      



2020-1062 IJOI 
http://www.ijoi-online.org/ 

 
The International Journal of Organizational Innovation 

Volume 13 Number 1, July 2020 
 

172 

(4.3) 
The relationship between p1 and p2 

and x1 and x2 is described by Equations 
(4.2) and (4.3). 

 
The first, second, and third terms of 

the objective function π(x1, x2) are: β2 × 
(benefit for the tourism demanders 
(consumer surplus), β1 × (benefit of the 
tourism businesses), and β3 × (benefit of 
the mechanism designer). 

 

In the above, f̅ x2 is the area of 

the rectangle in Fig. 1 [ ( ) 𝑑𝑥 − f̅ 

( ) x2] is the area shaded by diagonal 

lines, which represents the consumer 
(tourism demander) surplus; it is essen-
tially the difference between the price 
that the tourism demanders are willing 

to pay ( ( ) 𝑑𝑥) and the actual price 

they paid (f̅ ( ) x2). 

 
If we let β1 = β2 = 0 and β3 = 1, the 

model above then becomes a decision 
model that only considers the benefits of 
the mechanism designer. 

The Optimal Solution 

 In the following, f̅ and g̅ represent 

the reciprocal functions of f and g (see 

Sections 4.2 and 4.3 for their defini-

tions), i.e., p1 = g̅(x1) and p2 = f̅ . By 

letting θ = , the objec-

tive function (π) may then be rewritten 

as follows: 

        [ ( ) 𝑑𝑥 − 

( ) ]+ [ ( ) − ]  

                  

+ x2     

  = ( ) 𝑑𝑥 

+( )  x2 

+( )   

   (4.4) 

           
Assuming that an optimal solution 

does exist, let (x1*, x2*) be the optimal 
solution of this model. The first- and 
second-order conditions that must be 
satisfied by (x1*, x2*) are then as follows. 
The first-order condition: 

        

             = ( )∙ 𝑑𝑥  
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 ( )  + 

( )[

           

(4.5) 

        

         

= ( ) +( )[

   

= ( ) +( )

         (4.6)  

Second-order condition: 

         ，i=1,2   (4.7) 

 

      (4.8) 

 
If the mechanism designer decides 

that the benefits of the tourism demand-
ers and tourism businesses are equally 
important, these benefits may then be 
summed to form a quantity called “soci-
etal surplus”. The goal is then to max-
imize the weight for societal surplus, β, 
and the mechanism designer’s benefit, 
(1 – β). This is equivalent to letting β1 = 
β2 = β and β3 = 1 – β. 

 
In this case, f̅ and g̅ may be as-

sumed to be linear functions. The opti-
mal solutions of the f̅ and g̅ are then as 
follows: 

Suppose that the definitions of f̅ 
and g̅ are: 

      

(4.9) 

where , l2 > 0 and 0 < r2, be-

cause p2 = 0 must correspond to a posi-
tive demand. 
Substituting Equation (4.9) with Equa-
tion (4.5) yields: 
    If (x1*, x2*) exists, i.e., x1* > 0 and 

 (see Equation (4.9), 

then 

      

      

 
      

                    (4.10) 
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Substituting Equation (4.9) with Equa-
tion (4.6) yields 

           

       

 
       

             

(4.11) 

 
Equation (4.7) then gives 
 

        

               (4.12) 

Therefore,  (since Equation (4.9) 

states that r2 is a negative number).  

When  

  (4.13) 

        
Based on Equation (4.9), the parameters 
must satisfy the following inequality: 

    (4.14) 

 
By substituting Equations (4.10), (4.11), 
and (4.12) to the second-order condition 

(Equation (4.8)), one obtains: 

         

 
         

 
 
         

 

         (4.15) 

Based on Equations (4.9) and (4.13) 
𝛾1 > 0 , 𝛾2 < 0 , β ≤ 23 (4.16) 

 According to Equation (4.15), the 
condition for the optimal solution (x1*, 
x2*) to exist is β ≤ 12, which implies that 
the weight for the mechanism designer’s 
benefit (1 – β) is greater than that of the 
tourism demanders and tourism busi-
nesses (societal surplus), β. Substituting 
Equation (4.13) with Equation (4.10) 
yields: 
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         (4.17) 
 
x1* may then be obtained using Equation 
(4.17) (as shown in Equation (4.18)), 
and x2* may be obtained by substituting 
x1* into Equation (4.12) (as shown in 
Equation (4.19)). 
 

Conclusion and Recommendations 
 

The following conclusions were 
derived from the discussion above: By 
assuming that the demand function (f) 
and supply function (g) are linear func-
tions (see Equation (4.9)), and that the 
importance of the mechanism designer’s 
benefit is greater than that of the tourism 
demanders and tourism businesses (see 
Equation (4.16)), an optimal solution for 
x1* and x2* then exists, as shown in 
Equations (4.18) and (4.19). 

          4.18) 

  (4.19) 

    Based on Equations (4.18) and 
(4.19), one may then obtain the optimal 
solution for (p1*, p2*), since p1* = r1x1* 

and p2* = r2  + l2 (see Equation (4.9)), 

as well as the optimal θ value: θ* = 

r1x1*/((r2  + l2)( )). This result may 

be used to examine how the optimal so-
lution changes with each model param-
eter; a sensitivity analysis is shown be-
low. 
 

According to Equation (4.18): (1) 
The optimal quantity of digital naviga-
tion information provided by the tourism 
businesses, x1*, decreases with increases 
in the slope of the supply function, r1 (r1 
> 0). (2) x1* decreases with decreases in 
the slope of the demand function, r2 (r2 
< 0). (3) x1* increases with increases in 
the upper limit of the mechanism de-
signer’s per unit benefit, (l2 – k) (note: l2 
is the upper limit of p2, the price per unit 
of reading time for tourism demanders). 

 
Equation (4.19) may be used to an-

alyze the sensitivity of the optimal total 
reading time per unit of time of the 
tourism demanders, x2*, to each model 
parameter. These findings are important 
decision-making references for the 
mechanism designers of online tourism 
databases. 

 
In the future, it would be worth-

while to investigate the properties of (x1*, 
x2*), (p1*, p2*), and θ* when presented 
with non-linear demand and supply 
functions, e.g., quadratic f and g func-
tions. 

 
In summary, the construction of the 
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optimal sales model for the digital navi-
gation systems of online tourism data-
bases is an ongoing project and will be a 
trend in future research.  
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