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Abstract 

By means of data-driven marketing as well as big data technology, this paper presents the 
investigation of a case study from travel industry implemented by a combination of propensity 
model and a business model “2W1H”. The business model “2W1H” represents the purchasing 
behavior “What to buy”, “When to buy”, and “How to buy”. This paper presents the process of 
building propensity models for the application in behavioral targeting in travel industry.  

    Combined the propensity scores from predictive analysis and logistic regression with proper 
marketing and CRM strategies when communicating with travelers, the business model “2W1H” 
can perform personalized targeting for evaluating of marketing strategy and performance. By 
analyzing the business model “2W1H” and the propensity model on each business model, both the 
validation of the model based on training model and test data set, and the validation of actual 
marketing activities, it has been proven that predictive analytics plays a vital role in the 
implementation of travelers’ purchasing behavioral targeting in marketing. 

Keywords: Data-driven Marketing; Propensity Model; Behavioral Targeting; Big Data; Travel 
Industry; Tourism Marketing 
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1 Introduction 

1.1 Background 

In a report “The 36th China Internet Development Statistics Report” by China Internet Network 
Information Center (CNNIC), it has been pointed out that by the end of June 2015, there were 668 
Million Chinese internet users, among which, 594 Million were mobile phone users; it was also 
reported that internet overall penetration rate in China reached 48.8%. It was recorded in 2016, that 
every minute, 400 hours of new video is being uploaded to YouTube; Instagram users like 2.5 
Million posts; Facebook Posts shared reach 3 Million; around 4 Million Google searches are 
conducted worldwide; and 4 Million Text messages are sent each in the US alone (Schultz, 2016). 
The current global internet traffic per day reaches 1 EB (1 billion gigabytes) All these figures 
continue to keep increasing over time and this indicates that the world is now entering a digital and 
big data era. There’s no doubt that with proper statistical analysis of such a large collection of data, 
a great commercial or social benefit will be achieved. 

As we have been now entering a big data and IoT (internet of things) world, data-driven 
marketing becomes more and more sophisticated in all sorts of sectors and industries. Among all 
the industries, travel industry (tourism) is drawing more and more attention as the global economics 
grows and people are trying to pursue and enjoy a better quality of life by going on trips during 
holidays (Dolnicar, et al., 2011). While traditional travel companies still sell their trips to their 
customers offline and via different physical shops, some leading travel organizations are finding a 
best way to evolve their travel business into this big data world by turning towards data-driven 
marketing instead of general/mass marketing. A latest Gartner report points out that “by 2020, 
organizations that offer users access to a curated catalog of internal and external data will realize 
twice the business value from analytics investments than those that do not. Through 2020, the 
number of citizen data scientists will grow five times faster than the number of data scientists” 
(Sallam, et al., 2017). This suggests that more and more organizations are trying to build their 
business data analytics platform to help their business stand in a better place in the coming 
competition. 

1.1.1 The development of big data 

The concept of Big Data was first pioneered in the 1940s by a professor of mathematics, Hari 
Seldon. And the term “big data” was first used in 1997 by Michael Cox and David Ellsworth in 
their article “Application-controlled demand paging for out-of-core visualization” (Press, 2013).  
After that, Big Data became more and more visible and frequently used by scholars, researchers, 
analysts, and any many other roles among all sorts of sectors, especially in the past couple of years, 
it has successfully attracted a big focus within business and science fields. In 2013, Viktor Mayer-
Schönberger and Kenneth Cukier in their book “Big Data: A Revolution That Will Transform How 
We Live, Work, and Think” brought forward the mindset of using big data and proposed that big 
data is a revolution that takes place in our private and working life. More and more researches, 
conferences and studies have been done by big data scholars, whereas more and more big data 
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business applications have been tried out by different pioneered enterprises, such as the famous 
global management consulting organization Mckinsey & Company. Furthermore, big data has also 
been brought into the marketing activities, which makes the term Data-driven Marketing well 
known to us all. 

Statistics from Chinese search engine Baidu shows that in 2014 the average search index for Big 
Data in Chinese was 233 (shown on below figure 1.1), while in 2016 was 491 (see figure 1.2) which 
was an increase of 111%. This indicates that the content of big data is being paying attention more 
and more widely. 

 

Figure 1.1: Search Index for “big data” in 2014 

 

Figure 1.2: Search Index for “big data” in 2016 

   In recent years, as with the development of internet and social networks, we are living in a 
digital world, so that the information of people’s life and even working behavior are digitalized. 
These various forms of digitalized information constitute big data, which links between consumers 
and firms. Taobao, Chinese biggest online shopping platform, constantly deals with hundreds of 
millions of consumers’ transactions. There are billions of visitors on Facebook every day. Daily 
visitors on online travel site “Where to Travel” also reach a million level. The rapid information 
explosion and the commercial value generated by big data are changing the existing business model 
and other enterprise activities. For example, Amazon has created a personalized recommendation 
system based on consumer browsing behavior, which offers and recommends products per users’ 
preference, and in return it effectively enhances sales and conversion rate. It is believed that with 
the arrival of the "big data" era, the use of data-driven mindset to achieve enterprise-level precision 
management and accurate marketing, personalized services, product improvement and other 
business activities will become the mainstream of business research. 

1.1.2 The development of travel industry in China 

With the increase of income levels and statutory holidays, the tourism demand continues to increase. 
According to the "2014 China Tourism Statistics Bulletin", it shows a rapid development in China's 
tourism industry. The report shows that the number of domestic tourists reached 3.6 billion, 
contributing an income of 3030 billion RMB. It’s an increase of 10.7% and 15.4% over the previous 
year respectively. The number of inbound and outbound tourists amounted to 128 and 107 million 
respectively, resulting in an income of 698.8 billion RMB. The total annual tourism revenue was 
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up to 3730 billion RMB, which contributed to 10.39% of total GDP. The domestic and international 
tourism income is as shown in Figure 1.3. From the above figures, it is not difficult to see that with 
the rapid growth of the tourism industry, how to seize the opportunity to maintain rapid business 
development and keep sustainable profitability has become an important issue. 

 

Figure 1.3: Tourism Income in China 

1.1.3 Big data research on travel industry 

Tourism is one of the key industries for the development of industrial economy. By performing big 
data analysis on travel industry to help boost tourism, noted as “travel industry + big data”, will be 
establishing an important travel business model and leading the travel business trend. 

     Until March 1, 2017, from China Academic Journal Network Publishing Database (referred to 
as CAJD), by entering search keyword "travel", we can get 231 thousand records, and keyword 
"big data" gives 32 thousand records. When combining these two keywords together, there are only 
220 records found, which accounts only for 0.095% of records by keyword “travel”, and 0.69% of 
records by keyword "big data". This suggests that there’s a lack of research in the direction of big 
data on travel industry.  

    In view of the current literatures, there’s not much academic research on predicting tourist 
consumption from the perspective of "travel industry + big data". Most of them are the introduction 
and application of big data on marketing alone, without mentioning travel industry. Or some of 
them introduce the innovation of marketing management system on travel industry, which can be 
defined as the qualitative research. and literature on building quantitative forecasting model based 
on customer data is rare to be seen. Therefore, in the modern information technology revolution 
under the era of marketing transform, the combination "tourism + big data" for marketing 
innovation will become an important development trend of travel industry marketing. 

698,8

3031,2

3730
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2627,6

2950
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Tourism Income in China
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    Though there’s a rapid increase in the growth of travel industry, the competition within the 
industry is becoming progressively fierce. If travel agents and tour operators want to achieve long-
term development, they can no longer be limited to the traditional 4P (product, price, place, 
promotion) marketing strategy (Best, 2014, pp. 231-237). Instead, they should strive for innovative 
aspects of the various factors in marketing, including new understanding of marketing concept, 
market and marketing strategy innovation etc. Especially in the circumstance where the modern 
information technology revolution is surging, the knowledge of how to use data-driven marketing 
to identify and isolate customers’ individual needs to accelerate the development of products and 
updates becomes more and more important. To efficiently use customer data to predict customer 
needs, and to recommend the appropriate products to customers, will not only help improve the 
sales, but also reduce the marketing costs, moreover, effectively enhance the customer experience. 
All these aspects play a more and more vital role in current travel industry marketing transform, 
and at the same time, these related issues will accelerate the process of travel industry marketing 
scientific process. 

1.2 Problem discussion 

The purpose of marketing is to create, to keep, and to satisfy customers, buyers, partners, clients, 
and even the whole society by creating, communicating, delivering, and exchanging offerings that 
are valuable (Association American marketing, 2013). For a long period, companies and 
organizations adapt to general marketing and mass marketing because it’s easier to perform and 
can reach large group of people (rather than differentiated segments) for certain products. However, 
in today’s marketplace this technique is unlikely to succeed, because more and more customers 
would like to have their own needs and specific tastes that they would more likely find in alternative 
products (Bennett & Strydom, 2001, pp. 61-62). Besides, customers from different geographical 
area may carry different purchasing behavior and interests. So, with mass marketing, it may result 
in customer churn and losing customers due to ignoring different individual needs.  

As more and more drawbacks of mass marketing were exposed and discovered in the 
marketplace, business researchers, scholars, and practitioners try to find better solutions to cover 
mass marketing’s drawbacks or even replace it. Therefore, we hear more and more marketing 
techniques, such accurate marketing, customer relationship marketing etc. But in this paper, we 
would be focusing on data-driven marketing that is going be proven to reach better marketing 
results by means of behavioral targeting and customer personalization based on big data technology. 
In depth, this paper attempts to apply propensity models and logistic regression (running in R 
program) on customer data (historical purchasing data) to forecast/predict customer’s 
next/upcoming purchasing behavior. 

In terms of data-driven marketing and customer purchasing behavior forecast research, current 
relevant literatures pay most attention on customer churn analysis or investigations of customer 
satisfaction and other marketing dimensions. From the industry point of view, most researches 
mainly concentrated in the telecommunications industry and banking industry. It can hardly be 
found researches on purchase behavioral targeting in travel industry, let alone discussing the 
amount of data used, whereas it was mostly analyzing 10,000 customer records, and a few more 



Data-driven Marketing: Purchase Behavioral Targeting in Travel Industry based on Propensity Model 

 
 

5 
 

than 30,000 records. Thus, this paper intends to construct tourists purchasing propensity models, 
perform purchasing behavioral targeting, and discuss and analyze marketing strategy based on 
100,000 customer records, big data technology, and data-driven marketing theories.  

1.3 Problem formulation and purpose 

Big data technology has become a heated discussion in recent years, and a lot of researches and 
applications have been done in the areas of banking, telecommunication, or other hi-tech industries. 
However, in travel industry, there seems to be fewer researches and applications that utilize big 
data technology to improve business results. Therefore, this paper intends to help fill this gap by 
showing a travel industry business case that conducts big data technology in marketing activities. 
To be exact, propensity models and logistic regression would be applied to predict customer 
purchasing behavior. And the predictive results would be used in marketing campaigns. Later, a 
comparison between campaigns with predictive model (behavioral targeting) and without 
predictive models would be provided to discuss and evaluate the difference the behavioral targeting 
(data-driven marketing) would make. 

To solve the problems mass marketing/general marketing creates, data-driven marketing is 
adopted to better segment, target, and position customers with various needs and requirements 
because data-driven marketing is based on analyzing customer data, customer feedback, and web 
browsing history to give insights or predict customers’ needs to drive better personalized campaigns 
and offers (De Clerck, 2012). Behavioral targeting/retargeting as well as personalized customer 
content objects will then be performed through newsletters, email marketing, web browsing, social 
networking, and/or call service and telemarketing. And with behavioral targeting and customer 
personalization in the marketplace, higher conversion rate would be expected, better customer 
satisfaction and experience would be reached, and more royal customer and repeaters would be 
followed.  

And also with the purpose of helping to contribute a case study in the research field showing 
how big data technology is applied to travel industry, as well as travel organization itself getting 
the better business results data-driven marketing, in particular in this case purchasing behavioral 
targeting in terms of propensity modeling brings, a topic with “Data-Driven Marketing: Purchase 
Behavioral Targeting in Travel Industry Based on Propensity Model” has been chosen to be 
discussed and presented in this paper. This paper is also expected to bring upon the awareness of 
importance of data-driven marketing in travel industry, and to provide a cost-effective and efficient 
approach for travel agents and tour operators to better perform purchasing behavioral targeting in 
marketing. 

Accordingly, the main purposes of this paper can be summarized as follows, that is 

1) to explore techniques of big data marketing and purchasing behavioral targeting, and to apply 
them in marketing for travel agents and tour operators; and 

2) to build tourist purchasing propensity models, and to evaluate propensity model accuracy 
with the test data set; and 
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3) to provide marketing recommendations based on the propensity models, that is, to discuss 
how to use the results of propensity models to propose marketing strategy guidance. 

1.4 De-limitations 

As there are many other aspects in big data technology one can also apply to improve business 
effects, propensity model and regression might be seen its limits at some point. When it comes to 
data collection, due to certain reasons, this paper only collects customer historical purchasing data. 
Although the models based only on historical purchasing data could give certain predictive results, 
it would have been even better if other sorts of data like web browsing data, customer satisfaction 
questionnaire data, and social media data would be also collected and merged in one profile, 
because in this case, a more precise behavioral prediction will be drawn.  

1.5 Thesis’ structure 

This thesis begins by introducing research background, problem formulation, and researching 
purpose of big data technology and its application on travel industry, then a detailed literature 
review would be demonstrated in Chapter 2 to build the foundation of thesis theory. Next it would 
be followed by a chapter that describes the researching method, including data collection, business 
study case selection, and the supporting technology including the models and tools. After 
introducing the researching methods, an in-depth business case description, as well as the 
corresponding model building process and analysis would be discussed and presented. And finally, 
the conclusion would be drawn to summarize the business case study results. The whole thesis 
structure is sketched and illustrated in figure 1.4.  

Thesis structure Main contents 

 

 

Figure 1.4: Thesis’ Structure 

Introduction

Theory

Method

Business case description

Case analysis

Conclusion and implication

 Background 
 Problem discussion and formulation 

 Big data technology and travel industry 
 Predictive analytics and propensity model 

 Research objectives and data collection 
 Research method and design 

 Case introduction 
 Case data preparation 

 2W1H propensity model construction  
 Big data on marketing strategy 

 2W1H propensity model construction  
 Big data on marketing strategy 
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2 Theory 

This chapter will give a thorough literature review on the paper’s topic, which will include but 
not limited to the theory of data-driven marketing, digital marketing, big data technology, and 
propensity model.   

Viktor Mayer-Schönberger and Kenneth Cukier in their book “Big Data: A Revolution That Will 
Transform How We Live, Work, and Think” point out that data has become a kind of commercial 
capital and an important economic input, and big data can bring many new economic benefits 
(Mayer-Schönberger & Cukier, 2013). Li Huang (2013) indicated that in the information explosive 
era, big data marketing can make precision advertising more intelligent, help advertisers position 
target groups more effectively, and achieve a higher marketing return on investment. While Charles 
W. Chase (2013) claimed that to combine “big data + statistical analysis + business knowledge” is 
the only ultimate formula for successful demand forecasting in the age of big data era. And Song 
Zhiyuan (2013) argued that the massive data from the social media ensures that the accuracy of the 
information, which makes the precision marketing have a higher conversion rate at the executive 
level. Last but not least, Martin Klubeck argued that the use of big data quantitative analysis can 
improve the organizational performance in all areas, especially in improving customer satisfaction 
and corporate strategy (Klubeck, 2017). 

2.1 Digital and data-driven marketing 

Marketing can be considered as a set of activities that are used to create customers, to keep 
customers, and to satisfy customers. With customers as the focus of its activities, Marketing can be 
concluded as one of the premier components of Business Management (Drucker, 1954). The level 
of marketing knowledge and application can determine the organizational performance impact. The 
higher degree a company tunes and pays efforts on marketing knowledge and marketing application, 
the better organization performance impact it will achieve, see below Figure 2.1 the correlation 
between marketing and organization performance impact. 

 

Figure 2.1: Correlation between Marketing and Performance 
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    But what determines marketing performance? Roger Best (2014, pp. 43-63) proposed that 
marketing performance is measured by marketing metrics, and marketing analytics are the tools 
and data used to create marketing metrics. For example, the system used to measure customer 
satisfaction is a marketing analytic, and the overall satisfaction index is considered as a marketing 
metric. Best (2014, p. 43) put it in this way “marketing metrics and marketing profitability are 
related to business unit and company profitability, as shown in the flowchart (see figure 2.2). It is 
essential for marketing and product managers to demonstrate their contributors to a company’s 
profit”. 

 

Figure 2.2: Tracking Marketing Performance to Profit Performance Impact 

    As of today, every industry is disrupted by digital technologies, but today's businesses respond 
because they're caught in a snarl of internal data silos and legacy marketing approaches. As a result, 
customers have gained control and are losing patience, shareholders are clamouring for growth and 
differentiation, and marketers are left struggling to untangle the massive mess. Therefore, Lisa 
Arthur suggested that “Big Data Marketing will provide a strategic roadmap for executives who 
want to clear the chaos so they can start driving competitive advantage and top line growth” (Arthur, 
2013). A scientific approach to meet this challenge is known as data-driven marketing, which will 
help organizations to set better strategies to drive marketing relevance and Return on Marketing 
Investment (ROMI), to better manage marketing spend, and to elevate customer experiences. 

    So, what is digital marketing? Different from traditional marketing, digital (data-driven) 
marketing activities take place online through different medium, sources and channels. There are 
many techniques implementing digital marketing, such as search engine optimization (SEO), 
search engine marketing (SEM), campaign marketing, content marketing, data-driven marketing, 
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and social media marketing. And these techniques are becoming more common in our advancing 
technology, which results in digital marketing becoming more and more sophisticated. 

Why should we look for data-driven marketing? Jeffery in his book “Data-Driven Marketing” 
mentioned that 80% of companies don’t make data-driven decisions, but those who do are the 
leaders (Jeffery, 2010, pp. 3-7). As of today, we are living in an internet world, information is easy 
to access at a fast rate. Through digital marketing multi-communication, customers can interact 
with the brand via many different digital mediums. It’s an easy way to increase the brand awareness 
quickly around the world with proper digital marketing strategies. Data-driven marketing uses 
analytics to dramatically improve performance (Jeffery, 2010, pp. 17-20). Overall, data-driven 
marketing help business create competitive advantage. 

Furthermore, how can we implement data-driven marketing? A very important point is how to 
collect the right data for doing analysis. The data quality determines the efficacy of the data-driven 
marketing output. Next it would to build the infrastructure and platform for data-driven marketing. 
This requires the skills to choose the right sources and tools. (Jeffery, 2010, pp. 26-44). The last 
would be how to carry out the data-driven decisions. Without data-driven results, advertising and 
marketing methods in social networks sometimes would not be correct it would lead to boring and 
tiring contents. Thus, network users might ignore the marketing contents without noticing. Such 
marketing advertisements will be considered as spam and will be annoying to network users. But 
when marketing advertising based on which content marketing is conducted where users' interests, 
attitudes, and behaviour are specified through big data technology such as data mining techniques, 
users will be more likely clicking on it and drawn attention (Forouzandeh, et al., 2014). 

2.2 Big data technology 

2.2.1 The definition of “big data” 

There is no absolute definition for "big data", no specific agreement in either academic world or 
industrial business, rather, the definition comes more often from enterprise application level. the 
term “big data” was first used in 1997 by Michael Cox and David Ellsworth in their article 
“Application-controlled demand paging for out-of-core visualization” (Press, 2013), then it 
attracted more and more attention of academia. Google Translate defines “big data” as “extremely 
large data sets that may be analysed computationally to reveal patterns, trends, and associations, 
especially relating to human behaviour and interactions”. 

A famous American multinational developer of analytics software, SAS Institute, says that “Big 
data is a term that describes the large volume of data – both structured and unstructured - that 
inundates a business on a day-to-day basis. But it’s not the amount of data that’s important. It is 
what organizations do with the data that matters. Big data can be analysed for insights that lead to 
better decisions and strategic business moves” (SAS, 2017). And IBM company mentions that “Big 
data is being generated by everything around us at all times. Every digital process and social media 
exchange produces it. Systems, sensors and mobile devices transmit it. Big data is arriving from 
multiple sources at an alarming velocity, volume and variety. To extract meaningful value from big 
data, you need optimal processing power, analytics capabilities and skills” (IBM, 2017). 
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Oracle points out that “Big data is the derivation of value from traditional relational database-
driven business decision making, augmented with new sources of unstructured data”. Microsoft 
instead concludes that “Big data is the term increasingly used to describe the process of applying 
serious computing power—the latest in machine learning and artificial intelligence—to seriously 
massive and often highly complex sets of information”. In 2001, a Gartner - the world's leading 
and authoritative IT consulting firm - report predated the term “dig data” but proposed a three-fold 
definition encompassing the “three Vs”: Volume, Velocity and Variety. This idea has since become 
popular and sometimes includes a fourth V: veracity, to cover questions of trust and uncertainty. 
And in 2012, Gartner updated its definition as follows: "Big data is high volume, high velocity, 
and/or high variety information assets that require new forms of processing to enable enhanced 
decision making, insight discovery and process optimization." (MIT, 2013) 

From the above scholars or institutions’ point of views, a common denominator for the definition 
of big data can be found, that is, the size of big data is enormous and beyond the amount that the 
traditional processing methods can handle. It’s necessary to find new tools or methods to dig out 
the big data value.  

2.2.2 The characteristics of big data 

Doug Laney (2001) introduced that the characteristic of big data encompasses “three Vs”: data 
Volume, data Velocity and data Variety. Volume describes the size of big data, which is far huger 
than conventional data size. Velocity in the context of big data refers to the increased point-of-
interaction (POI) speed, and the pace data used to support interactions and generated by the 
interactions. And Variety means the huge diversity of data types and the variety of incompatible 
data formats, non-aligned data structures, and inconsistent data semantics. Later, Anil Jain on IBM 
blog proposed a “five Vs” definition of big data, which includes data Volume, data Velocity, data 
Variety, data Variability, and data Value (Jain, 2016). The fourth V, Variability can be interpreted 
as the way the data is captured may vary from time to time or place to place. Last but not least, 
Value describes that “it’s important to ensure the insights that are generated are based on accurate 
data and lead to measurable improvements at the end of the day (Jain, 2016). 

    Viktor Mayer-Schönberger and Kenneth Cukier (2013, pp. 1-18) pointed out three changes when 
dealing with big data. First, “let the data speak”, meaning, "do not only take random samples, but 
take all the data", they believe that in the “big data” era, we are able to deal with all the data with 
proper tools and technologies. Another reason is that random samples are just part of the pictures 
and it may cause bias which will lead to far more differentiate results. Second, “More, messy, good 
enough”, meaning, “do not need to be absolutely accurate, but to accept the hybridity". They 
pointed out that only 5% of the data is structured and suitable for traditional databases, but if we 
accept data hybridity, then the rest of the 95% of the unstructured data can also be effectively used. 
Third, "do not pursue causality, but the correlations". They believe that in “big data” world, 
knowing "what" is enough, and “why” is less important, for example, in Amazon recommendation 
system, we can know that customers who like Hemingway’s books will also buy Fitzgerald's books, 
but we don’t know why it is that. Even if the correlation is not always absolute, but when we find 
a strong correlation, then better sales or conversion rates will be obtained. 
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2.2.3 Big data application and analysis 

McKinsey Global Institute in June 2011 mentioned in a report that big data processing techniques 
and applications include but not limited to relevant association rule learning, decision tree, 
classification, clustering analysis, data merge, machine learning, natural language processing, 
regression, signal processing, simulation and visualization. An example of association rule learning 
can be attained from Jeffery’s Market Basket Analysis, which have been implemented in Amazon 
recommendation system, Walmart and other retailing firms. Clustering analysis is to group data 
objects based on information found in the data that describes the objects and their relationships. 
The goal of clustering is to make sure the objects within a group be similar (or related) to one 
another and different from (or unrelated to) the objects in other groups. According to Arthur Samuel 
in 1959, machine learning is a technique that gives "computers the ability to learn without being 
explicitly programmed" and it is a subfield of computer science (Munoz, 2014). Regression 
analysis is a statistical method for estimating the relationships among variables and to realize 
dependent valuables forecasting. 

Tavish Srivastava (2015) summarized five directions in which big data can be applied, namely, 
diagnostic analysis, predictive analysis, and finding relation between unknown elements/events, 
prescriptive analysis, and Monitoring an event as it happens. Judging from the current business big 
data application, finding relation between unknown elements/events, predictive analysis, and 
diagnostic analysis are most widely used. In this paper, regression analysis was adopted to perform 
predictive analysis in a business case. And Gartner presents the big data application roadmap in a 
more vivid way (see Figure 2.3). 

 

Figure 2.3: Gartner Business Analytics in 3 Stages 



Data-driven Marketing: Purchase Behavioral Targeting in Travel Industry based on Propensity Model 

 
 

12 
 

Drew Volpe in 2015 pointed out that the systematic methodology of achieving big data values 
has three steps, namely, first, to define the problem to be solved; second, to determine whether the 
data at hand is enough to solve the problem; third, to collect additional or more data, as shown in 
Figure 2.4. 

 

Figure 2.4: Systematic Methodology of Achieving Big Data Values 

    The importance of big data doesn’t revolve around how much data you have, but what you do 
with it. According to SAS, big data technology enable 1) cost reductions, 2) time reductions, 3) 
new product development and optimized offerings, and 4) smart decision making (SAS, 2017). 

2.3 Tourism Marketing Overview 

Traveling is on trend right now. From the profit point of view, the tourism business is to provide 
tourism products and to obtain the maximum profit. It refers to activities mainly and directly from 
travelers to offer products and services when tourists are traveling, and the travel business units 
may include four categories, which are travel agencies and tour operators, hotels, tourist attractions, 
and transportation. Travel industry involves many other sectors, and in general it is constituted by 
six elements, namely “to eat”, “to live”, “to transport”, “to visit”, “to shop”, and “to entertain”, 
corresponding to functions of “catering”, “accommodation”, “transportation”, “tourism”, “retail” 
and “entertainment”.  

Tourism marketing as a branch of marketing, its general marketing theory is basically the same. 
Yuan Meichang defines tourism marketing as "tourism operators bring merchantability into the 
whole process of tourism products design, production and sales; and by promoting sales channels, 
organizing promotional activities, and highlighting the tour operator’s brand, attracts more and 
more travelers to go on vacation based on the correct concept of rational thinking and systematic 
approach” (Yuan, 2011). And according to CarloMaria Grassi, “tourism marketing is the business 
discipline of attracting visitors to a specific location. Hotels, cities, states, consumer attractions, 
convention centers and other sites and locations associated with consumer and business travel all 
apply basic marketing strategies to specific techniques designed to increase visits” (Grassi, 2015).  

Xia Yushu (2007) explained that most of the Chinese tourism enterprises compete by lowering 
price, simply focusing on stimulating the tourists demand, but ignoring the company's own brand 
image. Meanwhile, tourism marketing lack of combining technology when carrying out marketing 
activities, and mostly just telephone and fax and other offline methods. Tourism marketing 
operations and executions based on big data technology is relatively rare. And in 2011 Chen Ji 
pointed out that in the digital and information ear, it became six main marketing methods which 
include search engine marketing, implant advertising, network marketing, wireless marketing, blog 
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marketing and viral marketing, meaning that tourism marketing is moving towards online/digital 
marketing from traditional offline marketing. The traditional tourism marketing model is mainly 
advertising, which often overlooked the relationship between business and individual audience 
(Sun, et al., 2012). With the development and impact of information technology, this extensive 
advertising strategy will be eliminated. And it will be replaced by a more personalized and accurate 
marketing strategy.  

By choosing big data marketing or data-driven marketing to implement personalized marketing 
contents, higher conversion rate would be expected, better customer satisfaction and experience 
would be reached, and more royal customer and repeaters would be followed.  

2.4 Predictive analytics and propensity modeling 

From Figure 2.3 we can see in the 3rd stage of business analytics, it is predictive analytics and 
prescriptive analytics which give business foresights in answering business question of “how can 
we make it happen”. Predictive analytics is becoming more and more important and it is an 
advanced skill to help improve marketing activities. Managing customer relationships relies on our 
ability collect, store and manage customer data, and then trigger business processes which lead to 
sales, see figure 2.5. If we apply predictive analytics on the collected data, to provide personalized 
contents for marketing and CRM automation, there is no doubt that greater profitability will be 
obtained. 

 

Figure 2.5: Relation between CRM and Marketing Automation 

Tourism quantitative forecasting refers to the determination of the scale, level, speed and 
proportion of future economic development of tourism enterprises by utility of statistics and 
mathematical models based on accurate, timely, systematic and comprehensive data and 
information (Zhao, 2011, p. 101). The core of big data is forecast and predictive analytics according 
to Mayer-Schönberger & Cukier (2013). One of the predictive analytics applications is Farecast 
developed by Oren Etzioni, which is an online service that provides users with intelligent airfare 
predictions. Also, The FICO Score by Fair Isaac Corporation helps lenders make accurate, reliable 
and fast credit risk decisions. Other applications such as using predictive analytics to control churn 
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customers, to predict purchasing behaviors across different sectors, show a success and better 
business results compared to the business activities without implementing predictive analytics. 

A propensity model can be referred as a statistical scorecard that is used to predict customer or 
prospect behavior. Propensity models are often used to identify those most likely to respond to an 
offer, or to focus retention activity on those most likely to churn (Childs, 2002). The model may be 
applied to a database to score all customers or prospects. Then only those who are most likely to 
exhibit the predicted behavior shall be selected, for example response, and focus the mailing 
activity appropriately. Let us see an example from MasterCard Advisor (MasterCardAdvisors, 
2017). MasterCard Advisors has developed models that identify specific card usage and spending 
behaviors. Advisors Propensity Models use patterns of spending behavior to identify accounts that 
represent opportunities for issuers. From Figure 2.6 we can see that after applying the propensity 
scoring models, three categories’ targeting groups are identified and the for execution, the 
population with High propensities (scores) should be used for marketing or CRM activities. 
Predictive analytics is ambrosia for digital marketers who are trying to optimize “right offer, right 
person, right time” through their campaign management solution. 

 

Figure 2.6: How Propensity Models Work 

    Since in this case study the dependent variable - the travelers’ purchasing behavior, is 
dichotomous/binary with output equaling to true (1) or false (0), so in this paper the method of 
logistic regression is conducted to calculate the coefficients  included in the formula given 
by 2.1. Mathematically, logistic regression estimates a multiple linear regression function defined 
as: 

                                                               (2.1) 
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in which  is the error and . Nevertheless, the error  is omitted later in this paper for 
the simplification of calculation. Therefore, according to the Least Square method, the coefficients 

are estimated by minimizing  

                   .             (2.2) 

    Let us denote: 

                                                                                                                 (2.3) 

                                                                                                                  (2.4) 

                                                                                                              (2.5) 

where  is observation  of the variable  Thereafter the Least Square estimation is to minimize 
 by solving the system of equations 

 

Thus, we can get the coefficients   for further analysis. 

How to carry out predictive analysis? There are certain steps to follow to work in a systemetic 
way. The flow chart has been sketched in Figure 2.7, and after selecting the proper tools for 
predictive analysis, then the steps include: 

1) to set predictive objectives and plan, that is to determine the target of the forecast, and 
different forecast targets need to develop different forecast plans; 

2) to prepare data, that is collect, collate, and analyze the data to have the master table ready 
for modeling; 

3) to build the predictive models; 
4) to analyze the model outputs; 
5) to validate the results, that is to analyze the difference between the predicted value and the 

actual value to control the error within reasonable range; 
6) to write the output report for decision-making and execution. 
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Figure 2.7: Predictive Analysis Work Flow 
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3 Method 

In order to answer the question of how to implement data-driven marketing, propensity modeling 
technique (Li, 2012) in R program, regression analysis (Keat, et al., 2014) would be adopted to 
discuss a business case in travel industry. Methodology of case study and data collection would be 
followed by Yin’s rules and guides (Yin, 2014). The business case (from company A) describes 
how data-driven results and insights or propensity scores are generated and how it can be used in 
marketing campaigns and CRM communications. And the case is summarized as a model called 
2W1H. 2W represents What to Buy and When to Buy, and 1H stands for How to Buy (via different 
channels). Propensity models would be built for the model 2W1H to demonstrate how data-driven 
results could affect in marketing decisions. Based on the model results, a validation and discussion 
between models and marketing strategies will be carried out. 

3.1 Object of Case Study  

This research was conducted as a single case study of how to use propensity model to predict 
travelers’ purchasing behavior based on historical customer booking data for company A which is 
based in China. According to Yin (2014, p. 2), doing case study research would be a preferred 
method in situations where (1) the main research questions are “how” or “why” questions; (2) a 
researcher has little or no control over behavioral events; and (3) the focus of study is a 
contemporary phenomenon. This paper aims to answer the question of how to use propensity model 
to predict travelers’ purchasing behavior in marketing targeting based on historical customer 
booking data, and the researcher has no control over target events. Consequently, a case study is 
chosen for this purpose. Why company A was selected is because it has been applying propensity 
models to predict travelers’ purchasing behavior in marketing and CRM communications for 2 
years and therefore can also offer empirical evidence to the study (Yin, 2014, p. 95). Besides, as 
mentioned in Chapter 1, there it shows opportunities and great demand in Chinese travel industry, 
therefore taking the case study of a tour operator company A based in China can provide valuable 
insights for both researchers and business people within the same sector.  

3.2 Research data 

Doing case study research is a linear but interactive process which contains five fundamental 
actions: plan; design; prepare; collect; and analyze (Yin, 2014, p. 1). This research is strictly 
designed following these five steps proposed by Yin (2014, p. 29). The study aims to answer the 
question of how to use propensity model to predict travelers’ purchasing behavior. For this purpose, 
the unit of analysis of the design and data collection source would focus on individual behavior and 
customer historical bookings since this is a case study at an individual level (Yin, 2014, p. 92). 
Thus, the data was collected from the organizational CRM database, archival records, and 
marketing activities at company A.  

    Through reviewing, analyzing, and blending the historical customer booking data, a master table 
for propensity modeling is created based on SQL queries and codding. A picture of what the 



Data-driven Marketing: Purchase Behavioral Targeting in Travel Industry based on Propensity Model 

 
 

18 
 

dependent variable (propensity modeling objectives) is and what the independent variables are 
becomes clear.  

3.3 Research method 

Together with reviewing the relevant researching literatures, the research problem and purpose 
have been formulated, and the theory parts as the whole paper’s foundation have been constructed. 
By covering the research topic, digital and data-driven marketing and big data technology have 
been reviewed and discussed, so do the theories of tourism marketing overview and predictive 
analytics and propensity model.  

3.3.1 Quantitative analysis method 

Quantitative analysis is an analysis based upon quantitative characteristics, quantitative relation 
and quantitative changes of social phenomenon. And propensity modeling belongs to quantitative 
analysis. During blending the data for preparing the model building, an overview of the independent 
and dependent variables with the corresponding measures and dimensions is sketched. After the 
data preparation (a master table) is completed, the next step is to separate the master table into two 
set of data, one for training the propensity models, and the other for testing the models to validate 
the accuracy of the model by comparing the predictive score and actual score. The scale of the 
measures was based upon the characteristics of the variables, either binary or decimal. 100,000 
historical customer booking records are used for running the propensity models. It should be noted 
that in this research 60% of the data records were used for training and 40% for testing.  

After performing propensity modeling, coefficients of each independent variables would be 
obtained as well as the significant value of each variables. With the significant values, it can be 
evaluated if the corresponding independent variable is significant and correlated for the model or 
not. Then rerun the propensity models until all the insignificants variables have been taken out from 
the models. A final logistic regression will run on all the significant variables for 2W1H business 
model. Once the coefficients are determined, then the values from test data set would be used to 
substitute in the ready models to get a predictive score, thus, to compare with the actual value. After 
the comparison of the predictive scores and actual scores, the accuracy/performance of the model 
would be computed. Once the performance/accuracy meets the proper threshold, the right models 
have been chosen. Thereafter corresponding actions can be taken to enhance the digital marketing 
and to uplift the conversion rate and the probability of achievement of organizational objectives. 

Interpretation of analytical results and the empirical findings prove that such an approach 
(propensity model) can draw preferable results in implementing purchasing behavioral targeting in 
marketing for travel agencies and tour operators. It is also recommended that the approach outlined 
in this study be replicated in other industries and companies by easily changing the dependent and 
independent variables accordingly as the technique and calculation remain the same. 
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3.3.2 Measurement model 

This paper aims to predict customer purchasing behavior (2W1H, what to buy, when to buy and 
how to buy) in travel industry based upon propensity models, and logistic regression is adopted to 
run propensity models due to the characteristics of the variables. If the dependent variable is Y, 
when  indicates that the event occurs; whereas , the event does not occur. The n 
independent variables that affect y are  respectively. Let  then the logistic 
regression model can be obtained as follows: 

 

where  is the probability of occurrence of an event in the  observation; probability ratio 
is the probability of occurrence of an event divided by the probability of non-

occurrence of the event, denoted as Odds. Odds is always positive and ranges between 0 and 1. By 
taking the logarithm of the Odds, we can get logistic regression equation with dependent valuable 
equal to y, and 

 

which will be equal to the multiple regression model. 

3.3.3 R programming language and RStudio tool 

The R Foundation states that “R is a language and environment for statistical computing and 
graphics. R provides a wide variety of statistical (linear and nonlinear modelling, classical statistical 
tests, time-series analysis, classification, clustering, …) and graphical techniques, and is highly 
extensible. One of R’s strengths is the ease with which well-designed publication-quality plots can 
be produced, including mathematical symbols and formulae where needed” (TheRFoundation). We 
can run R on R environment/tool or RStudio platform. RStudio is a free and open-source integrated 
development environment (IDE) for R. Compared to R platform, RStudio is more user-friendly and 
advanced. In this paper, we run R on RStudio. 

To run propensity model in R on RStudio, we apply ) function. The term “glm” stands for 
generalized linear models, of which the form is 

, where the correlation between “family” and “link function” is shown on 
table 3.1. We can run couple of different regression models such as logistic regression and poisson 
regression by using  function by switching the familytype parameter. And when parameter 
“family” take the value of “binomial”, then it links to logistic regression which we are going to use 
in Chapter 5 when building propensity models for 2W1H business model. (Kabacoff, 2017) 
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Table 3.1: Correlation between “family” and “link function” for ) function 

 

3.4 Research design 

A research design constitutes the blueprint for the collection, measurement, and analysis of data. 
This paper’s research design is illustrated in Figure 3.1. 

Figure 3.1: Research Design 
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4 Business case description 

In this chapter, a detailed business case and case data description will be explained. 

4.1 Case description and model “2W1H” 

As said in chapter 3, why tour operator company A was selected is because it has been applying 
propensity models to predict travelers’ purchasing behavior in marketing and CRM 
communications for 2 years and therefore can also offer empirical evidence to the study and other 
companies within the same sector.  

Company A is a tour operator based in China and its annual sales revenue has exceeded 80 
million US dollars in 2016. Their holiday products are sold in travel agents, direct to the customer 
and online. It also caters for more specialist options including luxury cruise packages, football 
match packages, golfing breaks, group training packages, and tours and flexible scheduled 
packages. In terms of travel products, company A is different from other online travel service 
providers (Online Travel Agent, OTA) because more than 80% of its products are sold in the form 
of packages, that is, holiday packages, including air tickets, catering, hotels and transfer and other 
products or services during a trip. The remaining 20% are non-package sales such as flight only or 
hotel only. 

As a tour operator mainly selling holiday packages, company A has their own brand/concept 
hotels and airlines. There are several hotel concepts/products, such as hotels for family, adult, 
young generation. Family hotel is best for family traveling with children because the hotel is built 
relying on family comfort and children activities and decorations. Adult hotel then suits best for 
travelers traveling without children and want to have their own relaxing and quiet time. Hotel for 
young generation then introduces an innovative hotel setup which is chill and has the theme for 
young generation. Different hotel concepts meet different segment’s needs. The priority for 
company A is always to push the sales on self-own concept hotels first when it comes to marketing. 
Therefore, the first model “What to buy” is built based on the concept hotels company A owns, 
taking the values hotel family, hotel adult, hotel young.  

As with the model “When to buy”, it suggests to use departure lead time, taking the values “to 
buy 2 months before departure”, “to buy 3 to 6 months before departure”, “to buy 7 to 9 months 
before departure”, and “to buy 10 months or over before departure”. Regarding the model “How to 
buy”, it refers to the selling channels Company A possesses, which includes travel agents, direct to 
the customer and online.  

In the age of big data and information technology era, more than 70% of Company A’s holiday 
products/packages are sold online. This is also another reason why data-driven marketing plays a 
crucial role for Company A. How successful their digital/ data-driven marketing will be determines 
how successful their organization performance and profitability will become. And when it comes 
to data-driven marketing in terms of big data technology, as Mayer-Schönberger & Cukier (2013) 
pointed out that the core of big data is predictive analytics, company A realizes this and took the 
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lead in discovering how to help improve marketing and CRM communication with their customers 
when performing data-driven marketing, therefore, propensity models have been chosen for predict 
their travelers purchasing behavior, and in return, to use propensity scores to target different 
individuals based on their own needs. This personalized behavioral targeting in marketing does not 
only improve the business conversion rate and sales, but also attract more and more loyal customers 
to continue doing business with them. 

This paper introduces a business model called “2W1H”, see figure 4.1. 2W refers to “What to 
buy” and “When to buy”, 1H refers to “How to buy”. In the following sections, each of these models 
will be discussed and explained. 

 

Figure 4.1: Business Model “2W1H” 

4.1.1 Model “What to buy” 

The business model “What to buy” describes which hotel product the travelers intend to buy on 
their next purchasing. Three main concept hotels are taken to assign to the model “What to buy”. 
These hotel products comprise “HotelFamily”, “HotelAdult”, and “HotelYoung”, from data 
property’s perspective, these hotel products are taken values that is dichotomous or binary with 
only 2 options, namely true (1) or false (0). 
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    Each of these hotel products will then become the dependent variable and constitute an event in 
logistic regression, for example, HotelFamily leads the event if a traveler is going to buy a family 
hotel product or not, when HotelFamily equals to 0, it means that this traveler is not going to buy 
a family hotel product; whereas HotelFamily equals to 1, it means that this traveler is going to buy 
a family hotel product. The rule applies to the dependent variables “HotelAdult” and “HotelYoung”. 

4.1.2 Model “When to buy” 

After we figure out what products the customers are going to buy, then we now pay attention to 
find out when the customers are going to make their bookings. The business model “When to buy” 
from the “2W1H” model, will answer the question of when the customers will make their next 
purchase. In this case, “When to buy” takes the values of 4 departure lead time periods, namely, 
“Buy2MonthsAhead”, “Buy3to6MonthsAhead”, “Buy7to9MonthsAhead’, and 
“Buy10orMoreMonthsAhead”. Same as the dependent variables for model “What to buy”, these 4 
departure lead time periods are also taken values that is dichotomous or binary with only 2 attributes, 
namely, true (1) or false (0). 

    Every departure lead time dependent variable from the model “When to buy” establishes an event 
in logistic regression when running the propensity model in R, for example, Buy2MonthsAhead 
creates an event if a traveler is going to make a booking 2 months before departure or not, when 
Buy2MonthsAhead equals to 0, it means that this traveler is not going to make a booking 2 months 
before departure; whereas Buy2MonthsAhead equals to 1, it means that this traveler is going to 
make a booking 2 months before departure. The same rule applies to the other three dependent 
variables “Buy3to6MonthsAhead”, “Buy7to9MonthsAhead”, and “Buy10orMoreMonthsAhead”. 

4.1.3 Model “How to buy” 

By now we have discussed what the travelers are going to buy (model “What to buy”) and when 
they are going to make the next booking (model “When to buy”), then the next step is to focus on 
how they are going make the purchase. The business model “How to buy” will answer the question 
of which channel the travelers intend to choose when booking their next holiday. Three main 
booking channels company A provides are chosen to constitute the model “How to buy”. These 
booking channels include “BuyAgent”, “BuyDirect”, and “BuyOnline”, from data property’s 
perspective, these booking channels are taken values that is dichotomous or binary with only 2 
attributes, namely true (1) or false (0). 

    Each of these booking channels will then become the dependent variable and constitute an event 
in logistic regression, for example, BuyOnline triggers the event whether a traveler is going to make 
the next purchase online or not, when BuyOnline equals to 0, it means that this traveler is not going 
to make the next purchase online; whereas BuyOnline equals to 1, it means that this traveler is 
going to make the next purchase online. The same rule applies to the dependent variables 
“BuyDirect”, and “BuyOnline”. 
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4.2 Case data description 

In 4.1 the business model “2W1H” has been investigated and each business model “What to buy”, 
“When to buy”, and “How to buy” has been discussed. By predicting the dependent variables 
behind each of these business models based on predictive analysis and propensity model with 
respect to logistic regression, travelers purchasing behavior will be forecast and the behavioral 
targeting can be performed in marketing and CRM activities when communicating with different 
customers. 

    In order to run the propensity model in terms of logistic regression in R, we need to introduce 
the set of data that is going to be the input of model construction.  

4.2.1 Data collection and preparation 

As said in chapter 3 when discussing the research method, in this paper, data collection sources 
would focus on individual behavior and customer historical bookings since this is a case study at 
an individual level (Yin, 2014, p. 92). Thus, the data was collected from the organizational CRM 
database, archival records, and marketing activities at company A. The purpose is to withdraw 
100,000 customer historical booking records in order to better explain the propensity models. 
Because we need to use 40% of the customer records to test and validate the accuracy of the 
propensity model, therefore, 60%, that is 60,000, of the customer booking records would be used 
to build the propensity model in terms of logistic regression.   

The source data that comes from company A is distributed across different tables with different 
functions, such as bookings table that stores all the booking information including booking number, 
booking date, trip duration, departure lead time, sales channel and so on; flight table that saves all 
the fight information per booking number, such as departure date, destination etc.; hotel table that 
contains all the hotel information per booking number, such as hotel code, hotel product, resort and 
so on; and passenger table that includes all the passenger information per booking number and 
passenger number, such as age, gender etc. A list of sample data tables stored in SQL Server 
database, can be seen from Figure 4.2. Since the data is distributed in different tables, then the first 
step of data preparation is to figure out how to merge the tables and get all the information we need 
for propensity model and have the data listed per customer number, as we are trying to predict each 
customer’s individual purchasing behavior.  

Through reviewing, analyzing, and blending the historical customer booking data from different 
tables, a master table for propensity modeling is created based on SQL queries. A picture of what 
the dependent variable (propensity modeling objectives) is and what the independent variables are 
becomes clear.  
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Figure 4.2: Sample of Research Data Tables 

4.2.2 Selection of model variables 

When preparing the master table for propensity modelling, we take into consideration what kind of 
data should be included, and which variables matter in predicting traveler’s next purchasing 
behavior. We must choose the independent variables wisely out of large sets of variables from the 
historical customer booking database, otherwise noise will be brought into the propensity model 
and as a result, the predictive results would not be trustworthy. 

The data analytics consulting Cambridge Analytica provides a very successful data service for 
improving digital marketing performance by applying behavioral science, data analytics, and 
addressable ad tech, see figure 4.3. Within behavioral science, the OCEAN five-factor personality 
traits model is adopted, which defines different traits in personality across demographics and all 
methods of observation (Nix, 2017). To better predict the travelers’ purchasing behavior, we need 
to take into consideration both the factual and attitudinal data. Factual data describes individual 
demographics or geographic factors, such as age and gender. Whereas attitudinal data comes from 
psychographics, such as consumer data and historical buying patterns. With these rules in mind, a 
set of independent variables such as, age, years as customer, travel frequency and so on, are selected 
to concrete the master table for further propensity model building. A detailed description of each 
independent variable will be presented in section 4.2.3. 
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Figure 4.3: Three Legs to the Stool 

4.2.3 Model variables description 

In total, 64 independent variables are selected for propensity modeling, see table 4.1 each variable 
and its data type. CustomerNumber does not belong to independent variable it’s just a foreign key 
to identify each customer record.  

Table 4.1: Model Variable Description 

Variable Type Description 

CustomerNumber STRING Foreign key 

Dep1to2 BINARY 

Departure month 
Dep3to6 BINARY 

Dep7to9 BINARY 

Dep10to12 BINARY 

DestMallorca BINARY 

Destination 

DestCanaria BINARY 

DestTurkey BINARY 

DestGreece BINARY 

DestEgypt BINARY 

DestThailand BINARY 

DestBulgaria BINARY 

DestPortugal BINARY 

DestRebuy BINARY 

PriceLow BINARY Price  
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PriceMid BINARY 

PriceHigh BINARY 

CancelInsur BINARY Cancel insurance 

FlightMeal BINARY Flight meal 

HotelMeal BINARY Hotel meal 

HolidayInsur BINARY Holiday insurance 

HotelFamily1Yr BINARY 

Hotel products last 1 year 

HotelAdult1Yr BINARY 

HotelYoung1Yr BINARY 

HotelFlexible1Yr BINARY 

HotelOther1Yr BINARY 

HotelFamily4Yr BINARY 

Hotel products last 4 year 

HotelAdult4Yr BINARY 

HotelYoung4Yr BINARY 

HotelFlexible4Yr BINARY 

HotelOther4Yr BINARY 

DepLast1Yr BINARY Departure last 1 year 

DepLast4Yr BINARY Departure last 4 year 

HotelFamily BINARY 

Hotel product buy 

HotelAdult BINARY 

HotelYoung BINARY 

HotelFlexible BINARY 

HotelOther BINARY 

Buy2MonthsAhead BINARY 

Departure lead time 
Buy3to6MonthsAhead BINARY 

Buy7to9MonthsAhead BINARY 

Buy10orMoreMonthsAhead BINARY 

Duration1to7 BINARY 

Trip duration 
Duration8to14 BINARY 

Duration15to21 BINARY 

Duration22Over BINARY 

BuyAgent BINARY 

Booking channel BuyDirect BINARY 

BuyOnline BINARY 

YrAsCustomer FLOAT Year as customer 

MonthsSinceLast FLOAT Month since last 
departure 

NewCustomer BINARY New customer 
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BuyLastMinute BINARY Buy last minute 

TravelFrequency BINARY Number of bookings 

GroupBooking BINARY Group booking 

GenderM BINARY Gender M 

GenderF BINARY Gender F 

AgeGroup STRING Age group 

TravelAsCouple BINARY Travel as couple 

TravelAlone BINARY Travel alone 

TravelWiOldChild BINARY Travel with old child 

TravelWIYoungChild BINARY Travel with young child 

Children0 BINARY Travel without child 

Children1 BINARY Travel with 1 child 

Children2to3 BINARY Travel with 2 or 3 
children 

Children4andOver BINARY Travel with 4 and more 
children 

 

    A sample of statistical data set is shown in below table 4.2. As we can, most of the dependent 
variables data type belong to binary while a few belong to float. Nevertheless, the dependent 
variable data type is binary since we predict if an event occurs or not, so logistic regression is 
chosen for running propensity models. Once the training table and test table is ready, we can start 
building our propensity model. Input the training table into RStudio, and run glm() function in 
terms of logistic regression. The analysis of the propensity models for the business model “2W1H” 
will be performed in chapter 5. 

Table 4.2: Sample Case Data 
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5 Business Case Analysis 

As described in the case description, this chapter will then be prepared to discuss and analyze the 
business case with the collected customer historical data from a tour operator company A. 
Propensity model and logistic regression techniques will be conducted to build predictive model 
for behavioral targeting.  

5.1 Analysis of 2W1H model 

The scale of the measures was based upon the characteristics of the variables, either binary or 
float/decimal. In total 100,000 historical customer booking records are used for running the 
propensity models. And as mentioned in this research 60% of the data records are used for training 
and 40% for testing. From figure 4.1 the business model “2W1H”, it is shown that, there are three 
hotel products we can predict to see if a customer is going to buy one or not under the business 
model “What to buy”; there are four departure lead time periods we can forecast to check when the 
customer will make next booking under the business model “When to buy”; and under business 
model “How to buy”, there are also three channels we can predict which way a customer is going 
to purchase next trip.  

    Since the propensity modeling principle is the same for each business model, it is just the 
dependent variables we need to change when run different models. Therefore, in this paper, we 
only demonstrate one propensity model for each business model “2W1H”. For business model 
“What to buy”, we choose to predict whether a customer is going to buy hotel family or not, which 
means HotelFamily would become the dependent valuable and the rest of the variables would be 
independent variables as the propensity model’s predictors. And we select to predict if a customer 
will purchase next trip in 2-month advance before departure for business model “When to buy”, 
therefore, Buy2MonthsAhead would become the dependent variable and the rest would be 
predictors. When it comes to the business model “How to buy”, we will demonstrate the propensity 
model for predicting if a customer is going to purchase next trip online, which indicates that 
BuyOnline would become the dependent variable and the rest of the variables would become 
predictors. In below sections, we will discuss and analysis these three propensity models in detail. 

5.1.1 Analysis of “What to buy” 

As said, we take “HotelFamily” as dependent variable for business model “What to buy” to run 
propensity model to predict if a customer is going to buy family hotel product. Load the training 
data set into R and run glm() function with  to ensure glm 
takes logistic regression, see figure 5.1 the commands of propensity model for business model 
“HotelFamily”. At the first run, we might come across the situation where there would be some 
independent variables that is not significant for predicting the appointed event, then we need to take 
way the insignificant variables and rerun the propensity model again until we get rid of all the 
insignificant variables. Thereafter, we get a proper propensity model with a summary that includes 
only significant predictors in below table 5.1. 



Data-driven Marketing: Purchase Behavioral Targeting in Travel Industry based on Propensity Model 

 
 

30 

 

Figure 5.1: Command of Propensity Model for “HotelFamily” 

The next step is to validate the propensity model for “HotelFamily” by assigning the values from 
the test data set into the ready built propensity model, and get the propensity scores for each 
customer to predict if the customer is going to buy family hotel product or not. Normally we take 
the threshold equal to 0.5, which means that the customer with the propensity score equal to or 
greater than 0.5, then this customer is going to buy family hotel product from tour operator company 
A, otherwise, this customer is not going to buy family hotel product from company A. Figure 5.2 
demonstrates how many records with the predicted score equals to the actual value, in this case 

. And we can see an accuracy rate is 92%, which suggests that we can 
apply this propensity model to predict and check if a customer is going to buy family hotel product 
or not.  

 

Figure 5.2: Accuracy of Propensity Model “HotelFamily”  

In this way, when we are executing marketing activities like web offer recommendation or CRM 
communications such as newsletter triggers, we can then only communicate with those who are 
predicted to be more likely to buy family product and ignore those without interest of buying family 
product. And it has been proven that in March 2017, by applying this model, the conversion rate is 
8.7% higher than the communication without applying propensity model.   

 

 

 



Data-driven Marketing: Purchase Behavioral Targeting in Travel Industry based on Propensity Model 

 
 

31 

Table 5.1: Summary of Propensity Model “HotelFamily” 
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5.1.2 Analysis of “When to buy” 

For business model “When to buy”, we take “Buy2MonthsAhead” as dependent valuable, which 
we want to predict if a customer is going to purchase next trip 2 months before departure. Load the 
data into RStudio, and apply glm() function with  to make 
sure the propensity model run on logistic regression. 

The summary of model_Buy2MonthsAhead at first run of glm() propensity model is shown in 
Table 5.2. From the summary, we can see that some of the independent variables are not significant 
to predict if a customer is going to purchase next trip 2 months before departure. So, we need to 
take those insignificant variables away and rerun the model again until all the predictors are 
significant, then we get the proper propensity model for “Buy2MonthAhead”.  

After we obtain the propensity model for “Buy2MonthsAhead”, then we calculate the propensity 
scores by substituting the values from test data set so that we can validate the accuracy of the 
propensity model. If we set the threshold to 0.5, meaning when those propensity scores being 
greater than or equal to 0.5 from test data set, then the corresponding customer is going to buy next 
trip 2 months before departure. The accuracy of the propensity model for “Buy2MonthsAhead” in 
this case is 95%, see figure 5.3. It means that this propensity model is good enough for marketers 
to perform forecast of the event where a customer is going to purchase next trip 2 months before 
departure in marketing automation or execution. And it has also been proven that in March 2017, 
by applying this model in last minutes’ campaigns, the conversion rate has been uplift by 6.8% 
compared to the communication without apply propensity model.   

 

Figure 5.3: Accuracy of Propensity Model “Buy2MonthsAhead”  
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Table 5.2: Summary of Propensity Model “Buy2MonthAhead” 
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5.1.3 Analysis of “How to buy” 

For business model “How to buy”, we will take “BuyOnline” as an example to run propensity 
model to predict if a customer is going to purchase next trip online. And the forecast for other two 
channels “BuyDirect” and “BuyAgent” can follow the same steps afterwards. Load both the 
training data and test into RStudio, and run glm() function on the training data set with 

 to make sure the propensity model run on logistic regression. At first, 
we need to take out around ten independent variables due to the insignificance to the propensity 
model. After second and third rerunning of the propensity model, in total there are 19 insignificant 
variables that have been taken out. Thereafter, we get a proper propensity model with a summary 
that includes 45 significant predictors in below table 5.3. The accuracy rate of propensity model 
“BuyOnline” is 91% (see figure 5.4) and there’s a 5.4% increase of conversion rate compared to 
mass marketing. 

 

Figure 5.4: Accuracy of Propensity Model “BuyOnline”  
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Table 5.3: Summary of Propensity Model “BuyOnline” 

 



Data-driven Marketing: Purchase Behavioral Targeting in Travel Industry based on Propensity Model 

 
 

36 
 

5.2 Big data tourism marketing analysis 

Mark Jeffery in 2014 pointed out that "it is now the best and most exciting time to do marketing" 
because the improvement of infrastructure such as collecting and storing customer data makes all 
sorts of new data-driven marketing methods challenging, effective and interesting. 

5.2.1 Big Data tourism marketing strategy framework 

Data-driven marketing strategies have many advantages, so developing a marketing strategy 
framework covering the idea of data marketing can be very useful for guiding marketing practices. 
As shown in figure 5.5. 

All the business activities are working for achieving the organizational strategic objectives. So 
are marketing activities. With the guidance of the organizational strategic objectives, the marketing 
strategy will not be biased. The first step is to understand business and establish good strategic 
planning and have the right resources be ready and prepared, otherwise even if large amount of 
customer data has been collect, nobody would know what to do with it. 

The second step is to accumulate data assets, and create a full functional customer database. This 
step will contribute to know your customers better and form a habit of obtaining customer insight 
to fully understand your customers. The development of information technology allows us to 
collect sales and even in any customer interaction data. 

The third step is based on the breakdown of customer consumption forecast, which can quickly 
and efficiently segment customers and provide guidance for the development of marketing strategy. 
Segmentation does not only help improve targeting and positioning in the marketing, but also help 
cut unnecessary marketing costs. 

Based on step 1 to 3, the fourth step is to formulate and design marketing strategy. In this way, 
the marketing strategy is more specific and clear, and even more operational. Take the above case 
as an example, by predicting which customers are more likely to choose a family hotel on their next 
trip, marketers can perform more effective and relevant interaction with the corresponding 
customers who show the specific interests, which will also lower the risk of making the customer 
feel annoyed when they are receiving irrelevant marketing contents. 

The last step is to evaluate the performance of marketing strategy by tracking the key 
performance indicators (KPIs) of the marketing activities. Through the examination of the KPIs, 
the relevant feedback can be obtained to better improve the marketing strategy, therefore to form a 
cycle process to keep improving the marketing strategy. 
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Figure 5.5: Tourism Marketing Strategy Framework

5.2.2 Big Data tourism marketing strategy plan 

Based on conducting customer purchasing behavior prediction of the business model “2W1H’ in 
section 5.1, we can generate a customer purchasing behavior database per each customer number, 
then link to marketing tool or CRM tool for marketing activities execution when choosing 
marketing strategies. Let us now discuss a few marketing plans. 

1) Target marketing. Forecasting and segmenting customers based on predictive analytics can 
help implement customer purchasing behavioral targeting in marketing. Corresponding 
marketing contents including product design and price setting can be prepared based on 
different target groups. By applying predictive analytics can also avoid carrying out 
marketing activities based on outdated data and insights. 
 

2) Content marketing. Content marketing involves the creation and sharing of online material 
(such as videos, blogs, and social media posts) that does not explicitly promote a brand but 
is intended to stimulate interest in its products or services. To create contents based on 
travelers’ needs will drive better marketing results. 
 

3) Relationship marketing. It emphasizes on increasing the rate and level of customer retention 
and satisfaction, rather than a focus on sales transactions. And the propensity scores can be 
used to better interact with customers when you are looking for next trip, and the 
personalized communication will help improve customer experience and customer 
satisfaction, thus more and more customers will become loyal customers. 

 

Corporate Strategic Objectives 
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Customer segmentation: 
customer consumption forecast

Marketing Design: Marketing 
Strategy 
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Performance Indicators 
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Target 
marketing 
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Relationship 
marketing 
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marketing 
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6 Conclusions and implications 

By introducing big data technology and data-driven marketing, this paper titled “Data-driven 
Marketing: Purchase Behavioral Targeting in Travel Industry based on Propensity Model” presents 
the process of building propensity models for the application in behavioral targeting in travel 
industry. Combined the propensity scores from predictive analysis and logistic regression with 
proper marketing and CRM strategies when communicating with traveler, the business model 
“2W1H” can perform personalized targeting for evaluating of marketing strategy and performance. 

6.1 Conclusion 

Regarding big data technology, propensity model in R and logistic regression is demonstrated. As 
with data-driven marketing, the knowledge of marketing metrics and marketing analysis has been 
discussed. After introducing the business model “2W1H”, the answers to the questions of “What 
to buy”, “When to buy”, and “How to buy” are well explained by illustrating the propensity 
modeling of one example for each business model.  

For the business model “What to buy”, a propensity model of “HotelFamily” is conducted to 
check whether a customer is going to buy a family hotel product on next trip. The model accuracy 
rate reaches 92%, which suggests that the model can be applied to predict and check if a customer 
is going to buy family hotel product. By applying this model, the conversion rate is 8.7% higher 
than the communication without applying propensity model. 

While for the business model “When to buy”, a propensity model “Buy2MonthAhead” in terms 
of logistic regression is demonstrated in order to check if a customer is going to purchase next trip 
2 months before departure. The accuracy of the propensity model for “Buy2MonthsAhead” reaches 
95%, which means that this propensity model is good enough for marketers to perform forecast of 
the event where a customer is going to purchase next trip 2 months before departure in marketing 
automation or execution. By applying this model in last minutes’ campaigns, the conversion rate is 
increased by 6.8% compared to the communication without applying propensity model. 

And for the business model “How to buy”, a propensity model “BuyOnline” has been introduced 
to evaluate if a customer is going to purchase next trip online. The model accuracy rate is 91% and 
there’s a 5.4% increase on the conversion rate compared to mass marketing. 

     By analyzing the business model “2W1H” and the propensity model on each business model, 
both the validation of the model based on training model and test data set, and the validation of 
actual marketing activities, it has been proven that predictive analytics plays a vital role in the 
implementation of travelers’ purchasing behavioral targeting in marketing. 

6.2 Implication 

Through investigating the procedures and implementation of big data and data-driven marketing 
by applying propensity models to predict traveler’s purchasing behavior at Tour Operator Company 
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A, a cost-effective and reliable targeting approach was demonstrated. The evidence suggests that 
implementing personalized targeting in marketing increases sales and conversion rate.  

The study results provide a logical and reliable way for travel business to describe and implement 
their marketing strategies, to measure and evaluate digital marketing performance, and to 
communicate with customers in a personalized fashion, with the help of applying propensity 
models. It’s believed that the case application shown can be of use to marketers at Company A, and 
others within the same sector can also benefit from this approach. 

Although the models based only on historical purchasing data could give relatively pleasing 
predictive results, it would be better if other sorts of information through the whole customer 
journey like web browsing data, customer satisfaction data, social media data, at-destination data, 
app data and so on would also be collected and merged in one profile, because in this way, a more 
accurate behavioral prediction will be drawn.  

This paper discusses two validation ways of the performance of propensity model, it would be 
valuable and recommended to also track and follow up on customer retention rate, repeater ratio, 
customer satisfaction scores, and NPS (Net Promoter Scores) and see what the effect will be when 
implementing purchasing behavioral targeting in tourism marketing. 

Last but not least, to stand out in the competitive travel business, it’s important for the marketers 
to establish data-driven and big data marketing mindset. 
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