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ABSTRACT 

 

An ideal tour package should consist of itinerary elements such as the sequence of 

tourist attractions with the scheduled arrival times and visiting durations at each 

attraction, specific to each tourist according to their preferences and characteristics. 

Although seen as a determining factor for tourists’ satisfaction by tour operators, a 

tour package is described as one of the fundamental, taken-for-granted symbols of 

the tourism industry. Conventionally, tour operators choose just some of a number of 

travel products, for instance, several places to visit or a transportation mode, and put 

them into a tour package without sufficiently understanding both the potential and 

actual needs of the tourists themselves. Furthermore, some tour operators have 

conflicting motives in producing tour packages such as adding many shopping 

activities with the intention of maximising their profits.  

 

This research involves outlining several methodologies for designing tour packages. 

The methodologies are for personalised scheduling, activity planning and market 

segmentation, that have been developed by integrating tourists’ spatio-temporal 

movements and their characteristics. The design of a tour package is directly linked 

to tourist market needs and demands using the Personalised Scheduling Method. 

Semi-Markov and scheduling processes are employed to produce an itinerary, 

personalised to a specific combination of characteristics for tourists. Other elements 

of a tour package such as route, activities and budget can be added to the itinerary to 

complete the tour package design process. The Activity Planning Method uses a 

Probability Density Function to estimate tourists’ arrival times and visiting durations 

for planning the timing of activities at each attraction. The Market Segmentation 

Method applies the Expectation-Maximisation Algorithm to produce target markets 

of tour package products which are itineraries, attractions and activities based on 

tourists’ characteristics. 

 

A case study of Phillip Island, Victoria, Australia was undertaken to implement and 

evaluate each method developed. A survey was conducted to gather data of tourists’ 

spatio-temporal movements and their characteristics. The Personalised Scheduling 

Method was implemented using the spatio-temporal movement dataset of female and 
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middle aged tourists, as the Phillip Island Nature Park is one of the target tourist 

markets. A number of itineraries were derived and suggested for female and middle 

age tourists. The Activity Planning Method revealed that a few activities on 

Churchill Island, one of the attractions located on Phillip Island, were often 

scheduled prior to tourists’ arrivals or long after they arrived. This highlighted the 

importance of activity planning and marketing effort. Several tourist target markets 

were identified for various itineraries, attractions and activities, which are useful in 

understanding tourist needs and demands and identifying the competitive advantage 

of tour packages.   

 

In conclusion, the tour package design methodology developed in this study is able 

to provide tourists with personalised itineraries and support other stakeholders such 

as attraction administrators and tour operators in managing the resources and 

facilities within attractions together with transport planning between tourism areas.       
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CHAPTER 1: INTRODUCTION AND OUTLINE  

 

1.1 Introduction 
 

Transportation and tourist movement are considered as significant factors for 

international tourism (Page, 2005). When and how tourists move within the 

destinations are valuable information for tourism marketing, especially for 

developing tour packages by tour operators or the arrangement of activities by 

observing tourist movement by attraction administrators. 

 

A tour package is a primary component of the tourism industry, seen by tour 

operators as a determining factor for tourist satisfaction (Geva and Goldman, 1991). 

It was described as “one of the fundamental, taken-for-granted symbols of the 

tourism industry” (Weaver and Lawton, 2010).  

 

Some studies define the components of a tour package as consisting of 

accommodation, transportation and attraction, but ignore the vital aspect of tourist 

movement (Morrison, 1996; Perlitz and Elliott, 2000; Syratt and Archer, 2003). At 

the same time, much research that covers the aspect of spatio-temporal movement of 

the tourist within a tour package design do not include an actual tourist movement 

dataset such as a list of attractions visited, the arrival time and visiting duration 
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within attractions (Niknafs et al., 2003; Dunstall et al., 2004; Tam and Pun-Cheng, 

2012). 

 

A tour package is defined in this research as having a list of attractions with their 

arrival times and visiting durations by tourists. The list of attractions is logically 

sequenced and involves the arrangement of visitation from one attraction to another. 

It shows which attraction is to be visited earlier and later or first and last (Xia and 

Arrowsmith, 2005). 

 

In this thesis, a methodology to design tour packages through the modelling of tourist 

spatio-temporal movement is developed. A scheduling method that is necessary for 

the integration of a movement sequence from one attraction to another with its 

itinerary element is proposed.  

 

The research progresses to include the suggestion of activity starting time based on 

tourist arrival time within each attraction. Multiple starting times are suggested 

according to various tourist arrivals to suit a range of activity timing arrangements. 

At the end of this thesis, a method to associate tour package products such as 

itinerary, attraction and activity, according to different tourist characteristics, for 

instance age, gender and travel group, is introduced to acknowledge the importance 

of the marketing perspective of tour packages. 

 

A case study was conducted at Phillip Island, Victoria, Australia to gather tourist 

spatio-temporal movement data that covers their movement around nine attractions. 

A mathematical model and scheduling process are used to develop a method of 

modelling tourist spatio-temporal movement and are evaluated using this spatio-

temporal movement dataset.  

 

Another mathematical model is applied to the arrival times and visiting durations of 

tourists in each attraction. Furthermore, the output of the itinerary is used to segment 

the itinerary market by using a tourist characteristic dataset through the 

implementation of a clustering algorithm.  
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1.2 Problem Formulation 
 

The major challenge in managing tourism is the diversity of tourists competing for 

the same resources such as a tour package and the need to balance these multiple 

objectives while maintaining a positive tourism experience (O’Connor et al., 2005). 

According to Fennell (1996), the key to overcome this issue is by understanding 

tourist behaviour. One such behaviour is tourist movement (Cooper, 1981). 

 

According to Xia et al. (2008), tourist spatio-temporal movement in terms of their 

way finding behaviour consists of two important components, namely physical 

movement and decision-making. This opinion is further strengthened by the 

definition of tourism itself which means the practice of travelling for recreation 

(Merriam-Webster, 2010). Travelling needs movement. Thus, it is inadequate to 

produce a tour package without considering the spatio-temporal movement of 

tourists. 

 

The knowledge of tourist spatio-temporal movement patterns is essential to develop 

tour packages by understanding the location of popular sites and the timing of visits 

where it indicates how tourists combine tourist sites together and arrange their 

schedules (Xia et al., 2010). Furthermore, according to her, a dominant tourist spatio-

temporal movement pattern could be used to assist attraction administrators in 

deciding how the daily program of activities should be arranged for attractions. 

 

A tour package is significantly important where it comprises elements such as 

marketing, movement and activities (Jafari, 2000; Perlitz and Elliott, 2000). 

Although important, the proper methodology in designing tour packages is always 

taken for granted by tour operators. Dunstall et al. (2004) claimed that tour operators 

conventionally choose just some of the elements of the holiday, such as one or more 

travel products, or one or more places to visit and put them into their tour package. 

Furthermore, some tour operators have produced tour packages with an intention to 

maximise their profit such as adding too many shopping activities (Ap and Wong, 

2001). 
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To date, very few tour packages have been created using proper quantitative 

techniques. Niknafs et al. (2003) implemented a Case-Based Reasoning (CBR) 

where tourist preferences such as interest and budget were the main subject in 

designing tour packages. Unfortunately, their techniques did not include a spatio-

temporal movement aspect to better support their findings.  

 

An improvement to the research by Niknafs et al. (2003) was the itinerary mapping 

technique to gather spatio-temporal movement data of tourists (Connell and Page, 

2008). Alas, though spatial data were collected and analysed, they relied too much on 

sketch maps of tourist vehicular movement, resulting in a loss of fine detail as a 

result of using small scale maps (Lew and McKercher, 2006).  

 

A greedy algorithm was implemented to find the shortest path from one attraction to 

another in tour packages (Tam and Pun-Cheng, 2012). Despite suggesting tour 

packages with proper timing elements such as arrival time and visiting duration at 

each attraction, the implementation of the shortest path concept sometimes does not 

suit touring scenarios. During tours, tourists could prefer longer routes to reach 

destinations due to the leisure motivation of passing by more places present between 

attractions during a tour. 

 

The spatio-temporal movement in terms of visiting duration is also important in 

influencing the decision-making of tourists in choosing attractions (Sirakaya et al., 

1996). A similar view was expressed by McKercher and Lew (2004) where tourist 

spatio-temporal movement was found to influence tour package modelling.  

 

Finally, although the foundation of linking tourist spatio-temporal movement with 

tour packages design was established together with the link between tourist decision-

making towards tour packages, little was done to look into the inter-relationship 

between spatio-temporal movement and tourist decision-making in the context of 

tourist preferences (McKercher and Lew, 2004). 
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Tour operators could fail to match tour packages, as a product of analysing spatio-

temporal movement with tourist preferences via their characteristics as some of the 

attractions may only suit certain types of tourists (Kale et al., 1987). This inter-

relationship between spatio-temporal movement and tourist decision-making is 

important in designing tour packages. Therefore, it must be taken seriously by 

stakeholders of tour packages. 

 

1.3 Research Objectives 
 

The primary aim of this research is to establish a method for developing tour 

packages by modelling tourist spatio-temporal movement. In order to achieve the 

primary aim, three objectives with related research questions are addressed.  

 

The first objective is to develop a framework for developing tour packages that 

incorporates aspects of spatio-temporal tourist movement and tourist characteristics. 

Its related research questions are: 

 

(i) How do we best define a tour package and its components from the 

perspective of spatio-temporal movement? 

(ii)  What are the issues in designing tour packages, especially in relation to 

spatio-temporal movement and tourist characteristics? 

 

Such a framework is important when later, it will be used to devise a modelling 

technique for those movements as the most important component in designing tour 

packages. This is the second objective and it constitutes several research questions 

such as: 

 

(iii)  What are the current methods to solve the tour package design issues? 

(iv) What methods can be used to spatio-temporally develop itineraries? 

(v) What methods can be used to estimate the arrival time and visiting 

duration of tourists for the purpose of suggesting starting times and 

visiting durations of various activities? 

(vi) What methods can be used to segment the market of tour package 

products according to diverse tourist characteristics? 
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(vii)  What are the tourist characteristics for segmenting the market of tour 

package products? 

 

Lastly, the third objective is putting into practice the modelling technique by 

implementing and evaluating it using a case study. Its research questions are:  

 

(viii)  Will there be various itineraries to be proposed as a result of diverse 

spatio-temporal movement patterns according to different tourist 

characteristics? 

(ix) Will there be a different set of arrival times and visiting durations 

according to each attraction? 

(x) Will there be a significant difference between the arrival time and 

visiting duration outcomes with the status quo of the timing of specific 

attraction activities? 

(xi) Will there be a specific set of tourist characteristics associated with each 

tour package product? 

 

This thesis does not attempt to model the spatio-temporal movement of tourists 

within each attraction as the scope only involves the macro-level movement of 

movement sequence instead of micro-level movement within an attraction. Nor does 

this thesis try to uncover the reasons behind each movement decision made by 

tourists. No cognitive decision-making models were involved in this thesis. A slight 

representation of cognitive perspective is demonstrated by the segmentation of tour 

package products according to different types of tourist characteristics. 

 

1.4 Research Significance 
 

The proposed research is significant in that it develops a method for developing tour 

packages by modelling tourist spatio-temporal movement. This research fills a gap 

by embedding tourist movement information in a tour package design process. This 

is done by including the output of scheduling actual tourist spatio-temporal 

movement and corresponding tourist characteristics as major elements of itineraries. 

Therefore, itineraries can be tailored for certain types of tourists according to their 

preferences and characteristics (Lopez, 2003).  
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On top of that, attraction administrators are able to improve the organisation of 

activities by enhancing the technique to estimate the arrival time of tourists (Asakura 

and Iryo, 2007). Concurrently, tour operators can offer diverse tour package products 

according to broader types of tourists by segmenting itineraries, attractions and 

activities markets (Xia et al., 2010). Ideally, by offering more types of tour package 

products, sales improve and profit increases. 

 

This research is distinguishable from existing tour package research by emphasising 

scheduling of tourist movement, estimating the frequency of activities and starting 

time based on the arrival time of tourists and the development of customised 

itineraries. Other contributions from this research include: 

 

(i) Stakeholders, like attraction administrators, local authorities and 

government agencies are able to plan the future development of parks and 

surroundings such as improving facilities to assist tourist movement. Such 

facilities are like information kiosks, signboards, signposts and special 

roads for tourists to avoid roads used by locals. 

(ii)  The tourist characteristic findings of this research are useful to plan the 

development of amenities to assist tourists with particular needs such as 

senior citizens and families with children. Such facilities may include 

toilets, special bus services, cafes and shaded areas. 

(iii)  Providing a set of robust spatio-temporally enriched tourist movement 

information that includes their characteristics that are useful for obtaining 

the knowledge of tourist behaviour.  

 

1.5 Thesis Outline 
 

This section describes the thesis structure where it consists of eight chapters as 

depicted in Figure 1.1. The concepts, theories and methods of tour packages and its 

design process are briefly presented in these chapters. Each research question is also 

carefully addressed within these chapters. 
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Figure 1.1 Thesis outline 

 

Chapter 2 starts with reviewing the existing literature on various definitions of tour 

packages to provide an exact definition of a tour package for this research. Then, it 

reviews the appropriate literature in regards to the concepts and theories of tour 

packages and the existing methods of their design process.  

 

Two types of methods are assessed in detail. They are methods directly and 

indirectly related to the design of tour packages. These indirect methods, although 

not directly related to tour packages, are able to contribute to the development of tour 

packages. This chapter concludes by presenting some issues of tour package design. 

The first and second objectives with research questions 1, 2 and 3 are addressed in 

this chapter. 
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Chapter 3 establishes the research methodology consisting of the theoretical 

framework of the research. This theoretical framework for designing tour packages is 

made up of five parts which are issues, stakeholders, stakeholder requirements, 

methodological requirements and solutions. The solutions highlight three methods to 

solve those issues.  Again, the first and second objectives with research questions 2 

and 3 are highlighted in this chapter.  

 

A brief introduction of the case study area is given alongside with the data collection 

procedure. The data compilation, database design procedure and finally the type of 

software are presented to conclude this chapter.   

 

The purpose of Chapters 4, 5 and 6 is to explicitly elaborate on the three methods 

mentioned above before providing the related results in Chapter 7. Chapter 4 

presents the Personalised Scheduling Method (PSM) to solve a tour planning issue 

for tourists. It applied the semi-Markov process, mentioned as the mathematical 

model in Section 1.1, to identify dominant movement sequences and arrival times for 

specific tourists’ characteristics which will then be used to form a tour package 

itinerary. The second objective together with research question 4 is addressed in this 

chapter. 

 

Chapter 5 introduces the Activity Planning Method (APM) to solve an activity 

planning issue for attraction administrators. The second objective together with 

research question 5 is highlighted in this chapter. A Probability Density Function 

(PDF), mentioned as the concept of probability in Section 1.1 is used to choose 

several arrival times and visiting durations where tourists arrive and spend at a 

particular attraction. This provides multiple options of arrival times and visiting 

durations for attraction administrators to consider. 

 

Chapter 6 addresses the second objective together with research question 6 where 

the Market Segmentation Method (MSM) is suggested to solve the market 

segmentation issues faced by tour operators. Itineraries, attractions and activities are 

segmented according to respective tourists’ characteristics using the Expectation-

Maximisation (EM) Algorithm, mentioned as the clustering algorithm in Section 1.1. 
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Research question 7 is also highlighted where multiple tourists’ characteristics are 

identified for the segmentation effort.  

 

Chapter 7 discusses the implementation and evaluation of the entire methods 

presented in the previous three chapters through a case study. The first step involves 

the design of itineraries via the process of spatio-temporal movement modelling. The 

second step estimates the arrival time using PDF for activity planning. The final step 

involves the market segmentation process using the EM algorithm. Each result is 

interpreted and discussed. The third objective with all of its research questions are 

addressed in this chapter. 

 

Chapter 8 concludes the thesis by giving a summary of the research findings. The 

limitations of the methods are discussed, and some of the future directions of this 

research are given. Most importantly, the research objectives and questions are 

reiterated to identify whether they are met or not throughout this thesis. 

 

1.6 Chapter Conclusions 
 

This chapter introduces the research by providing some background on the tour 

package design and tourists’ spatio-temporal movement research. Later, this 

background is further detailed to formulate the problem of this research. Throughout 

the study, it establishes the objectives and the significance of this study. Finally, an 

outline of this thesis is given to provide a brief introduction on how this study is 

carried out.  
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CHAPTER 2: LITERATURE REVIEW  

 

2.1 Introduction 
 

This chapter presents the findings of several existing research studies with regards to 

tour package design and identifies some issues that arise. As there are various 

definitions of a tour package, the chapter begins by listing some of those definitions. 

Next, a discussion on the history of tour package design is presented. 

 

After that, a review of existing methodologies related to tour package design and 

implementation are outlined. The reviewed methodologies are categorised as two 

types of methods: (1) methods directly related to the design of tour packages and (2) 

methods indirectly related to the design of tour packages. Finally, several issues 

about tour package design are presented. 

 

2.2 Defining a Tour Package 
 

The definition of a tour package varies widely in the literature. Jafari (2000) defines 

a tour package as a form of travel organised by tour operators, and that the tour 

package represents a bundle of tourism products such as accommodation, 

transportation and tours. At least two of the products need to be marketed as one 

particular product to be considered a tour package. He also described the 
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interchangeable use of the term ‘tour package’ and ‘itinerary’ by tour operators. 

Syratt and Archer (2003) similarly define a tour package as a combination of tours, 

transport and accommodation, purchased in bulk by a tour operator to generate more 

profit and resold as part of a package. 

 

The aspect of trip planning in a tour package was introduced by Morrison (1996) 

who stated that the tour package is a trip planned and paid for at a single price in 

advance, covering commercial transportation, accommodation, meals and 

sightseeing. Dellaert et al. (1995) added one more tourism product that forms part of 

a tour package which is attraction’s activities.  

 

The definitions of a tour package by Jafari (2000), Syratt and Archer (2003) and 

Morrison (1996) have a common feature of identifying the components of a tour 

package as accommodation, transportation and attractions. Notice that, the 

component of attractions is closely related to tours and sightseeing that is conducted 

by visiting attractions. An attraction is defined as a sight or place of interest in other 

literature. 

 

Other tour package definitions focus more on the experience of tourists with 

references to the sequence and schedules for visiting attractions (Xia, 2007; Xia and 

Zeephongsekul, 2009; Tam and Pun-Cheng, 2012). Tam and Pun-Cheng (2012) refer 

to a tour package as comprising the following elements: the sequence of attractions, 

the journey duration, visiting durations, arrival times and transportation modes. This 

definition includes the spatial and temporal aspects of tourist movement in terms of 

the sequence and schedules for visiting attractions.  

 

The range of spatio-temporal movement can differ according to several definitions. 

From a temporal perspective, a tour package can range from a day tour and can 

extend to weeks or even months (Dunstall et al., 2004; Tam and Pun-Cheng, 2012). 

From a spatial perspective, tour packages can include a single attraction to a list of 

attractions, a whole city or multiple cities and from a country to a group of countries 

(Dann, 1996; Heung and Chu, 2000). 
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Xia (2007) describes a tour package as a sequence of attractions, their schedule and 

target markets. This definition includes the marketing aspect of a tour package. The 

marketing aspect of a tour package includes efforts to relate tour packages to 

characteristics of tourists, better known as market segmentation (Thomson and 

Pearce, 1980).  

 

Scheduling in a tour package includes determining suitable arrival times and visiting 

durations, that should be influenced by tourists’ preferences and spatio-temporal 

movements (Xia and Zeephongsekul, 2009). This means observing the movement of 

tourists and including the spatio-temporal movement data in the analysis to design 

tour packages.  

 

This study considers the definition of a tour package as a sequence of attractions, 

arrival times and visiting durations tailored to various tourist characteristics as the 

compulsory components for trip planning purposes. Tourists’ characteristics include 

their demographic characteristics such as age and gender and non-demographic 

characteristics such as origin, preferred attraction and trip frequency.  The definition 

is robust in a way that it combines the concepts of trip planning and tourist 

characteristics. 

 

2. 3 A Brief History of Tour Package Design 
 

The history of tour packages organisation began in 1841 when Thomas Cook 

organised the first trip for his members of the Teetotalers Club from Leicester to 

Loughborough, which at that time was a popular tourist destination (Enzensberger, 

1996). He managed to convince Midland Counties Railway to slash the ticket prices 

when the ticket is purchased in bulk to cater for his group of tourists (Hunter, 2004).  

 

When purchasing tour packages, most tourists are concerned with their budget 

(Budeanu, 2005). Therefore reducing the cost of tour packages has the chance to 

increase the possibility of tour packages to be bought. It is also noticeable that a tour 

package somewhat adheres to the preferences of a larger group of tourists where 

first, they prefer Loughborough as a destination (as in Thomas Cook’s package) and 
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second, they prefer tour packages with lower prices (Enzensberger, 1996; Hunter, 

2004).  

 

Another development in tour packages is the introduction of cross continent tour 

packages to Europe and the USA in 1879, again by Thomas Cook (Syratt and 

Archer, 2003). Almost a century later, after World War 2, Vladimir Raitz organised 

the first British charter trip to Corsica using a chartered aircraft (Nilsson, 2011). Both 

instances, by Cook and Raitz highlighted that the tour packages have expanded 

geographically to include more countries indicating the importance of internationally 

observing tourist movement, to and from the destination.  

 

It is useful to keep a record of the number of tourists who participated in certain tour 

packages that covered certain destinations. This information can be used in terms of 

marketing, to decide whether or not to retain those current tour packages or to design 

other tour packages with different destinations if the number of tourists who 

participated in the current tour packages is low. Although the example given is for 

international tour packages, this similar concept of observing tourist movement can 

be utilised to assess the marketability of tour packages at a lower level such as at the 

states or national parks level in terms of whether or not to include specific 

destinations. 

 

The most important innovation that a tour package produces is the concept of 

attraction bundling into itineraries. Again, Thomas Cook took this initiative by 

assembling the element of travel and entertainment together with an efficient 

organisational framework that made it possible to provide the services at a price that 

people could afford (Brendon, 1991).  

 

Furthermore, travel has become something pre-arranged with certain risks eliminated 

(Enzensberger, 1996). This can be easily understood whereby including other 

elements of a tour package such as transportation, food and accommodation, travel 

has become more convenient, and interruption during travel is less likely to happen.  
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Among the most significant improvements in tour packages after the 1990s is the 

introduction of Information and Communication Technology (ICT) specifically in 

terms of generating tour packages online. Tourists now are able to choose and 

customise their preferred tour packages according to their preferences in terms of 

attraction selection and their own timing (Pröll et al., 1999).  

 

One example is manipulating a Case-Based Reasoning (CBR) recommendation 

system that relies on a relational database with interactive query management via a 

web-based platform (Bogdanovych et al., 2006). This saves time and tourists could 

avoid pressures of travel choices given by tour agents if the purchasing were made at 

the tour agency office. 

 

2.3.1 Tour Package Research Development: Its Concept and Research 
 

Although the invention of a tour package dates back to the 1840s, it was not until just 

over 40 years ago that tour packages started to receive the attention of tourism 

researchers. Stemming from the 1970s, research into tour packages of tourists can be 

studied from a different number of points of view.  

 

Early research by Askari (1971) studied a number of different tour packages and 

compares their demand using a model. Using tourist and trip characteristics data such 

as income, tour price per day and the number of attractions visited per day, he was 

able to forecast the demand of tour packages in terms of the number of people 

purchasing any particular tour package. This was done by utilising an economic 

mathematical model that combined the aforementioned data. The specific trip 

characteristic data such as tour price per day and the number of attractions visited per 

day strongly reflect the aspect of tourist preference.  

 

While Askari chose to economically model the demand of tour packages, Sheldon 

and Mak (1987) modelled the demand of tour packages in terms of tourists’ 

demographic characteristics in choosing tour packages as a vacation mode. An 

empirical model that employs data such as tourists’ characteristics (age and level of 

income) and trip characteristics (journey duration and the number of attractions 

visited) were tested using a logic analysis.  
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The model identified tourists who are elderly, intent on visiting several attractions, 

involved few people in the party, intent on making short visits and be first-time 

visitors to the attraction are most likely to execute their tour using tour packages. On 

the other hand, those who are less likely to purchase travel packages were rich 

tourists wanting longer visits, were repeat tourists and preferred to travel in larger 

parties (Sheldon and Mak, 1987). 

 

Another study into how demographic and lifestyle of tourists affects the development 

of tour packages was conducted by Abbey (1979). As one of the pioneering 

researchers on marketing tour packages, he built a methodology consisting of 

ANOVA statistical analysis to test whether or not demography or lifestyle of tourists 

had influence on designing tour packages. In his study, lifestyle characteristics were 

described as predefined tourists’ type according to their preferences such as 

historically inclined travellers, culture seekers, leisure seekers and nature seekers.  

 

Tourists would make their own judgment of which type of tourists’ lifestyle variables 

that were most suited to them. Tourists who executed their tour are given the choice 

of two tour packages, each one representing a demographic and lifestyle approach of 

tour packages and they were asked to indicate their preferences. At the end of the 

study, it was found that lifestyle characteristics are superior to demographic 

characteristics in influencing the design of tour packages.  

 

Another perspective of the tour package research is related to the market 

segmentation of the tour package. A study by Thomson and Pearce (1980) identified 

some association between the characteristics of tourists such as their country of 

origin, age, gender, income and touring companions using a simple percentage 

analysis with different types of tour packages such as coach, camping or fly-drive 

tours. The research findings suggested that there were significant associations 

between certain tourist characteristics and their related tour packages as shown in 

Table 2.1. 
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Table 2.1 Tour package type with its associated  

characteristics (Thomson and Pearce, 1980) 

No. Tour Package Type Associated Characteristics 
1 Coach tour Couple tourists, older age and prefer comprehensive 

tour 
2 Camping tour Medium income earner, young tourists, predominantly 

female, single, on their first overseas trip, partner 
seeking and prefer cheap tours 

3 Fly-drive tour High income earner, couple tourists and seeking 
flexibility in their tour 

 

A more fundamental study that defined the criteria of tour packages was done by 

Quiroga (1990) where these criteria were used to evaluate the efficiency of tour 

package elements. Quiroga listed four criteria which were: (1) a tour package that 

selects places to visit and its timing, (2) it controls tourist budget, (3) it acts as a 

mechanism to satisfy tourists, and (4) it combines adventure, novelty, escape and 

cultural experience, all with a margin of safety.  

 

Notice that the third criterion involves satisfying tourists, thus tourists should be 

consulted for their preferences in designing tour packages. It is also interesting to 

know that, out of the mainstream characteristics such as the places, timing and 

costing of visits, Quiroga also mentioned safety as a criterion of tour packages. This 

can be observed with the inclusion of basic insurance for some tour packages 

nowadays that cover medical assistance and death, with the option to extend this 

basic cover to include wider coverage (Logitravel, n.d).  

 

Enoch (1996) likewise listed four criteria of a tour package. They are: (1) it is a 

rational and effective way in achieving goals such as visiting the largest number of 

sites in a given duration, (2) it is usually less expensive than an individual trip to the 

same places, (3) a tourists’ view is not considered when determining the contents of 

the package, and (4) it is not flexible in a way that once purchased, tourists have to 

strictly follow the plan and any changes are not permissible.  
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When Enoch’s criteria are compared against Quiroga’s, it is noticeable that there are 

two similarities where both of them stressed the importance of tour package in 

deciding places to visit and the arrangement of the timing. One more similarity 

would be on the significance of tour packages to lower the cost.  

 

A noticeable difference between those two criteria is that Enoch mentioned the rigid 

characteristic of tour packages where tourists have no role in determining the content 

of tour packages. Both criteria can serve as a checklist when designing tour packages 

so as to achieve the purpose of tour packages and guarantee their robustness.  

 

It can be seen that the subject of tour package research evolves from modelling the 

demand of tour packages in the 1970s to specifying the criteria of tour packages in 

the 1990s. Some findings from this research include the emergence of scheduling the 

visits to attractions for designing tour packages and the prominence of several types 

of tourist characteristics linked to some tour packages. The latest trend beginning in 

the mid-1980s is the research in designing tour packages quantitatively. This is 

elaborated more in the next section where various tour package design 

methodologies are critically reviewed. 

 

2. 4 Methodologies of Tour Package Design 
 

This review is divided into two parts: (1) the review of methods directly related to 

tour package design, and (2) the review of methods indirectly related to tour package 

design. 

 

2.4.1 Methods Directly Related to Tour Packages Design 
 

Several existing methods of tour package design focus more on the aspect of tour 

scheduling or the itinerary. One of these methods is the implementation of Electronic 

Tourism (E-Tourism) via CBR for designing tour packages in finding the best 

suggestion of travel schedule from one attraction to another (Niknafs et al., 2003). 

The tour package is the product of trip scheduling where a database of past trips 

(case-based) is built that greatly assists tourists with no existing knowledge of the 

tour’s location.  
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Then, a tourist preferred trip (new case) is introduced where a similarity function is 

used to calculate the similarity between the tourist’s preferred trip and previous trips. 

Hence, the choice of past trips on the similarity concept determines those for future 

trips. Although Niknafs et al. (2003) claim to suggest a travel schedule, the CBR 

method did not include any scheduling components such as visiting duration and 

arrival times at the attractions. Another drawback is that, tourists’ constraints such as 

tourists timing availability and their budget is not considered in their method. 

 

An enhancement of the research by Niknafs et al. (2003) was a study by Hsu et al. 

(2000) where they managed to suggest tour packages with attraction lists and 

visitation durations. An Interactive Genetic Algorithm (IGA) was used to flexibly 

and repeatedly change the initial tour package according to the evaluation of tourists 

based on the Genetic Algorithm’s (GA) concept of crossover and mutation.  

 

As an example in Figure 2.1, crossover happens when elements from two initial tour 

packages such as certain attractions swapped to form final tour packages with 

different attractions. This is in contrast to when in the initial tour packages mutation 

occurs resulting in a tour package changing its elements on its own as in the bottom 

right object in Figure 2.1 where the second element switches from 0 to 1. 

 

 

Figure 2.1 Distinguishing crossover against mutation (Kim and Cho, 2000) 
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An advantage of the system is that tourists are not required to define clear/crisp 

criteria (preferences) at the start. Instead they can learn to understand and change 

criteria through interaction with IGA from the moment the initial tour package was 

introduced. Despite the advantage, the system only suggests visiting duration as the 

temporal aspect of a tour package where this did not constitute a complete element of 

scheduling such as by introducing the arrival time for each attraction.  

 

Some enhancement on CBR was made by Lopez (2003) by combining it with the 

Constraint Satisfaction Technique (CST) to produce a web-based system for 

generating scheduled tour packages. The method is holistic with, not only 

preferences considered, but also tourist constraints which are weighted when 

searching for similar past cases. Such constraints are like the opening hours of 

attractions and the maximum fee of entrance tickets that tourists are willing to pay.  

 

The approach listed tour packages that include activities within an attraction, each 

with its timing element such as, arrival time, visiting duration and cost. The 

introduction of arrival time is an improvement when compared with the previous 

study by Hsu et al. (2000). Despite this enhancement, Lopez’s method only 

suggested the arrival time and visiting duration randomly according to tourist 

preferences and attraction available time slot and does not implement the actual 

tourist movement dataset in terms of timing elements. This does not represent the 

actual behaviour of tourists, hence raising doubts on the authenticity of the 

suggestion of arrival time and visiting duration. 

 

In their tour package design research, Tam and Pun-Cheng (2012) implemented a 

greedy algorithm to calculate the shortest paths from one attraction to another as an 

element of tour scheduling. Besides suggesting movement sequence from one 

attraction to another with its timing elements such as arrival time and visiting 

duration to spend at each attraction, they also suggested journey duration and 

transportation mode.  
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The suggestion of journey duration, as an improvement to the research by Lopez 

(2003) together with arrival time and visiting duration at each attraction constitute a 

complete temporal element for tour packages. While succeeding in suggesting an 

itinerary based on the spatio-temporal movements of tourists, a drawback of this 

model is that the shortest path does not always reflect the preferences of tourists. 

 

The research by Hsu et al. (2000), Lopez (2003) and Niknafs et al. (2003) again 

highlighted the tour package design aspect of fulfilling personalised tourist 

preferences. The fulfilment of tourist preferences is another aspect in designing tour 

packages which is a fundamental concept of tour packages introduced by Thomas 

Cook (Hunter, 2004).  

 

A concept of knowledge base that is a set of structured information was applied by 

Jakkilinki et al. (2007). In this research, an existing knowledge base known as 

Australian Sustainable Tourism Ontology (AuSTO) containing several classes as 

stated in Table 2.2 were implemented in designing itineraries for fulfilling tourist 

preferences. Each class has its own attributes. 

 

Table 2.2 AuSTO classes and its attributes  

(Jakkilinki et al., 2007) 

No. Class Name Attributes 
1 Involved Party Represents a tourist, vendor or operator 
2 Traveller 

Requirements 
Stores the requirements of a traveller for a trip 

3 Offering Stores the information regarding vendor offerings 
4 Resource Stores information regarding tourism resources 
5 Traveller Preference Stores information regarding traveller preferences 
6 Tourism Related Event Stores information regarding tourism related events 

such as conference events 
7 Traveller Stores information regarding the traveller 
8 Destination Stores information regarding the destination 

 

Implemented as a web-based system, AuSTO also connects between the entire 

classes that enable itineraries to be recommended containing elements from each 

class. An advantage of using AuSTO was that AuSTO includes a comprehensive set 

of classes most common to tour packages. It also defined the Involved Party class 

that shows the important role played by tour package stakeholders especially tourists. 
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Though complete, AuSTO’s usage poses a risk where any inaccuracies or out-dated 

information is inherited into the system. Thus, using self-defined ontology based on a 

self-owned dataset could reduce the risk. 

 

Loban (1997) defined the concept of ‘matchability’ to invent a computer-based 

decision support system known as Computer Assisted Travel Counselling (CATC) 

where it matches tourists’ preferences against the attractions attribute. This answered 

an early call by Sirakaya et al. (1996) where they stressed the importance of 

designing personalised tours to match every possible type of tourist. 

 

Initially, attraction attributes were compiled as a self defined knowledge base, an 

enhancement to the research by Jakkilinki et al. (2007). Mathematical models and 

multi-criteria decision making processes are then incorporated within the system. To 

evaluate the usability of the system, a comparison was made between CATC against 

other tour package design systems and concluded that his system was faster in 

exploring many alternatives and was able to handle more complex situations.  

 

Though managing to design tour packages by considering tourist preferences with 

faster speed, the system did not explore the exact potential of personalising tours to 

fulfil tourist preferences. The scope of personalising tours only considers trip 

characteristics for instance journey duration, and the number of attractions visited 

and did not cover tourist characteristics such as tourist age and level of income 

(Askari, 1971). 

 

Another focal aspect of tour package design is the inclusion of the timing aspect of 

activities. Activities are defined here as programs conducted at each attraction that 

tourists could participate in, such as horse riding, mountain biking and cultural 

performances (Becken and Simmons, 2002) 

 

Some of the existing methods for planning the activity time involve the effort of 

scheduling the activity’s starting time and visiting duration (Low et al., 1996; 

Dunstall et al., 2004).  Both Low et al. (1996) and Dunstall et al. (2004) employed 

heuristic algorithms for scheduling activities into tourists’ available time slots. 



23 

  

 

Tourists then use the scheduled time slots to choose their suitable arrival time for 

participating in the activities. This poses a risk where their arrival time might 

mismatch the actual starting time of activities that may be organised earlier by 

attraction administrators. They could miss the activities or arrive too early prior to 

the actual starting time of activities. 

 

A system called Simulation of Travel/Activity Responses to Complex Household 

Interactive Logistic Decisions or STARCHILD implemented heuristic searching to 

produce multiple lists of scheduled activities (Recker et al., 1986a; Recker et al., 

1986b). Later on, a utility function was used to evaluate the entire lists and select the 

one with the highest utility value.  

 

The utility function is a mathematical function which ranks alternatives according to 

their benefit/loss according to different individuals (Oxford Dictionaries, 2013). Such 

examples of alternatives are admission fee, congestion level and the existence of any 

facilities in evaluating the attractiveness of an attraction (Apostolakis and Jaffry, 

2005). 

 

An advantage of this system lies in its ability to reserve an empty space for 

unplanned activities when quite often, there could be changes in the planning of 

activities. Recker et al. (1986b) also made an important mention of arranging 

activities in accordance with the arrival time of tourists. This is an improvement to 

the research by Low et al. (1996) and Dunstall et al. (2004) whereby establishing a 

connection between the starting time of activities and tourist arrival time, the risk 

where tourists could miss an activity is reduced. 

 

The uniqueness of this system lies in its dependency on activities that later 

determined the attractions and was not rigid by instantly suggesting attractions 

without knowing the actual activities (Niknafs et al., 2003; Tam and Pun-Cheng, 

2012). However, despite its ability to schedule activities, the timing aspect is 

discretised, i.e. not up to the level of hours and minutes (Recker, 1995). Moreover, 

activity duration was not included for completing the element of scheduling. 
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Similar to Recker et al. (1986a), Castillo et al. (2008) stressed more on the choice of 

activities in the design of a tour package but by implementing CBR. A CBR based 

system called SAMAP is used to select activities, attractions and appropriate 

transportation.  

 

A planning module based on an artificial intelligence scheduling is then used to 

organise the activities and transportation to produce a sequenced tour package 

including an actual visiting duration for each attraction that is an improvement to the 

model of Recker et al. (1986a). Although timing element exists in terms of actual 

visiting duration to each attraction, Castillo et al. (2008) did not include another 

important temporal element which is the arrival time at each attraction.  

 

Another tour package design aspect is the marketing perspective specifically the 

segmentation of the tour package market. The CBR was again performed by 

assimilating it with a decision-making dimension to create a model called 

DIETORECS for segmenting various tour packages according to different types of 

tourists (Fesenmaier et al., 2003). This extends the scope of tourist preference to 

include tourist characteristics such as tourist age, gender and decision styles. 

 

Tourists have different choices for tourist attractions that are related to their 

characteristics, and they are classified by their decision styles: highly predefined 

users who are sure about their destination, accommodation oriented users, 

recommendation oriented users, geography oriented users, price oriented users and 

individual travellers who are uncertain about their destination.  

 

DIETORECS then considers three types of tourists: (1) the most experienced 

tourists, the highly predefined users, who are given freedom to choose any tour 

package elements such as attraction, (2) the least experienced tourists, the individual 

travellers who are given a fully prepared tour package which they are recommended 

to adhere to, and (3) the mediocre tourists consisting of other types of tourists who 

are provided with the similar fully prepared tour package, but with a little freedom to 

change the elements according to their liking.  
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The entire suggestion was again based on the existing case of tour packages. Despite 

the fact that this method acknowledges the role of tourists when making the decision, 

the focus of tourist preferences based on the decision-making ignored the spatio-

temporal element of tour packages where the only spatial element implemented by 

them is the tourist attraction and no temporal element such as arrival times and 

visiting duration within attractions were involved. 

 

The review of each existing method related to tour package design revealed that there 

are a few design aspects for tour packages. The first design aspect is related to tour 

scheduling where the sequence of attractions, tourist arrival time and visiting 

duration are included. The second design aspect is in regards to the arrangement of 

activities, particularly their timing. Similar to tour scheduling, the starting time of 

activities based on tourist arrival time together with its duration is able to constitute a 

complete timing aspect of activities. The final design aspect is in terms of market 

segmentation of tour packages where various tour packages should specify their 

market according to different types of tourists.  

 

2.4.2 Methods Indirectly Related to Tour Packages Design 
 

Among the methods indirectly related to tour packages is the spatio-temporal 

movement analysis method that is found to have potential in the design aspect of tour 

scheduling. A prominent spatio-temporal movement analysis study that implemented 

an itinerary mapping analysis was used to analyse tourist movement in their 

itineraries (Connell and Page, 2008). In this research, tourists were required to 

provide their itineraries via movement patterns on maps where the entire movement 

patterns are then digitised into a Geographic Information System (GIS).  

 

Maps were finally produced to show the multitude of itineraries via spatio-temporal 

movement patterns where these patterns are visually and statistically analysed. 

Although the system only analysed the historical pattern of itineraries and did not 

predict future itineraries, the practice of analysing historical itineraries can contribute 

to the development of future itineraries based on the assumption that tourist 

movement patterns can be replicated.  
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A mathematical modelling approach to analyse tourist spatio-temporal movement 

within the context of tour scheduling is Markov Chain and semi-Markov Chain 

modelling (Mednick, 1975; Lusseau, 2003; Xia and Zeephongsekul, 2009; Iosifescu 

et al., 2010; Xia et al., 2011; Cinlar, 2013). Mednick (1975) implemented the 

Markov Chain for modelling tourist movement in terms of making overnight stops 

within ten spots in Ontario province. Using the Markov Chain, he was able to 

produce a one-step transitional probability matrix that showed the probability of 

making overnight stops at one spot before going to another.  

 

Despite the matrix outcome, he did not exploit the flexibility of the Markov Chain 

probabilities by using the concept of joint probability to show a complete movement 

sequence. Furthermore, he did not include any temporal element to his transitional 

probability. 

 

An improvement to Mednick’s Markov Chain method is the semi-Markov Chain 

where it differs from a Markov Chain in the way that it embeds a renewal process by 

including the temporal aspect of a tour package within its structure (Xia and 

Zeephongsekul, 2009; Xia et al., 2011). As an example, visiting duration at certain 

attractions was used as a parameter for predicting the probabilities of tourist 

movements within attractions. 

 

Additionally, Xia et al. (2011) also fully exploited the flexibility of the Markov 

Chain probabilities. She combined multiple one-step transitional probabilities under 

the concept of joint probability to produce a complete movement sequence with its 

suggested visiting duration at any attraction.  

 

A drawback of this research is that a complete movement scheduling as listed in 

Figure 2.2 is still impossible due to the absence of arrival time prediction. When 

combined with visiting duration prediction, a complete scheduling can be undertaken 

to produce a spatio-temporal itinerary. 
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Figure 2.2 Movement scheduling combines arrival time and  

visiting duration (Xia et al., 2011) 

 

There is also spatio-temporal and temporal movement research that covers the design 

aspect of tour scheduling and tourist preference but at the same time is able to 

contribute towards the arrangement of the timing of activities. A temporal movement 

study that focussed on the timing estimation utilised a Probability Density Function 

(PDF) in approximating the arrival time of buses to any destination (Knight, 1974).  

 

As actual arrival time data are a continuous random variable, a PDF is used for the 

estimation where a set of arrival time data are fitted with different statistical 

distribution and the best distribution was chosen. The distribution is then used to find 

the probability density of arrival time for each time stamp.  

 

An advantage of the study was that it suggested the usage of mode value, which is 

the highest frequency as a practical way in choosing the most suitable arrival time. 

Despite the fact that it is able to approximate the arrival time of coaches up to the 

level of minutes, it did not include the possibilities of having more than one mode, or 

more than one arrival time (multimodality phenomenon) for each arrival time 
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dataset. For tour packages, suggesting more than one arrival time is beneficial as 

tourists prefer flexibility in terms of arrival times at any particular attraction. 

Furthermore, duration as another component of activities timing scheduling that was 

absent from his research. 

 

Mohammadian and Doherty (2006) used a PDF for modelling the duration of 

activities in explaining the phenomenon of activities scheduling. The PDF of four 

statistical distributions is implemented using an activities’ duration dataset counted 

in minutes and the best distribution is selected based on t-statistics for finally 

explaining the observed duration. Using an activities duration dataset resulted in an 

improvement when compared with the research findings by Knight (1974). However, 

contrary to the research by Knight (1974), the fact that they did not include any 

dataset of arrival times, again lacked the complete element of the scheduling of 

activities. The phenomenon of multimodality was not included as well. 

  

An agent-based system was implemented by O’Connor et al. (2005) to quantify 

tourists’ sequential movement from one checkpoint to another within an attraction 

according to different tourist characteristics. An agent-based system is described as a 

system that is able to simulate tourist movement patterns via setting up predictive 

scenarios by defining the physiology and behaviour rules of tourists (Gustafson et al., 

2003).  

 

Tourist sequential movement is shown in Figure 2.3. The agent-based simulation 

software called Recreation Behaviour Simulator (RBSim) was used by O’Connor et 

al. (2005) to simulate the movement pattern of tourists with tourist movement data 

obtained from the Alge timing system. 

 

Although some data were lost using the Alge timing system, the system was able to 

extrapolate the data, thus producing a list of sequential movements of tourists. They 

also made an important note of the different range of arrival times of tourists in each 

checkpoint where these arrival times should be considered when planning activities 

at each checkpoint.  
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Figure 2.3 A list of tourists’ sequential movements  

(O’Connor et al., 2005) 

 

One related shortcoming of the study is that they did not succeed in observing tourist 

preferences via tourist characteristics according to different movement patterns 

owing to the design of the study. Another shortcoming was that the lack of duration 

to complement the arrival times where this can further improve the arrangement of 

activities within each checkpoint. 

 

Analogous to the tour package design related methods, the final tour package design 

aspect for indirectly related methods is the marketing aspect of a tour package. 

Research by Xia et al. (2008) that focussed on tourist way finding involved a spatio-

temporal tourist movement model which covers visual analysis and simple statistics 

of frequency in describing tourist Global Positioning System (GPS) movement data. 

The movement data are related to three distinctive types of tourist characteristics in 

regard to the familiarity with the attraction: (1) familiar tourists, (2) partially familiar 

tourists, and (3) unfamiliar tourists.  

 

At the end of the research, Xia et al. (2008) concluded that movement patterns were 

notably distinctive according to tourist familiarity where unfamiliar tourists had a 

tendency to use navigational aids such as signage. A drawback of this research was 

that only a simple statistical analysis was used to analyse a complicated set of tourist 

movement data according to different tourist characteristics. 
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The marketing aspect of tour package design for indirectly related methods is 

extended to include segmentation of tourist spatio-temporal movement patterns. Xia 

et al. (2010) used the Expectation-Maximisation (EM) Algorithm for clustering 

tourists according to tourist characteristics such as their age and gender for each type 

of tourist movement. This is an improvement to Xia et al. (2008) where EM 

algorithm is a more comprehensive clustering algorithm. A number of clusters were 

determined using the EM algorithm where each has its own associated 

characteristics.  

 

As an example, Cluster 1 is declared as a young female in contrast to Cluster 2 which 

is declared as a young male. Each cluster has a particular pattern of tourists’ 

movement. A significant advantage of the EM algorithm is that the likelihood (in 

identifying the cluster type) is guaranteed for each iteration (Budeanu, 2005).  

 

This means, with each iteration of the EM algorithm, the likelihood of any particular 

tourist to be placed within any particular cluster increases. In the study, the authors 

admit that the insufficient amount of data made it impossible for the segmentation to 

be done for each movement pattern which was expected earlier. 

 

Indirect methodologies of tour package design included in this review have 

applications in the field of spatio-temporal movement analysis, timing estimation, 

household activities scheduling and market segmentation. Although these 

methodologies are indirectly related, they have potential in contributing towards the 

design of tour packages.  

 

Through comparing both methods related and indirectly related to tour packages, it is 

obvious that the tour package design aspects are similar in tour scheduling, activities 

timing arrangement and market segmentation. These aspects are important to 

robustly establish the framework of tour package design, and later on its specific 

methodologies. 
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2.5 Issues in Tour Package Design 
 

There are three issues of tour package design identified from the existing literature: 

tour planning, activity planning and market planning issues. Some of the issues are 

backed by other supporting research. 

 

Tour planning is an issue given that existing methods do not cover elements of 

scheduling by only suggesting attractions to be visited (Mednick, 1975; Niknafs et 

al., 2003). The itinerary mapping analysis did not even predict future itineraries 

(Connell and Page, 2008). The existing tour package scheduling research of IGA, 

SAMAP and semi-Markov Chain did not have a complete scheduling components by 

just including either arrival times or visiting durations but not both (Hsu et al., 2000; 

Castillo et al., 2008; Xia et al., 2011) 

 

The unavailability of a complete tourists’ spatio-temporal movement dataset can also 

result in a tour planning issue where the exact tourists’ trends are not able to be 

identified (Hsu et al., 2000; Lopez, 2003; Jakkilinki et al., 2007). A few methods 

such as IGA and CBR combined with CST only implemented tourists’ preferences 

data to design their tour (Hsu et al., 2000; Lopez, 2003) while one method using the 

AuSTO knowledge base by Jakkilinki et al. (2007) relied heavily on a secondary 

dataset over which they have no control. 

 

The failure of CATC by Loban (1997) to holistically acknowledge tourist 

preferences by observing and associating tourist movement patterns with their 

characteristics such as age, gender and travel group is another reason for this tour 

planning issue to happen. This is risky as tour packages always adhere to the 

preferences of a larger group of tourists (Hunter, 2004). 

 

Apart from suggesting potential attractions to be visited with its temporal 

components, a tour plan must also include possible routes for travelling within the 

attractions. Unfortunately, the respective tour package design research that utilised a 

greedy algorithm by Tam and Pun-Cheng (2012) used simplistic assumptions such as 

shortest path to derive routes. Finally, in regards to the probability concept, the 

existing research by Mednick (1975) did not fully exploit the Markov Chain ability 
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to quantitatively derive a complete transition probability from one attraction to 

another in forming a movement sequence for tour packages. 

 

To conclude, tour planning can be summarised as having issues in regards to 

potential attractions to visit, visiting duration, arrival time to each attraction, possible 

routes for travelling to the attractions and the characteristics of tourists that are able 

to show their preferences in the movement pattern. 

 

Activity planning is an issue where the arrangement of the timing of activities is not 

considered based on the integration of arrival time of tourists with current activities 

timing within attractions (Low et al., 1996; Dunstall et al., 2004). Instead, Low et al. 

(1996) and Dunstall et al. (2004) only considered tourists available time slots for the 

activities timing arrangement. 

 

Starchild by Recker et al. (1986a) solved this issue by integrating tourists’ arrival 

time with current activities timing. Despite this integration, the arrival time was only 

discretised. This is not ideal for stakeholders to plan activities in a timely and 

accurate manner.  

 

Knight (1974) together with Mohammadian and Doherty (2006) suggested a solution 

to this issue where they managed to derive arrival times and durations in a 

continuous format up to the detailed level of minutes. Their research highlighted 

another significant activity planning issue where they did not consider a multi-modal 

scenario where more than one arrival time per attraction should be considered to give 

more flexibility for tourists in arranging activities.  

 

Although this was solved by O’Connor et al. (2005) where multiple arrival times for 

various checkpoints were recorded, the unavailability of visiting durations to 

complement arrival times in their study resulted in another activity planning issue. 

This unavailability of visiting durations was also obvious in the Recker et al. (1986a) 

research. The research by Castillo et al. (2008) was notable in including visiting 

durations for activity planning but unlike the O’Connor et al. (2005) and Recker et 

al. (1986a) research studies, they did not include arrival times. 
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In conclusion, activity planning can be described as having issues in regards to the 

unavailability of the holistic element of activity time planning involving arrival times 

and visiting durations. The lack of detailed arrival times and visiting durations up to 

the level of minute together with the unavailability of multiple arrival times and 

durations of visits for an attraction are also of concern.   

 

Tourists invest a considerable amount of money to purchase tour packages and in 

return they expect a high quality product (Phillips and Webster, 1983). However, 

some tour packages were not tailored according to tourist preferences based on 

appropriate characteristics of tourists (Loban, 1997). This is the basis of the market 

planning issue. 

 

Some research studies that focus on the tourists’ preference of tour packages, ignored 

the fundamental aspect of tour packages that should include timing elements such as 

arrival times and visiting durations (Fesenmaier et al., 2003). As a result, the link 

between tourist preferences and tour packages was only based on the element of 

attractions of these tour packages. 

 

An improvement to this was a research by Xia et al. (2008) where she associated a 

tourist characteristic of destination familiarity with tourist spatio-temporal movement 

pattern of checkpoint sequence and arrival time for each checkpoint. In doing this, 

another market planning issue arises where she only conducted simple statistical 

analysis for linking these spatio-temporal movement patterns of tourists with their 

destination familiarity level. 

 

Finally, in regards to the market segmentation concept, the existing research by Xia 

et al. (2010) was not able to fully exploit the EM algorithm for segmenting each 

tourist spatio-temporal movement pattern due to the inadequate amount of tourist 

characteristics data. Therefore, their earlier planning to observe the association of 

tourist characteristics for each movement pattern was aborted when only selected 

movement patterns were segmented (refer Section 2.4.2).  
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As a summary, market planning can be portrayed as having issues where firstly, the 

existing research did not link tourist preferences to a holistic tour package that 

consists of the tourist spatio-temporal movement pattern element (Fesenmaier et al., 

2003). Other research only conducted a simple statistical analysis for market 

planning purpose while the final research did not have sufficient tourist 

characteristics data for undertaking segmentation for the entire movement pattern, 

thus producing a limited number of results (Xia et al., 2008; Xia et al., 2010).  

 

2.6 Chapter Conclusions 
 

This chapter evaluated existing research in regards to designing tour packages. 

Initially, several definitions of tour packages were listed and compared. Then, a brief 

history of tour packages was provided by emphasising their development.  

 

Next, a review of possible methods of tour package design was presented and 

discussed. The review is divided according to two kinds of methods: (1) methods 

directly related to tour packages, and (2) methods indirectly related to tour packages. 

Finally, issues in tour package design were established based on the methods 

reviewed to guide this study in fulfilling objectives specified in Chapter 1. 

 

Outstanding issues in regards to tour package design effort were identified according 

to several tour package design aspects, namely tour scheduling, fulfilling 

personalised tourist preferences, inclusion of an activity’s timing and market 

segmentation. These outstanding issues were categorised into three kinds of issues 

which are tour planning, activity planning and market planning. These issues are 

considered in Chapter 3 for establishing the tour package design framework. 

 

The inclusion of methods indirectly related to tour packages within this literature 

review revealed that methods that were not directly related to a tour package can be 

implemented to design a tour package. This is in relation to the spatio-temporal 

movement modelling or scheduling methods together with linking tourist 

characteristics for each spatio-temporal movement pattern. 
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CHAPTER 3: RESEARCH METHODOLOGY AND 

IMPLEMENTATION DESIGN  

 

3.1 Introduction 
 

This chapter discusses the research methodology and implementation design used 

throughout this research. It commences by identifying the requirements and 

stakeholders for designing tour packages based on the tour package design issues 

from Chapter 2.   

 

Next, three methods that constitute the most important part of the research 

methodology are proposed to solve these issues. These methods, defined as solutions 

are briefly and separately described. Later on, the tour package design framework 

that contains essential components from tour package design issues and their 

solutions are presented. 

 

The case study of this research is conducted in Phillip Island, Victoria, Australia. A 

brief introduction to Phillip Island is given where it justifies why the particular area 

is chosen for solving the tour package design issues. Finally, the data collection 

procedure, database design process and software types used are presented to 

conclude this chapter. 
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A preliminary tour package design framework is proposed in Figure 3.1 and includes 

five components which are issues, stakeholders, stakeholder requirements, 

methodological requirements and solutions. The flow of components starts from the 

inner layer of the figure which is the issues, advancing from one layer to another 

until the final layer of the solution.  

 

 

Figure 3.1 The preliminary tour package design framework 

 

This flow of components is necessary for systematically developing the framework 

to achieve the objectives as mentioned in Section 1.3. The preliminary framework 

starts by presenting the tour package design issues faced by a tour package’s 

stakeholders. Each stakeholder has their requirement in order for the issue to be 

solved. Another component to solve the issue is the methodological requirement. 

These two requirements are explained in Section 3.2. Finally, by incorporating these 

two requirements, three solutions for solving those issues are produced.  
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Currently, only one component which is the issue is populated, as described in 

Section 2.5. Each component will gradually be populated throughout this chapter 

until the framework is complete. 

 

3.2 Tour Package Design Requirements 
 

Two types of tour package design requirements are defined in this research: (1) 

stakeholder requirements, and (2) methodological requirements. Stakeholder 

requirements are the needs for tour packages to be designed for stakeholders while 

methodological requirements are the data needed to enable the methods as part of the 

solutions to be executed for tour package design. 

 

There are three stakeholders of tour package design. The tour planning issue is 

unique to a tourist stakeholder. Tourists are the most important stakeholders of the 

tour package business since they are the main users of tour packages and customers 

of the other stakeholders. From a tourist perspective, planning a tour by means of 

scheduling is a basic need for a tour package. Tourists with different characteristics 

such as gender, age and travel group could prefer visiting different places at different 

times, all of which must be accommodated in a scheduling method.  

 

For an attraction’s administrator, a tour package can assist in determining activity or 

service time for tourists (Arrowsmith and Chhetri, 2003). The main purpose of a tour 

package for attraction administrators is to plan activities according to the arrival 

times and visiting durations of tourists at an attraction (Xia et al., 2009). To achieve 

this goal, a method to estimate the arrival times and visiting durations of tourists is 

needed.  

 

For a tour operator, market planning is needed to understand their customers’ 

characteristics and to provide them with a good tourist experience (Asakura and Iryo, 

2007). A method to segment the market is required to identify target markets for a 

specific tour package product such as itineraries, attractions and activities.  
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There are two methodological requirements for tour package design: (1) tourist 

spatio-temporal movement, and (2) tourist characteristics. Attraction administrators 

and tour operators devise tour package products by observing tourist spatio-temporal 

movements during tours. Spatio-temporal movement of tourists is a reflection of 

tourists’ travel preferences (Abdul Khanan et al., 2012).  

 

Spatio-temporal tourist movement affects the development of tour package 

modelling (McKercher and Lew, 2004). One of the effects is how the knowledge of 

tourist movement patterns is essential to understanding tourist trip organisation such 

as attraction sequencing and timing of visits (Xia et al., 2010). Another effect is how 

tourists’ movement decisions may assist attraction administrators in deciding how 

the daily program of activities should be arranged for an attraction in timely manners 

(Xia et al., 2010).  

 

Another methodological requirement of tour package design is the inclusion of the 

characteristics of tourists. Characteristics such as age, gender and travel group (with 

whom the tourist travels with: alone, couple, kids, tour group) should be considered 

by acknowledging unique patterns of movements associated with each characteristic. 

Similar with spatio-temporal movement, tourists’ characteristics can also have an 

effect on the development of a tour package.  

 

Indirectly, characteristics can influence the spatio-temporal movement of tourists 

where each movement pattern can be unique based on distinctive preferences. This 

was shown by Arrowsmith et al. (2005) when they classified wayfinding routes 

based on gender, age and education differences, each with its own interests that have 

different movement patterns. 

 

Xia et al. (2008) generated various maps that show different routes by tourists based 

on their level of familiarity of the surroundings. Abdul Khanan et al. (2012) 

identified the movement of tourists at a detailed micro level where each of the 

movements is associated with specific characteristics of tourists. 
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There are many characteristics that influence the decision-making of tourists during 

their tour, for instance socio-demographic profiles such as age and gender, and 

situational profiles such as travel groups and wayfinding strategies. Enoch (1996) 

emphasises the importance of socio-economic characteristics, where, for example, a 

particular group of tourists based on different social class may demonstrate 

distinctive preferences towards tour packages. Upper class tourists prefer a luxury 

tour package compared to other classes. A supporting finding by Wang et al. (2004) 

suggested that wives play a significant role in choosing the attraction, and they have 

a tendency in choosing an attraction with a shopping theme such as to buy souvenirs. 

 

To summarise, tour package design requires the inclusion of two types of 

requirements, stakeholder requirements and methodological requirements. Three 

stakeholder requirements are presented where the different stakeholders have their 

own needs for tour package design efforts to be carried out.  

 

Two methodological requirements are discussed where the first requirement of 

spatio-temporal movement describes the diverse movement patterns which are able 

to explain different preferences of tourists. For a proper scheduling process, the 

spatio-temporal movement must involve the arrival time and visiting duration to 

spend at each attraction. Journey duration if possible, should be included as well. The 

spatio-temporal movement dataset is specified according to various combinations of 

tourists’ characteristics. As part of the method, further description of spatio-temporal 

movement with its categories is given in Section 4.2.  

 

Tourist characteristics as the second methodological requirement such as gender, age 

and travel group are useful in explaining the differences of tourist preferences. As 

part of the method, further description of tourist characteristics with its types is given 

in Section 6.4.  

 

3.3 Study Approach 
 

The study approach lists the steps taken in addressing each tour package design issue 

to produce outcomes in achieving the objectives as stated in Chapter 1. It consists of 

six steps: solutions’ proposal, case study area selection, description of methods, data 



40 

  

 

collection procedures, implementation and analysis/evaluation as shown in Figure 

3.2. 

 

 

Figure 3.2 Study approach 
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Initially, several solutions for solving tour package design issues presented in Section 

2.5 are proposed. These solutions are the final component of the tour package design 

framework. Three solutions are proposed to solve these issues, namely: (1) the 

Personalised Scheduling Method (PSM) to address the tour planning issue, (2) the 

Activity Planning Method (APM) to address the activity planning issue, and (3) the 

Market Segmentation Method (MSM) to address the market planning issue. These 

solutions are discussed in Section 3.4 and its particular sub-sections. 

 

Next, the selection of a case study area is discussed where the case study area must 

be able to accomplish each method based on the tour package’s design requirements 

given earlier. The case study provides an ideal ground for the realisation of each 

method in terms of each method’s implementation evaluation. Section 3.6 discusses 

in detail the selection of a case study area, including its selection justification. 

 

After selecting the case study area, each method is carefully described to ensure 

robustness of all methods. The methods are expanded in terms of detailing its 

methodological requirements or justification of data required, discussing the 

fundamental concept of its model and specifying analysis from the results obtained. 

Section 3.5 briefly details the steps in the description of this method while the next 

three chapters discuss the realisation of this step. 

 

A significant part towards the end of this chapter (Section 3.6 and its particular sub-

sections) is used to describe in detail the data collection procedure that was 

implemented. The data collection is crucial in gathering practical data to be 

implemented during the case study process. Details of data taken, sample size 

determination, sampling instrument, ethical consideration and sampling strategy are 

explained and justified.  

 

Later on in this thesis, the case study is initiated in Chapter 7 where the first stage 

involves implementing the dataset within each solution. The tourists’ spatio-temporal 

movement dataset linked to its respective tourist characteristics are applied within the 

PSM. The tourists’ temporal movement dataset in terms of their arrival times and 

visiting durations based on specific attractions are applied within the APM. Tourists’ 
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characteristics dataset is linked to its relevant tour package product such as 

itineraries, attractions and activities and is applied within the MSM.    

 

The second stage of the case study is to evaluate the outputs from each method where 

finally, the efficiency for each case study is determined by considering whether or 

not the methods produced reasonable results. Both stages of the case study are briefly 

detailed in Section 3.5. The implementation and evaluation measures are carried out 

in Chapter 7.  

 

3.4 Three Methods as the Proposed Solutions 
 

This section briefly details the methods proposed as the solutions. The study 

approach that includes the steps of description, implementation and evaluation of a 

method are further detailed according to three separate workflows, unique for each 

method. Figure 3.3 presents this workflow. These steps are portrayed on the left side 

of the figure. 

 

3.4.1 Personalised Scheduling Method (PSM) 
 

The purpose of the PSM is to address the tour planning issue by developing an 

itinerary, according to tourists' preferences based on tourist characteristics such as 

gender, age and travel group. The produced itineraries include the sequence of 

attractions (i.e. where), arrival times and visiting durations (i.e. when) for a certain 

type of tourist (i.e. who).  

 

These itineraries are customised for independent tourists. However, they can also be 

suggested for tour groups. Tourist spatio-temporal movement data in terms of their 

movement sequence from one attraction to another, the arrival time and visiting 

duration within each attraction are the focus of methodological requirements for this 

method.  
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Figure 3.3 The workflow for each method
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Tourist spatio-temporal movement can be a stochastic process. Therefore, a semi-

Markov process is proposed for modelling the dominant spatio-temporal movement 

patterns. An advantage of a semi-Markov process is that the temporal element, such 

as the arrival time can be embedded within the model itself.  

 

Additionally, a semi-Markov process can be exploited to combine multiple one-step 

transitional probability for producing itineraries that cover  a complete movement 

sequence of tourists together with its suggested arrival time at any attraction (Xia et 

al., 2011). 

 

The itinerary, derived from a combination of movement sequence and arrival time 

with the highest or relatively higher probability can later be chosen for designing tour 

packages. The description for this method in terms of the mathematical structure of 

the Markov process and scheduling as depicted in the top left corner of Figure 3.3 is 

discussed in Chapter 4.  

 

The explanation of the implementation of this method in regards to producing 

movement sequence and arrival time probabilities and later on by combining both 

probabilities can be found in Chapter 4. This is shown in the middle left corner of 

Figure 3.3. The itinerary with the highest combined probability is chosen as the 

ultimate itinerary. The actual implementation using the Phillip Island case study can 

be found in Chapter 7. 

 

As depicted in the bottom left corner of Figure 3.3., this itinerary is checked for its 

arrival time consistency. If any inconsistency is identified, the method is rerun until 

the consistency is reached. This procedure forms the evaluation step of this method. 

The detailed information for this evaluation step can be found in Chapter 4 while the 

actual evaluation using the Phillip Island case study can be found in Chapter 7.  

 

3.4.2 Activity Planning Method (APM) 
 

The purpose of the APM is to address the activity planning issue. This is by 

suggesting possible starting times and visiting durations for organising activities 

within each attraction based on the arrival times of tourists to each attraction 
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(Asakura and Iryo, 2007). Tourist temporal movement data in terms of arrival time 

and visiting duration data for each attraction are the focus of methodological 

requirements for this method. 

 

The possible timing of activities are estimated using the PDF where it measures the 

probability of arrival times and visiting durations (Knight, 1974). The PDF is chosen 

due to its ability of estimating the arrival times and visiting durations as it can solve 

continuous random variables such as tourist arrival times. Furthermore, a PDF is able 

to suggest more than one arrival time or visiting duration by checking the mode of a 

probability distribution. 

 

As depicted in the top middle corner of Figure 3.3, a PDF is used for fitting the 

arrival time and visiting duration datasets with distributions for instance Extreme 

Value, Nakagami, Weibull and Normal (Gaussian) distributions. Apart from 

unimodal PDFs, multimodal PDFs are also considered. An Akaike Information 

Criterion (AIC) is used to choose the best distribution where the distribution with the 

smallest figure of AIC is chosen. When suitable arrival time and visiting duration 

distribution curves are generated, the modes of arrival time and visiting duration that 

constitute the activities’ timing element are identified for activity planning. The 

statistical outline of the PDF is further elaborated more in Chapter 5. 

 

The explanation of the implementation of this method, shown as the central part of 

Figure 3.3 can be found in Chapter 5. Suitable arrival times and visiting durations 

obtained from the PDF and AIC procedure are combined to establish several sets of 

activities timing elements. The actual implementation using the Phillip Island case 

study can be found in Chapter 7.  

 

As several activities’ timing elements are estimated, comparisons can be made 

against the actual timing elements of activities within each attraction. This procedure 

forms the evaluation step of this method, shown in the bottom middle corner of 

Figure 3.3. If the comparison shows that they are different, attraction administrators 

have the option to retain the actual timing elements or they can adopt the estimated 
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timing elements as they are based on the actual spatio-temporal movement dataset of 

tourists. This can boost the participation in activities within their jurisdiction.  

 

Finally, estimating more than one activity’s timing elements create another aspect of 

activities organisation which is the activity frequency. Again, comparisons can be 

made in terms of the activity frequency if the suggestion of estimated activity, timing 

is adopted against the actual activity frequency.  

 

Once more, attraction administrators have another option to implement the 

suggestion if they think it can improve the organisation of activities within their 

attraction. The detailed information for this evaluation step can be found in Chapter 5 

while the actual evaluation using the Phillip Island case study can be found in 

Chapter 7.  

 

3.4.3 Market Segmentation Method (MSM) 
 

The purpose of the MSM is to address the market planning issue by clustering the 

market of tour packages’ products, each into specific segments according to different 

types of tourists’ characteristics. Tourist characteristics data such as age, gender and 

preference of attractions are the focus of methodological requirements for this 

method. 

  

An Expectation-Maximisation (EM) Algorithm is used for clustering tourists’ 

characteristics data according to each itinerary, attraction and activity. The EM 

algorithm is proposed to segment the market for tour package products where it has 

the ability to identify the likelihood of cluster parameters within a mixture model 

(see Figure 3.4) where the initial parameter is limited or unavailable (Witten and 

Frank, 2005).   

 

In this research, the cluster mentioned is related to tourists’ characteristics clusters. 

The model is called a mixture model as tourists characteristics as the subject of 

clustering can be assigned to more than one cluster. Furthermore, the EM algorithm 

is able to solve clustering issues when the dataset involved is nominal (Witten and 

Frank, 2005). Additionally, the EM algorithm used for clustering can produce more 
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than one cluster where each cluster has its associated tourists’ characteristics linked 

to it. This means, a single itinerary can suits more than one type of tourists. 

 

 

Figure 3.4 A mixture model highlighting two curves representing  

clusters where each curve has its own parameters that  

determine its shape (Witten and Frank, 2005) 

 

The description of this method, shown at the top right corner of Figure 3.3 in terms 

of its mathematical structure of the EM algorithm is further detailed more in Chapter 

6. The explanation of the implementation for this method, depicted as the middle 

right corner of Figure 3.3 using the Phillip Island case study can be found in Chapter 

6. The output of this clustering procedure is several clusters or market segments 

where each cluster has some associations of tourists’ characteristics. The actual 

implementation using the Phillip Island case study can be found in Chapter 7.  

 

Finally, a target market is chosen for each tour package product, shown in the bottom 

right corner of Figure 3.3 as the evaluation step. A target market highlights a market 

segment, consisting of selected tourists that are selected for a particular purpose 

(such as to be promoted with specific tour packages) based on a certain criteria 

(Myers, 1996). Yet again, for commercial reasons, the target market from the market 

segment with the most number of tourists is selected where this is defined as the 

‘criteria’ in the previous paragraph. The detailed information for this evaluation step 
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can be found in Chapter 6 while the actual evaluation using the Phillip Island case 

study can be found in Chapter 7.  

 

3.5 The Complete Tour Package Design Framework 
 

A complete tour package design framework is presented in Figure 3.5. The complete 

framework has similar shape and components to the preliminary framework, but 

now, each component is completely populated according to each issue. Each corner 

of the framework represents the specific issue with its related stakeholder, 

stakeholder requirements, methodological requirements and solution.  

 

The first corner represents the tour planning issue where the stakeholder is the 

tourist. Tourists need to schedule their tour. To schedule the tour, tourist spatio- 

 

 

Figure 3.5 The complete tour package design framework 
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temporal movement data in terms of the movement sequence with arrival time and 

visiting duration for each attraction are needed. Finally, a PSM is proposed as a 

method to solve the tour planning issue by scheduling the tour. 

 

The second corner represents the activity planning issue where the stakeholder is the 

attraction administrator. The attraction administrator needs to determine the timing of 

activities within their attraction. To determine the timing of activities, tourists’ 

temporal movement data in terms of the arrival times and visiting durations are 

anticipated. Finally, an APM is proposed as a method to solve the activity planning 

issue by arranging the timing of activities. 

 

The third corner represents the market planning issue where the stakeholder is the 

tour operator. Tour operators need to identify the target market of tour package 

products. To identify these target markets, tourist characteristics data such as age, 

gender and preference of attractions are anticipated. Finally, a MSM is proposed as a 

method to solve the market planning issue by segmenting the market of tour package 

products according to tourist characteristics. 

 

3.6 Case Study Area 
 

Phillip Island (see Figure 3.6) is located at Western Port, 120 kilometres south east of 

central Melbourne, Victoria, Australia (Phillip Island Nature Park, 2011). With an 

area of 10,000 hectares, stretching 26 kilometres long and 9 kilometres wide, it was 

awarded the status of Nature Park in 1996, the only one in Victoria. The centre of 

ecotourism in Victoria, it boasts around 346 species of birds and many other animals 

such as seals, koalas and the smallest species of penguin in the world (Artifishal 

Studios, 2012).  

 

The permanent population is around 8,000 residents, but it received almost 2.7 

million tourists (overnight and daytime) for the year ending June 2011 (Tourism 

Victoria, 2012b). Phillip Island has a temperate climate distinguished by its 

characteristic of having warm summers and cool winters. This proves beneficial to 

the tourism sector as during the summer, the number of residents there surges to 

50,000 (Western Port Water, 2012). 
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Figure 3.6 The map of Phillip Island with its main  

attractions (Phillip Island Nature Park, 2005) 

 

Tourism is important for the Phillip Island region where domestic Australian visitors 

spent a total of AUD 433 million during the economic year of 2012  (Tourism 

Victoria, 2012a). According to the latest available statistics, the economic year of 

2010/2011 highlighted more than 250 tourism related businesses in the region where 

84 % of the businesses were either micro or small businesses (Tourism Research 

Australia, 2012). Nature-based tourism dominated the tourism sector in Phillip Island 

with activities such as wildlife viewing and nature sightseeing (Tourism Victoria, 

2008).  

 

Few of these tourism related businesses are tourist attractions. Tourist attractions in 

Phillip Island can be divided into two: public and privately managed attractions. 

These tourist attractions can be further divided into two other aspects which are 

managed and unmanaged attractions.  

 

A managed attraction is defined in this research context as an attraction that is 

managed by an official authority in a secluded area, most of them having a well-

managed list of activities such as Phillip Island and Penguin Parade (Phillip Island 

Nature Park, n.d.). An unmanaged attraction has the opposite characteristics in a way 

that it is not managed by any official authority and is located usually in an open area. 

Normally, unmanaged attraction, such as Ventnor and Rhyll Inlet, do not have a 

proper list of activities.  
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Phillip Island is chosen as a case study area for several reasons. The first reason is 

that of the large number of tourists to Phillip Island. Deriving tourist movement 

probabilities according to their movement sequence, arrival times and visiting 

durations requires a large sample size to be collected, and Phillip Island seems to suit 

this purpose.  

 

The second reason is because of the existence of several attractions within its area. 

Tourists usually commute between these attraction with some attractions having a 

well managed list of activities such as Churchill Island and Penguin Parade, complete 

with its timing (Phillip Island Nature Park, 2011). As one of the anticipated outcomes 

of the model is the movement sequence, having a case study area with several 

attractions where tourist usually commute between these attractions is suitable for the 

case study. For the APM, the existing activities with their actual starting times and 

recommended visiting durations can be compared with the estimated arrival times 

and visiting durations. 

 

A further two reasons for the choice of the study area is related to the convenience of 

data collection. Firstly, as the entire attractions are located within the small island, it 

made the data collection process more convenient where the researcher could easily 

move from one attraction to another to monitor other data collectors. Secondly, the 

existence of Penguin Parade where 90% of tourists who visited Phillip Island usually 

concluded their tour also made Phillip Island a suitable case study area (Xia et al., 

2010). The researcher with the data collection assistant spent most of their time here 

to increase the participation rate.    

 

Table 3.1 lists the most typical attractions on Phillip Island. They represents the 

nature based tourism context that dominates the tourism sector in Phillip Island and 

their respective activities which is the subject of this case study (Tourism Victoria, 

2008). They were chosen based on their popularity where 90% of tourists who 

visited Phillip Island will visit four of these attractions which are Penguin Parade, 

Information Centre, Koala Conservation Centre (Koala Centre) and Churchill Island 

(Xia et al., 2011). These four attractions are shown in Figure 3.7. Figure 3.8 shows 
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the movement patterns to four attractions, namely Penguin Parade, The Nobbies and 

Koala Conservation Centre that are listed by Xia (2007).  

 

Table 3.1 List of attractions with their respective activities 

No. Attraction Name Category Activities 
1 Penguin Parade Managed Interactive display at The Visitors 

Centre 
Penguin viewing 
Penguin movie 

2 Koala Centre Managed Koala Boardwalk 
Woodland boardwalk 
Wildlife bushwalk 
Interactive learning at The Visitors 
Centre 

3 The Nobbies Managed Special presentation at The Visitors 
Centre 
‘Just for Pups’ kids session 
Boardwalk 
Seal viewing at The Seal Rock 

4 Churchill Island Heritage 
Farm 

Managed Cow milking 
Wagon rides 
Blacksmith demo 
Working dogs 
Sheep shearing 
Whip cracking and boomerang 
throwing 
Baby animal visiting 
Visiting heritage buildings and 
gardens 
Animal viewing – Clydesdale horse, 
highland cattle and poultry 

5 Cape Woolamai Unmanaged Coastal track walking (includes 
lighthouse and Pinnacle sceneries) 
Wildlife viewing 

6 Rhyll Inlet Unmanaged Nature Walks (includes Oswin 
Roberts Koala Reserve, 
Conservation Hill lookout, Rhyll 
swamp bird sanctuary) 
Visiting historic sites 

7 Cowes Unmanaged Visiting Cowes Cultural Centre 
Visiting museum 
Dining and shopping 

8 Visitors Information 
Centre 

Managed Tour exhibition 

9 Ventnor Unmanaged Coastal track walking (includes 
French and Flinders Island sceneries) 
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Figure 3.7 Phillip Island’s top four attractions. From top right and clockwise:  

a boardwalk at The Nobbies, a cottage at Churchill Island, an entrance to a 

boardwalk at Koala Centre and Penguin Parade (Xia, 2007) 

 

Both managed and unmanaged types of attractions are included for comparing the 

pattern of tourist arrival times and visiting durations in APM. The entire attractions 

are public attractions highlighting the absence of private attractions which are the 

limitation of this case study. 

 

3.6.1 The Data Collection and its Procedure 
 

Data collection is needed since no sufficient existing dataset related to the 

methodological requirements as discussed in Sections 3.2 to 3.5 exists. A related 

research by Xia (2007) managed to gather a tourist spatio-temporal movement 

dataset. However, she only gathered the movement sequence and data of arrival 

times of tourists without visiting durations where it is known that visiting duration is 

the methodological requirements of PSM and APM. 
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Figure 3.8 A typical movement pattern that involves four attractions of Phillip Island (Xia, 2007) 



55 

 

 

Furthermore, her sample size of 464 tourists is inadequate to produce detailed tour 

packages for various tourist characteristics (Witten and Frank, 2005). Another survey 

by Xia et al. (2010) which focussed on  market segmentation faced similar issues of 

data inadequacy where smaller sample size caused similar issues of incapability to 

produce various tourist movement patterns as anticipated earlier. 

 

The data collection procedure consists of several steps such as determining the 

details of data taken, calculating the size of the sample, choosing the sampling 

instrument and abiding by ethical considerations and lastly, planning the sampling 

strategy.  

 

3.6.1.1 Details of Data Collected 

 

The anticipated data are related to tourists’ movements and their respective 

characteristics. The majority of the characteristics data are qualitative; however, 

some are quantitative for instance, visitation frequency, time spent on Phillip Island, 

age and annual household gross income.  

 

The complete tourists’ spatio-temporal movement data such as movement sequence, 

arrival time and visiting duration at each attraction are quantitative. Table 3.2 lists 

the details of data collected for each method. One important aspect is that different 

data are gathered for each of the three methods as discussed in Sections 3.2 to 3.5. 

However, some data are used for other methods.  

 

Table 3.2 Details of data 

No. Method Anticipated Data 
1 PSM Tourists’ spatio-temporal movement data – sequence of 

attractions, arrival times and visiting durations at each 
attraction. 

2 APM Tourists’ arrival times and visiting durations at each 
attraction 

3 MSM Tourists’ characteristics data – age, gender, travel 
group, frequency of tour, purpose of tour, preferred 
type of attraction, overall duration of tour, origin, 
household gross income, level of education, mode of 
transportation. 
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Tourist spatio-temporal movement data meant for PSM are used in MSM to produce 

itineraries to be segmented. On the other hand, tourist characteristics data intended 

for MSM are used for PSM for personalising itineraries according to specific tourist 

characteristics. The dataset must enable the case study to accomplish the objective of 

each method.  

 

3.6.1.2 Sample Size Determination 

 

Sample size is an important issue in this study as a semi-Markov process that 

involves deriving movement probability according to tourists’ arrival times at each 

attraction is unreliable if a small sample size is used. Furthermore, the statistical 

power of a Markov process would increase in parallel with the increment of the 

sample size (Tan and Yılmaz, 2002).  

 

The calculation of sample size, ss is done based on the confidence level, z , 

population size, N , proportion, p  and confidence interval, c  using an online 

calculator for calculating sample size (Australian Bureau of Statistics, n.d.). It 

consists of two equations as shown below (Leiper, 1990). Equation (3.1) assumes an 

independent population therefore not incorporating population size. Equation (3.2) 

provides the corrected sample size, SS for a finite population, i.e. incorporating the 

population size figure. 

 

2

2

(1 )z p p
ss

c

× × −=                            (3.1) 

 

1
1

ss
SS

ss

N

= −+
                           (3.2) 

 

The confidence level depicts the percentage of certainty that the sample statistic lies 

within the population parameter (Moore, 2001). The proportion marks the percentage 

of the population that possesses a specified parameter (Becken and Simmons, 2002). 

In this study, the proportion is 50% that tourists have specific movement patterns 

according to their characteristics.  
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As the exact proportion is unknown due to the uncertainty of whether tourists have 

specific movement patterns according to their characteristics, the ‘worst case 

scenario’ proportion value of 50% or 0.5 as this produces a conservative estimate of 

variance (Creative Research System, 2012). Lastly, the confidence interval indicates 

the desired level of accuracy of the parameter estimation in terms of how confident 

that the result is correct (Moore et al., 2012). This is expressed by the plus and minus 

figure of percentage away from the proportion figure to form the interval.  

 

The figure of the population is 1,020,000 representing the overall number of 

domestic, intrastate, interstate and international daytime tourists to Phillip Island for 

the year ending June 2011, the most recent data during the time of the data collection 

process (Tourism Victoria, 2011). After the calculation of sample size using a 3 % 

confidence interval or 0.03 (to create the interval of 47% to 53% that tourists have 

specific movement patterns) and 95 % confidence level or 1.96, a figure of 1,066 

tourists is obtained as the recommended sample size. The calculation of the sample 

size according to Equations (3.3) and (3.4) is provided below. 

. 

2

2

1.96 0.5 (1 0.5)
1,067

0.03
ss

× × −= =                (3.3) 

 

1,067.111
1,066

1,067.111 1
1

1,020,000

SS= =−+
               (3.4)  

 

3.6.1.3 Sampling Instrument 
 

A sampling instrument of a questionnaire was chosen as it is able to generate 

information not available from secondary sources about the characteristics of 

respondents, their perceptions and spatial behaviour (McLafferty, 2010). The 

questionnaire was divided into two main sections, each corresponding to the 

characteristics of tourists and their movement during their tour as discussed earlier. 
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The questionnaire consists of 14 questions (see appendix 1). Questions 1 to 13 that 

cover tourist characteristics aspect is placed in the first section while the only 

question that involves the tourist movement aspect is placed in the second section as 

the last question.  

 

There are more than one tourist characteristic, for instance geographic, demographic, 

psychographic and behavioural characteristics. The anticipated tourists’ 

characteristics data include age, gender, travel group, origin, preferred attraction and 

purpose of the tour. In terms of the MSM, this scope of tourist characteristics is 

explained further as segmentation variables in Chapter 6. 

 

The only question in the second section provides tourists with a map where they are 

required to specify their movement details such as their movement sequence, arrival 

time and visiting duration at each attraction. They are asked to identify their starting 

time for their participation in each activity as well. 

 

3.6.1.4 Sampling Strategy 

 

The sampling technique is determined by two factors: sample size and study area 

characteristics. As the calculated sample size of 1,066 is large when compared to the 

preliminary plan of sampling timeframe of 8 days, a stratified random sampling by 

distributing the questionnaire in person at all attractions was devised. 

 

For this study, a stratified random sample was obtained by separating the population 

of tourists into non-overlapping groups called strata, and then selecting a simple 

random sample for each stratum (Scheaffer, 2006). In this research, respondents were 

stratified according to the attraction where they were first handed the questionnaire. 

 

Each stratum is guaranteed independent where there was not a single tourist captured 

twice at different attractions. Prior to participating, tourists were asked if they 

already responded previously. Several tourists who already took part in the survey, 

informed the researcher of their previous participation if they were asked to 
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participate again. The nature of having multiple attractions in this research is also 

another consideration when developing the stratified random sampling strategy. 

 

At each attraction, respondents were randomly intercepted and were given the 

questionnaire later on (Xia, 2007). Locals of Phillip Island were excluded from the 

survey as they were assumed not to be tourists. On each day, the researcher moved 

from one attraction to another. In many cases, tourists’ attendance at a certain 

attraction was assumed high during certain periods such as during lunch hour. During 

this period, the researcher had to attend an attraction that was known to have multiple 

selections of restaurants or cafes such as in Cowes. 

 

Previous research has shown that tourists usually finish their tour in Penguin Parade 

(Xia et al., 2010; Xia et al., 2011). Therefore, a return box was placed there to assist 

tourists in returning their filled questionnaires. A return box was also placed at the 

Visitors Information Centre. Sampling was done during the summer break in 

February 2012 for eight days, from 9.00 am to 11.00 pm each day. This is the peak 

period when children have their school holidays and the number of tourists surges.  

 

On each day when the sampling was concluded, data collectors skimmed through 

every returned questionnaire to ensure a sufficient range of data, i.e. itineraries and 

tourist characteristics were captured. A strategy was devised if there was an 

imbalance in the captured data. For instance, if there were insufficient data of older 

tourists, during the sampling session for the next day, they would gave more 

concentration for capturing data from older tourists. 

 

3.7 Data Compilation and Database Design 
 

A total of 1,536 sets of questionnaires were handed out to tourists at all attractions 

but priority was given to the four most popular attractions which are Visitors Centre, 

Churchill Island, Koala Centre and Penguin Parade. Attraction administrators 

estimate that more than 90% of tourists entering the national park visit these four 

attractions; it is therefore unlikely that significant movement patterns were missed by 

the survey (Xia et al., 2011). 
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Of the total number of questionnaires handed out, 1,310 questionnaires were returned 

with 1,104 questionnaires identified as valid responses in terms of tourists’ 

characteristics and spatio-temporal movement data that were entered into a 

personalised tourist spatio-temporal movement database. The remaining 206 were 

incomplete and discarded. Table 3.3 details these figures according to each 

individual attraction where questionnaires were distributed. 

 

Table 3.3 Returned and usable questionnaires according to each attraction 

No. Attraction Returned Questionnaires Valid Responses 
1 Penguin Parade 509 413 
2 Koala Centre 197 182 
3 The Nobbies 273 230 
4 Churchill Island 

Heritage Farm 
160 144 

5 Cape Woolamai 10 10 
6 Rhyll Inlet 7 7 
7 Cowes 81 51 
8 Visitors Information 

Centre 
73 67 

9 Ventnor 0 0 
 TOTAL 1,310 1,104 

 

The personalised tourist spatio-temporal movement database comprises five database 

tables where one table concerns spatio-temporal movement while the remaining four 

are related to tourists’ characteristics. Tourist characteristics data were entered into 

four separate database tables according to different types of tourist characteristics or 

segmentation variables, as described in the context of marketing: geographic, 

demographic, psychographic and behavioural. Yet again, these segmentation 

variables are explained further in Section 6.4 as part of MSM. 

 

There are two miscellaneous yet important data not categorised as either spatio-

temporal movement or characteristics data which are date/time and location where 

the questionnaires were distributed. Both are inserted into the spatio-temporal 

movement table. The entire database tables formed the personalised movement 

database where the term ‘personalised’ is defined as tourists’ unique pattern of 

movement in regards to their specific characteristics. 
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The entire tables were defined as entities within a relational database as defined in 

Figure 3.9 depicting the Entity-Relationship (ER) diagram. Relations between these 

entities are established through a primary key that exists in all tables as columns or 

defined geospatially as attributes (Ramakrishnan and Gehrke, 2003).  

 

 

Figure 3.9 An ER diagram of tourist characteristics  

and spatio-temporal movement database tables 

 

Each entity has its specific instances and exists as rows or tuples within the table 

where these are the sets of records. In this case study, the primary key is defined as 

Tour_ID. A record in any of the four characteristics table with a particular Tour_ID 

must match a record with the same Tour_ID within the spatio-temporal movement 

table (Xia, 2007).  

 

3.8 Software Implementation 
 

Four types of software are used for this study. They are database and mapping, 

modelling, programming and statistical software. The tourists’ spatio-temporal 

movement and characteristics dataset are stored as attribute database tables according 

to Figure 3.9 in the Esri ArcGIS 10.1 package. For the mapping, the geospatial data 

of Phillip Island, its attraction and road networks are stored as shapefiles in the same  
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package. Later on, the mapping tool making use of maps layout is exploited to design 

flow maps and tour package maps. 

 

In terms of modelling, four software packages are used. The first one, Microsoft 

Excel 2012 is used to calculate the semi-Markov process related one-step transition 

probabilities and to construct the corresponding matrix. The second modelling 

software, MatLab R2010b is used to determine the PDF for calculating the one-step 

transitional arrival time probability with its corresponding transitional arrival time 

where later on, its corresponding matrices are built using Microsoft Excel 2012. SAS 

JMP 11.00 with its ability to incorporate the multimodality scenario of arrival times 

is used to estimate the PDF of arrival times and durations for APM. 

 

The complete movement sequence and transitional arrival time probabilities are 

computed using built-in programming software within the Microsoft Excel 

environment called Visual Basic for Application (VBA). The source code for this 

purpose is attached in the Appendix. The last modelling software is Waikato 

Environment for Knowledge Analysis (Weka) 3.6.9 which is an open source  

software developed by The University of Waikato. It is used to conduct the EM 

algorithm within the MSM. 

 

The final software is the statistical software for validating the outcomes of the PSM 

and the APM. The results of the one-step transition and one-step transitional arrival 

time probabilities are validated using a Chi-Square goodness of fit test within the 

IBM SPSS 20.0 statistical package. The results of the PDF for estimating arrival 

times and visiting durations in the APM are validated using a similar Chi-Square test.  

 

3.9 Chapter Conclusions 
 

This chapter introduces the research methodology that serves as an overall guide for 

this study. Initially, the requirements of tour package design are introduced where 

tourists’ spatio-temporal movements and their characteristics are identified.  
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Subsequently, the general study approach is presented where the three methods are 

detailed namely the PSM, the APM and the MSM to solve three corresponding 

issues. Each method incorporates tourists’ spatio-temporal movements and 

characteristics as the requirements of tour packages.  

 

Later on, Phillip Island as the case study area is introduced, and the significance of 

its selection is discussed. The introduction of Phillip Island led to the discussion of 

the data collection procedure in detail. Phillip Island proved to be the ideal region to 

undertake the case study as it received a high number of tourists and contains several 

attractions. 

 

Furthermore, approximately 95 % of the 1,104 tourists who provided a usable survey 

were found to be visiting either one or more of the attractions managed by the Phillip 

Island Nature Park authority such as Churchill Island, Koala Centre, The Nobbies 

and Penguin Parade. This is where the researcher spent the most time collecting the 

data.  

 

Simultaneous with Xia’s finding, most of the tourists (1004 tourists) visited Penguin 

Parade, and during the long queue to watch penguins they had an ample time to fill in 

the questionnaire (Xia, 2007). The concentration of tourists within these four 

attractions ensured the highest possible sample size obtained.  

 

The location of the entire attractions that are restricted within the boundary of Phillip 

Island assisted in obtaining the highest number of sample size. The diversity of 

Phillip Island’s tourists in terms of their characteristics and their spatio-temporal 

movement patterns created a multitude of results to be highlighted to all 

stakeholders. 

 

Following the data collection, the data compilation and database design step was 

conducted. Finally, software implementation is described where four types of 

software that were used are revealed. The next chapter presents the first method of 

PSM to design tour packages. 
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CHAPTER 4: SCHEDULING TO PRODUCE TOUR 

PACKAGES 

 

4.1 Introduction 
 

In this chapter, the methodology of the Personalised Scheduling Method (PSM) is 

discussed. The methodology begins by detailing the categories of spatio-temporal 

movements and their components. Then, a PSM framework is proposed that contains 

elements such as input, process, output and tour package completion that can address 

the tour planning issue.  

 

This chapter continues by presenting the concept of the semi-Markov Process that is 

utilised to solve the tourists’ tour planning issue. Subsequently, the process of 

scheduling is discussed that paves the way for developing itineraries. Finally, some 

extra elements of the existing tour packages are listed, and that can be included 

within the itinerary output to complement the process of scheduling in order to fully 

produce tour packages. 

 

4.2 Spatio-Temporal Movement Categories and their Components 
                            

For spatio-temporal tourist movement, the space component represents the location 

of the movement while the time component denotes the period at certain locations 

(Tussyadiah and Fesenmaier, 2007). Xia et al. (2011) detailed the temporal 
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movement so as to include the exact visiting durations and arrival times of tourists at 

certain tourist attractions. Tourists’ spatio-temporal movement can be classified into 

scales of micro and macro-level movements (Xia and Arrowsmith, 2005).  

 

The micro-level movement is based on a finer scale of location and time data 

whereas the macro-level movement involves a coarser scale. Table 4.1 compares the 

micro and macro-level movements in terms of tour package design. 

 

Table 4.1 Comparison between the micro and macro-level movements  

in terms of itinerary design (Xia and Arrowsmith, 2005) 

No. Aspect Micro-level movement Macro-level movement 
1 Definition Movement within a 

tourist attraction  
Movement between one 
attraction to another 

2 Type of process Continuous or discrete 
stochastic process 

Discrete stochastic 
process 

3 Granularity level Finer Coarser 
4 Data level 

of detail 
Spatial Individual coordinate 

(x,y) marking the 
location of tourist when 
moving 

List of attractions 

 Temporal Up to minutes level of 
detail 

Scheduling of movement 
between attractions 

 

In terms of tourists’ movement, a micro-level movement is a movement within a 

tourist attraction (Lau and McKercher, 2006). Consider a state space S, where in 

terms of tourist movement S represents a list of tourist attractions as the states. The 

tourists’ movements at the micro-level can be presented by a continuous process {Xt, 

t ∈ T} defined for a given possible geographic location arriving at t, where T = { t: 0 

≤t ≤ +∞} (Stewart, 1994).  

 

Xt  is a set of spatial points (x, y) representing the sequence of locations of tourists 

undergoing movement for all time instances, t over a certain time interval, T (Murthy 

et al., 1990). Micro-level movement can be recorded spatially as a collection of 

coordinates in any coordinate system while temporally recorded to a finer detail of 

up to minutes to understand detailed movements (Batty, 2003). 
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Macro-level movement is a tourists’ movement from one attraction to another, 

described as a discrete stochastic process {S = Xt, t = T} where these attractions 

could be located some distance apart (up to thousands of kilometres) (Xia et al., 

2011). Xt marks the attraction at time T = {0, 1, 2…}. For example, if there is a set of 

attractions visited by the tourists, then S will consist of those attractions with a 

similar set of discrete time instances for each attraction (Kemeny and Snell, 1960). 

Thus, a macro-level movement can be summarised as a process of sequencing 

tourists’ movements from one attraction to another (Xia, 2007).  

 

Designing a tour package involves working with both, micro and macro-level 

movement. A tour package involves suggesting multiple attractions to be visited 

within an accurate timeframe. 

 

4.3 Other Elements for Completing Tour Packages 
 

The inclusion of tourists’ spatio-temporal movement components only highlighted 

the itinerary perspective of tour packages. Although these movement components are 

able to independently constitute a tour package, more elements are needed to expand 

a tour package so it is commercially feasible. Table 4.2 lists tour package elements 

from various contributions to the tourism literature. 

 

Based on Table 4.2, a tour package can be summarised as generally having these 

elements: accommodation, transportation or routes, sightseeing, tour guides, meals, 

activities, budgets and optional tours. Much of the sightseeing elements which 

include attractions (defined as destinations and scenic spots in some of the literature) 

with its timing aspects such as arrival times and visiting durations are explained in 

Section 4.5.  

 

Table 4.2 Tour package elements 

No. Author Tour Package Elements 
1 Askari (1971) Escorted tours are all inclusive and include 

accommodation, transportation, sightseeing, baggage, 
customs and tour guides. Unescorted tour packages are 
more flexible where it includes all elements described 
in escorted tours except the tourist travels 
independently without joining the tour guide group. 
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2 Sheldon and Mak 
(1987) 

Basic tour packages where only transportation, baggage 
handling and accommodation are included. Inclusive 
tour packages that includes all the basic elements plus 
some sightseeing and events at the attractions. All 
inclusive tours where meals and tour guides are added 
to the inclusive tours. 

3 Dellaert et al. (1995) Activities that will determine attractions and its timing. 
4 Enoch (1996) Transportation, accommodation, sightseeing (attractions 

and their visiting durations), budget. 
5 Fesenmaier and 

JiannMin (2000) 
Destinations, members of the travel group, timing (date 
of travel and length of trip), transportation mode, route, 
budget and activities. 

6 Wang et al. (2000) Pre-tour briefing, transportation (plane and coach), 
accommodation, meals, scenic-spot, shopping activities, 
optional tour, miscellaneous (tips, medical care and 
punctuality). 

7 Wang et al. (2007) Accommodation, transportation, shopping arrangement, 
optional tour, tourist guide. 

8 ACS Distance 
Education (2011) 

Transportation, accommodation, meals, the provision of 
a tour guide, transfers, cruises, rental cars, entrance fee 
to attractions, insurance and ticket fee for events. 

9 Wong and 
McKercher (2012) 

A basic package – transportation and accommodation. 
All inclusive packages – transport, accommodation, 
meals, sightseeing and the provision of a tour guide. 

 

Three specifications are considered when deciding which elements are the most 

important elements to be included in tour packages as stated below. Section 4.6 

provides an insight on the process to select the elements that are relevant to this 

research. 

 

(i) The elements must conform to the nature of tour packages defined in this 

research which is a day tour package covering  a national park for tourists 

travelling independently; 

(ii)  The availability of the elements within the aspect of geographical region 

and time; 

(iii)  The accessibility to the data in regards to the element 
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4.4 The Personalised Scheduling Method (PSM) Framework 
 

The PSM framework is the extension of the PSM’s section of Figure 3.3. The 

framework consists of four elements: input, process, output and tour package 

completion is shown as Figure 4.1. The input element of Figure 4.1 represents the 

methodological requirement, i.e. data for the method, shown in Figure 3.3 within the 

top part of the PSM’s implementation section. In terms of the data, focus is given to 

the transitional tourists’ spatio-temporal movement dataset at the initial stage, the 

spatio-temporal movement dataset is specified according to particular combinations 

of tourist characteristics.  

 

This enables the personalised spatio-temporal movement pattern to be observed as in 

Section 7.2 and its respective sub-sections, so the development of a personalised 

itinerary would be possible. The spatio-temporal movement dataset of tourists 

consists of their movement sequence from one location (attraction) to another with 

its particular arrival time and visiting duration spent at each attraction. 

 

The process element of Figure 4.1 entails two processes which are the semi-Markov 

and scheduling processes that are highlighted in Figure 3.3, shown within the PSM’s 

description and implementation sections. These processes are meant to transform the 

spatio-temporal movement dataset into an itinerary which is the output. Two kinds of 

probabilities are produced from the semi-Markov process which is the spatial 

movement transitions, i.e. movement sequence and transitional arrival time 

probabilities where later on, the scheduling process is used to combine both of these 

probabilities.  

 

The cube and age with gender axes represents the output of the itinerary that is 

highlighted within the PSM’s implementation and evaluation section of Figure 3.3. 

The cube details the itinerary consisting of spatial movement, arrival time and later 

on, visiting duration at each attraction and the axes define the itinerary as specific to 

particular tourists’ characteristics. Finally the tour package completion element 

shows the addition of extra tour package elements such as routes, activities and 

budget into the produced itinerary for completing the process of designing 

personalised tour packages. 
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Figure 4.1: The Personalised Scheduling Method framework 

 

 

 

 



70 

  

 

4.5 Personalised Scheduling Methodology 
 

Figure 4.2 emphasises the Process element of Figure 4.1 to design tour packages. 

Figure 4.2 starts by specifying the input element of Figure 4.1 to include movement 

sequence, arrival time and visiting duration. Then, the process element of Figure 4.1 

 

 

Figure 4.2 The methodology for designing tour packages 
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is described to consist of two steps where initially, itinerary elements are constructed, 

shown in the red section. Sections 4.5.1 and 4.5.2 explain this step that consists of 

two further steps which are the semi-Markov and scheduling processes. 

 

A semi-Markov process is used to model tourist movement which is a stochastic 

spatial and temporal process. The product rule of probability is later used to merge 

the spatial movement transition probability with the mode of arrival time transition 

probability. The usage of mode is described further in Section 4.5.1. Note that, the 

bottom part of the red section of Figure 4.2 where the itinerary’s consistency is 

checked represents the PSM’s evaluation section of Figure 3.3. This evaluation step 

is detailed further in Section 4.5.2. 

 

Later on, other elements are included in the itinerary elements for completing the 

tour package design effort, shown in the blue section. This is also shown as the tour 

package completion element in Figure 4.1 where it is further detailed in Section 4.6. 

 

4.5.1 Semi-Markov Process 
 

This chapter modelled tourist movements, a random spatial and temporal process, as 

a semi-Markov process. Let { , }tX t T∈  be a family of random variables i.e. a 

stochastic process, which is indexed by time t belonging to the set {0,1,2,...,}T =

(discrete time) or T = (0, ∞) (continuous time).   The random variable Xt ∈ S where S 

is the state space consisting of the states (attractions) visited by a tourist during his or 

her excursion in a nature reserve, e.g.  Phillip Island.  In this exposition, it is assumed 

that t, as an element of time is continuous but {0,1,2,..., }S m= is finite. 

 

The process Xt can be modelled in various ways, but the most comprehensive 

approach which captures both the state visited and the time between consecutive 

visits is through the discrete Markov and semi–Markov process described below (Xia 

et al., 2011). 
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Definition 1  Let Xo, X1, X2, . . . be the successive states visited by a tourist starting 

in state X0 at times 0 = T0< T1< T2, . . . respectively.  The stochastic process

{ , }tX t T∈  is a semi–Markov process if it satisfies the following fundamental 

property: 

 

                   (4.1) 

 

 

The interpretation of (4.1) is this: given that the current attraction that a tourist 

visited and the times when these visits occurred up to time Tn (arrival time at 

attraction i) are known then if the temporal  movement is to be a semi–Markov 

process, the probability that the next visit at time Tn+1 (arrival time at attraction j) is 

to state j and the time between the transition from the current visit to the next  is 

within time t, depends only on the current state visited at time Tn, i.e. Xn. The 

conditional probability: 

                                        

                   (4.2) 

                                  

is called the semi–Markov kernel. The derivative of Qij(t) with respect to t gives the 

Probability Density Function (PDF) qij(t) which has the following probabilistic 

interpretation: 

 

1 1Pr( , | ).( ) , ( , )ij n n n n nq Χ j T T T X it dt t t dt+ += − =≈ ∈ +                       (4.3) 

 

Various distributions and processes such as below are intrinsically related to the 

semi–Markov process, thereby making it a very powerful tool for modelling spatial 

and temporal movement of tourists. 

 

(i)  

 

 

 

1 1 0 1 0 1

1 1

Pr( , , ) | , , , ; , , , )

Pr( , , | ).
n n n n n n

n n n n n

j T T T t X X X T T T

j T T T t X
+ +

+ +

Χ = − ≤
= Χ = − ≤

… …

1 1Pr( , | ) ( ).,n n n n n ijΧ j T T T t X i Q t+ += − ≤ = =

1( ) Pr( | ) .ij n n ijQ Χ j X i P+∞ = = = = (4.4) 
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Therefore, associated with the semi–Markov process, transition 

probabilities Pij (or defined as spatial movement transition probability in 

the framework) , i, j ∈ S is an underlying Markov process with a 

condition of arrival time of 1n nT T t+ − ≤ . 

 

(ii)  * *
1 1( ) Pr(T | , )ij n n n nF t T t X j X i+ += − ≤ = =                               (4.5) 

 

( )ijF t means the probability of tourists’ stay at current attraction i with 

arrival time, t  before  moving to next attraction j. 

 

(iii)   

*max ( ) ( ).i i i
T

f T f T
−∞< <∞

=
                                                      (4.6) 

 

where *
iT is the mode of transitional arrival time, derived from using PDF 

at attraction i. For commercial reasons in terms of generating more profit 

for tour packages, *( )i if T  is evaluated at the mode which means the 

highest occurrence, hence the most popular arrival times that tourists 

choose. The most suitable mode of transitional arrival time is determined 

by deriving its probability, this time by implementing PDF. 

 

(iv) Finally, this is the conditional probability with a transition from attraction 

i to j, the corresponding mode of arrival time (or defined as a mode of 

arrival time transition probability). Using the elementary probability 

argument, it follows that:   

  

  ( ) .ij ij ijQ F t P=                     (4.7) 

 

provided that  Pij > 0. Note that if Pij = 0, then the transition from i to j is 

impossible and so Tn+1 = Tn with probability 1. 

 

(v) 
0 1 1 2 1

1 0 1 2 1 2 1 0 0 1 1

1 2

Pr( , ,..., | , ,...,

) ( ) ( )... ( ).
n n

n n n

n n x x x x x x n

T T t T T t T T t X x X x

X x F t F t F t
−

+− ≤ − ≤ − ≤ = =
= =

                 (4.8) 
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This equation indicates that the times between transitions are conditionally 

independent given the knowledge of the states visited. Therefore, if the 

state space S consists of a single state, then the semi–Markov process is 

essentially a renewal process. 

 

4.5.1.1 Model Validation 

 

After obtaining two kinds of probabilities: spatial movement transition and mode of 

arrival time transition, the concern is, how well are these probabilities modelled 

using this methodology? That is to say, how compatible are the expected frequencies 

in regards to the probability for tourist spatio-temporal movement patterns (the 

calculated statistical value) with the observed frequencies, assumed to be 

representative of the entire tourist population. 

 

Chi-Square Goodness of Fit Test, 2(70%)
EFχ   through Equation (4.9) is selected for 

validating the spatial movement transition probability model (Moore et al., 2012). 

For implementing this test, the entire sample is divided into training and 

 

2 2
2(70%) ( ) ( )ij ij ij i ij
EF

ij i ij

O E O N P

E N P
χ

− −
= =             (4.9) 

 

testing datasets (Xia, 2007). The training dataset is used for feeding the model of the 

semi-Markov process where later on the expected frequencies can be obtained while 

the testing dataset is used to obtain the observed frequencies.  

 

A set of observed frequencies, ijO  is compared with a set of expected frequencies, 

ijE  where ij  corresponds to various spatial movement transition figures from one 

attraction to another using the Chi-Square Goodness of Fit test. The expected 

frequencies are obtained by multiplying any specific spatial movement transition 

probability, ijP  with iN , the frequency figure of tourists who made the transitions 

starting from similar i  attraction to all other attractions. The final output of 
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comparing these observed and expected frequencies produces the calculated 

statistical value which is the Chi-Square statistic, 2χ . 

 

This Chi-Square statistic is then compared with the P -value, derived from the 

degrees of freedom, df  and the confidence level,α . If the 2χ  value is outside the P

-value, it can be concluded that the observed frequencies are compatible with 

expected frequencies, i.e. the model provides a good fit of the data (Moore et al., 

2012). 

 

An Akaike Information Criterion (AIC) is used to validate the PDF output for the 

mode of arrival time transitional probability model. Despite the PDF being used to 

computing the mode of arrival time, it is not the focus of PSM; readers are referred to 

Section 5.5 for the details of AIC. 

 

4.5.2 Scheduling Tourist Movements 
 

Consider the situation of modelling tourists’ movement in Phillip Island consisting of 

m attractions. It is assumed here that each attraction is to be visited exactly once by a 

tourist and all attractions are covered. Hence there is a total of m! = (m (m – 1)(m – 

2)… 3.2.1) possible schedules that each tourist can take. The set of schedules is 

denoted by P = {s1, s2, …,sm!}.  

 

The objective here is to select the optimal schedule(s) based on a maximisation of 

attraction utility. It is assumed that tourist movement follows a semi-Markov process 

defined in the Section 4.5.1 and then the following steps ensue: 

 

(i) At time 0oT = , the tourist starts her excursion at the state 0oX = , i.e. 

from a location O outside of the nature reserve. 

 

(ii)  The approximate probability of the tourist following the schedule

*( ) ( ) *( ) ( ) *( ) ( ) *( ) ( )
1 1 2 2 3 3, ;  ;  ;  ...;  i i i i i i i i

i m mS t X t X t X t X= , i.e. entering state Xj
(i) at 

arrival time tj
(i), j = 1, 2,..., m, is given by 
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( ) ( ) ( ) ( ) ( )
1 1 2 2 3

( ) ( )
1

*( ) *( ) *( ) *( ) *( )
1 2 1 3 2

*( ) *( )
1

( ) ( ) ( )...

( )

i i i i i

i i
mm

i i i i i
i OX X X X X

i i
m mX X

q Q t Q t t Q t t

Q t t
−

−

= − −

−
                          (4.10)          

 

Using (4.7), it can also be written as, 

 

       

( ) ( ) ( ) ( ) ( )
1 1 2 2 3

( ) ( ) ( )( )
1 1

*( ) (* ) *( ) *( ) *( )
1 2 1 3 2

*( ) *( )
1

1

( ) ( ) ( )...

( )

i i i i i

i i ii
m jm j

i i i i i
i OX X X X X

m
i i

m mX X X X
j

q f t f t t f t t f

t t P
− −

−
=

= − −

− ×∏
                      (4.11) 

 

(iii)  The best scheduled movement or the most attractive combination of 

attractions is the maximisation of iq , where using the product rule of 

probability, this combination of attractions includes the most frequently 

visited attractions and the most common, i.e. most popular arrival time at 

these attractions. The pattern with highest probability (F) is considered as 

a recommended tour package for tourists. Visiting duration is arbitrarily 

assigned based on the time frame between two arrival times (former and 

latter attractions). 

 

  max( )iF q=                   (4.12) 

 

(iv) The final step is to check the consistency of the combination of attractions 

and arrival times. This signifies the PSM’s evaluation section of Figure 

3.3. For example, the most popular arrival time at attraction one estimated 

from the model could be later than the most popular arrival time at 

attraction two estimated from the model. If this happens, the next most 

popular arrival time is identified. This iterative process continues until the 

consistency emerges. 
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4.6 Selecting Other Elements for Tour Package Completion 
 

The listed tour package elements in Section 4.3 are filtered according to the 

specifications also listed in the same section. The accommodation element is 

unrelated to this research as the itinerary is only designed for a one day tour package, 

thus accommodation is unnecessary.  

 

The transportation element marks the public transportation for tourists to commute 

from one attraction to another. In terms of transportation element, it is notable that a 

scheduled bus service exists in the case study area (Australian Rail Maps, 2011). 

Despite having a sufficient service frequency of four to six per day, one disadvantage 

is that the bus route for Phillip Island only covers four out of nine attractions 

included in this research, thus making its selection impossible. A tour guide element 

is not needed since the tour package is prioritised for tourists who travel 

independently.  

 

Routes from one attraction to another are important to ensure tourists arrive at their 

destination. The selection of route element is possible given that Phillip Island has a 

well defined road system that covers the entire attractions included in this research 

(Phillip Island Nature Park, 2011). The concept of shortest path in determining the 

route is implemented. Although argued by Abdul Khanan et al. (2012) that the 

shortest path route is not the reality in tourism, the fact that the case study is 

conducted in a national park guarantees that most of the routes are scenic, thus are 

enjoyable for tourists.  

 

Tourists engage in activities when they arrive at an attraction. Such examples are an 

animal feeding session in a zoo, guided walks in a museum and having meals in 

town. An important aspect of activities arrangement is the timing aspect where 

activities should start after the arrival of tourists at any attraction. An activity or a list 

of activities must fit into the timeframe given. The inclusion of activities element is 

possible since each attraction in Phillip Island has specific sets of activities shown in 

Table 3.1.  
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The budget element of tour packages is included in this research due to its marketing 

importance when dealing with a large number of tourists to Phillip Island (O’Reilly, 

2006). With only the money element involved (Goodwin, 1981), the addition of 

tourists’ budget is only limited to the entrance fee of attractions or any activity fees 

within attractions that are not included in the entrance fee. Note that, the price of 

meals as a dining activity is not able to be included as tourists only decide on their 

meals once they arrive at the restaurant. Optional tours can be included if there is a 

large time gap between attractions. Any of the nine attractions can be included if they 

are not included in the existing itinerary.  

 

Finally, four compulsory elements of tour packages are included which are route, 

activities, budget and optional tours. These four elements are inserted after the 

itinerary is derived. Attention should be given so that the insertion of these elements 

will not affect the itinerary’s spatio-temporal movement structure. For instance: (1) 

the insertion of the journey duration might affects the arrival time at any attraction, 

and (2) the overall duration of activities within an attraction is longer than the 

visiting duration at the respective attraction. 

 

4.7 Chapter Conclusions 
 

This chapter described a method to schedule tourists’ spatio-temporal movement 

towards designing tour packages. The spatio-temporal movement of tourists at the 

macro level that entails their movement sequence together with the arrival time and 

visiting duration spent at each attraction are utilised within the semi-Markov and 

scheduling processes to produce the itinerary of tour packages.  

 

At the end of this chapter, extra elements of tour packages such as routes, activities, 

budget and optional tours are added for completing the design of tour packages to 

guarantee its commercial feasibility. The inclusion of these extra elements is ensured 

not to affect the existing spatio-temporal movement structure of itineraries. 
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CHAPTER 5: ACTIVITY PLANNING WITHIN 

ATTRACTIONS  

 

5.1 Introduction 
 

This chapter introduces the Activity Planning Method (APM) to plan the timing of 

tourist activities in various attractions. The activity timing is proposed based on 

tourist arrival times at each attraction. The chapter commences by detailing the 

factors influencing the starting times of activities and the factors influencing the 

tourist arrival times at attractions.  

 

This chapter then progresses by introducing the framework of APM that can address 

the activity planning issue. It contains four elements which are input, process, output 

and analysis. The output element symbolises the suggestion of arrival times and 

visiting durations to plan the timing of activities. The analysis element is divided into 

two: an Activity Timing Comparison Analysis (ATCA) for comparing the suggestion 

of the timing of activities with the actual timing of activities and an Activity 

Frequency Comparison Analysis (AFCA) to compare the suggested frequency of 

activities with the actual frequency of activities. 
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This chapter continues by ascertaining the concept of Probability Density Function 

(PDF) as the process element of the APM framework. To conclude, some examples 

of the use of the PDF including multimodal PDF is given within the context of 

timing estimation of activities.   

 

5.2 Factors Influencing the Activity Starting Times and the Arrival Times at 
Each Tourist Attraction 

 

From a tour planning perspective, it is more suitable to conduct an activity when 

tourists arrive (O’Connor et al., 2005). This is to ensure more participation in 

activities by considering the peak hour of tourists’ arrival. Tourists’ arrival times and 

activity starting times can interact with each other. Any particular activity such as 

penguin viewing can motivate tourists to visit an attraction (for instance, Penguin 

Parade), thus increasing tourists’ visitation rate (Leiper, 1990).  

 

This can be seen in Figure 5.1 where the visitation rates at major attractions in Phillip 

Island are listed for the financial year 2012 – 2013. Notice that, the visitation rate at 

Penguin Parade is the highest due to the activity of penguin viewing (Tapper, 2006). 

Concurrently, a higher visitation rate leads to more activities conducted at any 

attraction.   

 

Tourists’ arrival times depend on the starting times of activities. In general, there are 

two factors that can influence the decision of the starting time of activity: the 

attraction type and the number of tourists. Apart from classifying tourist attractions 

as managed and unmanaged attractions as in Section 3.6, tourist attractions can also 

be divided into cultural attractions and natural attractions (Leisen, 2001). A cultural 

attraction is a man-made attraction such as a museum and art gallery while a natural 

attraction refers to geographical features that attract tourists to see it for example, a 

mountain or an animal landing site.  

 

Theoretically, a cultural attraction can devise its activity such as a guided tour in a 

museum to start at anytime that they want. By doing this, attraction administrators 

can plan the starting times of multiple activities to avoid congestion at the main  
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Figure 5.1 Tourist attractions of Phillip Island with its visitation figures (Phillip Island Nature Park, 2013)
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entrance (Wanhill, 1980). Suggesting multiple starting times of activities covers the 

multimodality scenario that should be considered in APM. 

 

Attraction administrators should also maximise the number of tourists participating 

in any activity. For this, they should consider the number of expected tourists when 

arranging the starting times of activities so that a reasonable number of tourists turn 

up for the activities. This can be done by estimating the possible arrival times of 

tourists when the mode of arrival times of tourists is anticipated. Similar to PSM, the 

mode of arrival time corresponds to the highest frequency of tourists arriving at any 

particular arrival time. 

 

The starting times of activities can depend on the tourist arrival times. One factor 

which is the activity timing can affect the arrival time of tourists. Contrary to a 

cultural attraction, a natural attraction such as Penguin Parade in Phillip Island which 

includes a penguin landing activity is not able to devise the landing time of penguins 

as it is a natural process. As such, a park manager is left with no other option than to 

set the penguin landing activity at 9 pm during summer to correspond with the 

natural behaviour of penguins to arrive at that specific time period (Xia, 2007). 

 

Similarly, tourists have to arrive prior to 9 pm to participate in the penguin landing 

activity, shown in Figure 5.2. This concentration of arrival time created another 

scenario of unimodality of PDF where logically, only one arrival time is suggested. 

However, for easing the congestion at attractions, several arrival times should also be 

considered. 

 

As a conclusion, it was found that the starting times of activities depend on the type 

of tourist attraction. This raises the multimodality scenario of PDF. The starting 

times of activities also depends on the number of tourists arriving at any specific 

time which makes it necessary to identify the mode of arrival time of tourists. The 

timing of activities can influence tourists’ arrival times at each attraction. This raises 

the unimodality scenario of PDF. The scenario of multimodality, mode and 

unimodality of arrival time should be incorporated when implementing the PDF. 
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Figure 5.2 Penguin landing and boardwalking activities at Penguin Parade 

and The Nobbies, both a natural attraction. During peak time, congestion  

happened at both attractions (Dunstall et al., 2004; Phillip Island Visitor Information 

Centre, 2013) 

 

5.3 The Activity Planning Method (APM) Framework 
 

The APM framework is the extension of the APM’s section referred to in Figure 3.3. 

The framework consists of four elements: input, process, output and analysis as 

depicted in Figure 5.3. The input element represents the methodological requirement, 

i.e. data for the method, shown in Figure 3.3 within the APM’s implementation 

section. 

 

Contrary to the input element of Figure 4.1 in Section 4.4, focus is given only to 

tourist temporal movement data in regards to tourists’ arrival time and visiting 

duration at each attraction. Tourists’ arrival time and visiting duration at each 

attraction are combined to form the activity timing planning dataset. 

 

The Process element incorporates the PDF to transform the activity timing planning 

dataset into usable information. This is highlighted in Figure 3.3, shown within the 

APM’s description and implementation sections. The unimodality, multimodality 

and mode of arrival times of the PDF recommended in Section 5.2 are implemented. 

Outputs from the PDF process include modes and several other arrival times and 

visiting durations are shown within the APM’s description section of Figure 3.3. This 

suggestion of arrival times and durations are combined to form a set of timing of 

activities and these are shown within the APM’s implementation section of Figure 

3.3. 
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Figure 5.3 The Activity Planning Method framework 

 

The most important element of the framework is the analysis element, shown as the 

evaluation section of Figure 3.3 where two types of analyses are each depicted as 

triple stage triangles. The top layer of the triangle shows the name of the analysis. 

The middle layer marks the product of the analysis, each derived from the output 

element of mode arrival times and visiting durations. The final layer is the bottom 

layer that portrays the steps taken to accomplish the analysis.  
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The most prominent analysis which is the ATCA has the same product as the first 

analysis. Nevertheless, it evaluates the estimated arrival times and visiting durations 

against the actual activity times and visiting durations already scheduled by the 

attraction administrators. If the comparison shows the estimated and actual arrival 

times and visiting durations are distinctive, attraction administrators have the option 

to utilise the estimated arrival times and visiting durations that are derived from 

actual tourists’ activity timing dataset. 

 

To conclude, the AFCA produces an arrival time distribution that highlights the 

frequency of estimated arrival times to be proposed to attraction administrators. This 

is evaluated against the frequency of current activities. Attraction administrators can 

use the estimated arrival time distribution to decide how frequent to organise any 

particular activity if the evaluation identifies dissimilarities between the estimation of 

the frequency of activities against the status quo. Later on, the estimated arrival time 

distribution is compared against the actual activity frequency within their attraction.  

 

The AFCA is further extended by introducing arrival time and visiting duration 

distribution maps that show two maps, one each to describe the distribution of arrival 

times and the distribution of visiting durations for all attractions.  

 

5.4 Probability Density Function 
 

Continuous random variables such as arrival times and visiting durations are a set of 

possible values that are uncountable (Ott and Longnecker, 2010). As a continuous 

random variable X typically involves measurement where there are infinite values 

between any two intervals, the probability should be 0 that X equals any particular 

exact valuex (Weiss et al., 2006): 

 

( ) 0P X x= =                for all x S∈                         (5.1) 

 

A continuous distribution can be characterised by its PDF of a random variable X

over a set (usually an interval) to compute the probability that X takes a value in that 

set (DeGroot and Schervish, 2002). Let X be a continuous random variable; a non-
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negative function f is said to be a PDF of X , for all real numbers a b< (refer 

Figure 5.2 below): 

 

( ) ( )
b

a

P a X b f x dx≤ ≤ = ∫                          (5.2) 

 

That is the probability, f  that X  (refer Figure 5.4) takes on a value in the interval 

( , )a b  is the area in this interval and under the graph of the density function (Zhang, 

2008).  

 

 

Figure 5.4 An example of a PDF (Reliasoft, 2002) 

 

Notice that equation 5.1 is reflected in Figure 5.4 where the probability that the 

function is exactly equal to a specific value is zero, since a specific value has no area 

under the curve (Wikidot, 2011). 

 

Every PDF must satisfy the following two conditions: 

 

( ) 0,f x ≥  for all x                           (5.3) 

 

That is the PDF, ( )f x  must be positive for all values ofx , and: 
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( ) 1
b

a

f x dx=∫                            (5.4) 

 

Where equation (5.4) describes that, since the PDF represents the entire sample 

space, the area under the PDF must equal to one. 

 

5.4.1 Some Important Statistical Distributions 
 

There are various existing distributions with different scale, shape and location 

parameters that ultimately determine the shape of the curve (refer Table 5.1).  

 

Table 5.1 Important statistical distributions 

No. Distribution Scale 
Parameter 

Shape 
Parameter 

Location Parameter 

1 Log-Normal µ σ γ (γ=0 for two parameter 
distribution 

2 Gamma θ κ None 
3 Weibull α β γ (γ=0 for two parameter 

distribution 
4 Normal 

(Gaussian) 
σ

2 None µ 

 

Apart from the parameters, the data form can also contribute to the different shape of 

the curve either it is monotonically increasing or decreasing, logistic and constant 

over time (Mohammadian and Doherty, 2006). In the case of the dataset of arrival 

times and visiting durations, each set of arrival time and visiting duration can be 

fitted into different distributions. 

 

5.5 Estimation of Arrival Time and Visiting Duratio n Using Activity Timing 
Dataset 

 

The process element of Figure 5.3 is summarised in Figure 5.5. A PDF is applied to 

fit several arrival time datasets shown as the Input element in Figure 5.3 using 

various statistical distributions such as LogNormal, Generalised Extreme Value, 

Weibull and Normal (Gaussian). A PDF of arrival time, T  is a function, ( )f t  such 

that for any two arrival times, a  and b  with a≤ b , 
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Figure 5.5 PDF process
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( ) ( )
b

a

P a T b f t dt≤ ≤ = ∫                                             (5.5) 

 

The explanation of (5.5) is the same as (5.2). One important phenomenon should be 

observed about the multimodality of the PDF. Unlike the unimodal PDF that only 

has one mode, the multimodal PDF happens when there are two or more modes when 

a distribution is fitted to the dataset (Brassard and Correia, 1977). This is due to the 

mixture of two or more different unimodal distributions (Pfingsthorn and Birk, 

2013). Figure 5.6 displays the multimodal PDF. X-axis represents the figure of the 

variable while y-axis represents the probability density figure. It can be observed 

from Figure 5.6 that more than one peak or multiple modes exist, shown by the 

multiple arrows. 

 

 

Figure 5.6 A Multimodal PDF (Mathworks, 2013) 

 

This multimodal phenomenon can happen when the dataset contains a complex 

variation in terms of its arrival time and duration instances. In terms of this research, 

the occurrence of multimodality can bring benefits in the estimation of arrival times 

and visiting durations as it can suggest more than one arrival time and duration. The 

challenge now is to determine which distribution can best fit the arrival time datasets. 
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To achieve this, the Akaike Information Criterion (AIC) is implemented where it can 

validate the model, i.e. by measuring the relative goodness of fit of a statistical model 

(Awad, 1996). 

 

The selection of AIC is not solely on its ability to ascertain the goodness of fit 

(shown as L in equation 5.6 ), but as it penalises the increasing number of parameters 

used, shown as k in Equation 5.6  (Bozdogan, 2000). This penalty discourages 

overfitting where reducing the number of parameters improves the value of AIC. At 

the end of the distribution selection process, the model with the least value of AIC is 

selected.  

 

2 log 2AIC L k= − +                          (5.6) 

 

Figure 5.7 depicts the comparison of two fitted distributions, i.e. probability density 

curves, one unimodal and the other one multimodal to the arrival times dataset. The 

x-axis represents the arrival time while the y-axis represents the probability density 

figure shown as the curved line. The green curve line represents a unimodal 

distribution while the red curve line represents a multimodal distribution. Similarly 

as in the previous chapter, some datasets do not provide a significant distribution in 

the fitting process. In this case, a simple probability is used to substitute the PDF. 

 

 

Figure 5.7 A Histogram showing two distributions  

fitted to the arrival times dataset 
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The task now is to identify the best arrival times to suggest for attraction 

administrators. Activities can be conducted more than once in a day. Therefore, this 

method is able to propose more than one arrival time. This is done by carefully 

observing the multimodal distribution of Figure 5.7. The best arrival time 

corresponds to the curve area with the highest density, marked as 1st, therefore 

producing the highest probability. Notice that the mode, i.e. the highest frequency of 

arrival time is at 12.25 pm. 

 

Other suitable arrival times correspond to the other peaks from Figure 5.7 that marks 

the other modes. These are marked as 2nd and 3rd peak in the red curve area and are 

observed as 2.20 pm and 5.00 pm respectively. These suggestions of mode and 

several other arrival times correspond to the Output element of Figure 5.3. The Chi-

Square Goodness of Fit test is finally used to validate the model with the same 

procedure shown in Section 4.5.1.1. The whole procedure in this section is then 

applied to the visiting duration dataset. 

 

The Output element that represents the suggestions of mode and several other arrival 

times and durations are brought forward in the Analysis element of Figure 5.3, i.e. 

the APM’s evaluation section of Figure 3.3. The product of this analysis is presented 

in Sections 7.3.2.1 and 7.3.2.2. 

 

5.6 Chapter Conclusions 
 

This chapter presented a method to plan the timing of activities that includes arrival 

times and visiting durations. Initially, the factors influencing activity starting time 

and the arrival time at each attraction are identified. The factors are type of tourist 

attraction, the number of tourists arriving at any particular time and timing of 

activities. The identification of these factors highlighted the importance of including 

unimodality, mode and multimodality within the context of PDF.  

 

The fundamental concept of PDF is presented where multiple probability density 

curves are obtained according to different distributions when an AIC is used to 

choose the best distribution. The smallest value of AIC depicts the best distribution 

where this distribution is used to identify the mode or arrival time and duration. This 



92 

  

 

suggestion of arrival times and durations is extended for the subsequent analyses of 

activity timing comparison and activity frequency.  
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CHAPTER 6: MARKET SEGMENTATION OF TOUR 

PACKAGE PRODUCTS 

 

6.1 Introduction 
 

This chapter presents the methodology of the Market Segmentation Method (MSM) 

to segment the market of tour package products such as itineraries, attractions and 

activities. It begins by introducing the concept of market segmentation and its 

relationships with tourist characteristics.  

 

Next, a framework for MSM composed of four elements, namely input, process, 

output and target is introduced that can address the market planning issue. This 

chapter then progresses where segmentation variables are determined, which is 

followed by the description of the Expectation-Maximisation (EM) Algorithm 

adopted in this research. Finally, the approach of market targeting is presented.  

 

6.2 The Connection between Tourist Characteristics with Tour Package 
Products 

 

Tourist characteristics were believed to have an impact on the tour package selection 

(O’Connor et al., 2005; Xia et al., 2008; Abdul Khanan, 2009). This is based on 

tourist preferences towards tour package offerings. Tourist preferences are assumed 

to be based on their characteristics, where in this research context, tourist 

characteristics are utilised to observe tourist spatio-temporal movement pattern. 
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A good example of a tourists’ characteristics study was research by Hsu et al. (2009) 

where factors that affect tourists’ choice of destination were identified. In the 

research, several characteristics of tourists in terms of tourists’ visitation purpose for 

visiting attractions such as to rest, to relax and to enjoy environmental serenity were 

listed. Several outputs of the tourist visitation purpose (tourist preferences) linked to 

its specific tourist attractions are highlighted. As an example, tourists who seek to 

socialise, experience night life and shopping prefer Taipei 101 which is the tallest 

building in Taiwan. 

 

Research by Kale et al. (1987) examined the travel preferences of youth segments 

towards tour package offerings. The research focussed more on the demographic 

characteristics of tourists where one of their findings suggested younger tourists aged 

18 to 35 should be offered a tour package that is filled with activities and almost non-

stop action. They also recognised the tendency of younger tourists to choose scenic 

and natural wonder attractions in their tour package. 

 

Another research topic of linking tourist characteristics with tour package products is 

market segmentation. According to Smith (1956), market segmentation involves 

“viewing a heterogeneous market as a number of smaller homogenous markets, in 

response to differing preferences, attributable to the desires of consumers for more 

precise satisfaction of their varying wants”. In terms of tourism, the varying wants 

refer to tour package products while the heterogeneous market means individuals, 

groups or organisations with one or more similar characteristics that cause them to 

have similar product needs (Pride et al., 2007) 

 

In their market segmentation research, Thomson and Pearce (1980) used a statistical 

analysis to identify associations between tourist demographic characteristics with 

types of preferred tour packages. One of their results is that coach tours are more 

associated with elderly couples, many of whom are retired. In contrast, a camping 

theme tour package is mostly used by youth who are under 25, most of them single 

female, on their first overseas trip seeking the company of other young people and on 

a relatively cheap package although most of them are medium income earners. 
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Recall from Section 4.3 that most of the definition of tour packages listed several 

mainstream elements of tour packages such as tourist’s budget, overall duration, 

preferred activities and accommodation. A distinctive study by Xia et al. (2010) took 

a step further in market segmentation by segmenting not according to these 

mainstream elements but according to the dominant movement pattern of tourists 

based on a set of real tourist movements dataset. Using a procedure called an EM 

algorithm, target markets of selected tourist characteristics were identified for these 

dominant tourist movement patterns. 

 

To conclude, it was identified that particular tourist demographic characteristics for 

instance, age and gender did have preferences towards the offerings of tour package 

products. The correct selection of tourist characteristics to be segmented within this 

research is anticipated for showing some association with tour package products.  

 

6.3 The Market Segmentation Method (MSM) Framework 
 

The MSM framework is the extension of the MSM’s section of Figure 3.3. Presented 

as Figure 6.1, the framework also consists of four elements namely input, process, 

output and target market.  

 

The input element represents the methodological requirement, i.e. data for the 

method shown in Figure 3.3 within the MSM’s implementation section. Initially, 

tourist characteristics defined as segmentation variables in marketing are determined 

where these variables signify the subject to be segmented. Such examples of tourist 

characteristics are age, gender and preferred type of attraction.  

 

A specific set of tourist characteristics dataset is the main subject in this research and 

is carefully selected from a broad selection of existing tourists characteristics. The 

chosen characteristics dataset is later divided according to different itineraries, 

attractions and activities. The itineraries were obtained using the earlier Personalised 

Scheduling Method (PSM). 
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Figure 6.1 The Market Segmentation Method framework 

 

The Process element marks the EM algorithm that is highlighted in Figure 3.3, 

shown within the PSM’s description and implementation sections. The EM algorithm 

is used to segment or cluster the characteristics dataset into certain number of market 

segments for highlighting some significant association of characteristics that exist in 

specific tour package products. 

 

The outputs of a particular number of market segments with associated 

characteristics are produced where later on, the selection of a target market is 

conducted to select the most significant market segment that can best represent any 
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specific tour package products. This is shown within the MSM’s evaluation section 

of Figure 3.3. 

 

Finally, the relationships between these target markets in regards to different tour 

package products are identified. Questions such as, “does a specific target market, 

which participates in any particular itinerary hence tour package, also visit any 

attraction included within that particular tour package or vice versa?” and “does a 

specific target market, which visits any particular attraction, also participate in 

activities included within that particular attraction or vice versa?” are highlighted.  

 

These are represented by the double pointing arrows in the framework diagram. The 

entire elements of the market segmentation framework are detailed in the subsequent 

sections. 

 

6.4 Determination of Segmentation Variables 
 

A preliminary element of tour package products’ market segmentation is the 

segmentation variables where in this chapter these variables are described as tourist 

characteristics (Bloom, 2004; Liu et al., 2010). In general, tourist characteristics are 

divided into four different variables which are geographic, demographic, 

psychographic and behavioural (Figure 6.2) (Pride et al., 2007).  

 

Geographic variables are variables influenced by the distinction of geographical 

areas such as origin, population density and climate (Frank et al., 1972). Origin can 

be presented in various scales: country, state, county and township (Flognfeldt Jr, 

1999). As described by Beane and Ennis (1987), demographic variables are the most 

prevalent variable as “consumers are placed on definite scales of measurement which 

are easily understood”. Examples of these variables are age, gender and household 

income. 

 

Psychographic variables involve values and lifestyle variables that are able to 

describe the cognitive structure of the individual where it is seen as a complement to 

the demographic characteristics for configuring tourism products (Nicolau and Más, 



98 

  

 

2005). The lifestyle variables cover three aspects which are activities, interests and 

opinions (Morrison, 1996).  

 

 

Figure 6.2 List of segmentation variables (Pride et al., 2007) 

 

Behavioural variables are individual variables in relation to tourists attitude towards, 

use of or response to a product (Kotler and Keller, 2006). These include user 

frequency, user occasions and user status. As a plethora of variables exist, the 

question now is which variable should be chosen. The answer is to look back at the 

objectives of tourists’ market segmentation (Xia et al., 2010).  

 

For instance, a study by Kaynak and Yavas (1981) compared the similarity and 

differences between using traditional demographic and geographic variables with a 

trip purpose variable towards expenditure patterns, attitudinal orientations and 

satisfaction level of trips. As stated, the demographic variables in use are age, gender 

and income while origin is used to represent the geographic variable. The 
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classification of tourists as vacation/relaxation, business or visitor symbolises the trip 

purpose aspect of their research. 

 

Finally, 12 segmentation variables that cover all four variable types are used for the 

market segmentation purpose. These variables are listed in Figure 3.8 as geographic, 

demographic, psychographic and behavioural characteristics which reflect the entire 

tourist characteristics that have been collected. 

 

6.5 Clustering and the EM Algorithm 
 

Clustering is a type of segmentation technique where the basic idea is to divide a 

number of cases (usually respondents) into homogenous segments according to pre-

specified variables which are assumed to reflect the similarities of individuals within 

the segments and the dissimilarities between them (Dolnicar, 2002; Everitt, 2011).  

 

The definition of clustering is parallel with the market segmentation definition 

presented in Section 6.2. The number of segments and characteristics of each 

segment are then determined by the dataset and clustering method used (Wedel and 

Kamakura, 2000).  

 

It is important to note that the method presented in this chapter is an inverse method 

of the PSM as depicted on Figure 6.3 when it comes to the segmentation of tour 

packages. The PSM starts with specifying the tourist movement dataset according to 

certain tourist characteristics and in return, a tour package as the end product is 

obtained. The MSM is initiated by first having a tour package and, finally the 

specific characteristics for each respected tour package are obtained. 

 

The EM algorithm as a particular type of clustering method is an iterative procedure 

for computing MLE in situations where, but for the absence of some additional data, 

MLE would be straightforward (McLachlan and Thriyambakam, 2008). The benefit 

of using the EM algorithm is that the likelihood (of identifying the cluster type) is 

guaranteed for each iteration (Trombe et al., 2011). 
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Figure 6.3 The MSM as an inverse method of the PSM 

 

For a comprehensive introduction to EM algorithm theory, readers are referred to 

Witten and Frank (2005), McLachlan and Thriyambakam (2008), Gupta and Chen 

(2011), Xia et al. (2010) and Lin (2013). The rest of this section provides a brief 

summary of the EM algorithm theory extracted from those studies.  

 

The fundamentals of the EM algorithm starts with considering a mixture model 

composed of K  clusters which are given by: 

 

1

( | ) ( | )
K

j j j
j

p y yθ α ρ θ
=

=∑                 (6.1) 

 

where ( | )j jyρ θ  is the Probability Density Function (PDF) for the j -th cluster and 

the mixture weights, α  represents the proportion of data belonging to the j -th 
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cluster such that 
1

1
K

jj
α

=
=∑ . The parameters,iθ  of the cluster densities together with 

the mixture weights, iα  constitute the parameters, θ  of the mixture model.   

 

The EM algorithm for clustering procedures can be summarised as having three 

necessary steps as below. Equations (6.2) and (6.3) are derived from Xia et al. 

(2010): 

 

(i) Expectation (E) step: The initial association of specific parameters are 

established into specific clusters. Compute the probabilities ijw  that the i

-th observation belongs to the j -th cluster using Bayes rule as in 

Equation (6.2). This is done at iterationt , given parameter estimates ( )t
iθ  

and ( )t
iα .  
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∑

               (6.2) 

 

(ii)  Maximisation (M) step: The calculation of the maximum likelihood of 

those specific parameters within its assigned clusters is carried out. For 

the purpose of updating the model parameters, the cluster membership 

probabilities are fixed and the likelihood is maximised. Equation (6.3) 

gives the estimation of maximum likelihood of the mixture weights.  

 

         ( 1) ( 1)

1

1 N
t t

j ij
i

w
N

α + +

=

= ∑                          (6.3) 

 

(iii)  The weights are then integrated into Equation (6.1) whereby parameters 

( 1)t
jθ +  are ascertained by likelihood maximisation. These expectation, 

maximisation and model updating steps are reiterated until convergence 

parameter likelihood estimation is reached. 
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The EM algorithm is a soft clustering algorithm. In terms of clustering nominal 

dataset such as in this research, it assigns a frequency count with a fractional figure 

for any instance of tourists’ characteristics within any cluster (Witten and Frank, 

2005). This simply means that, any instance can be probabilistically split between 

several clusters.  

 

The EM algorithm also produces a log-likelihood figure for each of its executions to 

measure how likely a particular cluster is (He and Zhang, n.d.). A larger figure of the 

log-likelihood means the better clustering result it is. In fact, this is the validation 

step of the EM algorithm. For validating the clustering result, a cross-validation 

method is used.  

 

For this validation purpose, each market segmentation dataset containing various 

instances of tourist characteristics are replicated three times. This replication process 

was done using a random sampling method called Equal Probability of Selection 

Method Sampling (EPSEM) via the SPSS 20 statistics package. This replication 

produces three separate datasets with each dataset consisting of 90% of the original 

dataset with possibly a different combination of instances of tourist characteristics 

records (Crockett et al., 2011). When segmentation is implemented with these three 

separate datasets, the comparison of the log-likelihood figure is made where the 

clustering result with the smallest value of log-likelihood is chosen. 

 

6.6 Market Targeting 
 

The last step in the market segmentation process in this research is the process of 

market targeting. Market targeting is a detailed examination and evaluation of the 

range of possible market segments, usually only one market segment for a specific 

tour package and its products, and the degree to which the tour operator can satisfy 

some, or all of their expectations (Pride et al., 2007). It is done with a group of 

tourists called the target market, which consists of specific tourists that are selected 

for a particular purpose (such as to be promoted with specific tour packages) based 

on a certain criteria (Myers, 1996). 
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It is quite impossible for a tour operator to cater for the whole potential market 

segment of tourists. As an example, a tour operator who focuses on backpacking and 

camping tour packages must prioritise the youth market segment in order to achieve 

profitability. This is also known as concentrated market targeting (Phillip Island 

Nature Park, 2013). The aim of the market segmentation process in this chapter is to 

identify all four characteristics of tourists as presented in Section 6.4 and if they have 

any associations with specific tour packages, attractions visited and activities 

participated based on their spatio-temporal movement. 

 

There could be a range of market segments identified for each tour package with its 

related product. However for this research, the segment with the heaviest users is 

selected as the target market for generating more profit (Evans and Stabler, 1995). 

For example, if three different market segments are identified for a tour package, the 

target market segment is the one with the highest percentage of members (Xia et al., 

2010). Indeed, this market targeting process reflects the MSM’s evaluation section of 

Figure 3.3. 

 

6.7 Chapter Conclusions 
 

This chapter demonstrates a method to segment the market of tour packages, 

attractions and activities. To start with, it details the connection between tourist 

characteristics with tour package products. Four types of tourist segmentation 

variables namely, geographical, demographic, psychographic and behavioural (such 

as origin, gender, tour purpose and length) are used to identify their potential link 

with any of those tour packages with its related products.  

 

The essential concept of the EM algorithm is presented where this EM algorithm 

clusters tourist characteristics data for each tour package product. Various market 

segments are produced which require us to implement the final step of market 

targeting for choosing the target market.  
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CHAPTER 7: CASE STUDY, IMPLEMENTATION AND 

EVALUATION  

 

7.1 Introduction 
 

This case study, implementation and evaluation chapter contains the implementation 

and evaluation of each of the three methods presented in Chapters 4, 5 and 6. This 

chapter begins with the implementation of the Personalised Scheduling Method 

(PSM). The data in regards to the personalised tourist spatio-temporal movement is 

implemented within the context of the semi-Markov and scheduling processes to 

produce itineraries followed by tour packages. 

 

Next, this chapter presents the implementation of the Activity Planning Method 

(APM). The data in regards to the tourist temporal movement is implemented within 

the context of the Probability Density Function (PDF) for estimating tourist arrival 

times and visiting durations. The output of the estimation of arrival times and 

durations are later used to plan the activities timing within attractions. 

 

Finally, this chapter implements the Market Segmentation Method (MSM). The data 

in relation to the tourist characteristics is implemented towards the Expectation-

Maximisation (EM) algorithm for producing various market segments by clustering 

the tourist characteristics dataset according to specific tour package products. 
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Subsequently, target markets are identified from several market segments where the 

marketing effort can be focussed upon.  

 

By undertaking the implementation and evaluating the results, this case study 

validates the concepts and models presented in Chapters 4, 5 and 6. Results from 

each method are carefully explained and discussed to draw significant conclusions. 

 

7.2 The Personalised Scheduling Method (PSM) 
 

This section provides the implementation and evaluation of the PSM to develop 

personalised itineraries and tour packages. Initially, a cohort that corresponds to 

female and middle aged tourists with 391 records was chosen from the sample of 

1104 tourists. From the survey, these characteristics are the most popular 

combination that involves two types of characteristics (see Table 7.1). 

 

Table 7.1 Top five tourists’ profiles based on combination of characteristics 

No. Tourists characteristics combination Number of records 
1 Female and middle aged 391 
2 Male and young 285 
3 Female with partner 175 
4 Female with friends and relatives 172 
5 Male with friends and relatives 143 

 

The above female and middle aged tourists’ dataset of 391 records was divided into 

two subsets of data: 70 % for training and 30 % for testing where this sub-section 

implemented the training dataset. This was done using a random sampling method 

called Equal Probability of Selection Method Sampling (EPSEM) using the SPSS 20 

statistics package (Crockett et al., 2011). Therefore, the corresponding training 

dataset has records 274 while the testing dataset has 117. 

 

7.2.1 The Estimation of Spatial Movement Transition Probability 
 

The frequencies of the spatial movement transition of tourists are listed as a flow 

map in Figure 7.1. The map lists multiple transitions from one state to another (nine 

attractions considered on Phillip Island), alongside with its frequencies figures. It  
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Figure 7.1 The spatial movement transition map
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also includes an absorbing state, ‘OUT’, where tourists leave the states that mark the 

completion of their tour. These are shown as transitions FO, HO and IO where the 

arrows exit Phillip Island. 

 

For instance, from The Nobbies (H) to Penguin Parade (I), the number of tourists 

who made that transition is 241. The other significant transitions with 50 or more 

tourists making the transition are Koala Centre (D) →The Nobbies (H) (153), Cowes 

(F) → Koala Centre (D) (84), Churchill Island (C) → Koala Centre (D), Churchill 

Island → The Nobbies (51) and Penguin Parade (I) → OUT (O) (274). Figure 7.1 

also highlighted the aspect of the thickness of the flow line where the higher the 

frequency of the transition is, the thicker the flow line will be. Some transitions do 

not exist where this indicates no tourists making that transition, such as from D to E. 

 

Based on the spatial movement transition map (Figure 7.1), a list of spatial 

movement transition probabilities, ,ijP i j S∈ , was calculated using the semi-Markov 

process (See Equation 4.4). A spatial movement transition probability map (see 

Figure 7.2) with a same list of transitions as Figure 7.1 is presented, but this time, it 

lists the figures of transition probability instead of frequency. 

 

For instance, from Rhyll Inlet (E) to Cowes (F), the transition probability is 0.5. This 

probability of 0.5 is derived using Equation (4.4) by dividing the number of tourists 

making the E to F transition which is 3 with the summation of the number of tourists 

making transitions starting at E, which is 6 (altogether adding E to A, E to B, E to C, 

E to D, E to F, E to G, E to H, E to I and E to Out). This same method of calculation 

is used for other transitions starting at different attractions. 

 

The other significant transitions with 50 % or more tourists making the transition are 

Koala Centre (D) →The Nobbies (H) (0.677), Cowes (F) → Koala Centre (D) 

(0.535), The Nobbies (H) → Penguin Parade (I) (0.972) and Penguin Parade (I) → 

OUT (O) (1). These pairs of attractions are believed to be more popular among 

tourists than other pairs. Akin to Figure 7.1, some transitions do not exist where this 

indicates no tourists making that transition, such as from E to G. This is because the  
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Figure 7.2 The spatial movement transition probability map 
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majority of tourists visiting E (Rhyll Inlet) and G (Ventnor) are local tourists who are 

excluded from the survey. 

 

After getting the entire figures of probabilities from Figure 7.2, a stationary discrete 

semi-Markov process as described in equation (4.1) was used to model the actual 

movement of tourists in order to obtain the probability of their movement sequence 

from one attraction to another. As an example, for the actual movement pattern of 

‘FDHIO’, the transition probabilities of FD, DH, HI and IO needs to be multiplied 

where later, a figure of 0.329 as the probability of the movement sequence is 

obtained. In fact, ‘FDHIO’ is the actual movement sequence with the highest figure 

of probability of the movement sequence, i.e. the most popular movement sequence 

for four attractions as shown in Table 7.2. 

 

Table 7.2 Three most popular actual movement sequences for four attractions 

No. Movement sequence Movement sequence probability 
1 FDHIO 0.329 
2 CDHIO 0.305 
3 BCHIO 0.125 

 

7.2.1.1 Validating the Spatial Movement Transition Probability Model 
 

After obtaining the probability results of the spatial movement transition probability 

model, the key question now is how well these probabilities are modelled using this 

methodology? In this section, the results were validated using Chi-Square Goodness 

of Fit Test, using Equation (4.9). 

 

Using the observed frequencies from the testing dataset of the transition from Rhyll 

Inlet (E) to Cowes (F), the spatial movement transition probability figure of the 

similar transition, ijP  and the frequency figure of tourists starting their transition 

from attraction i  to all other attractions, iN , the Chi-Square 2(70%)
EFχ  is calculated as: 

 

2 2
2(70%) ( ) ( )ij ij ij i ij
EF

ij i ij

O E O N P

E N P
χ

− −
= =  
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2(6.425 26 0.5)
3.325

26 0.5

− ×= =
×

  

 

To obtain the P -value, one must have a degree of freedom, df  and the confidence 

level, α . The degree of freedom in this example is three since there are only four 

transitions that begin from attraction E. The figure of 0.05 is selected as the 

confidence level, thus producing a P -value of 7.815. Notice that the 2(70%)
EFχ  value is 

outside the P -value, thus the observed counts are compatible with the expected 

counts (based on the spatial movement transition probability), i.e. the model provides 

a good fit of the data (Apostolakis and Jaffry, 2005). 

 

The validation results using a similar Equation (4.9) for each spatial movement 

transition is presented in as a matrix in Table 7.3. The matrix shows the 90-step 

transitions from one state to another (nine attractions considered on Phillip Island). 

Similar with Figures 7.1 and 7.2, it also includes an absorbing state, ‘OUT’, where 

tourists leave the states that mark the completion of their tour. The matrix reads from 

each attraction in the leftmost column to each attraction in the top row as one pair of 

transitions. For instance, from The Nobbies (H) to Penguin Parade (I), the expected 

counts (χ) and the observed counts (PV) 0.192 and 7.815 respectively. 

  

The entirely observed counts (PV) are compatible with the entire expected counts (χ) 

for each movement transition, i.e. the model provides a good fit for each movement 

transition. This is not surprising as according to Xia (2007), a general Markov 

process such as Equation (4.4) produces a one-step transitional probability that does 

not involve the assumption of stationarity. This means the choice of future attractions 

would depend on which stage of the tour the decision has to be made. This 

assumption was ignored in her research that made some of the validation results 

unfit.  

 

The GH and IO transitions are not included in the validation process as both do not 

produce fractional probabilities by having probabilities of 1, thus the corresponding 

cells are marked with a hyphen. Other transitions marked with the hyphen indicate 

the unavailability of tourists making that transition. 
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Table 7.3 Validation result for spatial movement transition probability 

  
Woolamai 
(A) 

Visitors 
Centre (B) 

Churchill 
Island (C) 

Koala 
Centre (D) 

Rhyll 
Inlet (E) 

Cowes 
(F) 

Ventnor 
(G) 

Nobbies 
(H) 

Penguin 
Parade (I) OUT 

Woolamai 
(A) 

   - χ = 0.84 
PV = 
9.488 

χ = 1.39 
PV = 
9.488 

 - χ = 1.69 
PV = 
9.488 

 - χ = 1.701 
PV = 
9.488 

χ = 0.84 
PV = 
9.488 

 - 

Visitors 
Centre (B) 

χ = 1.805 
PV = 
14.07 

  χ = 5.859 
PV = 
14.07 

χ = 4.335 
PV = 
14.07 

χ = 0.951 
PV = 
14.07 

χ = 5.406 
PV = 
14.07 

χ = 0.951 
PV = 
14.07 

χ = 3.828 
PV = 
14.07 

χ = 0.951 
PV = 
14.07 

 - 

Churchill 
Island (C) 

χ = 0.974 
PV = 
12.59 

χ = 0.974 
PV = 
12.59 

  χ = 9.945 
PV = 
12.59 

χ = 0.494 
PV = 
12.59 

χ = 7.75 
PV = 
12.59 

 - χ = 11.03 
PV = 
12.59 

χ = 1.44 
PV = 
12.59 

 - 

Koala Centre 
(D) 

χ = 1.96 
PV = 
9.488 

 - χ = 9.306 
PV = 
9.488 

   - χ = 4.981 
PV = 
9.488 

 - χ = 4.988 
PV = 
9.488 

χ = 3.86 
PV = 
9.488 

 - 

Rhyll Inlet 
(E) 

 -  -  - χ = 3.053 
PV = 
7.815 

  χ = 3.325 
PV = 
7.815 

 - χ = 3.053 
PV = 
7.815 

χ = 3.053 
PV = 
7.815 

 - 

Cowes (F) χ = 1.949 
PV = 
14.07 

χ = 3.798 
PV = 
14.07 

χ = 7.991 
PV = 
14.07 

χ = 11.93 
PV = 
14.07 

χ = 0.987 
PV = 
14.07 

   - χ = 13.05 
PV = 
14.07 

χ = 11.15 
PV = 
14.07 

χ = 
2.886 
PV = 
14.07 

Ventnor (G)  -  -  -  -  -  -    -  -  - 
Nobbies (H)  -  -  - χ = 0.992 

PV = 
7.815 

  χ = 4.8 
PV = 
7.815 

 -   χ = 0.192 
PV = 
7.815 

χ = 
0.992 
PV = 
7.815 

Penguin 
Parade (I) 

 -  -  -  -  -  -  -  -    - 
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7.2.2 The Estimation of the Mode of Arrival Time with its Probability 
            

The mode of arrival time is the highest occurrence time that tourists arrive at an 

attraction or a state before moving to the next state, for example, arriving at Cowes at 

3.00 pm before moving to Rhyll Inlet. Using Equation (4.6), the mode of arrival time 

transitional probability was calculated that shows the probability of the arrival time 

mode at attractioni , given that the movement starts at i  and then moves to attraction 

j . 

 

For estimating the mode of arrival time probability at attractions, a series of possible 

PDFs shown as Equation (5.5) was implemented, with the Akaike Information 

Criterion (AIC) as depicted in Equation (5.6) adopted for selecting and validating the 

best distribution based on the goodness of fit and number of parameters. The arrival 

time dataset was categorised according to each transition. Each transitional arrival 

time dataset was then fitted within each distribution to choose the most suitable 

distribution based on the smallest figure of AIC.  

 

In this case study, the Birnbaum-Saunders density function presented the best 

distribution fit for transitional arrival time at the Koala Centre (D), before moving to 

Woolamai (A) as it produces the lowest value of AIC as shown in Table 7.4. This 

smallest figure of AIC for Birnbaum-Saunders means it is better in capturing the 

entire dataset if compared to other common distributions such as Weibull and 

Gamma (Xia et al., 2011). Figure 7.3 depicts the distribution fit of arrival times for 

the DA transition. 

 

Table 7.4 Three distributions with the smallest figure of AIC 

No. Distribution’s Name AIC Figure 
1 Birnbaum-Saunders 52.722 
2 Weibull 52.889 
3 Gamma 53.687 
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Figure 7.3 The distribution fit of arrival times for the DA transition 

 

This signifies the Birnbaum-Saunders as the distribution that provided the best 

goodness of fit while implementing a reasonable number of parameters that do not 

overfit the dataset. This procedure is repeated for all other transitions where other 

transitions might result in a different distribution selected, since tourists’ arrival 

times are different, resulting in a different fit of distribution functions.  

 

Tables 7.5, 7.6 and Figure 7.4 each shows three different types of information: (1) 

the best fit distribution for each transition, (2) the AIC value in selecting and 

validating the best fit distribution, and (3) a flow map that reflects the mode of 

arrival time transitional probability. The way of reading Tables 7.5 and 7.6 is similar 

to Table 7.3 while the way of reading Figure 7.4 is similar to Figures 7.1 and 7.2. 

Based on Table 7.4, some significant arrival time transitions with more than 40 % 

tourists, i.e. more popular transitional arrival times are Churchill Island (C) → Rhyll 

Inlet (E) (0.426), Cowes (F) → Rhyll Inlet (E) (0.426) and The Nobbies (H) → 

Koala Centre (D) (0.453).  

 

Other significant arrival time transitions based on the more popular spatial movement 

transition of Table 7.3 are Koala Centre (D) → The Nobbies (H) (0.003), Cowes (F) 

→ Koala Centre (D) (0.002), The Nobbies (H) → Penguin Parade (I) (0.002) and 

Penguin Parade (I) → OUT (1). Notice that the first three probability figures are  
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Table 7.5 The list of distribution fits for each transition 

 

Woola-
mai (A) 

Visitors 
Centre 
(B) 

Churchill 
Island (C) 

Koala Centre 
(D) 

Rhyll 
Inlet (E) 

Cowes (F) Vent-
nor (G) 

Nobbies (H) Penguin 
Parade (I) 

OUT 

Woola-
mai (A)  

- Gamma 
Log- 

logistic 
- 

Extreme 
value 

- ? 
Birnbaum
-Saunders 

- 

Visitors 
Centre 
(B) 

Inverse-
gaussian  

Genera-
lised 

Pareto 

Generalised 
extreme 
value 

Birnbaum
-Saunders 

Nakagami ? 
Generalised 

Pareto 
Nakagami - 

Chur-
chill 
Island 
(C) 

? Weibull 
 

Generalised 
Pareto 

Inverse-
gaussian 

Birnbaum-
Saunders 

- Logistic Weibull - 

Koala 
Centre 
(D) 

Birnbaum
-Saunders 

- 
Genera-

lised 
Pareto 

 
- 

Genera-
lised 

Pareto 
- 

Generalised 
extreme 
value 

Extreme 
value 

- 

Rhyll 
Inlet (E) 

- - - 
Extreme 

value  
Extreme 

value 
- 

Inverse-
gaussian 

Weibull - 

Cowes 
(F) 

Extreme 
value 

? 
Inverse-
gaussian 

Logistic Logistic 
 

- 
Generalised 

extreme 
value 

Weibull 
Genera-

lised 
pareto 

Ventnor 
(G) 

- - - - - - 
 

Inverse-
gaussian 

- - 

Nobbies 
(H) 

- - - Weibull - Nakagami - 
 

T-location 
scale 

Logistic 

Penguin 
Parade 
(I) 

- - - - - - - - 
 

Weibull 
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Table 7.6 The AIC value for the best fit distribution 

 
Woola-
mai (A) 

Visitors 
Centre 
(B) 

Churchill 
Island (C) 

Koala Centre 
(D) 

Rhyll 
Inlet (E) Cowes (F) 

Vent-
nor (G) Nobbies (H) 

Penguin 
Parade (I) OUT 

Woola-
mai (A)  

- 23.127 35.883 - 51.896 - ? 32.754 - 

Visitors 
Centre 
(B) 

163.838 
 

73.511 107.846 44.79 56.874 ? 87.985 64.837 - 

Chur-
chill 
Island 
(C) 

? 20.221 
 

651.764 78.151 357.268 - 401.321 301.453 - 

Koala 
Centre 
(D) 

52.722 - 874.581 
 

- 719.336 - 634.52 595.857 - 

Rhyll 
Inlet (E) 

- - - 245.234 
 

355.631 - 145.794 35.783 - 

Cowes 
(F) 

95.925 ? 287.948 235.061 153.35 
 

- 464.648 559.904 31.241 

Ventnor 
(G) 

- - - - - - 
 

12.314 - - 

Nobbies 
(H) 

- - - 160.409 - 223.256 - 
 

1142.335 267.848 

Penguin 
Parade (I) 

- - - - - - - - 
 

1567.233 
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Figure 7.4 The mode of arrival time transition probability map 
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small, although many tourists make this transition based on Figure 7.2 which means 

tourists arrival times vary differently. The figure for the Penguin Parade (I) → OUT 

should also be small as tourist arrival times vary differently, however, because it is 

the only transition from Penguin Parade where the figure is normalised, the 

probability figure of 1 is obtained. 

 

The sign, ‘?’ in Tables 7.5 and 7.6 denotes that there are no distributions that can be 

fitted into the dataset because the size of the dataset is too small. In this situation, one 

simply calculates the simple probability, by dividing the frequency of the high 

occurrence, arrival times with the total size of the dataset. 

 

The mode of transitional arrival time is presented as a flow map in Figure 7.5 that 

lists the entire mode of arrival time for all transitions. The way to read this flow map 

by taking transition CE as an example is the arrival time at attraction C before 

moving to attraction E is 3.00 pm. Another example of transition FD iscthe arrival 

time at attraction F prior to moving to attraction D is 12.20 pm.  

 

Some important findings corresponding to a higher figure of mode of arrival time 

transition probability, i.e. more popular transitional arrival times (Figure 7.4) arise, 

such as the arrival times at The Nobbies (H) prior to shifting to Koala Centre (D) and 

the arrival times at Cowes (F) before shifting to Rhyll Inlet (E) are 10.00 am and 

1.30 pm respectively.  

 

Other significant transitional arrival times based on the popular spatial movement 

transitions probability of Figure 7.2 are the arrival time at The Nobbies (H) before 

moving to Penguin Parade (I) at 4.00 pm and the arrival time at Penguin Parade (I) 

before exiting the tour (O) at 7.19 pm. This is expected based on observation during 

the data collection period where many tourists arrive at 4.00 pm to 5.30 pm and 6.30 

pm to 7.30 pm for The Nobbies and Penguin Parade respectively. 

 

Similar to the spatial movement transition probability, a stationary discrete semi-

Markov process as described in Equation (4.1) was used to model these arrival time 

patterns of tourists in order to obtain the probability of their transitional arrival time. 
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Figure 7.5 The mode of arrival time transition map 
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As an example, for an actual movement pattern of ‘FCEIO’, the transitional arrival 

time probabilities of FC CE, EI and IO are multiplied altogether where the final 

figure of 2.56 × 10-4 as the probability of movement sequence is obtained. Indeed, 

‘FCEIO’ is the actual movement sequence with the highest figure of the transitional 

arrival time probability, i.e. the most popular transitional arrival times for four 

attractions, as shown in Table 7.7.  

 

Table 7.7 Three actual movement sequences with the most 

popular transitional arrival times for four attractions 

No. Movement sequence Transitional arrival time probability 
1 FCEIO 2.56 × 10-4 
2 DAFHO 1.53 × 10-4 
3 DAFIO 7.64 × 10-5 

 

7.2.3 Scheduling Tourists Movement 
 

The probability of spatio-temporal movement patterns, hence the itinerary, was 

calculated using Equation (4.12). Basically, this probability is the product of the 

spatial movement transition probability map (Figure 7.2) and the mode of arrival 

time transition probability map (Figure 7.4). 

 

Table 7.8 illustrates three examples of these calculation results for three actual 

movement patterns for four attractions with the highest value of the probabilities of 

spatio-temporal movement, i.e. the most popular itinerary when compared with other 

actual movement sequences: BEHIO, FCEIO and FDHIO. In this table, it can be 

seen that the product rule of probability is put in place whereby the spatial movement 

transition probability is multiplied against the mode of arrival time transition 

probabilities. 

 

Although FDHIO and FCEIO have the highest spatial movement transition and mode 

of arrival time transition probabilities respectively, BEHIO appeared to have the 

highest probability of spatio-temporal movement pattern (itinerary) at 6.2 ×10-7, 

shown as the first record in Table 7.8. Finally, the visiting duration at an attraction is 
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estimated arbitrarily from the difference between arrival time at the attraction and the 

arrival time at the next attraction. 

 

Table 7.8 The ranking of the probability of spatio-temporal  

movement pattern for four attractions 

No. Movement 
sequence 

Movement 
sequence 

probability 

Transitional 
arrival time 
probability 

Probability of spatio-
temporal movement 
pattern (Itinerary) 

1 BEHIO 4.05 × 10-3 1.53 × 10-4 6.2 ×10-7 

2 FCEIO 1.39 × 10-5 2.56 × 10-4 3.56 ×10-9 
3 FDHIO 3.29 × 10-1 6.85 × 10-11 2.3×10-11 

 

7.2.4 Ensuring the Consistency of an Itinerary and Completing Tour Packages 
Design 

 

A consistent itinerary is described as an itinerary with the proper flow of timing that 

sequentially corresponds to the movement sequence. Table 7.8 does not consider the 

inconsistency cases of itineraries. An inconsistent itinerary represents a physically 

impossible movement sequence, i.e. an itinerary with temporal elements that do not 

correspond to the movement sequence.  

 

Table 7.9 highlights a case of this inconsistency in the first record where the arrival 

time at The Nobbies as the latter attraction is earlier than Koala Centre which is the 

earlier attraction. If a violation of consistency occurred, the subsequent most frequent 

arrival time mode was chosen. The process was iterated until consistency is achieved 

as shown as the second record in Table 7.9. Indeed, this consistency checking step 

symbolises the PSM’s evaluation section of Figure 3.3 that was further detailed at the 

bottom left section of Figure 4.2. 

 

Table 7.9 The consistent and inconsistent itineraries 

No. Sequence Status Itinerary 
1 BDHIO Inconsistent Visitor Centre at 9.30 am, 15 minutes. Koala Centre 

at 4.15 pm, 45 minutes. The Nobbies at 4.00 pm, 2 ½ 
hours. Penguin Parade at 7.19 pm, 3 hours. 

2 BDHIO Consistent Visitor Centre at 9.30 am, 15 minutes. Koala Centre 
at 10.15 am, 2 hours. The Nobbies at 4.00 pm, 2 
hours. Penguin Parade at 7.19 pm, 3 hours. 
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Table 7.10 shows a complete tour package which is the expansion of the itineraries 

shown as the second record in Table 7.9 after the inclusion of the elements of the 

tour package. The suggested routes are the shortest path routes ensuring least journey 

duration that are taken to move from one attraction to another. Although shortest, 

most of them are scenic routes that are able to satisfy tourists. The suggestion of 

routes is flexible, tourists can opt to choose other routes that suit their preferences. 

 

Table 7.10 Example of a tour package 

 

The total budget of the tour package for an adult is AUD 33.10 and for a child is 

AUD 16.50 where this covers the cheapest entrance fees for Koala Centre and 

Penguin Parade. If tourists opt for further enjoyment at Penguin Parade, they can 

spend more to purchase specialised packages such as the guided ranger tour, 

Penguins Plus and the ultimate adventure tour (Phillip Island Nature Park, 2012). 

 

 

 

Sequence Tour Package 
BDHIO Visitor Information Centre at 9.30am, 15 minutes. 

Turn left to Phillip Island Road from the main entrance of the 
Visitor Information Centre 
Koala Centre arrives at 10.15am, spend 2 hours. Activities – 
interactive learning at the Visitors Centre (10.15am), Koala Boardwalk 
(10.45am), Woodland Boardwalk (11.15am), Wildlife Boardwalk 
(11.45am). Cost – AUD 11 (adult), AUD 5.50 (child). 
Turn right to Phillip Island Road from the main ent rance of Koala 
Centre  
OPTIONAL TOURS. Cowes arrives at 12.30pm, spend 3 hours. 
Activities – lunch (12.30pm), visit cultural centre (1.30pm), visit  
museum (2.30pm). Cost – Free (except lunch). 
Turn right to Phillip Island Road from the main ent rance of the 
museum and turn right at Ventnor Road. 
The Nobbies arrives at 4pm, spend 2 hours.  Just for Pups kids' session 
(4pm), special presentation at the Visitors Centre (4.30pm), boardwalk 
(5pm), seal viewing (5.30pm). Cost – Free. 
Turn left to Ventnor Road from the main entrance of The Nobbies 
Penguin Parade at 7.19pm, 3 hours.  Activities – interactive display at 
the Visitors Centre (7.19pm), penguin movie (8pm), penguin viewing 
(8.45pm). Cost – AUD 22.10 (adult), AUD 11 (child). 
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In terms of activities, only one scheduled activity is included in the tour package 

which is the penguin viewing activity at 8.45 pm. All other activities are self guided 

activities, thus the timings are arbitrarily assigned to adhere to the arrival time and 

visiting duration at each attraction.  

 

One optional tour is included where tourists are recommended to visit Cowes for 

activities such as lunch, visit the cultural centre and museum. This optional tour can 

be excluded if tourists request to do so. A map that shows the tour package of 

BDHIO is presented as Figure 7.6. It clearly shows the attraction locations and routes 

from one attraction to another together with other details described above. 

 

The PSM procedure from Sections 7.2.1 until 7.2.4 is repeated for specific 

combination of tourist characteristics where these significant characteristics were 

identified from previous research (Enoch, 1996; Arrowsmith et al., 2005). The output 

of this procedure is presented in Table 7.11 that shows the recommended itineraries 

for specific types of tourists together with their figure of probability of spatio-

temporal movement pattern. These itineraries are itineraries with the highest 

combined probability according to each combination of characteristics with at least 

three attractions. 

 

Combinations of characteristics for instance ‘male and young’ (1st record of Table 

7.11) and ‘female and middle aged’ (2nd record of Table 7.11) are purposely selected 

where these are comparable characteristics of male against female and young against 

middle aged, so as to facilitate the direct comparison between those respective 

itineraries. 

 

Similar cases of direct comparison are repeated for a comparable combination of 

characteristics such as ‘male, young and international’ (3rd record of Table 7.11) 

against ‘female, middle and local’ (4th record of Table 7.11) or ‘experienced and 

preferred sightseeing’ (5th record of Table 7.11) against ‘inexperienced and preferred 

wildlife’ (6 th record of Table 7.11). 
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Figure 7.6 The tour package map of Phillip Island for the movement sequence ‘BDHIO’
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Table 7.11 Recommendation of itineraries for certain types of tourists 

No. Type of Tourist Itinerary Probability 
1 Male and young Koala Centre at 10.31 am, 2 hours. Churchill 

Island at 1.15 pm, 2 ½ hours. The Nobbies at 
5.09 pm, 2 hours. Penguin Parade at 7.27 pm, 3 
hours. 

1.14 × 10-3 
 

2 Female and 
middle aged 

Information Centre at 3.00 pm, 15 minutes. 
Rhyll Inlet at 3.30 pm, 15 minutes. The 
Nobbies at 4.00 pm, 2 ½ hours. Penguin 
Parade at 7.19 pm, 3 hours. 

6.18 × 10-
10 

3 Male, young 
and 
international 

Churchill Island at 11.31 am, 2 hours. Koala 
Centre at 2.00 pm, 40 minutes. Cowes at 2.43 
pm, 45 minutes. Rhyll Inlet at 3.45 pm, 1 hour. 
The Nobbies at 5.11 pm, 1 ½ hours. Penguin 
Parade at 7.10 pm, 3 hours. 

3.71 × 10-9 
 

4 Female, middle 
age and local 

Koala Centre at 4.00 pm, 1 hour. Cowes at 
5.15 pm, 1 ½ hours. Penguin Parade at 7.15 
pm, 3 hours. 

8.27 × 10-4 
 

5 Experienced 
and preferred 
sightseeing 

Koala Centre at 2.00 pm, 40 minutes. The 
Nobbies at 5.11 pm, 1 ½ hours. Penguin 
Parade at 7.10 pm, 3 hours. 

9.8 × 10-4 
 

6 Inexperienced 
and preferred 
wildlife 

Information Centre at 3.00 pm, 15 minutes. 
Koala Centre at 3.30 pm, 1 ½ hours.  The 
Nobbies at 5.45 pm, 1 ½ hours. Penguin 
Parade at 7.37 pm, 2 ½ hours. 

6.08 × 10-6 
 

7 Inexperienced, 
preferred 
wildlife and 
with partner 

Information Centre at 9.30 am, 15 minutes. 
Churchill Island at 11.25 am, 1 hour. Koala 
Centre at 12.30 pm, 1 hour 30 minutes. Cowes 
at 3.45 pm, 1 hour. The Nobbies at 5.06 pm, 1 
½ hours. Penguin Parade at 6.45 pm, 2 ½ 
hours. 

9.53 × 10-5 
 

8 On a tour group Koala Centre at 3.47 pm, 1 hour. The Nobbies 
at 5.10 pm, 2 hours. Penguin Parade at 7.55 
pm, 2 hours. 

5.03 × 10-6 
 

9 Half day Koala Centre at 3.12 pm, 1 ½ hours. The 
Nobbies at 5.15 pm, 2 hours. Penguin Parade 
at 7.34 pm, 2 ½ hours. 

1.22 × 10-9 

10 Partner with 
children 

Churchill Island at 12.34 pm, 2 ¼ hours. Koala 
Centre at 3.00 pm, 1 ½ hours. The Nobbies at 
4.53 pm, 1 ½ hours. Penguin Parade at 6.37 
pm, 3 hours. 

6.83 × 10-
10 
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Another type of direct comparison that can be made is by comparing itineraries that 

have different numbers of associations of characteristics, but both with the same 

combination of characteristics, for example ‘male and young’ (1st record of Table 

7.11) against ‘male, young and international’ (3rd record of Table 7.11) or 

‘inexperienced and preferred wildlife’ (6th record of Table 7.11) against 

‘inexperienced, preferred wildlife and with partner’ (7th record of Table 7.11). 

 

7.2.5 Discussion and Evaluation of PSM 
 

There is a clear distinction that highlights different preferences when comparison is 

made for ‘male and young’ (1st record of Table 7.11) against ‘female and middle 

aged’ (2nd record of Table 7.11) tourists’ itineraries where male and young tourists 

visit the Koala Centre and Churchill Island while female and middle aged tourists 

visit the Information Centre and Rhyll Inlet. Both itineraries visited The Nobbies and 

Penguin Parade as anticipated. 

 

The finding of the ‘male and young’ tourists itinerary highlights the dissimilarity 

against the findings by Kale et al. (1987) where they mentioned tourists aged 

between of 18 and 35 should be offered a tour package with non-stop activities. This 

might be due to the differences of the characteristics of dataset used by their research 

as compared to this research. However, a finding of the ‘male, young and 

international’ tourists’ itinerary (3rd record of Table 7.11) confirmed their statement 

where obviously activities are non-stop with a tight schedule (Kale et al., 1987). 

 

Next, the finding of ‘male, young and international’ tourists’ itinerary  confirmed a 

statement by Abdul Khanan et al. (2012) where the itinerary contains at least one 

attraction associated with a woodlands theme which is Rhyll Inlet that is popular 

with a mangrove boardwalk. This highlighted the affinity of male tourists towards 

the woodlands’ theme attraction.  

 

On the other hand, the finding of attractions for ‘female, middle aged and local’ 

tourists’ itinerary (4th record of Table 7.11) includes Koala Centre and Penguin 

Parade where these attractions are categorised as the wildlife type of attraction. This 
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has again confirmed the findings of Abdul Khanan et al. (2012) that female tourists 

shown affinity towards a wildlife theme. Notice that, the itinerary for ‘male, young 

and international’ tourists includes a large number of attractions (six) as compared to 

‘female, middle aged and local’ tourists’ itinerary. 

 

The phenomenon of attractions similarity was observed when comparing itineraries 

for both, experienced (5th record of Table 7.11) and inexperienced tourists (6th record 

of Table 7.11). A distinction between both types of tourists is the emergence of the 

Information Centre as one of the attractions visited by inexperienced tourists. In fact, 

the other ‘inexperienced’ tourists’ itinerary (7th record of Table 7.11) contains the 

Information Centre as well.  

 

This is understandable as the first time tourists seek information about tour offerings 

on Phillip Island. Similarly the ‘male, young and international’ tourists’ itinerary (3rd 

record of Table 7.11), and the ‘inexperienced, preferred wildlife and with partner’ 

tourists’ itinerary (7th record of Table 7.11) highlighted the large number of 

attractions where each itinerary contains six attractions. 

 

This is unsurprising as the majority of the overseas tourists (131 of 151 tourists) have 

no experience of visiting Phillip Island and inexperienced tourists want to enjoy 

more by visiting as many attractions as they can. Both itineraries almost share the 

same attractions except the ‘male, young and international’ itinerary includes Rhyll 

Inlet while the ‘inexperienced, preferred wildlife and with partner’ itinerary contains 

the Information Centre. 

 

Another interesting output is related to the tour group tourists’ itinerary (8th record of 

Table 7.11) where it starts late at 3.47 pm as a result of most of the tour groups 

departing from Melbourne during the early afternoon. This is based on observations 

during data collection. Since they arrived at a later time, only three important 

attractions, all managed by the Phillip Island Nature Park authority were covered as 

shown in Table 7.11. They are Koala Centre, The Nobbies and Penguin Parade. This 

highlighted the prominence of these attractions. 
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It is also worthwhile to note the late arrival time of 7.55 pm at Penguin Parade for 

tour group tourists. Unlike other types of tourists, tour groups have their own 

dedicated lane, therefore not requiring them to join the long queue to enter Penguin 

Parade. Another anticipated finding was the higher number of tourists representing 

elderly tourists (23 tourists) that join the tour groups (53 tourists). This confirms the 

findings of Thomson and Pearce (1980) who mentioned that elderly tourists were 

keener than other age groups to join tour groups. On the other hand, a half day 

tourists’ itinerary (9th record of Table 7.11) had a similar number of attractions as the 

tour group itinerary but with difference in terms of its schedule. 

 

Finally, the partner and children tourists’ itinerary again highlighted the prominence 

of attractions managed by the Phillip Island Nature Park authority, i.e. Churchill 

Island, Koala Centre, The Nobbies and Penguin Parade that are visited by them. In 

terms of scheduling, the arrival time of 12.34 pm at Churchill Island for the partner 

and children tourists’ itinerary is significant where they arrive exactly prior to the 

wagon ride activity that is organised at 1.00 pm. 

 

In conclusion, it can be seen that a variety of itineraries was produced for a 

combination of diverse tourists’ characteristics. This shows that the initial step of 

specifying the spatio-temporal movement dataset according to selected tourists’ 

characteristics is efficiently able to produce personalised tour packages. 

 

As anticipated, the movement sequence and the transitional arrival times were able to 

be quantitatively assigned using the semi-Markov process. However, some of the 

transitional arrival times are not able to be quantified using the PDF; therefore a 

simple probability estimation was put in place. 

 

The validation process for the spatial movement transition probability model using 

Chi-Square goodness of fit test and transitional arrival time probability model using 

the AIC showed that both models are able to produce reliable results. The evaluation 

method of checking the consistency of each itinerary produces itineraries that have 

reliable timing. Finally, the effort of inserting other tour package elements such as 
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routes, activities and budget has transformed these itineraries into a complete tour 

package as defined in Section 4.6. 

 

7.3 The Activity Planning Method (APM) 
 

This section provides the implementation and evaluation of the APM to plan the 

timing of activities at each attraction. Churchill Island is the focus of the APM’s 

implementation where it represents the attraction with the most scheduled activities 

(Table 7.12). This suits the Activity Timing Comparison Analysis (ATCA) and the 

Activity Frequency Comparison Analysis (AFCA) well in terms of comparisons that 

are made against actual timing and frequency of activities. 

 

Table 7.12 Figures of scheduled and unscheduled  

activities for each attraction in Phillip Island 

No. Attraction Scheduled Activities Unscheduled Activities 
1 Penguin Parade 2 1 
2 Koala Centre 0 4 
3 The Nobbies 1 3 
4 Churchill Island 7 3 
5 Woolamai 0 2 
6 Rhyll Inlet 0 2 
7 Cowes 0 3 
8 Visitors Centre 0 1 
9 Ventnor 0 1 

 

7.3.1 Deriving Modes and Several Other Arrival Times and Durations 
 

An arrival time dataset of Churchill Island was fitted to each distribution to identify 

which distribution produces the smallest figure of AIC. Table 7.13 shows the 

distribution with the minimal figure of AIC; hence the best fit is the Normal 5 

Mixture distribution, representing the best goodness of fit while implementing a 

reasonable number of parameters that do not overfit the arrival time dataset of 

Churchill Island.  

 

The Normal 5 Mixture multimodal distribution fit of arrival times for Churchill 

Island is shown as Figure 7.7. The mode of arrival time, i.e. the most popular arrival 

time for Churchill Island is at 10.30 am. It is forecast that the most number of tourists 
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arrive at this time. Other significant arrival times are 1.15 pm, 11.10 am, 12.20 pm 

and 2.30 pm. 

 

Table 7.13 Five distributions with the smallest AIC  

for the Churchill Island Arrival Time Dataset 

Churchill 
Island 

Normal 5 
Mixture 

Log-
Normal 

Gamma Normal Weibull 

AIC 8007.3 8494.37 8497.7 8510.97 8556.59 

 

 

Figure 7.7 Significant arrival times for Churchill Island 

 

On the other hand, the mode of visiting duration, i.e. the most popular visiting 

duration for Churchill Island is 2 hours as shown in Table 7.14. This figure 

represents 29.27 % of the cohort of 656 tourists visiting Churchill Island, derived by 

using a simple probability as no significant distribution is found using the Churchill 

Island visiting durations’ dataset. Other noticeable visiting durations are 1 hour 30 

minutes, 1 hour, 1 hour 45 minutes and 1 hour 15 minutes. These visiting durations 

were rounded to the nearest 15 minutes. 

 

Table 7.14 Significant visiting durations for Churchill Island 

No. Visiting Duration Count of Tourists Percentage 
1 2 hours 192 29.27 
2 1 hour 30 minutes 147 22.41 
3 1 hour 101 15.4 
4 1 hour 45 minutes 68 10.37 
5 1 hour 15 minutes 60 9.15 
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The above procedure was replicated using the arrival time dataset of Koala Centre, 

representing an attraction with no scheduled activities. The Normal 5 Mixture 

distribution was again implemented towards the arrival time dataset due to its 

minimal AIC figure when compared with other distributions shown in Table 7.15. 

 

Table 7.15 Five distributions with the smallest AIC  

for Koala Centre Arrival Time Dataset 

Churchill 
Island 

Normal 5 
Mixture 

Log-
logistic 

Extreme 
Value 

Weibull Gamma 

AIC 8574.31 8652.9 8655.56 8698.21 8720.26 
 

Again, this represents the best goodness of fit, where at the same time implementing 

a reasonable number of parameters that do not overfit the arrival time dataset of 

Koala Centre. 

 

For comparison, Figure 7.8 and Table 7.16 depict the multimodal distribution fit of 

arrival times and significant visiting durations for the Koala Centre. A simple 

probability is used to derive the significant visiting durations, including the mode of 

visiting durations due to the absence of significant distribution when dealing with the 

Koala Centre visiting durations’ dataset. 

 

 

Figure 7.8 Significant arrival times for Koala Centre 
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Table 7.16 Significant visiting durations for Koala Centre 

No. Visiting Duration Count of Tourists Percentage 
1 1 hour 30 minutes 263 33.38 
2 1 hour 256 32.49 
3 1 hour 15 minutes 130 16.5 
4 2 hours 91 11.55 
5 45 minutes 17 2.16 

 

The mode of arrival time, i.e. the most popular arrival time from Figure 7.8 for The 

Koala Centre is at 10.40 am. Other significant arrival times are 12.15 pm, 3.10 pm, 

1.35 pm and 4.10 pm. Conversely, the mode of visiting duration, i.e. the most 

popular visiting duration from Table 7.16 is 1 hour 30 minutes, representing 33.38 % 

of the cohort of 788 tourists visiting The Koala Centre. 

 

The APM procedure in Section 7.3.1 is repeated for the remaining attractions. The 

output of this procedure is presented in Table 7.17 that shows the most popular 

arrival times and visiting durations for the entire attraction in Phillip Island. 

 

Table 7.17 The most popular arrival times and  

visiting durations for each attraction 

No. Attraction Arrival time Visiting duration 
1 Woolamai 4.20 pm 1 hour 
2 Information Centre 9.25 am 15 minutes 
3 Churchill Island 10.30 am 2 hours 
4 Koala Centre 10.40 am 1 hour 30 minutes 
5 Rhyll Inlet 4.25 pm 1 hour 
6 Cowes 12.20 pm 1 hour 
7 Ventnor 5.30 pm 30 minutes 
8 The Nobbies 5.10 pm 1 hour 30 minutes 
9 Penguin parade 7.00 pm 3 hours 

 

7.3.2 Activity Timing Comparison Analysis (ATCA) 
 

Table 7.18 shows Churchill Island’s actual activities’ starting times for scheduled 

activities together with the actual visiting durations for both, scheduled and 

unscheduled activities arranged by Phillip Island Nature Park authority. They were 

also confirmed by the researcher during the data collection process. 
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Table 7.18 Churchill Island’s actual activities  

starting times and visiting durations 

No. Activity Starting time Visiting 
duration 

1 Cow milking 11.00 am, 2.10 pm 3 minutes 
2 Wagon ride 1.00 pm 5 minutes 
3 Sheep shearing 2.25 pm 10 minutes 
4 Whip cracking 2.40 pm 5 minutes 
5 Working dogs 3.05 pm 10 minutes 
6 Blacksmith demo 3.20 pm 10 minutes 
7 Boomerang throwing 3.35 pm 5 minutes 
8 Visiting baby animal Unscheduled 15 minutes 
9 Visiting heritage buildings and gardens Unscheduled 30 minutes 
10 Animal viewing Unscheduled 20 minutes 
 Total recommended visiting durations                       1 hour 53 minutes 

 

When comparison is made between the findings of arrival times of Churchill Island 

(Figure 7.7) and these actual activities’ starting times (Table 7.18), it can be observed 

that three of the arrival times, which are 1.15 pm, 11.10 am and 2.30 pm from Figure 

7.7 almost correspond with the activities timing of wagon ride, cow milking and 

sheep shearing.  

 

On the other hand, the total actual visiting duration of 1 hour 53 minutes from Table 

7.18 almost matches the most popular visiting duration of 2 hours (Table 7.14). 

Furthermore, the total actual visiting duration also sits between the two highest 

occurrences of significant visiting durations which are 2 hours and 1 hour 30 minutes 

from Table 7.14.  

 

Finally, attraction administrators can use the result of the most popular arrival times 

as the starting time of any activities such as at 10.30 am (see Figure 7.7). From there 

they can schedule the entire activities non-stop for 2 hours (see Table 7.14 for the 

mode of visiting duration). This is able to ensure optimum participation of tourists as 

the most popular arrival times and visiting durations are in used. 
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7.3.3 Activity Frequency Comparison Analysis (AFCA) 
 

Notice that in Table 7.18 all scheduled activities are conducted once daily except 

cow milking, which is held twice at 11.00 am and 2.10 pm. To accommodate various 

tourist arrival times shown in Figure 7.7 (that also highlights the distribution of 

arrival times), it is suggested that these arrival times are adopted and with it, comes 

the increment of frequency.  

 

If attraction administrators want to adopt the mode of arrival time at 10.30 am 

alongside with the second and third highest occurrences of arrival times (Figure 7.7) 

as the starting time of non-stop activities for 2 hours (Table 7.14) as stated in the 

previous sub-section, the frequency of activities is automatically increased to three 

for each of those activities.  

 

This has the possibility to increase the number of visitors who previously are not able 

to visit because the starting times of the activities do not match their timing 

availability for visitation. During school holidays, attraction administrators can also 

adopt all five arrival times (Figure 7.7) so as to increase the frequency of activities 

frequency to five times as a response to the higher number of tourists during this 

period.  

 

Figure 7.7 shows the pattern of distribution of the most popular arrival times across 

the entire attractions in Phillip Island. Notice that from Figure 7.7, the majority of 

arrival times for The Nobbies and Penguin Parade are as anticipated where most 

tourists arrive later during the evening. Furthermore, the arrival time unimodal 

distribution fit for the Penguin Parade shows the prominence of the penguin viewing 

activity where the arrival time uniformity produces the unimodality scenario. This 

output is different from Churchill Island, The Koala Centre and Cowes which 

produced multimodality distribution. In these attractions, tourists’ arrival times vary 

wherein the specific case of Churchill Island, tourists might choose their different 

arrival time to coincide with their preferred activities. 
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As depicted in Table 7.17, the majority of tourists arrived at Penguin Parade at 7.00 

pm to coincide with the penguin viewing activity actually scheduled at 8.45 pm. 

Usually they have to arrive significantly earlier to be among the first in the long 

queue. As The Nobbies is near to Penguin Parade, most tourists chose to arrive at 

5.10 pm where after finishing their visit at The Nobbies, they can immediately go to 

Penguin Parade. 

 

7.3.4 Discussion and Evaluation of APM 

 

Based on Table 7.17, the mode of arrival time at the Information Centre is at 9.25 

am. This highlighted that most tourists who came to the Information Centre, visited it 

as the first attraction of the day to retrieve information for planning their tour. There 

are also attractions where the arrival time varies during the day, according to Figure 

7.9. One example is Cowes where, although most tourists arrive at 12.20 pm for 

lunch, based on observations, there are tourists who came later during the evening to 

have their dinner. Cowes is the township of Phillip Island, where businesses and 

restaurants are mostly located. 

 

In terms of visiting duration, the prominence of Penguin Parade where tourists stay 

the longest arises. As noted earlier, most tourists prefer to come early at 7.01 pm 

(refer Table 7.17) to join the queue, although the penguin viewing activity only 

started at 8.45 pm. The majority of tourists who visited the Penguin Parade stayed for 

three hours, based on Table 7.17. 

 

According to Table 7.17, most tourists who visited the Information Centre only spent 

15 minutes to retrieve information for planning their tour. It is also important to note 

that the entire attractions managed by Phillip Island Nature Park authority that 

includes the Churchill Island, Koala Centre, The Nobbies and Penguin Parade have 

their mode of visiting duration of at least 1 ½ hours, based on Table 7.17. This is due 

to the nature of activities within this attraction that are well defined and properly 

managed.
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Figure 7.9 Distribution of arrival times across the entire attractions
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To conclude, various suggestions of arrival times and durations were estimated for 

each tourist attraction. As anticipated, the most popular arrival time and duration 

were estimated for each attraction. Some attractions, such as Churchill Island and 

Koala Centre highlighted several suggestions of arrival times (multimodality 

scenario) while attractions such as The Nobbies and Penguin Parade, highlighted a 

unimodality scenario where the majority of tourists arrived at a single arrival time. 

These can be observed from Figure 7.9. 

 

The PDF has been proven to be sufficient in suggesting not just the most popular 

arrival times, but also other significant arrival times, as shown in Figures 7.7 and 7.8 

in Section 7.3.1. This provides flexibility for attraction administrators in setting up 

several starting times for similar activities. The emergence of multimodal PDF when 

compared to unimodal PDF in fitting the arrival times dataset was highlighted where 

eight out of nine PDFs are multimodal PDFs. However, similar with PSM, the entire 

visiting durations were not able to be estimated using the PDF, instead by using 

simple probability.  

 

The selection and validation process using the AIC, as shown in Tables 7.13 and 7.15 

in Section 7.3.1 proved that the model provides reliable results. The evaluation 

methods of ATCA and AFCA (Sections 7.3.2 and 7.3.3) show that the suggestion of 

several arrival times and durations presented advantage against the current timing 

arrangement for current activities. If these multiple arrival times are adopted by 

attraction administrators as shown in Section 7.3.3, this provides flexibility for 

tourists to arrive at their preferred time.  

 

Tourists who are not able to visit attractions because they miss the activities which 

are only conducted once, can now choose their preferred arrival times as a result of 

activities being conducted more frequently. This is able to increase the visitation rate. 

 

7.4 The Market Segmentation Method (MSM) 
 

A ‘CDHIO’ itinerary is chosen for the market segmentation of itineraries. This 

represents the most popular itinerary, derived using the PSM, when a complete 

dataset of tourists’ spatio-temporal movement unspecific to any tourists’ 
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characteristics were used. In terms of the market segmentation of attraction and 

activities, Churchill Island and wagon ride are chosen. Churchill Island is chosen as 

it is one of the attractions included in the ‘CDHIO’ itinerary with the most 

comprehensive set of activities, as shown in Table 7.12. Furthermore, the dataset in 

terms of activity participation for other attractions are insufficient.  

 

The selection of the wagon ride for the market segmentation of activities is due to its 

popularity when compared with other scheduled activities conducted on Churchill 

Island as shown in Table 7.19. Notice that the entire selection of tour package 

products for market segmentation that involves solely Churchill Island is purposely 

made to look into the relationship that exists between them, shown as double 

pointing arrows in Figure 6.1. This is done in Section 7.4.5. 

 

The selection of the ‘CDHIO’ itinerary, Churchill Island and wagon ride do not limit 

the MSM to be applied for other itinerary, attraction and activities. For clarification, 

this MSM can be implemented as long as the other tourism products contain a set of 

tourists’ characteristics with its respective classifications. Therefore, the ‘CDHIO’ 

itinerary, Churchill Island and wagon ride are sufficient to represent all possible 

tourism products. 

 

Table 7.19 Activities at Churchill Island with  

its respective numbers of participants 

No. Activity Number of participants 
1 Blacksmith demonstration 76 
2 Cow milking 81 
3 Sheep shearing 65 
4 Wagon ride 83 
5 Whip cracking 80 
6 Working dogs 77 

 
7.4.1 The Tour Package Market Segmentation 
 

A total of 65 tourists travelling using the ‘CDHIO’ itinerary are automatically 

classified by the Weka modelling software into four clusters (Witten and Frank, 

2005). These clusters are based on one geographic characteristic (origin), four 

demographic characteristics (gender, age, household income and level of education), 
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two psychographic characteristics (reason of tour and favourite type of attraction) 

and four behavioural characteristics (experience, travel group, overall duration and 

transportation mode). These four clusters constitute the columns while the 

characteristics with its classifications form the rows in Table 7.20. 

 

Table 7.20 Market segmentation of itinerary ‘CDHIO’ 

Characteristics Classification Cluster 
1 2 3 4 

25% 26% 32% 17% 
Experience No experience 3.6493 17.7008 21.6289 4.021 

Experienced 14.8532 1.0064 1.2403 8.9001 
Total 18.5025 18.7072 22.8691 12.9211 

Reason of tour Holiday 12.5134 16.7008 19.8022 7.9836 
Education 2.1147 1.0013 1.0589 1.8251 
Business 1.0017 1.9999 1.0095 1.9889 
Accompany 
friend/relative 4.8728 1.0052 2.9986 3.1234 
Total 20.5025 20.7072 24.8691 14.9211 

Favourite type 
of attraction 

Wildlife 7.094 15.7497 11.1632 5.993 
Adventure 1.8399 1.0074 3.1424 2.0103 
Sightseeing 7.4562 1.9525 8.7717 5.8197 
Heritage 3.1492 1.9975 1.791 1.0622 
Culture 1.9633 1 1.0008 1.0359 
Total 21.5025 21.7072 25.8691 15.9211 

Travel group Friend/relative 5.0207 1.971 10.8892 5.1191 
Partner with children 12.6437 1.0628 9.5099 7.7836 
Alone 1.0037 1.0014 1.9818 1.0131 
Partner only 1.8316 1.7587 2.4055 1.0042 
Tour group 1.0027 15.9132 1.0828 1.0012 
Total 21.5025 21.7072 25.8691 15.9211 

Overall 
duration 

2-3 day 9.0851 1.0397 7.953 6.9222 
4-5 day 1.0056 1.005 2.027 1.9623 
Full day 7.4709 3.9947 13.6051 4.9293 
Half day 1.9914 14.6631 1.2618 1.0837 
More than a week 1.9496 1.0045 1.0223 1.0236 
Total 21.5025 21.7072 25.8691 15.9211 

Gender Female 12.1385 10.9248 6.712 5.2248 
Male 6.364 7.7824 16.1572 7.6964 
Total 18.5025 18.7072 22.8691 12.9211 

Age Middle aged 2.5702 7.0084 13.8703 11.5511 
Young 14.945 7.7795 8.9889 1.2866 
Old 1.9873 4.9193 1.01 1.0835 
Total 19.5025 19.7072 23.8691 13.9211 

Origin Overseas 4.3804 15.7827 21.67 1.1668 
Australia 14.1221 2.9245 1.1991 11.7543 
Total 18.5025 18.7072 22.8691 12.9211 

Household Low 3.0019 12.7122 9.1983 1.0876 
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income High 15.4005 4.9775 7.7222 2.8998 
Medium 1.1002 2.0174 6.9486 9.9338 
Total 19.5025 19.7072 23.8691 13.9211 

Level of 
education 

Tertiary-postgraduate 10.0766 8.9829 6.9351 6.0054 
Tertiary-
undergraduate 7.4211 7.733 11.9371 5.9088 
Secondary-completed 2.0048 2.9912 4.9969 2.007 
Total 19.5025 19.7072 23.8691 13.9211 

Transportation 
mode 

Campervan/motor 
home 3.1383 1.0567 6.7713 1.0338 
4wd 5.9404 1.0158 3.9745 1.0694 
Passenger (Car/van) 10.4212 2.7215 13.0406 11.8167 
Bus 1.0027 15.9132 1.0828 1.0012 
Total 20.5025 20.7072 24.8691 14.9211 

 

For automatically determining the number of clusters, Weka uses a tenfold cross-

validation where “beginning with one cluster, Weka continues to add clusters until 

the estimated log-likelihood decreases” (Beane and Ennis, 1987; Witten and Frank, 

2005; He and Zhang, n.d.).  Table 7.20 shows the clustering results. Cluster 3 

represents the majority of tourists with 32 % of overall tourists while clusters 1, 2 

and 4 represent 25 %, 26 % and 17 % each, respectively. This clustering result is 

validated using the cross-validation procedure as presented in Section 6.5. Notice 

that, the result with the largest figure of log-likelihood, i.e. the best clustering result 

out of three separate datasets is Dataset 1 as shown in Table 7.21. 

 

Table 7.21 Comparison of log-likelihood figures across three  

separate datasets for tour package segmentation 

No. Dataset Log-likelihood 
1 Dataset 1 -8.1795 
2 Dataset 2 -8.5643 
3 Dataset 3 -9.0791 

 

The shaded cells depict the significant characteristic types in regards to each cluster. 

Here, only characteristic types that are truly significant are chosen (i.e: have large 

differences of count against other characteristic types) or at least double/nearly 

double when compared with the subsequent highest count are chosen.  
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Insignificant characteristics of certain clusters are shown as clusters without shades 

on some of the clusters’ characteristics’ types. Notice from Table 7.20, ‘experience’, 

‘reason of tour’, ‘origin’ and ‘transportation mode’ are significant characteristics for 

clustering the tourists. This is reflected in the table where each cluster has shaded 

cells for these characteristics. 

 

Refer again to Table 7.20, in terms of ‘experience’ characteristic, each cluster 1 and 

4 had 15 (14.8532) and 9 (8.9001) tourists assigned to those clusters. With regards to 

‘origin’ characteristic, clusters 2 and 3 pointed out the domination of overseas 

tourists while clusters 1 and 4 are closely related to their domestic counterpart. 

Cluster 2 highlights the prominence of bus as a transportation mode with 16 out of 21 

tourists using them as a means of transport around the island whereas in the other 

three clusters, passenger vehicles such as car or van dominate. In terms of the 

characteristic of ‘reason of tours’, all clusters are associated with holiday as the 

reason. Table 7.22 is a simplified version of Table 7.20 that highlights the types of 

characteristics associated with each cluster. 

 

Table 7.22 Types of characteristics of tourists  

for each cluster of ‘CDHIO’ itinerary 

Cluster Percentage Classification of Characteristics 
1 25 Experienced, female, young, domestic and high income 

earner tourists, came for holiday, travel with a partner and 
children and travel in a passenger vehicle. 

2 26 Non-experienced, overseas and low income earner tourists, 
came for a holiday, prefer ‘wildlife’ attractions and travel 
with a half day tour group in a bus. 

3 32 Non-experienced, male, overseas and tertiary undergraduate 
tourists, came for a holiday, a full day visit and travel with a 
passenger vehicle. 

4 17 Experienced, middle aged, domestic, medium income earner 
tourists, came for holiday and travel with a passenger vehicle. 

 
7.4.2 The Attractions Market Segmentation 
 

A total of 457 tourists who visited Churchill Island are automatically classified by 

the Weka modelling software, using the same procedure described in Section 7.4.1 

into six clusters (Witten and Frank, 2005). This is shown in Table 7.22 containing 
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similar tourists’ characteristics used in the itinerary’s market segmentation. The 

structure of Table 7.23 is similar to Table 7.20 in regards to its rows and columns. 

Notice that, the increasing number of tourists also increases the number of clusters. 

Table 7.23 depicts the output of clustering. Cluster 6 represents the majority of 

 

Table 7.23 Market segmentation of Churchill Island attraction 

Characte-
ristics 

Classification Cluster 
1 2 3 4 5 6 

20% 5% 27% 5% 11% 32% 
Expe-
rience 

No experience 21.76 25.405 107.8   1.622   5.2098 138.2 
Experienced 73.374   1.0762  15.318  21.58  48.903  8.7506 
Total 95.133  26.482 123.12 23.201 54.113 146.95 

Reason of 
tour 

Holiday 45.08  23.41 103.69    21.68   41.273 132.87 
Education 2.0129   1.0139   5.3268    1.006   5.0821   5.5583 
Accompany 
friend/ 
relative 

46.645 1.0064 15.026 1.1144 8.3956   8.8125 

Business 1.0037   3.0001   1.0051   1.0006   1.2854   1.7052 
Others 3.3913   1.0516   1.0772      1.4    1.0769   1.0029 
Total 98.133  29.482 126.12  26.201  57.113  149.95 

Favourite 
type of 
attraction 

Wildlife 33.113  20.286  81.112   2.4676  29.929  82.093 
Sightseeing  39.59   4.1685   24.978  11.461   16.369  43.434 
Heritage 17.367   3.0238   5.4302   4.1393   6.3411  13.699 
Adventure 2.7993   1.0021   12.326    7.062   1.4683   8.3423 
Culture 5.2641   1.0016   2.2743   1.0716   3.0056   2.3828 
Total 98.133  29.482 126.12  26.201  57.113  149.95 

Travel 
group 

Friend/ 
relative 80.087   1.1448   51.447   2.2857   

5.6521  27.383 

Partner with 
children 

2.0885 1.036 17.33 1.8611 45.491  51.193 

Alone 1.2734   1.0694  13.127   1.2169   1.0887   2.2247 
Partner only 12.029   1.0885  42.873   17.618   3.5555  66.836 
Tour group 2.633   25.143   1.3399   3.2172   1.1414   1.5257 
Total 99.133  30.482 127.12  27.201  58.113  150.95 

Overall 
duration 

2-3 day 29.499   1.0201  38.168  12.564  18.259  68.49 
4-5 day 7.1515   1.0684   7.3345    2.074   1.6322  13.74 
Full day 49.372   7.2062   62.805   6.2442  29.651  53.722 
Half day 4.0701  19.167  14.852   2.9291   1.9468   3.0359 
More than a 
week 

3.5812 1.016 2.4053 1.8985 1.124    7.975 

6-7 day 5.4604    1.004   1.5563   1.4911   5.4995   3.9887 
Total 99.133  30.482 127.12  27.201  150.95 58.113  

Gender Female 51.542  13.31   45.518   6.0726  30.443  61.115 
Male 43.591  13.172  77.603  17.129  23.67   85.837 
Total 95.133  26.482  123.12 23.201  54.113  146.95 

Age Middle aged 37.156  10.127  14.959   3.8388  27.986  72.934 
Young 42.386  11.285  103.96    5.117   24.776  54.475 
Old 16.59   6.0707   5.1999  15.245   2.3515  20.542 
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Total 96.133  27.482 124.12  24.201  55.113  147.95 
Origin Overseas 5.4759  23.349  89.754   2.3828   5.3945 106.64 

Australia 89.657   3.1325   33.367  20.818   48.718  40.307 
Total 95.133  26.482 123.12  23.201  54.113  146.95 

Household 
income 

Low 34.523  17.204 105.59   5.7025   4.2132   7.7689 
High 17.364    6.049   2.1812   9.5229   31.761  85.122 
Medium 44.246   4.2288  16.351   8.9757  19.138  55.06 
Total 96.133  27.482 124.12  24.201  55.113  147.95 

Level of 
education 

Tertiary-
postgraduate 

16.084 10.136 18.905 5.3409 30.783  59.751 

Tertiary-under 
gra-duate 

44.525 11.291 56.548 6.0267 20.453  66.156 

Secondary-
completed 

26.148 6.0481 43.905 12.194 2.783   21.922 

Secondary-
partial 

10.374   1.0013   4.8292     1.64    2.0925   1.0627 

Primary 1.0011   1.0046   1.9331   1.0001   1.0018   1.0593 
Total 98.133  29.482 126.12  26.201  57.113  149.95 

Transpor-
tation 
mode 

Campervan/ 
motor home 

1.7003 1.0835 11.78 3.2415 6.9681  43.226 

4wd 20.876   1.0439   24.836   5.3331  14.295  24.616 
Passenger 
(Car/van) 

70.307 1.2381 81.582 13.283 33.672  79.92 

Bus 2.5881  25.047   1.0075   3.2157   1.1331   1.0085 
Walking 1.7001   1.0229   6.0673   1.1148    1.044   1.0509 
Motorcycle 1.9626   1.0462   1.8479   1.0134   1.0005   1.1294 
Total 99.133  30.482 127.12  27.201  58.113  150.95 

 

tourists with 32 % of overall tourists while clusters 1, 2, 3, 4 and 5 represent 20 %, 5 

%, 27 %, 5 % and 11 % each. This clustering result is again validated using the 

cross-validation procedure as presented in Section 6.5. Notice that, the result with the 

largest figure of log-likelihood, i.e. the best clustering result out of three separate 

datasets is Dataset 1 as shown in Table 7.24. 

 

Table 7.24 Comparison of log-likelihood figures across three  

separate datasets for attraction segmentation 

No. Dataset Log-likelihood 
1 Dataset 1 -10.06545 
2 Dataset 2 -10.12312 
3 Dataset 3 -20.45637 

 

The criteria for choosing the significant characteristics’ types are similar as Section 

7.4.1. From Table 7.24, it can be observed that ‘experience’, ‘overall duration’, 

‘origin’ and ‘transportation mode’ are important characteristics for clustering the 
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tourists within the attraction context. The entire clusters do have associations with 

one of the characteristic types of these characteristics.  

 

In regards to ‘experience’ characteristic, clusters 2, 3 and 6 are associated with non-

experienced tourists, each with 25, 108 and 128 tourists falls under this 

characteristic’s type while the other clusters have associations with experienced 

tourists with 73, 22 and 49 tourists for each of the clusters 1, 4 and 5. Another 

significant characteristic that emerges is the ‘overall duration’ where most of the 

clusters are linked to full day tourists except for clusters 2 and 4 where each of the 

clusters involves half day and 2-3 day tourists. 

 

Corresponding with the ‘experience’ characteristics, the similar clusters of 2, 3 and 6 

are identified as overseas tourists’ clusters while clusters 1, 4 and 5 are related to 

domestic tourists. This is a logical finding as overseas tourists have lower probability 

in prior visits to Churchill Island, and thus Phillip Island during the earlier years 

when compared to domestic tourists. In terms of transportation mode, almost all 

clusters have their tourists travelling in a passenger vehicle except cluster 2 where 

these tourists are touring on a bus. Cluster 2 is also defined as a tour group cluster 

that had a half day tour. Table 7.25 is a simplified version of Table 7.23 that 

highlights the types of characteristics associated with each cluster. 

 

Table 7.25 Tourists’ characteristics’ types for each 

cluster of Churchill Island’s attractions 

Cluster Percentage Classification of Characteristics 
1 20 Experience, domestic and tertiary undergraduate tourists, 

travel with friends/relative for full day in a passenger vehicle. 
2 5 Non-experience, over sea and low income earner tourists, 

came for a holiday in a tour group for half day in a bus, prefer 
‘wildlife’ attractions. 

3 27 Non-experience, male, young, over sea and low income 
earner tourists, came for a holiday and prefers ‘wildlife’ 
attractions, a full day visit and travels with a passenger 
vehicle. 

4 5 Experience, male, old, domestic and secondary-completed 
tourists, came for holiday with only a partner, spend 2-3 days 
and travels with a passenger vehicle. 

5 11 Experience and domestic tourists who travel with a partner 
and children for a full day in a passenger vehicle, came for a 
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holiday and prefers wildlife attractions.   
6 32 Experience, over sea and high income earner tourists, came 

for a holiday, prefers wildlife attractions and travel on a 
passenger vehicle for a full day. 

 

7.4.3 The Activities Market Segmentation 
 

A total of 83 tourists who participated in the wagon ride activity are automatically 

classified by the Weka modelling software, using the same procedure described in 

Section 7.4.1 into two clusters (Witten and Frank, 2005). This is shown in Table 7.26 

containing similar tourists’ characteristics used in the itinerary’s market 

segmentation.  

 

Table 7.26 Market segmentation of wagon ride activity 

Characteristics Classification Cluster 
1 2 

64% 36% 
Experience Experienced 24.8308  13.1692 

No experience 29.8991  19.1009 
Total 54.7299  32.2701 

Reason of tour Accompany friend/relative 3.1974   7.8026 
Holiday 50.5255  20.4745 
Education 1.9987   4.0013 
Business 1.0083   1.9917 
Total 56.7299  34.2701 

Favourite type of 
attraction 

Wildlife 19.4819  10.5181 
Heritage 11.6641  16.3359 
Sightseeing 21.5707   3.4293 
Culture 3.9856   1.0144 
Adventure 1.0276   3.9724 
Total 57.7299  35.2701 

Travel group Partner with children 45.7234   6.2766 
Friend/relative 1.5098  23.4902 
Partner only 8.4967   3.5033 
Total 55.7299  33.2701 

Overall duration Full day 28.2616   6.7384 
2-3 day 18.5958  13.4042 
4-5 day 3.004 1.996 
Half day 4.8552   8.1448 
6-7 day 1.0195 4.9805 
More than a week 2.9937   1.0063 
Total 58.7299  36.2701 

Gender Female 23.5489  12.4511 
Male 31.1809  19.8191 



145 

  

 

Total 54.7299  32.2701 
Age Middle aged 31.575    9.425 

Young 22.1334  19.8666 
Old 2.0215   3.9785 
Total 55.7299  33.2701 

Origin Australia 33.9266  13.0734 
Overseas 20.8033  19.1967 
Total 54.7299  32.2701 

Household 
income 

Medium 23.7249   6.2751 
High 29.4524   4.5476 
Low 2.5526  22.4474 
Total 55.7299  33.2701 

Level of 
education 

Tertiary-postgraduate 22.6321   5.3679 
Tertiary-undergraduate 25.4631  17.5369 
Secondary-partial 1.3218   5.6782 
Secondary-completed 7.3129   5.6871 
Total 56.7299  34.2701 

Transportation 
mode 

Passenger (Car/van) 31.4439  25.5561 
4wd 18.3299   3.6701 
Campervan/motor home 5.9549   1.0451 
Walking 1.0007   2.9993 
Bus 1.0005   1.9995 
Total 57.7299  35.2701 

 

The structure of Table 7.26 is similar to Table 7.20 in regards to its rows and 

columns. Notice that, the decreasing number of tourists also reduces the number of 

clusters. Table 7.26 depicts the output of clustering. Cluster 1 represents 64 % of 

overall tourists while Cluster 2 represents 36 % tourists. This clustering result is 

validated using the cross-validation procedure as presented in Section 6.5. Notice 

that, the result with the largest figure of log-likelihood, i.e. the best clustering result 

out of three separate datasets is Dataset 1 as shown in Table 7.27. 

 

Table 7.27 Comparison of log-likelihood figures across three  

separate datasets for activity segmentation 

No. Dataset Log-likelihood 
1 Dataset 1 -9.71178 
2 Dataset 2 -9.82316 
3 Dataset 3 -10.45321 
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Once more, the criteria for choosing the significant characteristics’ classifications are 

as same as the previous two sub-sections. Table 7.26 shows that the’ reason of tour’, 

‘travel group’ and ‘overall duration’ emerged as significant characteristics when it 

comes to clustering within the activity context. In terms of ‘reason of tour’ 

characteristics, both clusters clearly show that tourists’ reasons for touring is for 

holiday where the first and second clusters have each, 51 and 20 tourists touring for 

the respective reasons. 

  

The market segmentation for activity highlighted the importance of ‘travel group’ 

characteristics. In terms of travel groups, most of the tourists (46 out of 56) in the 

first cluster are tourists who travel with a partner and their children, whereas 23 out 

of 33 tourists in the second cluster travel with either friends or relatives.  

 

A distinction of the characteristic type in terms of ‘overall duration’ characteristics 

once more emerges. In the first cluster, the majority of 28 from 59 tourists are 

touring for a full day while, in the second cluster, the majority of 13 from 36 tourists 

had a 2 to 3 day tour. Table 7.28 is a simplified version of Table 7.26 that highlights 

the types of characteristics associated with each cluster. 

 

Table 7.28 Tourists’ characteristics’ type for each cluster of wagon ride activity 

Cluster Percentage Classification of Characteristics 
1 64 Tourists who come for a holiday with a partner and children 

having a full day tour. 
2 36 Young, low income earner and tertiary undergraduate tourist, 

who travels for holidays with their friends and/or relatives for 
a 2-3 day tour, travels using passenger vehicle. 

 

7.4.4 Target Market Selection 
 

Although there are several ways to determine the target market as described in 

Section 6.6, the selection of cluster with the most user/highest percentage is 

proposed. This can increase profits based on higher sales (Myers, 1996). For this 

reason, clusters 3, 6 and 1 from Tables 7.20, 7.23 and 7.26 are each selected for the 

purpose of tour packages, attractions and activities market segmentation and are 

shown in Table 7.29. 
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Table 7.29 Tourists’ characteristics types for the entire tour packages’ products 

Type Classification of Characteristics 
Itinerary 
CDHIO 

Non-experienced, male, overseas and tertiary undergraduate 
tourists, came for holiday, a full day visit and travel in a passenger 
vehicle. 

Churchill Island 
visitation 

Experienced, overseas and high income earner tourists, came for a 
holiday, prefers wildlife attractions and travel on a passenger 
vehicle for a full day. 

Wagon ride 
activity 

Tourists who come for a holiday with a partner and children 
having a full day tour. 

 

7.4.5 Discussion and Evaluation of MSM 
 

From Table 7.29, it can be clearly seen that two characteristic types emerge in the 

entire tour package products, which are full day tourists and tourists who came for 

the purpose of the holiday. Therefore, in terms of a full day tourist, tour operators in 

collaboration with the Churchill Island administrator should pay attention in terms of 

facilitating them during their tour as they appear to dominate the entire tour package 

products in relation to Churchill Island.  

 

This can be done by preparing more places to rest within Churchill Island assuming 

that full day tourists, as they tour for the whole day might get tired during their tour. 

Larger cafes and a kids’ playground should be able to provide a better experience for 

them, as well.  

 

Other significant characteristics which appear in both the CDHIO itinerary and 

Churchill Island visitation are overseas tourists and tourists who travel in a passenger 

vehicle. In regards to tourists who travel in a passenger vehicle, tour operators can 

advise the administrator of Churchill Island to construct more parking bays to 

facilitate finding a parking bay. Tour operators should also devise an aboriginal 

culture presentation during the participation of tourists in their tour package to 

accommodate overseas tourists.  

 

Tourists with characteristic types that appeared in the Churchill Island visitation, but 

did not appear on the CDHIO itinerary might mean that they visit other attractions in 

the itinerary. Concurrently, tourists with characteristic types that appeared in the 
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Churchill Island visitation, but did not appear in the wagon ride activity, might again 

mean that they participated in other activities within Churchill Island.  

 

In conclusion, several useful results shown in Tables 7.26, 7.29 and 7.32 as outcomes 

from three different market segmentations are produced. Although popular tourists’ 

characteristics types such as tourists’ age and gender do not come with any 

significant result as anticipated, the emergence of other characteristics such as 

‘overall duration’ and ‘reason of tour’, prompted more serious research to be 

conducted on these characteristics. This can be observed in Table 7.33. 

 

An implementation of the EM algorithm for post-hoc clustering highlighted the 

advantage of using this algorithm in terms of its efficiency and ease of use without 

needing us to have prior knowledge of the expected cluster (Everitt, 2011). The 

validation procedure of cross-validation using log-likelihood, described in Section 

6.5 provides convincing results as shown in Tables 7.22, 7.25 and 7.28. The 

evaluation method of determining target market based on the segment with the most 

users shown in Section 7.4.4 provides tour operators with marketable tour package 

products. This can increase the chance of any itinerary, as an example to be 

purchased. 

 

7.5 Chapter Conclusions 
 

This case study presents the realisation of all three methodologies where each 

methodology was implemented, validated and evaluated to ensure the accuracy of 

results produced. The PSM managed to model the spatio-temporal movement of 

tourists using the semi-Markov and scheduling processes. Multiple itineraries were 

produced for various characteristics with the most popular one being the ‘BEHIO’ 

itinerary for female and middle aged tourists. Tour packages were derived later in 

Section 7.2.4 by adding other elements of tour package such as route and budget for 

completing the PSM.  

 

The implementation of the APM in estimating various arrival times and visiting 

durations within each attraction is notable whereby these outcomes were used to plan 

the timing of activities for certain attractions. A distinctive set of popular arrival 
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times and visiting durations were identified for different attractions. The 

multimodality scenario where several significant arrival times emerged for Churchill 

Island and The Koala Centre proved that the PDF is flexible in suggesting these 

arrival times. The ATCA and AFCA where the output of estimating arrival times 

were compared with the current arrangement of timing highlighted some differences 

where the output of arrival time suggestion if adopted is possible to increase the 

visitation rate. 

 

Lastly, the MSM managed to link several target markets of tourists’ characteristics’ 

classifications with certain tour packages, attractions and activities. A unique set of 

tourist characteristics was identified within each target market where later in Section 

7.4.5, the relationship between these target markets were ascertained. The selection 

of target market based on the segments with most users can provide assurance to a 

tour operator where if these target markets are adopted, the chance of any itinerary to 

be purchased can increase. 

 

Ultimately, this case study provided the best opportunity to test and verify the 

theories and concepts developed in each method presented in Chapters 4, 5 and 6 by 

implementing the case study data. In general, the results provided a good indication 

of each method in solving related issues highlighted in Chapter 3 based on the 

discussion and evaluation. The validation procedures for each method also ensured 

that the results would be as accurate as possible.  
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CHAPTER 8: CONCLUSIONS AND 

RECOMMENDATIONS  

 

8.1 Introduction 
 

This concluding chapter covers three important aspects. Primarily, this chapter 

identifies whether or not the findings of this research meet the objectives and 

research questions. Some limitation of the theories, methods and the implementation 

of this research are also addressed. Finally, this chapter, hence the thesis concludes 

by discussing the future direction of research. 

 

8.2  Did The Research Achieve its Objectives? 
 

The primary aim of this research was to establish a method for developing tour 

packages intended for tourists by modelling their spatio-temporal movement. This 

was accomplished through three objectives as stated in Section 1.3. In achieving 

these objectives, several research questions were put forward. 

 

The first research question dealt with defining a tour package in terms of tourists’ 

spatio-temporal movement. Several existing definitions of tour packages and 

comparison were made in Chapter 2 in terms of its components. The exact definition 

was given in Section 2.2 as having a compulsory component of a sequence of 

attractions, arrival times and visiting durations tailored to various tourist 
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characteristics for trip planning purposes. The definition was then extended in 

Section 4.6 to include several more components which are routes, activities and 

budget. 

 

The second research question dealt with the current issues in designing tour packages 

in relation to tourists’ spatio-temporal movement and their characteristics. As 

attained in Section 2.5, three issues of tour package design were identified for each 

tour package stakeholder in this research: (1) tour planning for tourists, (2) activity 

planning for attraction administrators, and (3) market planning for tour operators. 

Based on these issues, a tour package design framework was finally established in 

Section 3.5 by suggesting solutions to each issue that incorporates stakeholder and 

methodological requirements 

 

The third research question was concerned with the current methods for solving the 

tour package design issues. Various existing methods that are possible to solve tour 

package design issues were identified in Section 2.4. These methods were specified 

into two types of method: (1) methods directly related to tour package design, and (2) 

methods indirectly related to tour package design. The methods indirectly related to 

tour package design were analysed based on their potential to design tour packages 

especially by incorporating tourists’ spatio-temporal movement and characteristics.  

 

The fourth research question was concerned with the method to develop spatio-

temporal develop itineraries. The Personalised Scheduling Method (PSM) that 

consists of semi-Markov and scheduling processes were chosen in Section 3.4 and 

Chapter 4 to develop itineraries. In addition to its ability to distinguish the 

probability of tourist’s transition from one attraction to another, the semi-Markov 

process is also able to identify the transition with the highest probability, i.e. the most 

popular movement sequence. Combined with the Probability Density Function 

(PDF), the semi-Markov process improves the design of itinerary components. 

 

The fifth research question dealt with the method for estimating tourists’ arrival 

times and visiting durations for activity planning at each attraction. The Activity 

Planning Method (APM) that made use of the PDF was chosen in Section 3.4 and 
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Chapter 5 to accomplish this task. Besides identifying the mode of arrival times, i.e. 

most popular arrival times, the PDF is also able to handle the multimodality scenario 

where other modes of arrival times can also be identified. This provides more 

flexibility for attraction administrators to arrange their timing of activities. 

 

The sixth research question dealt with the method to produce the target market of 

tour package products according to tourists’ characteristics. The Market 

Segmentation Method (MSM) that includes the Expectation-Maximisation (EM) 

algorithm was developed in Section 3.4 and Chapter 6 to derive these target markets. 

The ability of the EM algorithm to cluster without initially having to know the 

clusters’ parameters, as described in Section 3.4.3 provides the ease of use of this 

algorithm (Witten and Frank, 2005). Furthermore, the EM algorithm can handle 

nominal variables. These two advantages have made the process of market 

segmentation simple and accurate. 

 

The seventh research question was concerned with the possible tourist characteristics 

for segmenting the market of tour packages’ products. The potential tourist 

characteristics for market segmentation were identified during the step of 

“determining the segmentation variables” in MSM in Section 6.4. There are four 

types of characteristics: (1) geographic, (2) demographic, (3) psychographic, and (4) 

behavioural. The usage of these characteristics ensured a robust output of market 

segmentation as depicted in Section 7.4. 

 

The eighth research question was concerned whether there will be various itineraries 

from a diverse set of spatio-temporal movement patterns of tourists. The outcome of 

the PSM in Section 7.2.5 that produced various itineraries for female and middle 

aged and other type of tourists confirmed this. Each outcome was guaranteed to be 

the most popular itinerary for each type of tourist. 

 

The ninth research question dealt with whether there will be different sets of 

activities timing, i.e. arrival times and visiting durations for each attraction. The 

outcome of the APM in Section 7.3.1 with distinctive sets of activities timing 

confirmed this. Again, each outcome was guaranteed to be the most popular 
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activities timing for each attraction. Certain attractions highlighted a multimodality 

scenario where more than one significant arrival time were produced. The Activity 

Timing Comparison and the Activity Frequency Comparison Analyses (ATCA and 

AFCA) of APM also responded to the tenth research question which concerned 

whether there are differences between the activities’ timing outcomes with the 

current arrangement of activities timing. Several significant differences of activities’ 

timing were identified when the comparison was made. 

 

Finally, the eleventh research question was concerned with whether there will be a 

specific set of tourist characteristics associated with each tour package product. A 

number of significant associations between tourists’ characteristics classifications 

towards these tour package products were able to be ascertained in Section 7.4.4. 

Some relationships of tourists’ characteristics between different target markets were 

also able to be established. 

 

In essence, the aim of establishing a method to design tour packages was clearly 

achieved by answering the set of research questions. This method can be utilised by 

tour operators in packaging the compulsory elements of tour packages so that the 

specific tour package can later on serve as a useful guide during a tour. Additionally, 

the other two methods for the planning of activities and market segmentation can be 

used by both attraction administrators and tour operators to complement the process 

of designing tour packages to ensure the robustness of these tour packages.  

 

Ultimately, the consideration of tourists’ spatio-temporal movements and their 

characteristics through various modelling methods is the major research contribution 

of this study. Hence, these methods manage to address the research gap of the limited 

availability of incorporating the exact spatio-temporal movement aspect within tour 

packages. Apart from contributing directly to the tourism management sector, these 

methods can contribute to political and transportation implications via its scheduling 

findings. This can be achieved if the tourism regulatory agency enforces tour 

agencies to include scheduling information when designing tour packages. Public 

transportation agencies can utilise this scheduling information to device a public 
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transportation schedule within any specific tourism area that contains several 

attractions such as in Phillip Island. 

 

8.3 Limitations of Research 
 

Several limitations exist in this research and are discussed in this section. Most of the 

limitations are divided into two categories: the first one is related to modelling 

methods and the other one in terms of case study implementation.  

 

The semi-Markov process was the fundamental element for the modelling part of this 

research to design tour packages. It was mentioned by Xia as a novel yet efficient 

way for the modelling of spatio-temporal movement of tourists (Xia, 2007). Unlike 

Xia’s research, this research brought the semi-Markov process to the next level by 

implementing it for estimating the probability of transitional arrival times with the 

assistance of PDF.  

 

Yet it comes with a limitation where owing to the usage of the second or subsequent 

most frequent arrival times inconsistencies could have occurred for any itinerary 

(refer Section 7.2.5). As understood, any itinerary was chosen as a result of that 

particular itinerary having the highest ranking when compared with other itineraries. 

When this itinerary is inconsistent it forced the usage of the second or subsequent 

most frequent arrival time, the combined probabilities might also decrease, dropping 

the ranking when the comparison is again done.  

 

This could result in another consistent itinerary which at the beginning had a lower 

ranking to emerge as the one with the highest ranking. Consideration should be made 

either to retain or drop the earlier highest ranking itinerary if it is inconsistent, 

instead of replacing the arrival time to simplify the process. 

 

Though having an overall sample size of 1,104 tourists, the preliminary process of 

specifying the tourists’ spatio-temporal movement dataset in relation to their 

characteristics can be made to only include a maximum of two characteristics. This is 

due to the insignificant sample size of below 200 when including more than two 

characteristics (see Table 7.1, only a maximum three characteristics is combined). 
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Therefore, the PSM with its efficiency can only design tour packages for up to two 

characteristics. To overcome this, a higher sample size is needed.  

 

Another limitation in regards to the case study implementation is again related to the 

small sample size in regards to the participation of activities in certain attractions that 

affects the market segmentation process (see Section 7.4). The only significant 

sample size is related to the Churchill Island attraction where it was found that 

Churchill Island had a set of proper scheduled activities when compared to other 

attractions where most of the activities were unscheduled.  

 

Therefore the only activity segmentation done was for Churchill Island. Another 

reason for the unavailability of the activity dataset might be due to tourists thinking 

that specifying the starting time of each activity is a bit complicated.  

 

8.4 Future Research Directions 
 

Designing tour packages by means of modelling tourists’ spatio-temporal movement 

combined with their characteristics through the application of the semi-Markov and 

scheduling processes are considered innovative. For that reason, there are several 

future research directions to further expand this research area. 

 

It is known that PDF is able to effectively model a set of random variables (Stirzaker, 

2003). However, as shown in the previous page, this is not always the case when it 

comes to uniform datasets, especially in terms of visiting duration. Therefore, to 

overcome this, it is proposed that the implementation of other measures, specifically 

the hazard function to describe the distribution of visiting duration dataset. 

Moreover, the hazard function is frequently known for duration models (Arellano, 

2008). 

 

Two limitations are identified in regards to the sample size. Primarily it involves 

inadequacy of the spatio-temporal movement dataset that hinders us to specify more 

than three characteristics for the modelling process while the other issue is the 

smaller sample size of tourists who completed the activities section of the 

questionnaire.  
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For the first limitation, it is suggested that the sampling process should be longer and 

by recruiting more than one researcher to collect those data. To solve the second 

limitation, the simplification for the process of obtaining activities data should be 

undertaken for instance by requiring tourists to mark only the activities that they 

participated in. 

 

The implementation of PSM in this research only involved a day tour package 

whereas in reality tour packages are diverse in terms of their overall duration scope 

such as a three day and a whole week tour packages. Therefore, it is proposed that 

the PSM is used to cater for a multi day tour package that consists of more tourism 

products such as accommodation, meals and transportation (Syratt and Archer, 

2003).  

 

For destinations with a well organised public transportation system, it is 

recommended that the inclusion of an actual and real-time schedule of public 

transportation for the easement of tourists travelling from one place to another is 

undertaken (Tam and Pun-Cheng, 2012). One such example is by implementing 

Google transit data (Tapper, 2006). 

 

From the case study, it can be noticed that some attractions notably Penguin Parade 

have a higher visitation rate due to the popularity of the smallest known penguin 

species. This higher visitation rate resulted in the issue of long queues where tourists 

have to arrive very early in order to be at the front of the queue. Frequently, this 

causes discomfort to certain types of tourists such as tourists who travel with kids, 

especially smaller babies.  

 

In order to improve this situation, it is proposed that the Phillip Island Nature Park 

authority adopt the method of queuing theory where using this theory, a model to 

predict the queue lengths and waiting times is constructed so that the output can be 

used to better manage the admission process (Sundarapandian, 2009). 
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Finally, as Phillip Island is essentially a closed system, it is suggested that another 

case study area where the settings are more challenging with multiple entrances are 

used. Some challenges involving the data collection method and the execution of the 

modelling method are expected. For an open system such as Swan Valley in Western 

Australia, tourists come from multiple entrances. Therefore the data collection 

method has to be organised more efficiently to capture an adequate sample size.  

 

An open system can also include several tourist attractions. Thus, the same 

modelling method has to be sufficient to incorporate more attractions and more 

movement patterns. The results from this new case study area could be extended to 

other areas in order to verify the efficiency of the methods presented in this study 

towards modelling tourists’ spatio-temporal movement from one attraction to 

another. 
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APPENDIX 1: RESEARCH’S QUESTIONNAIRE 

 

January 2012 

 

Project title: The Development of a Tour Package 

Method through the Modelling of Spatio-Temporal 

Movement of Tourists 

 

Dear Participant, 

My name is Mohd Faisal Bin Abdul Khanan and I am a Doctor of Philosophy’s 
candidate at Curtin University’s Department of Spatial Sciences. My Supervisor is 
Dr Cecilia Xia. We are currently undertaking a joint project as above with the Phillip 
Island Nature Park that aims to develop a tour package method by understanding 
tourist movement.  This project has been approved by the Curtin University’s Human 
Research Ethics Committee, approval no. SMEC-53-10. 
 
Your participation in this research will involve filling in a questionnaire designed to 
ascertain basic movement patterns and socio-demographic data. The questionnaire 
will take no longer than 10 minutes of your time. The questionnaire is designed to 
find out more about how you tour Phillip Island. The collected data will make it 
possible to quantify and classify current park visitors based upon your socio-
demographic background and movement patterns. Tourist movement modelling will 
be developed based on this survey. This will allow park managers to offer more 
customised services such as tour packages and develop more effective and efficient 
strategies for managing natural and recreational resource in parks. Participation in 
this research is voluntary and you may withdraw at any time. We welcome you to 
examine the study materials before deciding whether you wish to participate. 
 
The data collected will be analysed and aggregated for publishing in professional 
journals. Because the data will be generalised individual responses will not be 
identified and your anonymity will be protected. All individual responses will be 
destroyed at the end of the research. 
 
If you have any queries regarding this project, please contact Mohd Faisal Bin Abdul 
Khanan on (08) 9266, 4255, e-mail m.abdulkhanan@postgrad.curtin.edu.au or Dr 
Cecilia Xia (BSc, MSc, PhD (RMIT)) on (08) 9266 7563, e-mail 
c.xia@curtin.edu.au. 
 
Yours faithfully 
 

Mohd Faisal Bin Abdul Khanan and Dr Cecilia Xia 

Any complaints about your participation in this project may be directed to the Secretary, Curtin University of Technology 

Human Research Ethics Committee, Office of Research and Development, Curtin University of Technology, GPO Box U1987, 

Perth WA 6845.  The telephone number is (08) 9266 2784 and the e-mail is hrec@curtin.edu.au. 

 
 
Department of 
Spatial Sciences 
 
Excellence in: 
• Surveying 
• GIS 
• Mapping 
• Mine and Engineering Surveying 
 
GPO Box U1987 
Perth Western Australia 6845  
 
Telephone   + 61 8 9266 7566 
Facsimile    + 61 8 9266 2703 
Email   spatial@curtin.edu.au 
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Form No. ___________ 

 

 

Date: __________________________ Time: ___________________________ 

Location where questionnaire is handed: ____________________________ 

 

Weather (please tick one box only): 

Sunny                  Fine               Cloudy                Light shower             Rain                 

____________________________________________________________________ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Q1. How many times have you 
visited Phillip Island, including 
today’s trip? 

  Once 

  Twice 

  Three times 

  More than three times 

Q2. Why are you visiting Phillip 
Island today? Please tick all that 
apply. 

  Holiday, leisure, recreation 

  Educational purpose 

  Business purpose 

  Accompany friends, relatives 

  Others _________________ 

Q3. What type of attractions that 
attract you most in your Phillip Island 
trip today? Please tick one box only. 

  Sightseeing(i.e.: Woolamai) 

  Wildlife (i.e.: Penguin 

  Parade) 

  Heritage (i.e.: Churchill 

  Island) 

  Culture (i.e.: Cowes  

  Cultural Centre) 

  Adventure (i.e.: surfing at 

  Rhyll Inlet) 

Q4. In terms of the type of group you 
are travelling, are you travelling with: 
(Please tick one box only). 

  Travel alone 

  Partner only 

  Partner with children 

  Friends or relatives 

  Tour group 

  Special group (business/ 

  research) 

Q5. How long will you spend for 
your trip in Phillip Island? 

  Half day 

  Whole day 

  2-3 days 

  4-5 days 

  6-7 days 

  More than a week 

Q6. Are you a: 

  Male 

  Female 
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Q7. Which age group are you in? 

  18-24 

  25-34 

  35-44 

  45-54 

  55-64 

  Above 64 

Q8. What is your place of residence? 
Please fill in one box only. 

Australia: State 

Overseas: Country 

Q9. What is your annual gross 
household income? 

  Below AUD 50,000 

  AUD 50,001-AUD 70,000 

  AUD 70,001-AUD 90,000 

  AUD 90,001-AUD 110,000 

  AUD 110,001-AUD 130,000 

  Above AUD 130,000 

Q10. Which best describes the 
highest level of education you have 
reached? Please tick one box only. 

  Primary 

  Secondary-partial 

  Secondary-completed 

  Tertiary-undergraduate 

  Tertiary-postgraduate 

Q10. Which best describes the 
highest level of education you have 
reached? Please tick one box only. 

  Primary 

  Secondary-partial 

  Secondary-completed 

  Tertiary-undergraduate 

  Tertiary-postgraduate 

Q11. What type of travel mode do 
you use during your tour in Phillip 
Island today? 

  Walking 

  Motorcycle 

Passenger vehicle (i.e car or 

van 

  4WD 

  Campervan/motor home 

  Tour bus/coach 
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Q12. Could you write down the approximate time you arrive and duration spent (in hours) at each attraction for today’s trip only? Please also 
write down the approximate time you started participating in each activities as stated below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Cowes 
Arrival time  
Duration spent  
 Starting time 
Visit Cowes 
Cultural Centre 

 

Visit museum  
Shopping  
Dining  

Ventnor 
Arrival time  
Duration 
spent 

 

The Nobbies 

Arrival time  

Duration spent  

 Starting time 

Presentations at the 

Visitors Centre 

 

Just for pups kids session  

Boardwalk  

Seal viewing at Seal Rock  

Penguin Parade 

Arrival time  

Duration spent  

 Starting time 

Interactive Display 

at the Visitors Centre 

 

Penguin viewing  

Ranger guided tour  

Visitors Information Centre 

Arrival time  

Duration spent  

 

Rhyll Inlet 

Arrival time  

Duration spent  

 Starting time 

Nature walks 

(Oswin Roberts, 

Conservation Hill, 

Rhyll swamp bird 

Sanctuary) 

 

Visit historic sites  

 

Koala Conservation Centre 

Arrival time  

Duration spent  

 Starting 

time 

Koala Boardwalk  

Woodland Boardwalk  

Wildlife Bush Walk  

Interactive Learning at the 

Visitors Centre 

 

 

Churchill Island Heritage Farm 

Arrival time  

Duration spent  

 Starting time 

Cow milking  

Wagon rides  

Blacksmith demo  

Working dogs  

Sheep shearing  

Whip cracking and 

boomerang throwing 

 

Visit baby animal  

Visit heritage 

buildings and gardens 

 

Animal viewing  

 
Cape Woolamai 

Arrival time  

Duration spent  

 Starting 

time 

Coastal track walking 

(lighthouse and 

pinnacles) 

 

Wildlife viewing  
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APPENDIX 2: VBA PSEUDOCODE’S TO DERIVE PROBABILITIE S OF 

MOVEMENT SEQUENCES AND TRANSITIONAL ARRIVAL TIMES 

 

'Codes to derive probabilities of movement sequences 

Sub MoveSeq() 

 

'Declare the entire variables 

Dim biprobability As Variant 

Dim Monoprobability As Double 

Dim Result As Variant 

Dim AP As Variant 

Dim Dest As Variant 

Dim Movement As Variant 

Dim P(0 To 100) As Variant 

Dim D As Variant 

Dim A As String 

Dim BP(0 To 100, 0 To 100) As Variant 

 

Dim i As Long 

Dim j As Long 

Dim k As Long 

Dim T As Long 

Dim DN1 As Integer 

Dim DN2 As Integer 

 

  'Establish array values from some of the variables above 

    biprobalility = Range("B6:K14").Value 

    Monoprobalility = Range("B21:K21").Value 

    Movement = Range("O2:O13").Value     

    AP = Range("B18:K18").Value 

    Dest = Range("B22:K22").Value ' 

    Result = Range("P2:P13").Value 

    Range("U3").Value = biprobalility(3, 2) 
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 'Go through each element of the movement sequence array 

   For i = LBound(Movement, 1) To UBound(Movement, 1) 

          

        T = Len(Movement(i, 1)) 

        Result(i, 1) = 1 

         A = Mid(Movement(i, 1), 1, 1) 

         Range("V3").Value = Monoprobalility(1, 3) 

          

      'Find the individual spatial movement transition probability for each transition 

        For k = 1 To 10 

           If A = AP(1, k) Then 

              P(1) = Monoprobalility(1, k) 

              DN1 = Dest(1, k) 

           End If 

        Next k 

        Range("V3").Value = P(1) 

        Result(i, 1) = Result(i, 1) * P(1) 

        Range("V3").Value = Result(i, 1) 

         

     'Multiply the individual spatial movement transition probability for a specific 

      movement sequence to form the final movement sequence probability 

       'For T = Len(Movement(i, 1)) To 1 Step -1 

            For j = 2 To T 

              For k = 1 To 10 

                If Mid(Movement(i, 1), j, 1) = AP(1, k) Then 

                DN2 = Dest(1, k) 

                P(j) = biprobalility(DN1, DN2) 

                End If 

              Next k 

              Result(i, 1) = Result(i, 1) * P(j) 

              DN1 = DN2 

              Next 

    Next i 
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     Range("P2:P13").Value = Result 

 

End Sub 

 

'Codes to derive probabilities of transitional arrival time 

Sub ArrTime() 

 

'Declare the entire variables 

Dim biprobability1 As Variant 

Dim Monoprobability1 As Double 

Dim Result1 As Variant 

Dim AP1 As Variant 

Dim Dest1 As Variant 

Dim Movement1 As Variant 

Dim P1(0 To 100) As Variant 

Dim D1 As Variant 

Dim A1 As String 

Dim BP1(0 To 100, 0 To 100) As Variant 

 

Dim i1 As Long 

Dim j1 As Long 

Dim k1 As Long 

Dim T1 As Long 

Dim DN11 As Integer 

Dim DN21 As Integer 

 

  'Establish array values from some of the variables above 

    biprobalility1 = Range("B27:K35").Value 

    Monoprobalility1 = Range("B40:K40").Value 

    Movement1 = Range("O2:O13").Value 

    AP1 = Range("B39:K39").Value 

    Dest1 = Range("B41:K41").Value ' 

    Result1 = Range("Q2:Q13").Value 
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   Range("U7").Value = biprobalility1(3, 2) 

  

'Go through each element of the movement sequence array   

   For i1 = LBound(Movement1, 1) To UBound(Movement1, 1) 

 

        T1 = Len(Movement1(i1, 1)) 

        Result1(i1, 1) = 1 

         A1 = Mid(Movement1(i1, 1), 1, 1) 

         Range("V7").Value = Monoprobalility1(1, 3) 

       

     'Find the individual transitional arrival time probability for each transition    

        For k1 = 1 To 10 

           If A1 = AP1(1, k1) Then 

              P1(1) = Monoprobalility1(1, k1) 

              DN11 = Dest1(1, k1) 

           End If 

        Next k1 

        Range("V7").Value = P1(1) 

        Result1(i1, 1) = Result1(i1, 1) * P1(1) 

        Range("V7").Value = Result1(i1, 1) 

         

     'Multiply the individual transitional arrival time probability for a specific 

      movement sequence to form the final transitional arrival time probability 

       'For T1 = Len(Movement1(i1, 1)) To 1 Step -1 

            For j1 = 2 To T1 

              For k1 = 1 To 10 

                If Mid(Movement1(i1, 1), j1, 1) = AP1(1, k1) Then 

                DN21 = Dest1(1, k1) 

                P1(j1) = biprobalility1(DN11, DN21) 

                End If 

              Next k1 

              Result1(i1, 1) = Result1(i1, 1) * P1(j1) 

              DN11 = DN21 



178 

  

 

              Next j1 

    Next i1 

     Range("Q2:Q13").Value = Result1 

 

End Sub 


