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Abstract 
This study examines the decision-making process in consumer behavior with a focus on tourism. It 
reveals that every decision-making model in a complex environment includes an irrational 
influencing factor that contributes to the final decision on choosing a travel product: destination to go 
to, hotel to stay in, transportation to take, activity to do etc.  In addition, people taking decisions in 
such complex environments dominated by multiple options and constraints are even more susceptible 
on applying mental shortcuts, such as heuristics, as there is human cognitive limitation on arriving to 
an optimal choice by weighting in all the given factors. Hence, people will simplify the problem by 
applying mental shortcuts to arrive not necessarily to an optimal decision but to a satisficing one.  
This study focusses on one of the heuristics, called positioning effect, that is consistently applied in 
choosing a travel product, a hotel, from a given list. This is especially relevant in nowadays era 
where most of the people choose and book travel products online. In particular consumers choose 
hotels from a given list presented horizontally or vertically.  
 
This research shows, through experimental testing, that when presenting hotels in a horizontal list, 
their position matters in the selection criteria. The experiment was conducted using 1000 participants 
from Amazon Mechanical Turk online panel. The participants had to choose one hotel from a list of 
10. They were randomly assigned to 10 different experiment conditions, where each of the 10 hotels 
changed its position.  Results demonstrate a nonlinear effect of hotel position in the list on choice: 
hotels positioned at the beginning of the list are more likely to be chosen.  
 
In addition, using a non-negative matrix factorization technique to analyze the experiment results, 
one can separate the irrational choices such as heuristics (positioning effect) from rational ones 
(based on attributes assessment). The introduction of this technique is useful for the literature when 
analyzing decision-making that can be both rational and irrational, being able to discover the latent 
features underlying the interactions between two different kinds of entities (such as rational vs. 
irrational factors that lead to a final choice).  
 
Furthermore, Online Travel Agencies could use this technique in order to determine what part of the 
product influence people decision: evaluation criterion based on heuristics vs. choice criterion based 
on attributes. Knowing what exactly impacts the users is very valuable when doing multiple changes 
in the same time, such as developing new user interfaces, plus adding or removing attributes, plus 
using different heuristics based on framing effect, positioning effect, loss aversion etc. Usually when 
OTAs are doing multiple changes at once, it’s hard to tell what change impacted negatively or 
positively the users. This technique will help separate different factors and help analyze what 
influence customer decision the most.  
 
This is also the first study that analyzes the positioning effect in a horizontal presentation with a 
high-involvement decision-making, such as choosing an expensive hotel to stay at for a week. Its 
implications for Online Travel Agencies are numerous, especially on leveraging positions in a list to 
promote specific travel products.  In addition, OTAs can drive discovery of specific products on their 
own site or on other marketing channels by leveraging top positions in a horizontal list.  

Introduction 
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The battle for bookings among online travel brands is in full force. In an age where travelers have 
literally hundreds of choices to book a simple hotel, the competition has never been more intense 
amongst the Online Travel Agencies. (Travelport, 2019) 70% of leisure travelers have used online 
travel agency when looking for travel inspiration in the last year. (Travelport, 2019). In US, OTAs 
have almost 30% of travelers using their sites (see Fig A). 
 

 
Fig A. Website used for destination selection, last trip, share % (Phocuswright, 2019) 
 
In addition, OTAs in particular spend significant portions of their marketing budget trying to turn 
lookers into bookers.  
 
In order for OTAs to win this battle, they have to understand the travelers booking journey and their 
decision-making process. This is not a simple task as travelers’ journey and their decision-making 
process is very complex as follows: 

1. Travel journey is not a linear, funnel like, decision-making process (Fig 11. Clickstream 
Semantic Map of One Subject). Different stages in the journey overlap and influence each 
other. Hence, it is hard for OTA to interfere and influence the traveler at the right stage. For 
example, if users are looking at a hotel list in a destination, it doesn’t mean that they are 
ready to book a hotel, it could mean that they are just looking for a general pricing of an area 
to decide on a destination to go to. Hence, if specific techniques are used to make people 
book hotels at that stage, they won’t work, since the user is not in that particular stage even 
though they are looking at hotels.  

2. Travel is personal and contextual, depending on many factors: age, length of trip, number of 
trips taken, travel party composition, traveler persona (foodie, city explorer, beachgoer etc.), 
time taken to decide between destinations, trip planning motivations. (See Appendix I). 
Hence, appealing to every individual in its own specific scenario is a huge challenge for an 
OTA. For example, recommending hotels to one individual is very difficult as it’s very hard 
to know the specific individual needs and his/her context. 

3. Travel decision making is irrational. The literature analysis of the decision-making models 
reveals that there are decision influencing factors that are irrational, emotional based on 
intuitive reasoning. Previous studies (Cahyanto et al., 2016; Simon, 1972; Wattanacharoensil 
and La-ornual, 2019) show that irrational decisions are a result of travelers’ limitation to 
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make an optimal decision when confronted with multiple choices, constraints and overloaded 
information. Hence, OTAs have issues identifying and influencing traveler’s decision criteria 
especially if it’s irrational. Since this behavior is irrational, OTAs can’t collect this 
information from interviewing or surveying users. 

 
This study concentrates on positioning effect as one irrational aspect identified by previous studies 
(Fig 14). Since 70% of travelers are booking online, the positioning effect for travel products online 
within different User Interfaces is key to understand by OTAs.  
 
Further, it addresses the limitation in the literature around poisoning effect. Studies shown that there 
is a positioning effect in vertical layouts. Ert and Fleischer (2016) show the position effect in vertical 
layout while choosing a hotel to stay in. However, there is no research around positioning effect in 
horizontal layouts online. OTAs are presenting more and more the travel products in horizontal 
layouts (such as carousels). Hence, understanding the consumer impact of the horizontal layout is 
beneficial in order to influence customer behavior and promote products at key positions.  
 
Thus, this study is addressing the question “Is there a positioning effect in horizontal layout and is 
the effect different than the vertical one?” The findings of this research will give OTAs the ability to 
influence the decision-making process of customers at an irrational level. Hence, OTAs will be able 
to promote different products (aka hotels) in certain positions in different layout. Additionally, they 
can help users discover specific products by showcasing them at specific position on their own sites 
or other sites (such as meta sites: TripAdvisor.com, Kayak.com, Trivago.com).  Furthermore, this 
study helps OTAs to predict the impact (such as monetary) if they change their layout. Hence, if they 
decide to switch from showcasing their products vertically to horizontal view, then keeping the same 
placements of the product the same will impact the ones that will be chosen. This can have a 
monetary impact if such key positions contain sponsored products.  
 
This research follows loosely the format described in Fig 1.  
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Fig 1. Research Process (Saunders et all, 2009-20012, pp:11) 
 
First part covers the Literature Review of consumer decision making process, addressing human’s 
limitation in making a rational decision in a complex and choice-overloaded environment. Then, it 
addresses the irrational decision-making process in tourism and identifies the existent heuristics at 
each traveler journey stage, with a focus on positioning effect.  
Second part describes the research philosophy, methodology, experiment design and analysis of its 
results.   
Last part presents the practical applications and theoretical implications of the study. 
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Literature Review on Traveler Decision-Making Process  
 
Traveling is a high involvement decision as it’s expensive and it happens less often. Deciding on a 
destination to go to, activities to do, accommodations to stay in, transportation to take is a complex 
decision-making process where travelers are faced with information overload, multiple choice 
options and constraints at each step in their traveler journey. We will review the current decision-
making models and their limitation in including the cognitive inhibitions of humans in taking 
rational and optimal decision under uncertainty. Furthermore, we will uncover the irrationalities and 
heuristics that people apply, when unsure, in each of the traveler journey stage. Then we will look 
how evaluation criteria based on heuristics differs from selection criteria based on attributes in the 
decision-making process, with a focus on positioning effect heuristic.  
 

Traveler Journey 
This section will describe the traveler journey in order to underline the complexities (mainly 
information overload) that consumers have to face to go on a trip.  
 
There are six critical stages to any traveler journey: inspiration, shopping, booking, pre-trip, in-trip, 
and post-trip. (See Fig 2) At every step, travelers will engage with travel brands for a range of 
services, and experience hundreds of touchpoints.  

 
Fig 2. Traveler Journey (Travelport, 2019)  
 
(McKinsey, 2019) suggest helping travelers by shortening and making easier their traveler journey, 
which currently is around 36 days long including 45 touchpoints. (Fig 3) 
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Fig 3. Traveler Journey 45 Touchpoints. (McKinsey, 2019) 
 
This paper will address the inspiration, shopping and booking stages of the journey, by helping 
people to select faster the best product for them. In order to achieve this, we will have to understand 
how the decision-making process works and what are the influencing factors for making decisions in 
environment with information overload (Appendix J). 

 

Traveler Decision-Making Models 
 
There is a plethora of research in decision-making models in consumer behavior.  
Engel (1968) identified a logical and linear progression that an individual goes through that leads to 
an optimal decision 

 
Fig 3. Linear Decision-making Process Adapted from Engel (1968) 
 
 (Degroot 2005) talks about the utility theory where the optimal decision maximizes the expected 
utility, a probability-weighted average of utility over all possible outcomes of a decision.  
 
Tourism decision-making theory has borrowed from consumer behavior theories, although there are 
limitations in applying goods-based decision principles to experiential purchases. (Stone, 2016).  
 
 A number of travel models developed based upon consumer behavior theory have been proposed: 
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1. Choice Set Models or Structure Models focus on the process through which individuals 
reduce a large set of potential destinations to a single one (Fig 6 below). This process is linear 
in nature and follows the Engel (1968) model from generic consumer behavior.  

 
Fig 6. Choice Set Model   
 
(Woodside and Lysonski, 1989) review of tourism decision-making research concluded that 
consumers are believed to follow a funnel-like process, that destination choice decisions are assumed 
to be sequential in nature and may be comprised of sets. The model shows 8 variables and 9 
relationships; two exogenous variables, traveler characteristics and marketing variables, influence 
traveler destination awareness. (Fig 7 below) 
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Fig 7. General Model of Traveler Leisure Destination Awareness and Choice. (Woodside and 
Lysonski,1989) 
 
Structural models (Fig 5) are reductive in nature because they only deal with a small part of variables 
and relationships that may be involved in decision-making processes, therefore showing severe 
limitations for thorough understanding of tourist behavior. Inadequate attention is paid to the context 
of decision making (Decrop, 2006). Hence, process models were proposed to overcome this 
limitation.  

2. Process Models focus on the process that travelers follow in order to identify and select a 
destination.  

Process models differ from structural models by focusing not on the decision itself but rather on the 
psycho-behavioral variables that underlie decision making. Moutinho (1982) has proposed the most 
encompassing process model so far by making a comprehensive overview of all major variables that 
intervene in the tourist decision-making process. (Fig 8)  
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Fig 8. Vacation Tourist Behaviour Model (Decrop, 2006).  
 
The process models have a limitation as they don’t describe the interactions of decisions and 
behaviors of the travel party. Hence, decision net models are proposed to cover this aspect. 
 

3. Decision Net Models examine the travel decision at an aggregate level and focus attention on 
the relationships between the various ‘facets’ of travel planning. Woodside and MacDonald 
develop a general system framework meant to fill the gap in what structural and process 
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models fail to capture: the rich interactions of decisions and behaviors of the travel party and 
the destination environment experienced by the travel party. 

 
Fig 9. Woodside and MacDonald’s general systems framework of customer choice decisions of 
tourism service. (Decrop 2006: p. 40).  
 
In addition, (Fesenmaier et al., 2006, p.22) argue that “travel decision-making is assumed to have a 
net structure, implying that one sub-decision relates directly or indirectly to all other sub-decisions” 
and proposed a multistage hierarchical trip decision net model (Fig 10). 

 
Fig 10. A decision net of tourism travel (Fesenmaier et al., 2006, p.22) 
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Critique and Limitations 
Linearity and rationality are two aspects that can be challenged in all the models above. However, we 
will focus mainly on the rational factor. 
Linearity 
One downside of all these models is that they imply that decision making process is linear, passing 
from one stage to another influenced by different factors. 
However, in reality the traveler decision-making process is non-linear as illustrated in Fig 11 below 
by monitoring online clickstreams: 

 
Fig 11. Clickstream Semantic Map of One Subject (Fesenmaier et al., 2006) 
 
(Decrop and Snelders, 2004) also argues that vacation planning is not as linear or organized as 
previously hypothesized.  
 
All of the decision-making models, believed that decision is happening in a funnel like progression, 
where the decisions are taken one after another, influenced or not but specific factors or by previous 
step decision (such as in the net model in Fig 10). However, first of all people don’t decide in one 
shot, especially when dealing with high-involvement decisions. Hence, decisions can span across a 
longer period of time: 43% of people in US choose within a week; 34% choose within 1-4 weeks; 
and 21% choose between 1-5 months (Phocuswright, 2019). Knowing this fact, the consumers are 
starting their search in one moment in time, then abandon or booking one part of the trip or deciding 
on one factor, then coming back to the sites not necessarily remembering where they left of, or what 
decision they made the last time they were there. This process also shows that people might be in a 
different context and influenced by different factors every time they come back. 
 
Rationality  
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Another limitation of these models is that traditional choice models based on utility maximization, 
rational choice, and orderly problem-solving processes may not apply to many tourism scenarios 
because tourism purchases are typically hedonic and experiential in nature (Decrop & Snelders, 
2004). This could mean that the utility theory would be sufficient predictor of human decision. 
However, (Kahneman and Tversky,1979) developed “prospect theory” that asserts that, in the face of 
uncertainty, we group risks and then build value functions to assess them. These functions are not 
linear, in part, because of loss aversion; they are steeper for losses than for gains because people are 
more concerned about losing what they already have than gaining what they do not yet have.  
 
Furthermore, Kahneman and Tversky observed that people do not focus on total accumulated wealth; 
rather, they assess their risk from a personal reference level, and that people also overweight low 
probability outcomes and underweight moderate to high ones. (Greenberg and Lowrie, 2012) 
 
(Tversky & Kahneman, 1974) also talk about System 1 and System 2 (Fig 12) as two distinct modes 
of decision making that aligns with non-compensatory decision making (System 1) and 
compensatory decision making (System 2) (Appendix A: Compensatory vs. Non-Compensatory 
Decision Making): 

 
Fig 12. System 1 vs. System 2 (Upfront Analytics, 2019) 
 
In addition, many researchers argue that travel decisions are not as rational and utilitarian: 

- Decisions are spontaneous and impulsive (Smallman and Moore, 2010) 
- “Rational” behavior is limited by factors such as decision-making heuristics, inertia, risk 

aversion, and information overload (McCabe et al., 2015) 
- The role of others in a travel party, including friends and relatives, must be considered, as 

traveling is a social event (Gitelson and Kerstetter,1995) 
- Traditional decision-making models are likely not appropriate to all situations, as making 

choices in tourism can be a “constraint and opportunity-driven process” (Decrop, 2010).  

 
To sum up, these models have to include an influencing factor in the decision making that is 
irrational, affective/emotional, based on intuitive reasoning, adaptive characters and spontaneous 
acts. Human cognitive limitations also make tourists emotional and subjective (Gladwell, 2005). 
These limitations can drive tourists to rely more on trust and intuitive perceptions than on logical 
reasoning (Correia et al., 2014).  
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Influencing Factors in Decision-Making Models 
 
All of the decision-making models rely on rational and irrational factors that influence the decision 
in order to move to the next stage in the process. This section will focus on irrational factors. 
 

Rational 
These factors can be rational and well determined, such as these described in Fig 13 and they 
participate in the decision-making process to arrive at the optimal choice. 
 

 
Fig 13. Factors in Vacation Decision Making. (Decrop 2006: p. 72). 
 
Some rational decisions are taken on selecting criterion based on product attributes. The most 
popular attributes were discovered to be: ‘non-smoking’, ‘swimming pool’, ‘high-speed internet’, 
‘hot tub’, ‘fitness center’, ‘room service’ and ‘set price range’, ‘comparison’, ‘picture’, ‘reviews’, 
‘star-ratings’ and ‘sort by price’. (Jones and Chen 2011) In addition, PhocusWright (2019) survey, 
discovered that most of the people select a destination based on better value for money, 
accommodation type (3 star-hotel as being the most selected in US) follow by other destination 
characteristics (Fig B).  
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Fig B. Top Destination Characteristics (PhocusWright, 2019) 
 
 

Irrational 
However, (Decroo 2006) or any of the decision models above don’t talk about the irrational factors 
that influence decision making process. The irrational factors are a result of the limited ability of 
humans to arrive at the optimal solution, which may be caused by time and cost constraints, limited 
cognitive capacity, and incomplete or overloaded information. People cannot often maximize the 
utility of all possible choices (Cahyanto et al., 2016). Instead, individuals make good decisions that 
are good enough, rather than optimal (Simon, 1972)  
 
 
Various studies on decision making in the tourism context, incidents and prognoses of cognitive 
biases with regard to their types and stages where they arise are still abstruse (Fig 14. Cognitive 
Biases Discovered at each Travel Stage). Aspects of cognitive biases in tourist decision making are 
still underexamined. 
 
However, (Wattanacharoensil and La-ornual, 2019) go over a comprehensive list of articles examine 
cognitive biases in tourism. They found the most frequent biases in the decision-making process for 
each stage in travel (Fug 14).  
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Fig 14. Cognitive Biases Discovered at each Travel Stage. (Wattanacharoensil and La-ornual, 2019) 
 
A heuristic, or mental shortcut, is an approach to problem solving to simplify the decision-making 
process under uncertain and intricate conditions, a bias is a prejudice. Fig 15 goes in detail to explain 
each bias.  
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Fig 15. Detailed Explanation of each Bias Type (Wattanacharoensil and La-ornual, 2019) 
 
This paper will focus on heuristics on positioning effect that can help with information overload. 
 

Positioning Effect 
 
This section will evaluate the previous studies on positioning effect online and offline in horizontal 
and vertical presentation. Overall, the vertical presentations were believed to have a primacy and 
recency effect while the horizontal ones a middle effect, with a few exceptions.  
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Vertical Presentation 
 (Ert and Fleischer, 2016) experiment resulted in a nonlinear effect of hotel position on the list of 
choices: hotels that were listed at the top (primacy) and bottom of the list (recency) were more likely 
to be chosen than those listed in the middle. The main explanation for these findings relies on the 
“satisficing principle” (Simon 1957), which suggests that people choosing between different 
alternatives conserve resources and select the most accessible satisfactory option presented, even if it 
is not optimal. However, the study was conducted using a vertical presentation of the 10 hotels. In 
addition, while (Ert and Fleischer, 2016) “controlled the other factors of potential relevance (e.g., 
hotel attributes)” this was not demonstrated or tested. Hence, the study might have been influenced 
by the hotel attributes preferences. The price range $144–$184 that was picked for all the 10 hotels 
has still a wide range. For example, a hotel at $144 might have been preferred over one at $184. In 
addition, there were other attributes that might have influenced the decision, such as: photo, 
description, facilities, policies etc. that could be seen on another web page if participants decided to 
sample them. This introduced noise in the experiment that wasn’t explicitly accounted for in the 
analysis and in the results.   
 
Most studies documenting primacy effects, recency effects, or both focus only on vertical 
presentations (e.g. a restaurant menu (Dayan and Bar-Hillel 2011) and ordering deliveries online 
(Murphy et al., 2006)). However, the restaurant menu study used only four different menu ordering, 
hence not all items appeared in all possible positions. (Breugelmans et al., 2007) study found a 
primacy effect, that is, items on the first screen were more likely to be selected, but the absolute 
placement of products on a screen was not influential: only their placement relative to focal items 
seemed to have an impact. 
 

Horizontal Presentation 
Overall, there are certain position rules that seem to govern the physical ordering of people, items, 
and things across contexts and domains. (Valenzuela and Raghubir, 2009) Within a store, consumers 
expect products located in an end-of-aisle display to be on discount (Inman et al., 1990). In a group 
task, observers believe that people seated in the center are the most accurate (Raghubir & 
Valenzuela, 2006) and influential (Taylor & Fiske, 1975). Raghubir and Valenzuela (2006) argued 
that this was due to people's beliefs, based on learned associations, that important people are 
expected to sit in the middle (e.g., the CEO in a group interviewer panel). (Feldman & Lynch, 1988) 
show that when pre-existing attitudes are available, relevant and easily retrieved, then attitudes are 
less likely to be constructed on the basis of contextual cues, such as position. 
 
 
However, most of the studies on horizontal presentations were conducted offline and they 
documented a middle bias when choosing from several items. Examples include choices between 
grocery identical items on a supermarket shelf, toilet stalls, and maze routes (Christenfeld, 1995); 
highlighters and seats (Shaw et al. 2000); and even guessing the correct answer’s position in 
multiple-choice questions (Attali and Bar-Hillel 2003). (Attali and Bar-Hillel 2003) explained the 
middle bias as a tendency to avoid boundaries, an edge-aversion.  
 
(Christenfeld, 1995) concluded in supermarket shelf, toilet stalls, and maze routes studies that people 
choosing from an array of identical options reliably prefer the middle ones. However, some of the 
results could be influenced by other factors. For example, the restroom stalls could have been 
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impacted by the fact that the first stall was next to the door, hence, people avoided it in order to have 
privacy.   
 
 
In addition, traditional shelf effects appear especially important when consumers are not highly 
involved with the purchase decision, are pressed for time, and/or face comprehensive shopping tasks. 
In such situations, consumers often pursue satisfactory rather than utility-maximizing purchase 
decisions. (Breugelmans et al., 2007)  
 
In addition, a few studies documented the same middle effect when choosing between a variety of 
chewing gums (3 varieties) or a variety of pretzels (5 varieties) (Valenzuela and Raghubir 2009). 
Nevertheless, the number of choices were still low. As we’ve seen from (Jones and Chen 2011), the 
consideration sets are composed of 10 hotels on average, whereas choice sets average about 
4.  Hence, difference heuristics might apply according to the number of items in a set. Furthermore, 
research on vision effects using simultaneous presentation predicts that an item left of center versus 
the center is most noticeable (Ducrot & Pynte, 2002) 
 
There also studies that documented different positioning effect. (Nisbett and Wilson, 1977) 
discovered that “last-is-best” rather than the middle in horizontal presentation. In this study, subjects 
were asked to consider a linear array of 4 identical pairs of stockings and the last was preferred. 
However, since the choices were very limited, just 4, and the products were identical, people didn’t 
have to perform an exhausted cognitive activity to assess all 4 products to realize that they are 
identical. Hence, they probably scanned all 4 to realize that they are identical, and they picked the 
last they scanned.  
In addition, (Drèze et al., 1994) also found inconclusive results when nonidentical items were placed 
on shelves in a supermarket. On the horizontal axis, there was no consensus on whether it is better to 
be located. On a vertical dimension a central location was most desirable. However, this matches 
with the natural resting position of the eye. 
 
In conclusion, there are no studies that address the selection of a highly involved purchase, such as a 
tourism product, in a horizontal positioning where the choice set is big enough and comprises 
nonidentical items.  
 

Research Question 
 
The goal of this paper is to evaluate experimentally if there is a positioning effect in a horizontal 
presentation vs. vertical one, in a high-involved decision-making process selecting from a non-
identical item.   
Hotel booking is considered a high-involvement process because it occurs infrequently and is a 
relatively expensive purchase. Thus, people planning their trip tend to expend a good deal of effort 
on the search for a suitable hotel.  
 
This research will contribute to the literature by addressing these three limitations: 

1. There are no studies on positioning effect on choice in an online horizontal presentation  
2. There are no studies that address the selection of a highly involved purchase, such as a 

tourism product, in a horizontal positioning  
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3. Previous study by (Ert and Fleischer, 2016) on positioning effect on choice in an online 
vertical presentation didn’t separate the selection criteria (based on attributes) vs. evaluation 
criteria (based on positioning effect). Hence this study will be able to separate the two and 
confirm the positioning effect explicitly by using non-negative matrix factorization 
technique.  

Furthermore, this study will show how can non-negative matrix factorization technique can be used 
for any other study to decompose different types of entities that interact in order to make a final 
outcome. For example, this technique can be applied to the other studies to separate the preferences 
for a product attribute vs. heuristics (such as framing, positioning, decoy effect, loss aversion etc.).  

 

In addition, for practical applications this study can be used to promote specific products in the 
observed preferred positions. For example, some OTAs are now using horizontal presentation for 
hotel choices (Fig 16. Airbnb). Hence it will be useful to know if there is a positioning effect in this 
layout compare to vertical one used traditionally (Fig 17. Expedia). As a result, tourism managers 
might use the findings of our study to promote their travel option. 

 
Fig 16. Airbnb.com Example of Horizontal Hotel List Layout 
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Fig 17. Expedia.com Example of Vertical Hotel List Layout 
 
 
Research has found that people assign meaning to the position of an item, in the absence of 
alternative information. As seen in the section above, most of the findings support an advantage for 
items places in the middle of an array when displayed horizontally ((Christenfeld, 1995), (Shaw et al. 
2000), (Attali and Bar-Hillel 2003)), with very few exceptions ((Nisbett and Wilson, 1977), (Drèze et 
al., 1994)). Since, the exceptions were under different conditions that the ones we test now, I will 
assume that they don’t apply here. (Nisbett and Wilson, 1977) tested identical products and just 4 of 
them, while this study is testing different products and more than 4. (Drèze et al., 1994) results were 
in relation with shelf placement both vertical and horizontal. However, online placement is different 
because eye level is not considered the same way, since everything is at eye level on a web page 
once you scroll.  
 
Thus, in line with traditional middle effect bias or edge-aversion from most of the studies, I expect 
that hotels encountered in the middle positions in a horizontal layout will receive more attention. 
Hence, I expect middle placements to draw substantially higher choice probability. 
 
Therefore, this study will assess three hypotheses: 
 
Hypothesis H1: Hotels displayed in the middle of a hotel list in a horizontal presentation have a 
higher probability of being chosen. 
 
 
There could be a hybrid in decision making rules applied by a decision maker. In the book “The 
Nudge”, Thaler and Sunstein (2009) show that as the choices become more numerous and/or vary on 
more dimensions, people are more likely to adopt simplified strategies (see Heuristics X Used in Fig 
13). One strategy is elimination by aspects from the consideration set, where the decider chooses 
one aspect that is important, establishes a cutoff level, then eliminates all the alternatives that do not 
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come up to the standards. The process is repeated, attribute by attribute. The process is repeated until 
the set is narrow enough (choice set) to switch over to compensatory evaluation of the finalists see 
Heuristics Y Used in Fig 13). (Appendix A: Compensatory vs. Non-Compensatory Decision 
Making). This theory has received support from a recent empirical study (Jones and Chen 2011), 
which found that hotel consideration sets are composed of 10 hotels on average, whereas choice sets 
average about 4.  
 
(Jones and Chen 2011) study also argues that there should be a distinction made between evaluative 
criteria (Heuristics X and Y in Fig 13) and choice criteria (Attributes A and B in Fig 13). Most 
studies established the attributes and their importance that consumers take into account in their 
choice criteria. In addition, Gensch (1987) found that consumers used different attributes at different 
stages of the choice process as portrayed in the Fig 18 below, where Attributes A applied at one 
stage could be different than attribute B applied at another stage. The most popular attributes in 
forming the consideration set were discovered to be: ‘non-smoking’, ‘swimming pool’, ‘high-speed 
internet’, ‘hot tub’, ‘fitness center’, ‘room service’ and ‘set price range’. While the most popular 
attributes in forming the choice-set are totally different: ‘comparison’, ‘picture’, ‘reviews’, ‘star-
ratings’ and ‘sort by price’. (Jones and Chen 2011)  
 

 
Fig 18. Adapted conceptual map of key construct (Jones et al., 2011) Legend: Green color represents 
the contribution brought by this paper as observed by several studies mentioned above.  
 
 
(Jones and Chen 2011) study has a limitation around evaluative criteria based on heuristics unrelated 
to the choice criteria based on attributes. In other words, the selection criteria are based on assessing 
attributes (different ones for each stage) either through elimination process or compensatory 
evaluation. However, there can be evaluative criteria applied in the same time as choice one by 
applying heuristics such as positioning (primacy, recency, saliency effect etc.). They both can 
contribute to the final choice.  
 
 

Cristina Tudose
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Hypothesis H2: Both choice criteria (based on attributes) and evaluative criteria (based on 
non-attribute heuristics) are present decision-making process and they both influence the 
consumer choice.  
 
 
Traditional research also showed that there was a difference in customer preference depending 
whether the layout was horizontal vs. vertical (middle effect vs. primacy & recency effect). Primacy 
and recency effects were demonstrated by hotel list in (Ert and Fleischer, 2016) study, restaurant 
menu choice by (Dayan and Bar-Hillel, 2011), shelf placement (Breugelmans et al., 2007). (Drèze et 
al., 1994) results for placing products on the shelf showed differences between vertical vs. horizontal 
positioning: “On the horizontal axis, there was no consensus on whether it is better to be located on 
the edges or in the center of a set; half of the categories favored the edges, the other half favored the 
center. The results for the vertical dimension were more consistent. A central location is most 
desirable.” 
 
Therefore, I assume that online layouts follow the same principle. Hence, vertical and horizontal 
layouts will produce different choice preferences for the customers based on evaluating their 
positions. However, the selection criteria based on attributes should be similar for both layouts. 
Hence, the hotel preferences should be the same in both vertical and horizontal layouts.  
 
Hypothesis H3: Hotels positions in a horizontal layout have a different probability of being 
preferred than those in a vertical layout. Meanwhile, hotels preferences based on attributes are 
the same in vertical and horizontal layouts.   
 

Project Methodology & Design 
This research uses a positivism philosophy, using an experiment strategy to test the hypothesis 
deducted from the theory review.  

Research Philosophy and Approach 
The research onion (Fig 19) illustrates the stages that must be covered when developing a research 
strategy, where each layer of the onion describes a more detailed stage of the research process 
(Saunders et al., 2007).  
In this study we adopted a positivism philosophy that is based on the idea that scientific knowledge 
is the true or acceptable knowledge of the world and is characterized by the testing of the hypotheses 
(or research questions) derived from the existing theory of knowledge. (Newman, 1998) This is in 
contrast with the interpretivism philosophy that “rests on the assumption that social reality is in our 
minds and is subjective and multiple. Therefore, social reality is affected by the act of investigating 
it.” (Collis Hussey, 2014) (See Appendix G for more details) 
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Fig 19. Research philosophy, approach, strategy and method (Saunders et all, 2009-20012, pp:11) 
 
A deductive approach was used to formulate the three hypotheses, based on the previous studies 
from the literature. We will use a quantitative methodology in order to produce precise, objective, 
reliable results by using a large sample size. Different experiments will be used to test the 
hypotheses.  We didn’t use surveys or other type of studies due to the fact that we are testing a 
heuristic that people might not be aware of. Hence, if people are asked in a study if positions 
impacted their choice they might not answer objectively. In conclusion, the best reliable approach is 
to use an experiment where we can statistically analyze the consumer behavior without asking them.  
 

Data Collection and Ethics 
This research uses primary and secondary data. Secondary data, such as heuristics list at each 
traveler journey stage and existing studies around positioning effect in vertical and horizontal 
layouts, helped to inform the hypotheses. While primary data, such as the online experiments, are 
being used to test the hypothesis. The experiments will use an online panel service, called MTurk or 
Amazon Mechanical Turk. (See Appendix H) 
 
“Ethical concerns are greatest where research involves human participants, irrespective of whether 
the research is conducted person-to-person.” (Saunders et al, 2012, pp:208)  
University of Bradford Research Ethic Committee approved the proposed research. In the proposal, 
we also wanted to do an interview with participants to understand their decision making, however, 
this was dropped due to the fact that people are not aware of the applied heuristics. Hence, asking 
about them won’t produce valuable and reliable results. Hence, this research will use just 
experimental processes to test the hypotheses and contribute to the research question. Since, it uses 
MTurk the participants are randomly assigned to the experiment and anonymous. They are also not 
vulnerable as they are not related in any ways with OTAs. Participants are also reliable as their 
approval rate is higher than 95%. In addition, all 10000 participants are from US participating in the 
online panel. Each of the participant is paid 7cents per response and they have the freedom to choose 
the complete the task before they see it, based on remuneration and estimated time (5 minutes). 
Furthermore, this project is not sponsored by any of the OTAs or any travel related businesses.   
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Non-Negative Matrix Factorization 
Matrix factorization model was chosen to calculate the probability of hotels being chosen based on 
positions or other preferences (attributes). Matrix factorization techniques are usually effective in 
these cases because they allow us to discover the latent features underlying the interactions between 
two different kinds of entities. Matrix factorization is to find out two (or more) matrices such that 
when you multiply them you will get back the original matrix. (QuuxLabs, 2010) Non-negative 
matrix factorization (NMF) has previously been shown to be a useful decomposition for multivariate 
data.  
 
“Non-negative matrix factorization (NMF) Given a non-negative matrix V, find non-negative matrix 
factors Wand H such that:  
 

V~WH (1) 
NMF can be applied to the statistical analysis of multivariate data in the following manner. Given a 
set of multivariate n-dimensional data vectors, the vectors are placed in the columns of an n x m 
matrix V where m is the number of examples in the data set. This matrix is then approximately 
factorized into an n x r matrix Wand an r x m matrix H. Usually r is chosen to be smaller than nor m, 
so that Wand H are smaller than the original matrix V. This results in a compressed version of the 
original data matrix. “(Lee, D. and Seung S., 2001). 
 

Research Design for Hypothesis H1 
Hypothesis H1: Hotels displayed in the middle of a hotel list in a horizontal presentation have a 
higher probability of being chosen 
 
For testing the Hypothesis H1, I conducted a controlled experiment to determine if there is a causal 
relationship between position and hotel choice in a horizontal layout.  The experiment had 
participants from an online panel, to choose a hotel for a trip in Tel Aviv, from a list of 10 hotels. 
The hotels positions in the list changed 10 times in order to determine if people have a preference for 
the hotel’s attributes or for the actual position in the list.  
 

Participants 
Choosing a sample size to be representative of the entire US population (approx. 330milions) has to 
be more than 384 with a confidence level of 95% (Fig 20). However, (Ert and Fleischer, 2016) study 
on vertical positioning had 858 participants. Therefore, if we take a sample size of 1000 it is 
representative for a 330 million population with a margin error between 2.5-3.5% (Fig 20).  
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Fig 20. Determining sample size for a given population. Left (Collis Hussey, 2014) and Right 
(Research Advisors, 2019) 
Hence, 1000 adults from US with an approval rate higher than 95% on Amazon Mechanical Turk 
were assigned to the experiment. Participants were randomly assigned to one of the 10 experimental 
conditions to make 100 participants per experimental condition.  

Task 
The main task for the participants was to choose only one hotel from a list of 10. First, they were 
asked to imagine that they have planned a week-long trip to Tel Aviv with another adult. We 
mentioned a trip with another adult in order to make the task as a high-involvement one, as their 
reputation could be at stake in front of the other traveler.  
 

Hotel List 
OTAs typically present hotels in lists, typically more than 10, depending if filters were applied or 
not. Thai and Yuksel (2017) found that a size of 3 choices gave higher satisfaction and more 
certainty of the choice made than choosing from a set of 7. Park and Jang (2013) said that having 
more than 22 choices increased the likelihood of making ‘no choice’ or having regret after making a 
choice.  
 
Given the info above, and not having too many or too less choices and taking into account (Ert and 
Fleischer, 2016) experiment, I took a list of 10 choices. 10 hotels from Tel Aviv were picked. I used 
Hotels.com site and design the selection page in order to mimic a genuine OTA website experience.  
(Appendix B) 
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Hotel Attributes 
As previously mentioned, attributes contribute to determine the selection of the hotel in choice 
criteria (Fig 21). In this study while trying to uncover if there are other heuristics not based on 
attributes for hotel choice, key attributes need to be kept in order for the choice to take place.  

 
Fig 21. Attributes and Heuristics  
 
First, I limited hotels’ attributes by keeping only the most popular ones that were identified by 
(Jones and Chen 2011) as key influencers in arriving at a choice set (Fig 22): 

- Hotel Name 
- Hotel Image 
- User Rating 
- Price  
- Discount 

 
Fig 22. Hotel Design and Attributes 
 
 
Second, I restricted attributes imbalance (on price and ratings), while still keeping it realistic. In 
addition, I filtered hotels that might stand out (See all hotel list in Appendix B): 

- Hotel Names: I removed all the famous brands (hotel chains such as Marriott, Hilton, Sheraton 
etc.). This way I reduce the risk of people choosing a hotel due to brand awareness that plays 
a role in forming a consideration set.  

- Images: all images were similar by having all of them depicting outdoors swimming pools or 
beach front 

- Ratings: all ratings are between Good (7) – Superb (9) 
- Prices: all hotel prices are between $168-$198 
- Discount from: all discounted rates are between $269-$609 
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Horizontal Layout  
Participants were presented with a list of hotels in a horizontal layout where they could scroll left 
and right to see all the hotels (Fig 23).   

 
Fig 23. Screenshot of the Experiment for Horizontal Layout 

Hotels Positions 
An experiment was set where the 10 hotels with their respective attributes were presented in a 
horizontal layout. The study included 10 experimental conditions where the only difference between 
them was the hotel order/position in the list. As delineated in Fig 24, each hotel appeared once in 
each of the 10 possible positions. 
 

 
Fig 24. Hotel order/position under each of the 10 experimental conditions (based on (Ert and 
Fleischer, 2016) experiment within vertical layout) 
Participants were randomly assigned to one of the 10 conditions where they were asked to choose 
one hotel. (See Appendix B for Instruction) 
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Results for Hypothesis H1 
Each of the 10 experimental conditions had 100 answers (hotel choices) by different individuals. In 
addition, the answers that took less than 10 seconds were rejected in order not to skew the results by 
taking into account random choices. (See Appendix C: Invalid Answers) However, the experiment 
was resubmitted until 100 people accomplished the task for each experimental condition. In this way 
there was the same number of people and valid answers, 100, in each experimental condition. 
 
Fig 25 display the results of the hotel choices and their respective positions. 
 

 
Fig 25. Horizontal Layout – Hotel Choices for each Experimental Condition  
 
A quick analysis shows that some hotels were preferred, C, H and J, regardless of their position.  
 
All the answers from Fig 25 can be represented in a 10X10 matrix. Using the non-negative matrix 
factorization technique, this will be the original matrix. Hence, the task is to predict the latent 
features in the consumer choice: positions vs. hotel preference based on attributes. Hence, the result 
would be 2 matrices that multiplied will have to result in the original one. 
 
Appendix D contains the implementation of the algorithm in Python for running the experiment 
results. Below in Fig 26 are the results of the two matrices: 
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Fig 26. Preferred Hotels and Positions in Horizontal Layout 
 
 
Based on the results we clearly see the preferred hotels C, H, J. However, we also see that there is a 
preference for the first 3 positions in the list.  
  
In conclusion, hypothesis H1 is refuted as the people are most likely to choose the first positions in a 
horizontal layout and not the middle.   
 

Discussion and Applications for Hypothesis H1 

Positioning Effect 
The results show that hotel position on a web page in a horizontal layout significantly influences the 
choice of hotel even higher than in a vertical layout (Fig 32. Position Preference Comparison).  
The hotels located at the beginning of the list were more likely to be chosen than hotels positioned 
further away.  
An explanation can be that primacy and satisficing principle are exercised in the horizontal layout 
more so than in the vertical layout. This refutes the hypothesis H1 where the middle effect was 
observed (e.g. identical items on a shelf; identical toilet stalls, multiple choice questions tests). 
Another explanation of the different results could be that the current study, in comparison with the 
previous ones, is the first one to examine a position effect in a horizontal presentation for a high-
involvement decision, like booking a hotel. Hence, when consumers are faced to make a high 
involvement decision, they might behave different than when the choice doesn’t matter that much: 
picking a hotel for a vacation for a week vs. picking a chewing gum or a pretzel (Valenzuela and 
Raghubir 2009).  
 

Application  
 
The results of this research provide some empirical evidence of a “nudging” processing in the travel 
domains. The concept of nudge has been suggested by Thaler and Sunstein (2009), showing the 
importance of simple cues on behavioral change. For example, a simple change of display location 
can significantly change food consumption behavior (Keller et all, 2015); preference for a healthy 
snack option can be higher when the healthy food option is placed in the middle (vs. on the edge) of 
a list.  
Similarly, based on our study, OTAs can promote different hotels to the top of the list in a horizontal 
layout.  
In addition, this study is important for meta sites like TripAdvisor, Kayak, Trivago who aim to give a 
fair chance to competing brands. These sites have to take into account the position of the hotels 
promoted by several brands and optimize it with respect of the goals they want to achieve. For 
example, if they want to promote specific brand names, they can utilize the positions in question. 
Otherwise, if they want to give equal chance to all the competing brands, they should randomize 
their listings all the time.  
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Research Design for Hypothesis H2 
Hypothesis H2: Both choice criteria (based on attributes) and evaluative criteria (based on 
non-attribute heuristics) are present decision-making process and they both influence the 
consumer choice.  
 
For testing Hypothesis H2, I used the same experiment as for H1, the only difference being on the 
analysis of the results.  

Results for Hypothesis H2 
Based on Fig 26, hypothesis H2 is accepted since both: 

- Choice criteria based on hotel attributes and 
- Evaluative criteria based on non-attribute heuristics, positioning 

are impacting the decision-making process of selection a hotel in a horizontal layout. 

 
Fig 27. Evaluation and Choice Criteria Applied for Hotel Choice in Horizontal Layout. 
 
Even though the positioning effect exists, we demonstrated that hotel selection based on its attributes 
plays a role in the final selection in a horizontal layout.  

Discussion and Applications for Hypothesis H2 

Choice Criteria vs. Evaluation Criteria 
 
Since hotels attributes have an important weight in the decision-making, OTAs should continue to 
focus on emphasizing the attributes that matter to the choice criteria in each stage of the decision 
making. Furthermore, OTAs should also focus on heuristics that are based on attributes, such as 
“framing effect”, “social bias”, “anchoring” (on price), “loss aversion”, “negativity and positivity 
bias” etc.  
In addition, knowing that the last positions are the least likely to be chosen in horizontal presentation, 
if OTAs want to promote the last positions they should somehow draw attention to those positions by 
using heuristics based on attributes.  
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Other interesting application in tourism could be in choosing destinations to go to, locations, 
activities, like things to do (see Fig 34 Google example) 
 

Other Applications 
Knowing that attributes-based decision matter alongside with non-based attributes heuristics, OTAs 
can utilize both in order to develop world class recommendations. In order to combine both, OTAs 
ca have one recommendation system based on attributes. There are several recommendation 
techniques (Appendix F) within artificial intelligence realm but they are out of scope for this paper. 
However, the aspect that is not taken into account in these models is the irrational aspect of the 
decision-making process.  
Hence, if OTAs combine both the machine learning recommendation techniques with the heuristics 
on positioning, they will determine the right place and the right hotels to recommend to users. Hence, 
not only influence them in their decision but also shortening the time to search for options. In this 
way the most optimum option will be presented based on specific attributes and also in the right 
position (at the beginning in a horizontal layout). 
 

Research Design for Hypothesis H3 
Hypothesis H3: Hotels positions in a horizontal layout have a different probability of being 
preferred than those in a vertical layout. Meanwhile, hotels preferences based on attributes are 
the same in vertical and horizontal layouts.   
 
For testing Hypothesis H3, I ran the same experiment as above, in a vertical layout to assess if there 
are any differences and also validate if (Ert and Fleischer, 2016) findings can be reproduced with 
other type of hotels.  
 

Vertical Layout 
For Hypothesis H3, participants were presented with the exact same list of hotels but in a vertical 
layout where they could scroll up and down to see all of them (Fig 28).   
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Fig 28. Screenshot of the Experiment for Vertical Layout 
 

Results for Hypothesis H3 
(Ert and Fleischer, 2016) study shows that in a vertical layout the preferred positions are the first and 
the last due to primacy and recency effect. Our results show that in horizontal layout the preferred 
positions are the first ones. Based on this, H3 should be true. However, we need to assess the results 
to validate this. In addition, we don’t know if the same hotels are preferred based on their attributes 
(outside their positions).  
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Fig 29. Vertical Layout: Hotel Choices in each of the Experimental Condition 
 
A quick analysis showed that the same hotels are preferred, C, H and J, as in horizontal layout.  
However, we will use the same mathematical tool to identify the hotel position preferences.   
 
Below are the results of running the code from Appendix E for Vertical Layout responses: 

 
Fig 30. Preferred Hotels and Positions in Vertical Layout 
 
 
The results show that the preferred hotels are the same (C, H, J) as the horizontal layout (Fig 31).  
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Fig 31. Hotel Preference Comparison  
 
 However, we also see that there is a difference in position preference (Fig 31). In vertical layout the 
second and the last positions are preferred. Hence, it does match the (Ert and Fleischer, 2016) 
findings. In addition, it is different than the horizontal layout.  
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Fig 32. Position Preference Comparison 
 
  
In conclusion, hypothesis H3 is accepted as there is a difference in the likelihood of hotel being 
chosen between horizontal layout and vertical one based on hotels’ position.  
 

Discussion and Applications for Hypothesis H3 

Applications 
We’ve observed that more OTAs are experimenting in displaying hotels in horizontal layouts (see 
Fig 33 and Fig 34) 

 
Fig 33. Hotels.com Vertical Layout (right) vs. Horizontal Layout (left) 
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Fig 34. Google Horizontal Layout for Selecting Things to Do.  
  
In this shift, the main implication for OTAs is the awareness of how consumer selection behavior 
changes from vertical to horizontal presentation.  Marketing managers should be aware of the most 
effective positions for promotions.  
As an example, on Expedia.com site sponsored hotels are displayed in specific positions in the list 
(such as position 1 and 7). In addition, other messages appear in specific position (such as a fear of 
loss message on position 7 on Expedia). (see Fig 35) 
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Fig 35. Expedia.com Example of Positioning  
 
If Expedia would move to a horizontal layout, understanding the shift in position preferences is key 
in order to maintain or even improve their revenue from the sponsored hotels.  
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Project Limitation 
Choice Number 
This study demonstrates the evaluation and choice criteria from the consideration set to the choice 
set to the ultimate hotel selection (Fig 36).  

 
Fig 36. Stage of Assessment for this Study 
 
However, this study doesn’t address the choice and evaluation criteria from All Available Hotels to a 
Consideration Set.  If we run the same experiment with higher number of hotels, the results might 
differ. Park and Jang (2013) demonstrated that having more than 22 choices increased the likelihood 
of making ‘no choice’ or having regret after making a choice. It is worth testing with more hotel 
choices and assess the following: 

- Does position have the same impact when product assortment is larger? 
- Does elimination by aspects work the same way for a higher number of hotels? (e.g. is the list 

of preferred hotels similar in a larger choice set (22) vs. smaller (10)?) 

 

Proximity & Context Effect 
This study doesn’t assess if proximity to focal items has a strong effect on an item's choice 
probability when the product assortment is larger. 
 
As seen from (Kim J et all, 2018) study, there is a context effect (decoy or compromise effect) when 
selecting hotels. This paper doesn’t assess whether hotels next to each other influenced the choice by 
introducing a context effect (besides the positioning effect).  
 

Scroll Depth 
The scroll depth was not measured in this study. It would have been interesting to track users and see 
how far on the right they scroll in a horizontal setup. One of the assumptions is that people might not 
go all the way to the end of the list in a horizontal layout compare to a vertical one.  
 

Sort by… 
This study is not looking if hotels are sorted by a specific attribute due to the fact that the test is not 
done on a real OTA site. Hence, the customers don’t have access to filters and sort by functionalities 
that they would normally have. For example, if a customer decides to sort by the list of hotels based 
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on price, would they scroll all the way down in a vertical list and pick the most expensive one? This 
study doesn’t address the preference for specific positions in an ordered list (by price, by ratings, by 
stars etc.) 
 

Hotels Selection Market 
One of the possible limitations is the fact that the results might not be generalizable to all hotels or 
all markets. The hotel selection in the experiment feature beach vacation in Tel Aviv. Same 
experiment can be applied to other type of market to see if the same results will occur.  
 
Future studies should seek to verify all these limitations to further clarify their boundaries.  

Conclusion & Recommendations 
This paper has a number of conclusions which are an addition to tourism decision-making literature.  
First, it provides evidence that hotel selection is influenced by evaluation criteria (a heuristic) and 
choice criteria (selection or rejection based on attributes).  
Second, the evaluation criteria in a horizontal layout is influenced by positioning effect when 
choosing from non-identical items and a high involvement decision is performed. The first positions 
are most likely to be chosen in a horizontal layout compare to first and last ones in a vertical layout.  
 
This study makes a valuable contribution towards understanding how people chose a hotel in 
different UI (user interface) layouts and how heuristics around positioning play an important role in 
the evaluation criteria when a high involvement decision is at stake. This is very important findings 
for OTAs while they are experimenting different layouts and presentation to the customers. While at 
face value it seems harmless, it might impact the customer behavior in undesirable ways that might 
result in revenue losses. The main implication for OTAs is the awareness of how consumer selection 
behavior changes from vertical to horizontal presentation.  Marketing managers should be aware of 
the most effective positions for promotions. 
 
Some recommendations for OTAs will be to: 

1. Promote	sponsored	products	(aka	hotels)	at	top	positions	in	a	horizontal	layout	and	
top	&	bottom	positions	in	a	vertical	one.	This	will	make	people	select	those	products	
more,	thus,	increasing	OTAs’	revenue	from	the	sponsors.	 

2. Help	users	discover	specific	products	by	showcasing	them	at	specific	position	on	their	
own	sites	or	other	sites.	If	the	OTAs	are	present	on	meta	sites	that	aggregate	hotels	
from	multiple	OTAs	(such	as	meta	sites:	TripAdvisor.com,	Kayak.com,	Trivago.com),	
they	should	negotiate	to	have	their	products	showcasing	on	the	same	positions	
mentioned	at	#1.		This	will	increase	their	revenue	knowing	that	people	will	select	those	
positions.	 

3. Predict	the	impact	(such	as	monetary)	if	they	change	their	layout.	Hence,	if	they	decide	
to	switch	from	showcasing	their	products	vertically	to	a	horizontal	view,	then	OTAs	
should	move	all	the	products	previously	in	the	bottom	to	the	beginning	of	the	list	in	a	
horizontal	layout.	This	will	assure	that	there	won’t	be	any	revenue	loss	or	any	share	of	
bookings	shifting	to	other	hotels.	 
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In addition, the analysis technique used, can be leverage on future studies or even in past studies in 
order to be able to separate different preferences that might influence a final decision. This study 
shows how can non-negative matrix factorization technique can be used for any other study to 
decompose different types of entities that interact in order to make a final outcome. For example, this 
technique can be applied to the other studies to separate the preferences for a product attribute vs. 
heuristics (such as framing, positioning, decoy effect, loss aversion etc.). 
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Appendix 
 
 

Appendix A: Compensatory vs. Non-Compensatory Decision Making 
 
“Compensatory decision-making strategies are rational decision choices that are represented by 
multi-attribute utility models (Keeney and Raiffa 1976; Zeleney 1976). Compensatory decision 
making involves identifying a set of attributes applicable to the decision, assigning a relative 
importance or weight to each attribute, computing an overall score for each option based on the 
attribute weight, and selecting the option with the best score. Compensatory decision making is 
based on utility maximization since the option(s) with the highest sum of the weighted utilities are 
selected. In compensatory decisions, a negative value on one attribute can be compensated by an 
equal or higher value on another attribute. For example, high rent (negative attribute) for one 
apartment may be compensated by the better location (positive attribute) of that apartment.  
 
In contrast, non-compensatory decision rules are those that shortcut or simplify the compensatory 
process by applying heuristics to quickly evaluate the alternatives with minimal effort. Non-
compensatory decision rules can allow faster decisions with acceptable losses of accuracy. They are 
represented by decision strategies such as the “Elimination by Aspect” strategy (Tversky 1972) and 
the lexicographic rule (Svenson 1979). For example, in a non-compensatory strategy, a high rent for 
one apartment eliminates that option from the consideration set, with the better location unable to 
compensate for the negative high-rent attribute. “ (Lee and Anderson 2009) 
 

Appendix B: Experiment Condition 
 
Detailed Instructions 
You are traveling for leisure to Tel Aviv for one week with another adult (friend, family member or 
significant other etc.)  
1. Choose by clicking "Choose this hotel". 
Please read carefully the information about each hotel provided You have 5 minutes to choose the 
best option for your trip! Select the hotel by clicking the radio button below the hotel. 

Instruction on the page 

Please choose the best hotel for your vacation in Tel Aviv. 
Read the hotel information carefully. You have 5 mins to choose the best option for your 
trip! 

Hotel List 
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 Choose this 
hotel 
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 Choose this 
hotel 
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 Choose this 
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 Choose this 
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 Choose this 
hotel 

 
 

Appendix C: Invalid Answers 
 
Answers that took less that 10 seconds were rejected. 
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Appendix D  
 
Python Code for Non-negative Matrix Factorization of the Horizontal Results.  
 
import numpy as np 
from sklearn.decomposition import NMF 
 
R = np.array([[7, 12, 16, 5, 7, 4, 1, 1, 9, 3], 
[16, 12, 16, 3, 4, 2, 4, 0, 4, 7], 
[21, 24, 25, 14, 21, 13, 12, 10, 8, 13], 
[12, 12, 7, 5, 4, 1, 3, 7, 4, 4], 
[5, 7, 6, 2, 4, 2, 1, 1, 2, 1], 
[3, 12, 8, 3, 3, 3, 3, 2, 1, 0], 
[7, 5, 10, 3, 3, 0, 3, 2, 2, 1], 
[34, 21, 29, 16, 12, 13, 12, 13, 7, 8], 
[30, 15, 14, 10, 11, 9, 5, 4, 4, 5], 
[34, 50, 40, 35, 25, 24, 24, 32, 22, 23]]) 
 
model = NMF(n_components=1, init='random', random_state=0, max_iter=30000) 
P = model.fit_transform(R) 
Q = model.components_ 
 
print('Model errors') 
print(model.reconstruction_err_) 
print('Hotel preferences') 
print_data(P) 
print('Position preferences') 
print_data(Q.T) 
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Appendix E 
 
Python Code for Non-negative Matrix Factorization of the Vertical Results.  
 
import numpy as np 
from sklearn.decomposition import NMF 
 
R = np.array([[4, 7, 4, 6, 3, 7, 5, 2, 3, 4], 
[5, 4, 11, 5, 6, 6, 6, 6, 6, 4], 
[20, 18, 23, 23, 11, 15, 14, 19, 22, 15], 
[6, 7, 4, 12, 6, 6, 4, 4, 5, 3], 
[1, 3, 8, 3, 2, 3, 0, 3, 3, 3], 
[5, 5, 10, 4, 8, 1, 6, 2, 9, 9], 
[9, 3, 4, 5, 5, 7, 4, 2, 5, 4], 
[11, 16, 6, 13, 18, 18, 14, 10, 16, 20], 
[11, 15, 8, 8, 11, 8, 10, 16, 9, 10], 
[31, 32, 22, 28, 25, 30, 24, 27, 37, 31]]) 
 
model = NMF(n_components=1, init='random', random_state=0, max_iter=30000) 
P = model.fit_transform(R) 
Q = model.components_ 
 
print('Model errors') 
print(model.reconstruction_err_) 
print('Hotel preferences') 
print_data(P) 
print('Position preferences') 
print_data(Q.T) 
 

Appendix F 
There are already online systems that help customers choosing the optimal solution that matches 
their preferences. “Decision support tools, also known as Recommendation Systems (RSs), have 
been developed to address these concerns. In the tourism field, they are referred to as Tourism 
Recommendation Systems (TRSs). Tourists and tourism providers can search, select, compare and 
make decisions almost instantly, and more efficiently than ever.” (Thiengburanathum, 2018)  
 
“A recommendation engine filters the data using different algorithms and recommends the most 
relevant items to users. It first captures the past behavior of a customer and based on that, 
recommends products which the users might be likely to buy.” (Analytics Vidhya, 2019) 
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Fig 31. Conventional architecture of TRS. (Thiengburanathum, 2018)  
 
 

 
Fig Y. Recommendation Engine Techniques (Thiengburanathum, 2018)  
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Appendix G 
Differences between Positivism and Interpretivism philosophies and their characteristics. 

 
Adapted from (Saunders et al., 2007). 
 

Appendix H 
“Amazon Mechanical Turk (MTurk) is a crowdsourcing marketplace that makes it easier for 
individuals and businesses to outsource their processes and jobs to a distributed workforce who can 
perform these tasks virtually. This could include anything from conducting simple data validation 
and research to more subjective tasks like survey participation, content moderation, and more. 
MTurk enables companies to harness the collective intelligence, skills, and insights from a global 
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workforce to streamline business processes, augment data collection and analysis, and accelerate 
machine learning development. 
While technology continues to improve, there are still many things that human beings can do much 
more effectively than computers, such as moderating content, performing data deduplication, or 
research. Traditionally, tasks like this have been accomplished by hiring a large temporary 
workforce, which is time consuming, expensive and difficult to scale, or have gone undone. 
Crowdsourcing is a good way to break down a manual, time-consuming project into smaller, more 
manageable tasks to be completed by distributed workers over the Internet (also known as 
‘microtasks’).“ (MTurk, 2019) 
 

Appendix I 
 
Travel is personal depending on many factors: age, length of trip, number of trips taken, travel party 
composition, traveler persona (foodie, city explorer, beachgoer etc.), time taken to decide between 
destinations, trip planning motivations. See the following Phocuswright (2019) survey results: 
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Appendix J 
 
The main problem in the digital information environment is the information overload, as people have 
access to more information than ever before. Too much information from too many sources may lead 
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to information overload due to the cognitive costs associated with information processing (Bettman 
et al., 1991) 
 
Travelers are often overwhelmed by the huge amount of information online and not able to locate the 
information they intend to find (Pan and Fesenmaier, 2000). Thus, trip planning on the Web can be a 
frustrating experience.  
 
Trip planners are looking for all type of information: destination, activities, transportation. (Fig 5) 

 
Fig 5. Semantic Mental Model of Travel Planning (Fesenmaier et al., 2006) 
 
OTAs can reduce the window between shopping and booking by offering relevant recommendations 
from where customers can easily select. This will reduce the friction in the shopping stage of the 
journey. (Travelport, 2019)  
 
 
 



63	

Reference 
 
Travelport. 2019. How OTAs can optimize conversions across the customer journey. [ONLINE] 
Available at: <a href="https://www.travelport.com/blog/top-tactics-otas-can-use-optimize-
conversions-across-traveler-journey">https://www.travelport.com/blog/top-tactics-otas-can-use-
optimize-conversions-across-traveler-journey</a>. [Accessed 21 July 2019]. 
 
McKinsey. 2019. How to serve today’s digital traveler. [ONLINE] Available at: <a 
href="https://www.mckinsey.com/industries/travel-transport-and-logistics/our-insights/how-to-serve-
todays-digital-traveler">https://www.mckinsey.com/industries/travel-transport-and-logistics/our-
insights/how-to-serve-todays-digital-traveler</a>. [Accessed 21 July 2019] 
 
Hinze, A., Junmanee, S. 2005. Travel recommendations in a mobile tourist information system. In 
ISTA’ 2005, 4th International Conference (Vol. GI-Edition, Lecture Notes in Informatics, pp. 89–
100). Bonn: Gesellschaft fur Informatik. 
 
Analytics Vidhya. 2019. Comprehensive Guide to build a Recommendation Engine from scratch. 
[ONLINE] Available at: <a href="https://www.analyticsvidhya.com/blog/2018/06/comprehensive-
guide-recommendation-engine-
python/">https://www.analyticsvidhya.com/blog/2018/06/comprehensive-guide-recommendation-
engine-python/</a>. [Accessed 3 August 2019]. 
 
Woodside, Arch & Lysonski, Steven. (1989). A General Model Of Traveler Destination Choice. 
Journal of Travel Research - J TRAVEL RES. 27. 8-14. 10.1177/004728758902700402 
 
Engel, J. F. (1968). The study of human behavior. Consumer behavior: Selected readings (pp. 2e17). 
Homewood, IL: Richard D. Irwin Inc.  
 
Decrop, A., & Snelders, D. (2004). Planning the summer vacation: An adaptable process. Annals of 
Tourism Research, 31(4). 
 
Smallman, C., & Moore, K. (2010). Process studies of tourists' decision-making. Annals of Tourism 
Research, 37(2). 
 
McCabe, S., Li, C., & Chen, Z. (2015). Time for a radical reappraisal of tourist decision making? 
Toward a new conceptual model. Journal of Travel Research, 55(1), 3e15. 
 
Gitelson, R., & Kerstetter, D. (1995). The influence of friends and relatives in travel decision-
making. Journal of Travel & Tourism Marketing, 3(3). 
 
Decrop, A. (2010). Destination choice sets: An inductive longitudinal approach. Annals of Tourism 
Research, 37(1). 
 
Engel, J. F. (1968). The study of human behavior. In J. F. Engel (Ed.), Consumer behavior: Selected 
readings (pp. 2e17). Homewood, IL: Richard D. Irwin Inc. 
 
Bettman, J.R., Johnson, E.J. and Payne, J.W. (1991) Consumer decision-making. In: Robertson, T.S. 



64	

and Kassarjian. Handbook of Consumer Behavior . 
 
DeGroot, M., 2005. Optimal Statistical Decisions. 2nd ed. New York: McGraw-Hill: Wiley Classics Library. 
 
Kahneman, D. and Tversky, A., 1979. Prospect theory: An analysis of decision under risk. 1st ed. 
Econometrica. 
 
Greenberg M, Lowrie K., 2012. Daniel Kahneman: How We Think and Choose: Profile. Risk 
Analysis.;32(7):1113-6. 
 
Thiengburanathum, P., 2018. An Intelligent Destination Recommendation System for Tourists. 
Doctor of Philosophy. Bournemouth University, U.K.: BOURNEMOUTH UNIVERSITY. 
 
Stone, M. J. (2016). Deciding not to choose: Delegation to social surrogates in tourism decisions. 
Tourism Management, 57, 168-179 
 
Fesenmaier, D, Werthner, H, & Wober, K 2006, Destination Recommendation Systems : 
Behavioural Foundations and Applications, CABI, Wallingford. Available from: ProQuest Ebook 
Central. [3 August 2019]. 
 
Pan, B. and Fesenmaier, D.R. (2000) A typology of tourism-related web sites: its theoretical 
background and implications. Information Technology and Tourism  3(3/4), 155–176. 
 
Decrop, A 2006, Vacation Decision-Making, CABI, Wallingford. Available from: ProQuest Ebook 
Central. [4 August 2019]. 
 
Gladwell, M. (2005). Blink: The power of thinking without thinking. New York: Little Brown and 
Company 
 
Correia, A., Kozak, M., & Tão, M. (2014). Dynamics of tourist decision-making: From theory to 
practice. In S. McCabe (Ed.). The routledge handbook of tourism marketing (pp. 299–312). London: 
Routledge. 
 
Wattanacharoensil, W., & La-ornual, D. (2019). A systematic review of cognitive biases in tourist 
decisions. Tourism Management, 75, 353-369. doi:10.1016/j.tourman.2019.06.006 
 
Simon, H. A. (1972). Theories of bounded rationality. Decision and Organization, 1(1), 161–176. 
 
Cahyanto, I., Pennington-Gray, L., Thapa, B., Srinivasan, S., Villegas, J., Matyas, C., et al. (2016). 
Predicting information seeking regarding hurricane evacuation in the destination. Tourism 
Management, 52, 264–275. 
 
Tversky, A., & Kahneman, D. (1974). Judgment under uncertainty: Heuristics and biases. Science, 
185(4157), 1124–1131. 
 
Tversky, A. (1972). Elimination by aspects: A theory of choice. Psychological Review, 79(4), 281-
299. doi:10.1037/h0032955 



65	

Sparks, B. A., & Browning, V. (2011). The impact of online reviews on hotel booking intentions and 
perception of trust. Tourism Management, 32(6), 1310–1323. 
Upfront Analytics. 2019. System 1 vs System 2 Decision Making. [ONLINE] Available at: 
http://upfrontanalytics.com/market-research-system-1-vs-system-2-decision-making/. [Accessed 10 
August 2019]. 
 
Grewal, D., Hardesty, D. M., & Iyer, G. R. (2004). The effects of buyer identification and purchase 
timing on consumers' perceptions of trust, price fairness, and repurchase intentions. Journal of 
Interactive Marketing, 18(4), 87–100. 
 
Thai, N. T., & Yuksel, U. (2017). Too many destinations to visit: Tourists’ dilemma? Annals of 
Tourism Research, 62, 38-53. doi:10.1016/j.annals.2016.11.004 
 
J.Y. Park, S.S. Jang Confused by too many choices? Choice overload in tourism. Tourism 
Management, 35 (2013), pp. 1-12 
 
Tanford, S., Baloglu, S., & Erdem, M. (2012). Travel packaging on the internet: The impact of 
pricing information and perceived value on consumer choice. Journal of Travel Research, 51(1), 68-
80 
 
Ert, E., & Fleischer, A. (2016). Mere position effect in booking hotels online. Journal of Travel 
Research, 55(3), 311–321. 
 
Book, L. A., Tanford, S., & Chen, Y. S. (2016). Understanding the impact of negative and positive 
traveler reviews: Social influence and price anchoring effects. Journal of Travel Research, 55(8), 
993–1007. 
 
Tanford, S., & Kim, E. L. (2018). Risk versus reward: When will travelers go the distance? Journal 
of Travel Research, 1–15. https://doi.org/10.1177/0047287518773910 
 
Tanford, S., Choi, C., & Joe, S. J. (2018). The influence of pricing strategies on willingness to pay 
for accommodations: Anchoring, framing, and metric compatibility. Journal of Travel Research, 1–
13. https://doi.org/10.1177/0047287518793037  
 
Kim, J., Kim, P. B., Lee, J. S., Kim, S., & Hyde, K. F. (2018). The influence of decision task on the 
magnitude of decoy and compromise effects in a travel decision. Journal of Travel Research. 
https://doi.org/10.1177/0047287518794316. 
 
Lee, L. and Anderson L., 2009. A Comparison of Compensatory and NonCompensatory Decision 
Making Strategies in IT Project Portfolio Management. International Research Workshop on IT 
Project Management (IRWITPM) 
 
Thaler, R. H., & Sunstein, C. R. (2009). Nudge: Improving decisions about health, wealth, and 
happiness (Revis and expand ed.). London: Penguin. 
 
Jones P and Chen M (2011). “Factors Determining Hotel Selection: Online Behaviour by Leisure 
Travellers.” Tourism and Hospitality Research, 11 (1): 83-95. 
 



66	

Gensch D.H. (1987) A two-stage disaggregate attribute choice model. Marketing Science 6: 223–232 
 
Shafir E. 1993. “Choosing versus Rejecting: Why Some Options Are Both Better and Worse Than 
Others.” Memory and Cognition 21 (4): 546–56. 
 
Sokolova, T., & Krishna, A. (2016). Take it or leave it: How choosing versus rejecting alternatives 
affects information processing. Journal of Consumer Research, 43(4), 614-635 
 
Drèze, Xavier, Stephen J. Hoch, and Mary E. Purk. (1994). “Shelf Management and Space 
Elasticity.” Journal of Retailing 
 
Breugelmans, E., Campo, K., & Gijsbrechts, E. (2007). Shelf sequence and proximity effects on 
online grocery choices. Marketing Letters, 18(1/2), 117-133 
 
Christenfeld, Nicholas. (1995). “Choices from Identical Options.” Psychological Science 
 
Shaw I., Jon B, Chad B, and Maureen G (2000). “Centrality Preferences in Choices among Similar 
Options.” Journal of General Psychology, 157-64 
 
Attali Y, and Bar-Hillel M. (2003). “Guess Where: The Position of Correct Answers in Multiple-
Choice Test Items as a Psychometric Variable.” Journal of Educational Measurement, 40 (2): 109-28 
 
Valenzuela A. and Raghubir P. (2009). “Position-Based Beliefs: The Center-Stage Effect.” Journal 
of Consumer Psychology, 19 (2): 185-96 
 
Dayan E and Bar-Hillel M. (2011). “Nudge to Nobesity II: Menu Positions Influence Food Orders.” 
Judgment and Decision Making, 6 (4): 333-42. 
 
Murphy, Jamie, Charles Hofacker, and Richard Mizerski. (2006). “Primacy and Recency Effects on 
Clicking Behavior.” Journal of Computer-Mediated Communication, 11 (2): 522-35. 
 
QuuxLabs. (2010). Matrix Factorization: A Simple Tutorial and Implementation in Python. 
[ONLINE] Available at: http://www.quuxlabs.com/blog/2010/09/matrix-factorization-a-simple-
tutorial-and-implementation-in-python/?fbclid=IwAR14jGboEQ_SRlk4O5FhiuDX-4ZF-
p7OnvjI7_kEEbjOL7yGTNVLZ0WYXxg. [Accessed 7 October 2019]. 
 
Lee, D. and Seung S. (2001). Algorithms for non-negative matrix factorization. Advances in neural 
information processing systems, 13, 556-562. 
 
Keller, C., Markert F, and Bucher T. (2015) “Nudging Product Choices: The Effect of Position 
Change on Snack Bar Choice.” Food Quality and Preference 
 
Saunders, M., Lewis, P., & Thornhill, A. (2009;2012;). Research methods for business students 
(5th;5th;6th; ed.). Harlow: Financial Times Prentice Hall. 
 
Crompton, J. L., & Ankomah, P. K. (1993). Choice set propositions in destination decisions. Annals 
of Tourism Research, 20(3), 461-476 
 



67	

Christenfeld, N. (1995). Choices from identical options. Psychological Science, 6(1), 50-55.  
 
Newman, I. (1998). Qualitative-quantitative research methodology: Exploring the interactive 
continuum. Carbondale: Southern Illinois University 
 
Collis, J. and Hussey, R., (2014). Business research: A practical guide for undergraduate and 
postgraduate students. 4th ed. UK: Palgrave Macmillan 
 
Research Advisors. 2019. Sample Size. [ONLINE] Available at: https://www.research-
advisors.com/tools/SampleSize.htm. [Accessed 22 September 2019]. 
 
MTurk, 2019, Amazon Mechanical Turk. [ONLINE] Available at: https://www.mturk.com/ 
[Accessed 22 September 2019]. 
 
Inman, J. J., McAlister, L., & Hoyer, W. D. (1990). Promotion signal: Proxy for a price cut? Journal 
of Consumer Research, 17, 74-81. 
 
Raghubir, P., & Valenzuela, A. (2006). Center of inattention: Position biases in decision making. 
Organizational Behavior and Human Decision Processes, 66-80 
 
Taylor, S. E., & Fiske, S. T. (1975). Point of view and perceptions of causality. Journal of 
Personality and Social Psychology, 439-445. 
 
Ducrot, S., & Pynte, J. (2002). What determines the eyes' landing position in words. Perception and 
Psychophysics, 64(1), 1130-114.  
 
Feldman, J. M., & Lynch, J. G. (1988). Self-generated validity and other effects of measurement on 
belief, attitude, intention and behavior. Journal of Applied Psychology, 73, 421-4 
 
Phocuswright (2019), Destination Decision: How Travelers Choose Where to Go, [ONLINE] 
Available at: www.phocuswright.com. [Accessed 22 September 2019]. 
 
 
 
 
 
 
 


