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Abstract 

Over the past few decades, many attempts have been made to develop 

recommender systems (RSs) that could improve visitor experience (VX) in physical 

museums. Nevertheless, to determine the effectiveness of a museum RS, studies 

often encompass system performance evaluations, e.g., user experience (UX) and 

accuracy level tests, and rarely extend to the VX realm that museum RSs aim to 

support. The reported challenges with defining and evaluating VX might explain 

why the evidence that the interaction with an RS during the visit can enhance the 

quality of VX remains limited. Without this evidence, however, the purpose of 

developing museum RSs and the benefits of using RSs during a museum visit are 

in question. 

This thesis interrogates whether and how museum RSs can impact VX. It first 

consolidates the literature about VX-related constructs into one coherent 

analytical framework of museum experience which delineates the scope of VX. 

Following this analysis, this research develops and validates a VX instrument 

with cognitive, introspective, restorative, and affective variables which could be 

used to evaluate VX with or without museum technologies. Then, through a series 

of UX- and VX-related studies in the physical museum, this research implements 

a fully working content-based RS and establishes how the interaction with the 

developed RS transforms VX.  

The findings in this thesis demonstrate that the impact of an RS on the quality of 

VX can depend on the level of engagement with the system during a museum visit. 

Additionally, the impact can be insufficient on some mental processes within VX, 

and it can vary following the changes in contextual variables. The findings also 

reinforce that system performance tests cannot replace a VX-focused analysis, 

because a positive UX and additional information about museum objects in an RS 

do not imply an improved VX. Therefore, this thesis underscores that more VX-

related evaluations of museum RSs are required to identify how to strengthen 

and extend their influence on the quality of VX. 
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Impact statement 

This doctoral research addresses the existing challenges with defining and 

evaluating VX. By putting forward an analytical framework of museum 

experience and by conceptualising VX, this thesis helps consolidate and 

systematise the approach to VX. In particular, the VX instrument presented in this 

thesis would be useful for researchers and museum curators to carry out a 

quantitative assessment of cognitive, introspective, restorative, and affective VX 

categories under different conditions. The instrument can be suitable both in the 

evaluation of a visitor-centred museum technology to determine its impact on VX 

as well as in the analysis of the current state of VX to envisage how VX could be 

improved in the targeted museum environment. 

This thesis also shows how a museum RS can be implemented for a real-world 

physical museum starting from an enquiry into visitors’ needs and ending with 

the analysis of the impact of a fully working content-based RS on VX. Although 

there are many examples in the published literature of how different 

technologies have been launched in museums, they rarely describe the whole 

process of system development. However, this knowledge can be crucial for 

researchers and museum curators to understand whether an RS is a suitable 

technological solution for their context of use as well as to predict potential 

difficulties during the RS implementation process. Hence, the discussion in this 

thesis would be insightful for scholars and museum curators to reflect on the 

challenges in the development and maintenance of a museum RS. 

The developed RS, regrant.herokuapp.com, is a significant contribution to 

knowledge in its own right. It can be analysed by other scholars in their research 

projects, and it can be used by visitors to the Grant Museum as an additional 

informational source and personalised museum guide. Moreover, the RS can be 

replicated in other museum environments; it does not require gathering a 

substantial amount of user data to generate recommendations, which can be 

suitable for museums with many first-time visitors. The RS also uses simple 

content presentations, i.e., text and images, which would be easier for museum 

curators to produce, maintain, and update than video and audio files. The RS also 

does not require the manufacturing of any additional hardware as it is launched 

https://regrant.herokuapp.com/
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on a personal mobile device, which can be financially beneficial for museums and 

convenient for visitors to use a device they are familiar with during a museum 

visit. Therefore, although the RS presented in this thesis was developed for one 

museum setting, i.e., the UCL Grant Museum of Zoology and Comparative 

Anatomy, its impact can be extended to the wider research and museum contexts. 

The findings about the VX transformations under the RS and non-RS visiting 

conditions also have implications on the development and evaluation of museum 

RSs. For researchers, this study emphasises that since RSs aim to improve VX, the 

assessment of an RS’s effectiveness should encompass not only system 

performance but also VX-related evaluations. Moreover, by revealing a few gaps 

in the impact of the Grant Museum RS on VX, this research raises a new, evidence-

based discussion on how the RS influence can be strengthened and extended. On 

the other hand, positive VX transformations detected under the RS visiting 

condition provide solid evidence for why visitors might want to use an RS during 

their museum visits, and why curators might want to launch an RS in museums. 

This, in turn, could help promote the implementation and evaluation of museum 

RSs. In addition, since the potential of museum RSs depends on the state of digital 

museum collections, the VX improvements under the RS visiting condition also 

emphasise why it is vital to support full cataloguing and digitisation of museum 

collections. 
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Chapter 1 Introduction  

1.1 Motivations 

Digital technologies have been gaining popularity in the museum domain over 

the last few decades to nourish an interest in and understanding of museum 

collections, and to help build long-term relationships between the museums and 

their visitors (Black, 2012; Economou, 2015). In particular, visitor-centred 

museum technologies which are used during the visit to a physical museum are 

aimed to improve visitor experience (VX) by refining ways in which visitors 

interact with a physical museum collection and with each other, e.g., by using a 

combination of different information presentations, such as visual and audio 

channels, and various interactive techniques, such as serious or treasure hunt 

games. Moreover, museum technologies are becoming more and more 

sophisticated; they can create immersive virtual environments (Sylaiou et al., 

2010; Hammady, 2019), can augment the physical world with simulated 

elements (Franz et al., 2019; Torres-Ruiz et al., 2020), and can generate 

personalised museum tours tailored to visitor’s individual interests (Kontiza et 

al., 2018). Although novel interactive systems are becoming popular in museums, 

how can developers and museum professionals ensure that these technologies 

are beneficial for visitors? What is known about the differences in the quality of 

VX with and without a museum technology? Why develop a technology and then 

encourage visitors to interact with it during a museum visit if its impact on VX 

may not be significant? I argue that the benefits of museum technologies which 

are used during the visit to a physical museum should extend beyond a positive 

user experience to be able to compete with a non-digitally enhanced visit. 

Therefore, this doctoral research investigates the impact of museum technology 

on VX.  

The knowledge about the impact of museum technologies on VX is crucial to 

explain the role of a specific digital system in physical museums to visitors and 

museum professionals, and to demonstrate that there are no other simpler 

solutions that can provide as much if not more benefits for VX. The development 

of digital technologies often requires a great amount of time and resources that 
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are not be available to all museums that would want to improve the VX of their 

visitors. Hence, the findings about a significant positive impact on VX can explain 

why it might be worth investing time and resources to implement the proposed 

technological solution or its features. In addition, visitors also need to have a clear 

understanding of the benefits of using a museum technology, especially in 

physical museums where they often have a limited amount of time for a visit, 

might pursue specific goals which might not match what the technology has to 

offer, or might prefer interacting with their companion over learning how to use 

a new system. Therefore, based on the detected impact on VX, researchers and 

museum professionals could then discuss how digital technologies could be 

improved further and better integrated into physical museums to create a more 

memorable and transformative experience for their visitors.  

With this research, I also want to gain practical experience and a better 

understanding of what developers and scholars aim to achieve with an 

integration of a new technology into a physical museum space, and how they 

evaluate the impact of their technologies on visitors. I have a background in 

Digital Humanities and the front-end development of Web applications; I am 

particularly interested in the development of digital technologies for museums. 

Hence, this study became an opportunity for me to learn how and why museum 

technologies are developed.  

Within the research context, a better understanding of the impact of museum 

technologies on VX could also contribute to the development and growth of the 

Digital Humanities research. In line with Ross (2014, p. 105):  

It is important for academic research in the digital humanities to engage with 
critical, theoretical and practical appraisals of the uses of digital technologies 
in museums. It is the particular emphasis of this author that the integration 
of digital humanities research, with practice within and beyond academia is 
an imperative step for the development of the discipline. 

The findings about the impact could emphasise the importance of digital cultural 

heritage with the processes of digitisation, full cataloguing, and research into 

museum collections, because digitised content and object metadata are essential 

for museum systems and applications, such as 3D models for augmented reality 

(AR) applications, object images in interactive games, and object descriptions in 
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educational systems. By demonstrating that the contribution of digitisation and 

full cataloguing can extend beyond the creation of a digital object record and 

museum collection to some positive transformations of VX in a real-world 

museum space, this research helps foster a better understanding and 

appreciation of heritage and digital cultural heritage across diverse museum 

audiences both offsite and onsite. 

Within a great variety of technologies developed for physical museums, this 

research focuses on the impact of recommender systems (RSs) on VX because 

there have been a few examples of the development and evaluation of museum 

RSs in the literature that can be used to reflect on their effectiveness in physical 

museums, e.g., (Wang et al., 2009; Kuflik, 2011; Huang et al., 2012; Kontiza et al., 

2018). In addition, I argue that museum RSs do have potential to improve VX as 

they have been often implemented to meet visitor’s individual needs and 

preferences during a museum visit (Bright et al., 2005; van Hage et al., 2010; 

Benouaret and Lenne, 2015; Solima et al., 2016). Museum RSs can retrieve 

meaningful connections between the visitors and the exhibits by suggesting the 

museum content that is linked to visitor’s interests, background knowledge, and 

visiting needs. In addition, by generating a tour with the objects that a visitor 

might want to explore in a physical museum, RSs have the potential to tackle the 

information asymmetry that occurs when a visitor is unaware of the content that 

matches their interests and/or that meets their visiting goals (Solima et al., 

2016). Additionally, by filtering all information and recommending a subset of 

museum objects, RSs are regarded as useful tools to alleviate the information 

overload that is associated with mental and physical discomfort, and that occurs 

when a large amount of information is required to be processed by visitors to 

make sense of the context around them (Cramer et al., 2008; Wang et al., 2008; 

Bitgood, 2009; Pijpers, 2010; Albanese et al., 2011; Huang et al., 2012; Benouaret 

and Lenne, 2015; Rossi et al., 2017). RSs can also be introduced to improve 

learning and reflection during a museum visit by focusing visitors’ attention on 

the information that might be of relevance to their interests and needs (Roes et 

al., 2009; Kuflik et al., 2011; Kontiza et al., 2018). 
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Nevertheless, the potential benefits of museum RSs have been rarely supported 

with empirical evidence. The effectiveness of an RS tends to be conceptualised in 

terms of its ability to provide accurate recommendations as many scholars 

elaborate on the functional scope of their RS, on the filtering methods that they 

adopt to generate recommendations, and on the accuracy level of their 

recommendation algorithm, e.g., (Andronico et al., 2003; Bohnert and Zukerman, 

2009, 2014; Keller and Viennet, 2015; Bartolini et al., 2016; Di Martino and Rossi, 

2016; Cardoso et al., 2017; Hashemi and Kamps, 2018; Pavlidis, 2018). Some 

scholars argue that accuracy is not the most critical aspect of an RS, and that 

researchers should focus on making their RS user-friendly (McNee et al., 2006; 

Konstan and Riedl, 2012). This stance has led to a few studies with usability and 

user satisfaction level tests of RSs, e.g., (Bright et al., 2005; Wang et al., 2007; 

Albanese et al., 2011; Kuflik et al., 2011; Huang et al., 2012; Tesoriero et al., 2014). 

But can we conclude from usability and accuracy level tests that VX has been 

significantly improved for a visitor who interacts with an RS during a museum 

visit? Considering that museum RSs are developed to improve a visitor’s 

interaction with a museum collection, this thesis argues that to establish the 

effectiveness of an RS in a physical museum space, it is necessary to go one step 

further and to estimate not only the RS’s perceived quality associated with such 

facets as the accuracy of recommendations and the RS’s usability, but also the 

quality of VX when visitors use an RS during a museum visit. 

It is necessary to provide solid evidence of an improved VX under the RS visiting 

condition because the effectiveness of RSs in other sectors may not be indicative 

of their effectiveness in museums. Indeed, RSs have been successfully used in the 

e-commerce, e.g., (Schafer et al., 1999, 2001; Pu et al., 2008), film, e.g., (Gomez-

Uribe and Hunt, 2015), music, e.g., (Perez-Marcos and Lopez, 2018), and book, 

e.g., (Cho et al., 2016), industries to facilitate the search process within a wide 

range of items (Ricci et al., 2011; Jannach and Adomavicius, 2016; Valdez et al., 

2016). It is important, however, to acknowledge the idiosyncrasies of the context 

for which an RS is developed. This is echoed by Buder and Schwind (2012) who 

discussed the specificities of educational RSs, and how much they differ from 

their e-commerce counterparts. In particular, unlike e-commerce RSs, 

educational RSs are not aimed at selling items but at improving learning, and 
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hence educational RSs should not fully follow the user’s taste; otherwise, the user 

would not be challenged with opposite viewpoints, and so not be encouraged to 

learn and reflect (Schwind et al., 2011; Buder and Schwind, 2012). In addition, 

while in the e-commerce sector the evidence of the RS’s effectiveness lies in 

conversion and purchase rates, it is challenging to identify a similar threshold for 

the RS’s success in the education sector. Following these observations, museum 

RSs may also deviate from their e-commerce counterparts, implying that the 

effectiveness of RSs in other sectors may not be transferable to the museum 

domain. Therefore, this thesis examines the role of RSs in museums, and whether 

the interaction with an RS during a museum visit can significantly transform VX. 

This knowledge is crucial to explain why museum professionals might want to 

introduce an RS in museums, to explain why visitors might want to use an RS 

during their visit, and to reveal the existing gaps in the RS’s impact on VX for 

researchers who can then bring forward a refined technological solution to 

strengthen and extend VX improvements. 

From a theoretical perspective, it is important to acknowledge a few challenges 

that exist in the wider research context with conceptualising VX (Packer and 

Ballantyne, 2016), which may suggest why the quality of VX under the RS visiting 

condition has been underexplored in the published literature. For instance, some 

scholars use the terms user experience (UX) and visitor experience (VX) 

interchangeably, e.g., (Hsi, 2003; Ghiani et al., 2009; Pallud and Monod, 2010; 

Tesoriero et al., 2014; Damala et al., 2019). However, it can be argued that UX and 

VX are distinguishable: VX is linked to a visitor-museum interaction (Falk and 

Dierking, 2012; Roederer et al., 2020), while UX describes a user-product 

interaction (Hellweger and Wang, 2015). In particular, the Pallud and Monod’s 

analysis (2010) of UX with multimedia guides was built on six phenomenological 

criteria, some of which extend beyond UX and can be more related to a 

technological mediation of a visitor-museum interaction, and hence VX. For 

instance, the criterion of “self-projection” with an item “While interacting with the 

technologies of NCHI [National Centre of the History of Immigration – ed.], it was 

very common for you to feel empathy with the characters displayed in the museum” 

refers to the attitude towards museum objects and not to the attitude towards 

the technologies, making it VX- and not UX-related (Pallud and Monod, 2010, p. 
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579). On the other hand, Huang et al. (2012, p. 157) estimated whether an RS can 

help visitors overcome information overload with a user satisfaction level scale 

which could be more related to the interaction with the developed RS than to the 

interaction with museum objects, e.g., “I am not feeling fatigue when I use the 

system to visit exhibits”. This is not to deny that there is a potential relation 

between UX and VX, since since a poorly designed system might affect an overall 

impression about the visit, but this does not mean that system performance tests 

can replace the evaluations directly related to VX. Therefore, this thesis 

emphasises the need for a shared theoretical framework to VX that scholars could 

follow and that would advance the research into this complex construct. 

The reported shortage of accepted procedures for examining the impact of a 

technology on VX (Pallud and Monod, 2010; Ross, 2014) may also suggest why 

the gap in the VX-related evaluations of museum RSs exists. While the UX-related 

evaluations have recently been adapted for the museum domain in the 

MUSETECH framework (Damala et al., 2019), there is, as yet, no VX-associated 

counterpart. Not only can this shortage shift the focus from VX to UX, as discussed 

above, but it can also lead to distorted or fragmentary results, leaving museum 

professionals, visitors, and researchers with an incomplete picture of the 

effectiveness of a technology in a physical museum setting. For example, the 

estimation of the time spent in a museum under different visiting conditions may 

not provide solid evidence of the effect of a museum technology on VX. As 

demonstrated in early studies, an extended visiting time can occur due to the 

novelty of and/or interest in a technological enhancement rather than due to an 

increased interest in exhibits (Economou, 1998), while visitors with and without 

a technology can spend the same amount of time looking at the exhibits (Evans 

and Sterry, 1999). Additionally, Allen (2002) concluded that visitors who would 

agree to participate in a study with a technology may have more time for their 

visit than an average museum visitor who might just want to take a quick look at 

the exhibition. Lastly, Jeong and Lee (2006) showed that the amount of time spent 

in a museum may not have a substantial effect on satisfaction; on the contrary, 

the prolonged visiting time can increase chances of experiencing fatigue. 

Therefore, an extended visiting time with a museum technology may not be 

indicative of an improved VX. How to measure the impact of a visitor-centred 
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museum technology, such as an RS, on VX remains under question due to the lack 

of accepted procedures, as argued above. With this, in addition to enquiring 

whether the RS interaction significantly transforms VX, this doctoral research 

responds to a broader research gap in the analysis of the quality of VX and then 

puts forward a VX evaluation instrument. 

To summarise, the RS’s potential to improve VX in a physical museum has yet to 

be confirmed with solid evidence. Although there have been a few attempts to 

integrate an RS into a physical museum space (Ardissono et al., 2012; Kabassi, 

2020), the RS evaluations tended to encompass system performance tests that 

may not provide enough evidence to claim an improved VX. Therefore, this thesis 

responds to this knowledge gap by evaluating a museum RS from the VX 

perspective to establish whether the interaction with an RS can have a positive 

impact on VX in a physical museum. Moreover, this thesis responds to the broader 

research gap of conceptualising and evaluating VX in order to advance the 

analysis of VX transformations under different visiting conditions. 

1.2 Research aims and objectives 

The main aim of this research is to identify whether and how an RS can improve 

VX in a physical museum. This knowledge is important: for museum visitors to 

understand why interact with an RS during their visits; for museum professionals 

to determine whether to dedicate time and resources to develop an RS; for 

researchers interested in museum RSs to push forward the investigation on how 

to amplify the effect of an RS on VX, and to enquire into whether there are 

alternative solutions that could be more affordable and easier to implement, 

integrate and standardise for physical museums, and, at the same time, that could 

provide as many advantages for VX as museum RSs.  

To meet this aim, this thesis synthesises knowledge from the VX-related studies 

and from the evaluations of visitor-centred museum technologies, with a 

particular focus on museum RSs and adaptive guides. More specifically, the 

following objectives were set: 
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1. Conceptualise VX and consolidate an analytical framework of museum 

experience to address the current problematics of defining VX and to 

establish the role of museum RSs in VX transformations. 

2. Develop/refine an RS with the aim to improve VX by exemplifying real-

world approaches to the implementation of adaptive museum systems and 

by reflecting on the appropriateness and replicability of these approaches 

to the new context of use. 

3. Critique and adapt available VX evaluation tools in accordance with 

conceptualised VX in order to estimate VX transformations under different 

conditions. 

4. Determine whether museum RSs can improve VX by evaluating the effect 

of the interaction with an RS on VX and by identifying the benefits and 

drawbacks of using an RS during a museum visit. 

1.3 Research questions 

The main research question in this thesis is “(How) can a recommender system 

impact visitor experience in a physical museum?”. In order to answer this 

overarching question, the following subquestions were asked: 

RQ1: How can a recommender system support visitor experience in a physical 

museum? 

RQ2: Can a recommender system-enhanced visit improve visitor experience? 

RQ3: How can the effect of a recommender system on visitor experience be 

amplified? 

It is important to emphasise that this thesis does not imply that VX 

transformations occur solely because of a museum RS. This research 

acknowledges that there are many other contextual variables that can influence 

how visitors perceive their experience, and in a physical museum it might not be 

possible to eliminate all the factors that can make VX fluctuate. Therefore, with 

the Research Question 1 (RQ1) “How can a recommender system support visitor 

experience in a physical museum?”, this thesis establishes the role of an RS in a 

museum visit based on real-world evidence and discusses how VX 
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transformations could be linked to the interaction with an RS. The RQ2 “Can a 

recommender system-enhanced visit improve visitor experience?” addresses 

whether the quality of VX can show some positive transformations under the RS 

visiting condition, and thus whether the integration of museum RSs into a 

museum visit can be justified. The RQ3 “How can the effect of a recommender 

system on visitor experience be amplified?” captures the benefits and drawbacks 

of an RS which were elicited from the empirical evidence, and then it converts 

them into a set of guidelines for increasing the effect of an RS on VX. Overall, by 

evaluating an RS from the VX perspective, this thesis directly targets the rationale 

behind the implementation of museum RSs, and it pushes forward a VX-related 

evaluation of visitor-centred museum technologies.  

1.4 Thesis overview 

This thesis is organised as follows:   

Chapter 1, “Introduction”, introduces the motivations for this doctoral research 

which were elicited from the gaps in the evaluations of the impact of museum RSs 

on the quality of VX. This chapter also presents the main research aim, research 

objectives and research questions. 

Chapter 2, “Literature review”, builds a theoretical foundation that informs the 

understanding of VX and how it can be reshaped under different visiting 

conditions. This chapter first develops a theoretical framework for VX from 

existing definitions, classifications, approaches, and concepts around the term 

visitor experience. This framework helped give a better insight into what VX 

encompasses, what an RS needed to improve, how an RS could influence VX, how 

to develop a VX evaluation instrument and how to trace VX transformations 

under different visiting conditions. Building on the theoretical basis of VX, this 

chapter then delineates the gap in existing knowledge about the RS impact on VX 

by exploring the role of museum RSs and similar adaptive guides in physical 

museums, and by enquiring into how much had been known about the influence 

of museum RSs and adaptive guides on VX prior to this doctoral research. 
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Chapter 3, “Methodology and research design”, elaborates on the research 

paradigm, research methods, data collection and data analysis procedures 

adopted to answer the main research question. This chapter explicates the 

original conditions for this doctoral research, and why front-end, formative, and 

summative evaluations were considered to be useful to approach the research 

questions within the context of this study.  

Chapter 4, “Front-end evaluation: the exploratory field study of visitors’ needs in 

the physical museum”, explores whether an RS has the potential to positively 

influence VX in the examined context of use. It does this through an exploratory 

field study conducted in the UCL Grant Museum of Zoology and Comparative 

Anatomy to enquire into the ways in which a museum experience could be 

improved for the Grant Museum visitors. Building on the detected visitors’ needs, 

this chapter then discusses what role a new RS might play in a visit to the Grant 

Museum, what features and content an RS needed to include in order to respond 

to some of the detected visitors’ needs, what processes within VX an RS could 

target, and what processes within VX an RS could transform. 

Chapter 5, “Formative evaluation: the development and pilot usability study of a 

museum recommender system”, focuses on the implementation and improvement 

of an RS for the Grant Museum. This chapter first presents the RS development 

process guided by the findings in the exploratory field study and by the practices 

of building museum RSs and adaptive guides in the previous scholarship. In 

addition, this chapter presents a pilot usability study conducted in the Grant 

Museum to fix some problems with and “bugs” in the first version of the Grant 

Museum RS so as to increase the chances of significant and positive VX 

transformations under the RS visiting condition. 

Chapter 6, “Formative evaluation: the development and pilot testing of visitor 

experience scales”, develops and tests two VX instruments that needed to be used 

in this doctoral research to trace VX transformations. Following the VX-related 

tools found in the published literature and building on the theoretical framework 

of VX established in Chapter 2, this chapter designs two VX instruments with 

cognitive, introspective, restorative, and affective scales to analyse the changes 

in the quality of VX under different visiting conditions, and thus to answer the 
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main research question. This chapter then looks into the internal structure of the 

designed VX instruments in the exploratory factor analysis test with the data 

from two pilot studies conducted in the Grant Museum. 

Chapter 7, “Summative evaluation: the comparative analysis of the transformations 

of visitor experience”, investigates how the perceived qualities of cognitive, 

introspective, restorative, and affective VX categories change under different 

visiting conditions, i.e., when visitors do not use the Grant Museum RS (Without 

group), when visitors test the RS at a certain point in the museum (WithPartial 

group), and when visitors use the RS throughout their visit (WithFull group). 

Moreover, this chapter explores the role of the Grant Museum RS in the detected 

VX transformations by analysing the qualitative feedback about the advantages 

and drawbacks of the Grant Museum RS as well as by reflecting on the association 

between UX and VX scores in the WithPartial and WithFull visitor groups. This 

chapter also completes the scale evaluation procedure by conducting a 

confirmatory factor analysis with cognitive, introspective, restorative, and 

affective VX scales, anticipating that the developed VX instruments could be used 

in the wider research context to estimate the transformations in the quality of VX 

under different visiting conditions. 

Chapter 8, “Conclusions”, concludes the study by answering the main research 

question and by identifying the contributions of this doctoral research. The 

chapter also addresses the limitations of this thesis and acknowledges the 

questions that arose during the field studies and that need to be addressed in the 

future work.  
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Chapter 2 Literature review 

2.1 Introduction 

Over the last few decades museums have undergone important changes from 

being ‘collection warehouses, with exhibition targeted at elite audiences’ (Black, 

2012, p. 8) to the outward-looking organisations that want to provide meaningful 

and enjoyable experiences to their diverse audiences, to gain some insight into 

the motivations and needs of their visitors, and to better understand how and 

why visitors engage or do not engage with the museum content (Waltl, 2006; 

Economou and Meintani, 2011; Black, 2012). Scholars identified that maintaining 

the public relevance of museums was amongst the most significant challenges for 

museum professionals (Black, 2012, pp. 7–8). This visitor-centred approach led 

to a growing interest in visitor experience (VX) and the ways to improve it across 

different research fields, such as museum and visitor studies, computer science, 

history and architecture, e.g., (Jeong and Lee, 2006; Waltl, 2006; Kuflik et al., 

2007; Black, 2012; Falk and Dierking, 2012; Packer and Ballantyne, 2016). This 

chapter reviews the existing knowledge about VX and its transformations, and 

how researchers impact VX. Through an in-depth examination of VX, this chapter 

illuminates the problems within the analysis of VX and the knowledge gaps that 

were required to be filled in before addressing the main research question. 

In addition, scholars suggested that one of the main factors to attract and retain 

visitors might not be the quality of the collection but rather the opportunity for 

an interaction and engagement with it (Waltl, 2006). Hence, museums have been 

seeking ways to establish a dialogue and to build prolonged relationships with 

their existing and potential visitors so that members of the audience could 

become active participants in what museums have to offer (Black, 2012). With 

the shift of museums towards being more visitor-oriented, the role of museum 

technologies has also expanded from preserving and organising the data about 

collections in a digital format to creating unique interactive experiences that 

would build interest of diverse audiences in cultural heritage. Moreover, with the 

digital context, museums are no longer restricted to the properties of a physical 

space; therefore, they can design museum experiences before, during, and after 
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the visit, establish the sought long-term relationships with their existing 

audience, reach out to new audience segments, and make use of different 

modalities to reshape the exploration of museum collections both offsite and 

onsite. To meet these objectives, museum technologies have taken many forms, 

such as multimedia tours, interactive kiosks and exhibits, virtual reality (VR) and 

augmented reality (AR) applications, virtual museums, and virtual games, as 

outlined in (Bakshi and Throsby, 2010; Economou, 2015). Narrowing down the 

focus of this research into museum technologies, this chapter focuses on the role 

and implications of integrating RSs and similar adaptive museum guides into the 

visit to a physical museum, while also acknowledging that the impact of RSs and 

adaptive guides can extend beyond VX during the visit. This chapter also 

illuminates the importance and potential contribution of this doctoral research 

by delineating the knowledge gap in the analysis and evidence of the impact of 

RSs on VX. 

2.2 Understanding visitor experience 

As this research aims to explore the changes in the quality of VX under the RS 

visiting condition, the main questions that arose at this stage of research were: 

What is VX? What does it encompass? How can it be influenced? What are the 

main triggers of VX? To answer these questions, this section reviews the existing 

knowledge about VX as well as the constructs and factors that precede it and 

shape its quality. This knowledge was important in this thesis to design a study 

that could trace VX transformations. In addition, within the wider research field, 

this enquiry was necessary to gain an in-depth insight into the current state of 

research into VX and the context around it, and to identify the knowledge gaps in 

the analysis of VX. 

2.2.1 Factors that shape visitor experience 

The literature review shows that the characteristics and quality of VX are shaped 

by a variety of subjective factors. More specifically, a visitor perceives 

information in a physical museum through the lens of their entrance narrative 

that encompasses their worldview, domain knowledge, and ‘personal 
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experiences, emotions and memories’ (Doering and Pekarik, 1996, p. 20). 

Similarly, Falk and Dierking (2012, p. 29) referred to VX as ‘a continually shifting 

interaction among personal, sociocultural and physical contexts’ which evolve 

through time. The personal context, in particular, echoes Doering and Pekarik’s 

entrance narrative and reinforces the influence of various subjective factors on 

VX, such as prior knowledge, past experiences, interests, degrees of choice and 

control over learning, motivations, and expectations (Falk and Storksdieck, 

2005). For instance, motivations, expectations, and goals (MEGs) can influence 

VX, because visitors with similar MEGs are considered to pursue similar VXs, e.g., 

rechargers expect a visit to be a leisure activity, and thus they seek quiet and 

contemplative moments for themselves and may pursue restorative experience 

(Kaplan et al., 1993; Silverman, 1995; Hennes, 2002; Falk and Dierking, 2012), or 

if the museum is expected to serve as an informal learning environment, visitors 

may seek cognitive experience (Pekarik et al., 1999; Falk and Storksdieck, 2005; 

Falk and Dierking, 2012). Following this stance, there have been many attempts 

to study and categorise MEGs in order to better understand what visitors might 

pursue in museums (Screven, 1986; Beer, 1987; Packer and Ballantyne, 2002; 

Falk and Dierking, 2012; Sheng and Chen, 2012; Ji et al., 2014). On the other hand, 

although MEGs might provide some insight into the trajectory of VX, e.g., 

cognitive or restorative, they might still not be able to serve as definitive 

indicators of the quality of VX because visitors might have different perceptions 

of how their MEGs can be fulfilled. For instance, visitors may look for self-identity, 

but: 

For one visitor, an important component of self-identity could be that of a 
knowledgeable expert, influencing her to draw upon and share her special 
knowledge and competencies. For another, a sense of himself as “family 
historian” might activate “relevant family stories”, leading to a more 
subjective experience of an exhibit. (Silverman, 1995, p. 162) 

In addition, motivations and goals can be re-established based on situational 

factors (Silverman, 1995; Hennes, 2002; Corredor, 2004). Goals, in particular, 

have a tendency to change and emerge during the visit (Corredor, 2004). At the 

same time, not all visitors have well-defined goals; according to Falk and Dierking 

(2012), only professionals/hobbyists come to museums with constructed goals. 

Therefore, within the context of this research, various subjective and dynamic 
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factors suggest that it can be challenging to control the quality of VX, and thus to 

ensure that VX can be significantly transformed for all visitors to a physical 

museum. 

VX is not, however, framed by subjective factors only, since it can also be shaped 

by the variables within the sociocultural and physical contexts (Falk and Dierking, 

2012). To elaborate, the sociocultural context refers to the sociocultural 

background of a visitor, for example, their beliefs, socioeconomic status, social 

group, and cultural milieu (Falk and Dierking, 2012). With this, the perception of 

VX can be shaped by interactions and collaborations with individuals within and 

outside visitor’s social groups, such as museum curators and other visitors (Falk 

and Storksdieck, 2005). Following Festinger’s social comparison theory and 

Schachter’s social reduction of stress theory discussed in (Debenedetti, 2003), 

when uncertain, individuals can rely on the knowledge and reactions of their 

companions and can compare those reactions with their own to comprehend the 

situation. In addition to cognitive support, companions can improve the quality 

of VX by providing emotional support, by reducing stress and discomfort, and by 

enabling a more informal and reassuring experience (Debenedetti, 2003). 

Crowding, on the other hand, can negatively affect VX by making visitors aware 

of their surroundings, and thus preventing deeper contemplation and immersion. 

In particular, those visitors who are looking for a more personal VX might feel 

physical and psychological discomfort, and might have to adapt their behaviour 

to attain their visiting needs (Graburn, 1977; Goulding, 2000). 

The physical context is linked to the characteristics of a physical museum. It is 

composed of advance organisers, such as labels, signs, panels and videos, 

orientation in the physical space, the “look and feel” of a museum, design and 

exposure to exhibits and programmes, subsequent reinforcing of events and 

experiences outside the museum (Falk and Storksdieck, 2005). Extending Falk et 

al.’s research, other scholars list more aspects that could be included in the 

physical context, such as a museum type (Graburn, 1977; Doering, 1999; Pekarik 

et al., 1999; Packer and Ballantyne, 2002), an overall underlying theme of the 

exhibition (Jeffery-Clay, 1998; Ansbacher, 1999; Allen, 2002), and the order of 

exhibits in the museum (Maines and Glynn, 1993; Ansbacher, 1999; Goulding, 
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2000; Hennes, 2010; Latham, 2013; Fournier et al., 2014). These aspects can also 

influence the quality of VX and VX-related constructs; for instance, the quality of 

indoor museum environment, such as lighting, spatial arrangement of exhibits, 

and temperature, can influence the reported quality of visitor satisfaction (Han 

et al., 2019). In addition, the size of the exhibition space and physical crowding1 

can negatively affect VX and result in visitor’s physiological, cognitive, and 

emotional tiredness (Bitner, 1992; Goulding, 2000; Jeong and Lee, 2006; Packer 

and Bond, 2010). On the other hand, cultural and personal identification with 

objects and the continuity of the theme of an exhibition are reported to spark a 

greater interest and a positive emotional response in visitors (Silverman, 1995; 

Goulding, 2000; Latham, 2013).  

Therefore, following this literature review, VX is considered to be a product of 

various subjective and situational factors; some of these factors, such as the 

visitor’s prior knowledge and interest are pertinent to each visitor, meaning that 

VX is unique on the individual level and its quality can be difficult to fully control 

and improve for all visitors. Nevertheless, a few other factors, such as crowding, 

advance organisers and physical comfort, indicate that VX can still be externally 

influenced, which is particularly important within the context of this research 

where an RS is tested as a tool to enhance VX. 

2.2.2 Direct experience  

VX can be stimulated through exploring and manipulating things in a physical 

museum. More specifically, it can occur through some sensory interaction, such 

as vision, sound, touch, smell, and action, which is called ‘direct experience’ in 

(Ansbacher, 1999, p. 22). There are different sources of direct experience, e.g., 

museum objects, labels, and museum setting. In particular, some scholars refer to 

museum objects as ‘platforms for visitor experience’ (Hennes, 2010, p. 25), 

‘containers of knowledge’ (Weber, 2005, p. 4), ‘sensory stimuli’ (Kotler, 2003, p. 

12), ‘hooks’ (Csikszentmihalyi and Hermanson, 1995, p. 72), stimuli for self-

identity (Silverman, 1995), and ‘links to the past’ (Latham, 2013, p. 9). However, 

 
1 ‘[T]he amount of space required to pursue an activity in an unconstrained manner’ 
(Goulding, 2000, p. 273). 
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in some museums, direct experience may not be possible with all available stimuli 

due to, for example, the museum size and time allocated for the visit, or due to 

the fact that ‘not all information is equally attractive’ and that a visitor chooses 

what information to explore based on curiosity, situational interest, and individual 

interest (Csikszentmihalyi and Hermanson, 1995, p. 68).2 For instance, 

situational interest might be evoked by a sudden encounter of a novel, challenging 

and uncertain task. Museum objects could serve as stimuli to situational interest 

– ‘the most attractive museum objects are typically the biggest and/or the most 

valuable; […] also the ones that are most prominently displayed’ (Falk and 

Dierking, 2012, p. 110). Individual interest, on the other hand, is evoked when an 

individual voluntarily contributes time to a specific topic or activity, or when an 

outer stimulus has a deep personal meaning (Csikszentmihalyi and Hermanson, 

1995). With this, the existing studies indicate that to stimulate VX, it is necessary 

to target direct experience, such as looking at objects and reading labels, by 

supporting curiosity and interest in the museum collection during the visit. 

2.2.3 Visitor experience 

VX has been explored by scholars from different research areas and disciplinary 

perspectives, including museum and visitor studies (Hooper-Greenhill, 2007; 

Bitgood, 2009; Latham, 2013; Packer and Ballantyne, 2016), education and 

learning (Allen, 2002; Hennes, 2002; Moussouri, 2002; Walker, 2010; Falk and 

Dierking, 2012), management and tourism (Masberg and Silverman, 1996; Pallud 

and Monod, 2010; Han et al., 2019), marketing and economics (Goulding, 2000), 

computer science and digital humanities (Kuflik et al., 2007; Rossi et al., 2016), 

environmental psychology (Kaplan et al., 1993), history (Wang, 2020), and 

architecture (Bollo and Dal Pozzolo, 2005; Jeong and Lee, 2006). Although VX has 

been broadly discussed in the published scholarly literature, there is a lack of 

shared vocabulary around VX. To elaborate, the term visitor experience is still not 

authoritative, because museum experience, (museum) visitor experience, 

(museum) visit experience, (museum) visiting experience, museum-going 

 
2 Curiosity is defined as the individual differences in the likelihood of exploring outer 
stimuli, while situational/individual interest is associated with the likelihood of exploring 
one stimulus over another (Csikszentmihalyi and Hermanson, 1995). 
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experience, and museal experience tend to be used interchangeably, as for 

example in (Doering and Pekarik, 1996; Kuflik et al., 2007; Falk and Dierking, 

2012; Latham, 2013; Pica, 2013; Brida et al., 2016; Packer and Ballantyne, 2016; 

Roederer and Filser, 2018; Cesário et al., 2020; Roederer et al., 2020; Kabassi, 

2020; Ibrahim and Zainin, 2021).  

The interpretation of VX also differs amongst scholars. To understand the factors 

that stimulate VX and shape its quality (see Sections 2.2.1-2.2.2), this research 

followed the definitions of VX proposed by Falk and Dierking (2012, p. 29), which 

suggests that VX is ‘a continually shifting interaction among personal, 

sociocultural and physical contexts’, and by Packer and Ballantyne (2016, p. 133), 

who interpreted VX as ‘an individual’s immediate or ongoing, subjective and 

personal response to an activity, setting or event outside of their usual 

environment’. However, from these definitions, it is unclear what an ‘interaction’ 

and a ‘response’ might encompass, and in the published literature there are a few 

approaches to and interpretations of VX. More specifically, since VX is a part of a 

complex and dynamic process that consists of various elements (Graburn, 1977; 

Silverman, 1995; Goulding, 2000; Falk and Dierking, 2012), some elements 

within this process are often not differentiated from VX itself which leads to the 

issue where: 

in one study visitor experience may refer to the visitor’s response to the total 
process of planning, making, and remembering a visit, and in another it may 
refer to their response to a single exhibit or service encounter. (Packer and 
Ballantyne, 2016, p. 132) 

As a result, research around VX can involve the analysis of a wide range of 

phenomena, like visitor behaviour (Goulding, 2000; Cesário et al., 2020), learning 

outcomes (Hooper-Greenhill et al., 2004), visitor’s mood (De Rojas and Camarero, 

2008), expectations and motivations (De Rojas and Camarero, 2008; Sheng and 

Chen, 2012), and perception of exhibition environment (Forrest, 2014). The 

improvement of VX might mean the development of visitor-centred museum 

technologies to enhance social interaction and ‘sharing the museum experience’ 

(Kuflik et al., 2007, p. 305), ‘to deliver the right amount of information to visitors’ 

(Berkovich et al., 2003, p. 994), and to guide visitors towards the objects of their 

interest (Lykourentzou et al., 2013). This demonstrates that scholars interpret 
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VX differently, reshaping the boundaries of VX and/or focusing on its specific 

dimensions. However, how can we explore the quality of VX and how can we draw 

conclusions about the transformations of VX if it is unclear what exactly VX 

encompasses?  

Numerous classifications have sought to explain the dimensions of VX (Graburn, 

1977; Annis, 1986; Csikszentmihalyi and Robinson, 1990; Kaplan et al., 1993; 

Masberg and Silverman, 1996; Pekarik et al., 1999; Elands and Lengkeek, 2000; 

Monod and Klein, 2005; Kotler et al., 2008; Pallud and Monod, 2010; Othman, 

2012; Kirchberg and Tröndle, 2012; Latham, 2013; Packer and Ballantyne, 2016). 

These VX classifications revealed that there are many mental processes which 

can evolve from direct experience during a museum visit. They can be strongly 

cognitive and related to knowledge-seeking, interpretation, communication, and 

learning (Pica, 2013), including ‘observing, remembering, comparing, repeating, 

failing, trying, combining and verifying’ (Sitzia, 2018, p. 79). These cognitive 

processes can be found in such VX categories as ‘cognitive space’ (Annis, 1986, p. 

170), ‘cognitive experience’ (Doering, 1999; Pekarik et al., 1999, pp. 157–158), 

‘knowledge/learning’ (Othman et al., 2011), ‘knowledge’ (Masberg and 

Silverman, 1996), and ‘educational experience’ (Graburn, 1977). However, the 

processes within VX can also be personal as visitors can create meanings about 

themselves, ‘their identities, their place in the world, [and] their lives’ (Rounds, 

1999, p. 7). Latham described an experience called ‘connections bigger than self’, 

when an individual, by looking for some connections to the past and people 

through objects, comes to ‘realizations about oneself, one’s identity, and one’s 

purpose in life’ (Latham, 2013, p. 10). Moreover, ‘[v]isitors can seek and find in 

museums opportunities and meanings involving rest, contemplation, restoration, 

and expression of self, drawing upon such strategies as reminiscence, reflection, 

and evaluation’ (Silverman, 1995, p. 164). Restoration, reflection, and 

reminiscence are related to ‘reverential experience’ (Graburn, 1977, p. 3), 

‘introspective experience’ (Pekarik et al., 1999, p. 155; Packer and Ballantyne, 

2016, p. 136), ‘restorative experience’ (Kaplan et al., 1993), and ‘meaningful 

experience’ (Othman et al., 2011, p. 123) in the VX classifications. Furthermore, 

some processes can also be affective, such as when appraising an extraordinary 
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technique of an artist as in ‘celebrative experience’ and ‘enchantment’ (Kotler, 

2003, p. 14).  

Although the classifications helped explain that VX is a unity of various mental 

processes which might evolve from direct experience, they also emphasise that 

the scholarship has not yet developed a single universally accepted theoretical 

basis of VX. A few VX categories intersect across different classifications, such as 

cognitive experience, restoration, and introspection, pointing at the existence of 

core and generic VX categories. However, some scholars put forward alternative 

VX classifications that do not tend to resonate with the categories in the previous 

scholarship, such as ‘physical experience’ in  (Packer and Ballantyne, 2016) and 

‘re-enactment’ in (Pallud and Monod, 2010). In addition, the labels of VX 

categories are not uniform – the categories in two VX classifications can have the 

same label but describe different processes, such as ‘relational experience’ in 

(Packer and Ballantyne, 2016), which describes the relation of a visitor to their 

companion/companions, and ‘relational experience’ in (Hennes, 2010), which 

describes the relation of a visitor to an exhibit or to other visitors. Furthermore, 

it can be argued that some of the proposed VX categories might not be prominent 

in all museum types; for example, Kotler’s ‘celebrative experience’ might not be 

found in natural history museums, because this experience type appraises the 

technique of an artist (Kotler, 2003, p. 14), and thus it might be more relevant to 

art galleries. This, in turn, makes some classifications inapplicable to diverse 

museum contexts. Moreover, the number of categories in VX classifications 

fluctuates illuminating inconsistent levels of granularity used to describe VX 

where one classification can include four experiential categories: ‘object’, 

‘cognitive’, ‘social’, and ‘introspective’ in (Pekarik et al., 1999); another 

classification can include six more specific categories: ‘recreation’, ‘sociability’, 

‘learning experience’, ‘aesthetic experience’, ‘celebrative experience’, and ‘issue-

oriented experience’ in (Kotler et al., 2008); and another classification can 

describe VX with ten categories: ‘physical’, ‘sensory’, ‘restorative’, ‘introspective’, 

‘transformative’, ‘hedonic’, ‘emotional’, ‘relational’, ‘spiritual’, and ‘cognitive’ in 

(Packer and Ballantyne, 2016). These inconsistencies could be due to the fact that 

experience types can overlap, as stated in (Graburn, 1977; Kotler, 2003; Latham, 

2013), tend to vary in different environments (Pallud and Monod, 2010), and are 
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subjective, ambiguous, and unpredictable in nature due to the many factors that 

shape them (see Section 2.2.1); but how can we determine which VX dimensions 

are core, generic, and distinct? To answer this question, it was necessary to define 

and conceptualise VX in this thesis before addressing the main research question 

to explain how VX was interpreted in this doctoral research, and what an RS 

attempted to improve (see Chapter 3). 

2.2.4 Visitor experience outcomes 

As presented in Section 2.2.1, VX is shaped by a variety of subjective factors 

during the visit, and visitors try to connect what they see with their past 

experiences, knowledge and interests in order to confirm or validate their 

existing beliefs (Graburn, 1977; Doering and Pekarik, 1996; Jeffery-Clay, 1998; 

Allen, 2002; Hennes, 2002). The process of connecting and remembering is called 

a meaning-making process (Silverman, 1995; Rounds, 1999), whereas ‘whatever 

results from comparing new experience input with what is already in the mind’ 

(Ansbacher, 1999, p. 23) is a meaning. The power to evoke a meaning is called 

resonance, while wonder attracts a visitor’s attention, stops the visitors on their 

tracks and causes ‘an arresting sense of uniqueness’ (Greenblatt, 1990, p. 42). 

However, Annis (1986) claimed that neither museums nor museum objects have 

meanings; instead, meanings are found, created and/or constructed by the 

visitors based on selected paths, entrance narratives, and emerging visitor’s 

needs. As a result of this multi-stage and individual process of meaning 

construction, only a subset of all explored objects can gain a symbolic form with 

a ‘value, aura and/or status’ (Sitzia, 2018, p. 78), that is acquire a meaning. 

Therefore, not only do visitors tend to engage with a subset of potential stimuli 

of VX in a physical museum (see Section 2.2.2), but also not all VX-related 

processes result in a meaningful outcome:  ‘a tour full of facts and objects may be 

interesting – and it may even offer visitors some exposure to experience – but 

visitors still may not really construct much knowledge from it’ (Jeffery-Clay, 

1998, p. 6). Furthermore, not all outcomes are positive; it is reported that visitors 

are prone to misconceptions because they can reject new information if they 

cannot place it within their existing beliefs, past experiences and prior knowledge 

(Jeffery-Clay, 1998; Hennes, 2002). This reveals that not only is it important to 
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stimulate VX by supporting direct experience, but also it is crucial to aim for a 

meaningful outcome of VX by seeking ways to understand the visitor’s personal 

context and by guiding the visitor to such a direct experience that could have a 

connection to their past experiences, knowledge, and interests. 

To summarise, following the literature review, VX is a complex multidimensional 

construct that encompasses various mental processes (see Section 2.2.3). The 

characteristics and quality of VX are shaped by the variables within the personal, 

sociocultural, and physical contexts (see Section 2.2.1), and are stimulated by 

direct experience, such as looking at an object or reading a label (see Section 

2.2.2). This research found that one of the main challenges in the analysis of VX is 

to identify its boundaries and to reach a universally accepted understanding of 

what VX is. Although VX has been explored by researchers from various research 

fields, its scope remains unclear as scholars interpret VX and the context around 

it in different ways. Nevertheless, a better understanding of the scope of VX is 

crucial to, for example, establish how the quality of VX transforms under different 

conditions. 

2.3 Supporting visitor experience with museum technologies 

In addition to the analysis of the theoretical framework of VX, this doctoral 

research explores the role of digital technologies in the museum domain with a 

particular focus on museum RSs and adaptive museum guides. This knowledge 

was necessary for this research to better understand the role of RSs in a physical 

museum visit and what is known about the impact of museum RSs on VX. This 

analysis also outlines the knowledge gap that exists within the current studies 

into museum RSs, and that this doctoral research addresses. 

2.3.1 Role of recommender systems and adaptive guides in 

physical museums 

Scholars have been exploring the potential for digital technologies to enhance VX 

with various personalisation and adaptation techniques to cater to the interests 

and needs of each visitor during a museum visit (Oppermann and Specht, 1999; 
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Petrelli et al., 1999; Bright et al., 2005; Stock et al., 2007; Alabastro et al., 2010; 

Kuflik et al., 2011; Huang et al., 2012; Ruotsalo et al., 2013; Benouaret and Lenne, 

2015; Kontiza et al., 2018). In particular, museum RSs have been used to filter a 

large amount of information and to highlight content that could match user 

preferences (van Setten et al., 2004), while adaptive museum guides have been 

developed to dynamically adjust during the visit to better accommodate 

emerging user needs, preferences, and behaviour (Petrelli and Not, 2005). 

Acknowledging that VX is shaped by a variety of subjective factors (see Section 

2.2.1), there is potential for museum RSs and adaptive museum guides to 

influence the quality of VX.  

With a greater focus on their potential impact, museum RSs and adaptive guides 

can highlight the objects of a visitor’s interest in a physical museum, which can 

be beneficial for a direct experience that could resonate with a visitor (see Section 

2.2.2). For example, in (Bartolini et al., 2016), a context-aware multimedia RS was 

developed to suggest the visiting paths with the objects that were grouped and 

ordered following their distance from the visitor and their relevance to visitor’s 

preferences. Rossi et al. (2017) explored how to generate an optimal sequence of 

artworks in the RS by taking into account their order and location in the physical 

museum, assuming that their order might have some impact on the overall 

satisfaction with the visit. Moreover, guidance to the objects of interest could be 

useful particularly for the first-time visitors who are not familiar with a museum 

collection. In particular, AMMICO, a museum RS, was developed for first-time 

visitors to ensure that they do not miss interesting artworks (Fournier et al., 

2014). Similarly, the studies in the CHIP project revealed that with the help of the 

Art Recommender, novice visitors who were not familiar with the Rijksmuseum 

collection could quickly elicit their collection favourites (Roes et al., 2009). 

Building on the theoretical knowledge about VX, by guiding a visitor to the objects 

that can match their interests and needs, museum RSs and adaptive guides can 

enhance direct experience and, plausibly, VX as they can support curiosity and 

interest in the museum collection and retrieve a connection between an outer 

stimulus and the visitor’s personal context (see Section 2.2.2). 
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Moreover, museum RSs and adaptive guides can make use of different media and 

displays to convey information in the most suitable format and to focus a visitor’s 

attention on a specific object and/or its detail. For instance, the Personal 

Experience with Active Cultural Heritage (PEACH) system was set up in the 

Buonconsiglio Castle in Trento, Italy to display personalised multimedia 

presentations, i.e., text, images, and videos, of the frescoes on mobile and 

stationary devices (Stock et al., 2007). The PEACH system also highlighted some 

details of the frescoes by zooming in on those details and by letting a life-like 

character present the information ‘jumping between the mobile PDA and fixed 

kiosk displays as necessary’ (Stock et al., 2007, p. 263). With this, museum RSs 

and adaptive guides can not only guide visitors to the objects of interest but also 

make the process of browsing those objects more accessible, which, in turn, may 

have some positive impact on direct experience and VX by supporting situational 

interest in the museum collection during the visit (see Section 2.2.2). 

Museum RSs and adaptive guides can also help visitors navigate through the 

information space to improve the processes of learning and interpretation during 

the visit to a physical museum. In particular, the presentation and amount of 

information can be moderated through a museum RS or an adaptive guide either 

to fill in the information gap or to alleviate information asymmetry and/or 

information overload (Oppermann and Specht, 1999; Bright et al., 2005; Huang 

et al., 2012; Benouaret and Lenne, 2015). For instance, SMARTMUSEUM, a 

knowledge-based RS, recommended explanatory descriptions and multimedia 

content, including textual and visual presentations, about museum objects to 

complement the information available in the physical museum (Ruotsalo et al., 

2013). Similarly, Alabastro et al. (2010) claimed that artwork descriptions, which 

usually include only a title and artist name, might be insufficient for those who 

require more interpretive content to construct meaning. Hence, they created the 

MyMuseum RS that supplied visitors to the National Arts Gallery of the 

Philippines with more information, such as artwork descriptions and audio 

presentations. Another RS, also called MyMuseum, at the Nicholson Museum in 

Sydney adjusted the amount of information that the visitor was presented with 

depending on a visitor’s MEG; if the visitor came to learn, the RS showed more 
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detailed descriptions about the museum objects than for the visitors with other 

MEGs (Bright et al., 2005). 

Additionally, museum RSs and adaptive guides can support the processes of 

association, connection, and reminiscence by linking the previously seen and 

currently explored objects. For instance, Oppermann and Specht (1999) 

anticipated that the repetition of information and the reference to some 

previously seen objects could improve the learning process during the visit. 

Following this stance, the nomadic information system3 Hippie (Oppermann and 

Specht, 1999), Intelligent Labelling Explorer (ILEX) (O’Donnell et al., 2001), 

HyperAudio (Petrelli and Not, 2005), and Personal Experience with Active 

Cultural Heritage (PEACH) (Stock et al., 2007) adjusted information 

presentations; for instance, they made comparisons or generated new object 

descriptions, if the visitor came back to the object that they had explored earlier. 

A few guides also tried to support social VX by mediating the communication 

between companions during a museum visit. For instance, the Cultural Heritage 

Information Presentation (CHIP) system could be used by visitor pairs – a 

museum tour could be generated by merging preferences from two user profiles, 

or it could be adapted to include meeting points in the museum (Roes et al., 2009). 

The Discovery Point was developed to enhance social interaction by offering 

‘conversation starters’ to the companions (Berkovich et al., 2003, p. 994) in the 

form of short stories about the artworks near the visitors. Although not adaptive, 

Sotto Voce was one of the earliest examples of audio guidebooks aimed not only 

to present information to each visitor individually but also ‘to facilitate social 

interaction between visitors and their companions’ (Aoki et al., 2002, p. 431). 

With an audio overhearing mechanism, the Sotto Voce users were able to listen 

to the same audio file simultaneously with their companion, or they could choose 

their own audio track. Similar to Sotto Voce, CoCicero let its users share their 

audio file and listen to an audio track independently (Laurillau and Paternò, 

2004). However, CoCicero also included a series of games that required 

 
3 ‘An information system is said to be nomadic when the user has access to his or her 
personal information space from all places independent from specific devices’ 
(Oppermann and Specht, 1999, p. 1). 
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companions to collaborate and communicate while not being together in the 

same location (Laurillau and Paternò, 2004; Ghiani et al., 2009). Gamification, in 

the form of collaborative games, and some communication support by voice was 

tested in UbiCicero and ARCHIE to improve learning and interaction between the 

group members (Luyten et al., 2006). However, Kuflik et al. (2011) suggested that 

communication by voice might not be optimal in a physical museum, and thus the 

Personal experience with active cultural heritage-IsraeL (PIL) project let its users 

exchange text messages in case the companions became separated during the 

visit but still wanted to communicate (Kuflik et al., 2011). This knowledge 

informs that, with additional features, the role of museum RSs and adaptive 

guides can be stretched beyond contextualising information presentations and 

guiding visitors to the objects of their interest, and hence their effect on VX can 

be extended as exemplified with social VX above.    

To summarise, the analysis above suggests that museum RSs and adaptive 

museum guides have potential to support direct experience and VX. In particular, 

they can enhance direct experience by highlighting interesting objects to explore 

in the museum and by focusing a visitor’s attention on specific object details. 

Moreover, they can enhance VX by making comparisons and building connections 

between previously seen and currently explored objects. In addition, they might 

be able to fill in the information gap and alleviate information overload by 

illuminating information that a visitor might be interested in. By extending a 

museum RS or an adaptive guide with additional features, such as collaborative 

games, its impact on VX can also be extended.  

2.3.2 Evaluation of the impact of recommender systems and 

adaptive guides in physical museums 

The previous section illuminated the roles of museum RSs and adaptive guides in 

a museum visit, and how museum RSs and adaptive guides might improve VX. 

But is there real-world evidence about VX improvements when visitors interact 

with an RS or an adaptive guide during a museum visit? 
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Following the literature review, the evaluations of museum RSs and adaptive 

guides tend to focus on the interaction between the visitor and the technology 

using a range of methods:  

• user satisfaction level surveys, e.g., (Berkovich et al., 2003; Cinotti et al., 

2004; Boehner et al., 2005; Bright et al., 2005; Hatala and Wakkary, 2005; 

Stock et al., 2007; Wang et al., 2007; Zimmermann and Lorenz, 2008; 

Ghiani et al., 2009; Alabastro et al., 2010; Albanese et al., 2011; Kuflik et 

al., 2011; Huang et al., 2012; Ruotsalo et al., 2013; Tesoriero et al., 2014; 

Kontiza et al., 2018); 

• interaction log analysis, e.g., (Evans and Sterry, 1999; Grinter et al., 2002; 

Boehner et al., 2005; Hatala and Wakkary, 2005; Ghiani et al., 2009; 

Albanese et al., 2011; Kuflik et al., 2011; Kontiza et al., 2018); 

• observations, e.g., (Evans and Sterry, 1999; Aoki et al., 2002; Grinter et al., 

2002; Berkovich et al., 2003; Boehner et al., 2005; Hatala and Wakkary, 

2005; Luyten et al., 2006; Albanese et al., 2011); 

• UX interviews, e.g., (Evans and Sterry, 1999; Grinter et al., 2002; Berkovich 

et al., 2003; Hatala and Wakkary, 2005; Luyten et al., 2006); 

• heuristic evaluations, e.g., (Evans and Sterry, 1999; Oppermann and 

Specht, 1999; Cinotti et al., 2004; Hatala and Wakkary, 2005; Stock et al., 

2007); 

• offline simulations to evaluate the accuracy of generated 

recommendations, e.g., (Hatala and Wakkary, 2005; Petrelli and Not, 

2005; Alabastro et al., 2010; Albanese et al., 2011; Keller and Viennet, 

2015; Bartolini et al., 2016; Cardoso et al., 2018); 

• visiting time analysis, e.g., (Berkovich et al., 2003; Albanese et al., 2011; 

Kuflik et al., 2011); 

• focus groups, e.g., (Kontiza et al., 2018). 

Although UX-related studies are essential to refine system performance, they 

might not reveal much about VX, leaving VX poorly understood and 

underexplored, as also argued in (Walker, 2010; Othman, 2012; Ross, 2014). For 

example, in the evaluations of SMARTMUSEUM, a knowledge-based museum RS, 

only one question addressed museum experience during the visit, and it was 
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combined with the system’s ease of use – “I thought the system was easy to use 

and improved my museum experience” (Ruotsalo et al., 2013, p. 22). The study 

participants were overall satisfied with SMARTMUSEUM; they found the RS easy 

to use and agreed that they would use a similar system in other museums. 

However, it remained unclear whether, to what extent, and in what way the 

system improved VX, e.g., whether it impacted self-reflection, understanding, 

restoration of the museum collection, etc.  

Similarly, Huang et al. (2012) aimed to resolve information overload in a physical 

museum with a personalised guide recommendation (PGR) system. In their 

survey, they enquired whether system users felt fatigue, whether they felt as if 

they were losing patience, and whether they remembered more information 

about the exhibits with the system. The majority of the study participants had an 

overall positive perception of the PGR system; they did not feel fatigue or loss of 

patience, and they claimed to have learnt more with the system (Huang et al., 

2012). However, it was unclear whether the PGR system alleviated information 

overload associated with the museum objects and whether information overload 

ever existed in the museum. 

At the same time, it is necessary to acknowledge VX-related evaluations which 

provided some insight into VX transformations and pushed forward the research 

into VX. In particular, some qualitative VX-related studies explored whether 

museum RSs and adaptive guides could support learning, reflection, and social 

interaction. For example, the tour generated by MyMuseum at the Nicholson 

Museum was found useful to learn more about the Troy era (Bright et al., 2005), 

whereas with the help of the CrossCult RS a few respondents in the National 

Gallery in London were able to ‘remember, consider, examine, compare and 

reason’ (Kontiza et al., 2018, p. 7), indicating that museum RSs and adaptive 

guides can be beneficial for cognitive VX. Additionally, although not adaptive, the 

Sotto Voce audio system with an overhearing mechanism helped study 

participants learn more about their companion’s interests, enrich their 

conversations, coordinate actions during the visit and check in on the activity of 

their companion, suggesting a positive effect on social VX (Grinter et al., 2002). 

On the other hand, some users reported that they prioritised listening to the 
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guidebook’s audio over talking to each other, and several visitors felt absorbed 

by the audio guide, implying that audio systems can be counterproductive for 

some visitors and might not contribute to social VX.  

Within the larger context, the abovementioned findings provide some real-world 

evidence of the benefits and drawbacks of the developed systems from the VX 

perspective, and they also raise a few new questions, e.g., was the contribution of 

a developed system significant enough to justify its integration? Is it possible to 

set a threshold that would determine the significance of VX transformations? 

How much would the visitors have learnt if they had not used a museum RS or an 

adaptive guide? These questions point to the need to compare VX with and 

without an RS or an adaptive guide to establish the effectiveness of a technology 

in a museum visit. For instance, Evans and Sterry (1999), tested the impact of the 

portable computer on learning with “control” and “treatment” groups at the 

Museum of Science and Industry in Manchester. By comparing the responses of 

the study participants in two groups to the same open-ended questions, Evans 

and Sterry concluded that visitors managed to learn more during their museum 

visit with the developed portable computer than without it, which exemplified 

the contribution of the developed guide to a museum visit.  

Conversely, some quantitative VX-related evaluations with statistical tests have 

demonstrated that the difference between the state of VX with and without an 

adaptive system during the visit can be insignificant. For instance, the lack of 

effect was reported in the Othman’s study (2012); the participants were asked to 

evaluate their recent museum visit on the Museum Experience Scale and to 

indicate whether they visited the museum with a mobile museum guide. The 

respondents with a guide tended to have a more positive opinion about their 

recent museum visit, but the difference was often insignificant: the most 

prominent transformation was observed in the “Engagement” component which 

described enjoyment, engagement, interest, involvement, focus, and immersion 

during the visit, whereas the quality of “Knowledge/learning”, “Meaningful 

experience”, and “Emotional connection” remained statistically similar to the 

group that did not use a guide.  



 50 

Similarly, the researchers in the PIL project assumed that a multimedia guide 

would support the interpretive and learning processes at the Hecht Museum in 

Haifa: 

[…] the visitor’s interest in the subject will increase, and the time spent at the 
exhibition will be longer. It is also assumed that a visitor who uses a 
multimedia guide will enrich his knowledge more than a visitor who visits 
the exhibitions while using the traditional methods of interpretation present 
in the museum. (Kuflik et al., 2011, p. 15) 

The results showed that the duration of the visit increased when visitors used the 

multimedia guide, but there was still no statistically significant difference 

between the knowledge test scores of the visitors who used and did not use the 

multimedia guide, meaning that learning did not improve with the integration of 

the guide (Kuflik et al., 2011). 

To summarise, the literature review of the impact of museum RSs and adaptive 

guides highlighted the knowledge gap that needed to be addressed in this 

doctoral research. Based on the theoretical understanding of VX (see Section 2.2), 

it can be suggested that the improvement of VX implies the diversification and/or 

stimulation of mental processes which are also more likely to result in some 

meaningful outcomes. Although there are numerous examples in the literature of 

RSs and adaptive guides developed for physical museums, only a few studies have 

investigated the effectiveness of a system from the VX perspective. Naudet and 

Deladiennée (2019) suggested that it is necessary to test the quality of UX/UI, the 

level of context-awareness of a system and the quality of personalised 

recommendations. This thesis argues that it is necessary to take one step further 

and to test whether the developed technology improves VX, considering that this 

is often the main aim of integrating museum RSs and adaptive guides into a visit 

to a physical museum. Moreover, VX extends beyond learning and social 

interaction (see Section 2.2.3), but there is very limited scholarship available that 

targets or touches upon the transformations in other mental processes, such as 

restoration and introspection. Therefore, although museum RSs and adaptive 

guides have the potential to improve VX, more real-world evidence of their 

impact on VX is required to justify the implementation of these systems for 

physical museums. 
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2.4 Conclusion 

This chapter reviewed the existing theoretical basis of VX to establish what 

museum technologies often aim to improve during the visit to a physical museum. 

Following the analysis of the published literature about VX, this chapter 

identified that VX is a complex, multidimensional construct which is shaped by 

variables in the personal, sociocultural, and physical contexts, and which can be 

stimulated by a direct experience, i.e., looking at a museum object or reading a 

label. The analysis also revealed that VX still lacks a universally accepted 

theoretical framework, because scholars interpret what VX encompasses and 

how it can be improved in different ways. This makes it difficult to understand 

how the findings about the transformations in VX can be generalised in the 

scholarship, and what exactly museum technologies aim to improve. Hence, this 

chapter informed this research about the need to first define and conceptualise 

VX in order to then derive the most appropriate methodology to study VX and its 

transformations under different visiting conditions.  

The literature review also emphasised the importance of enquiring into the 

influence of museum technologies on VX. This chapter delineated the role and the 

development process of museum technologies for the offsite and onsite use, and 

it discussed what is known about the impact of museum RSs and similar adaptive 

museum guides on VX. The review showed that the evaluation of museum RSs 

and adaptive museum guides often encompasses system performance 

evaluations with accuracy and usability tests, and it rarely extends to the analysis 

of VX transformations. I argue that system performance evaluations with 

accuracy and usability tests might not be sufficient to claim the efficiency and 

effectiveness of a system to improve VX, even though the theoretical framework 

of VX is still not uniform. The studies suggested, however, that there is potential 

for museum RSs and adaptive guides to transform VX, and thus it is necessary to 

support this assumption with solid evidence.  
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Chapter 3 Theoretical framework of visitor 
experience 

3.1 Introduction 

The literature review demonstrated that the scholarship has not yet developed a 

single universally accepted theoretical approach to VX as researchers tend to 

interpret what VX is and how it can be improved in different ways (see Section 

2.2.3). Nevertheless, a VX framework was essential in this thesis to explain how 

this doctoral research understood the scope of VX, and how it established 

whether the interaction with an RS during a museum visit can improve VX. For 

instance, to start outlining what VX encompasses and how it can be influenced, 

this thesis refers to the whole museum-related process before, during, and after 

the visit as museum experience, whereas visitor experience is associated here with 

specific processes during a museum visit. Before answering the main research 

question, it was necessary to conceptualise VX, i.e., to define it, to identify its core 

categories, to delineate its boundaries, and to outline its role within the wider 

context of museum experience. 

This chapter presents five main categories of VX by visualising in a graph the VX 

classifications from the published literature and then by detecting clusters of the 

most common VX categories. This chapter refines the definition of VX, building 

on the findings about the main dimensions of VX, on the literature review in 

Chapter 2, and on Packer and Ballantyne’s (2016, p. 130) questions which were 

formulated to develop a shared vocabulary and to advance the understanding of 

VX. Finally, this chapter develops an analytical framework of museum experience 

to outline the context around VX with the factors that shape VX and with its 

potential outcomes. 

3.2 Objectives 

The main objective of the study in this chapter was to put forward a theoretical 

framework of VX. The framework could clarify how this research understood VX, 

how it attempted to influence the quality of VX, and how it detected the 
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transformations in VX under different visiting conditions. Without this study, it 

was unclear what exactly an RS aimed to improve, and what research methods 

needed to be adopted to answer the main research question. Within the wider 

research context, the framework aimed to raise a discussion in the scholarship 

about the lack of a shared definition of VX that prevents the growth of knowledge 

within the same research space due to different interpretations of VX (see Section 

2.2.3). 

To develop the framework, this study aimed to identify the core categories of VX, 

to refine the definition of VX, and to outline the context around VX. More 

specifically, although numerous classifications explain what VX might encompass 

(see Section 2.2.3), they have rarely focused on the categories that could be found 

in different museums, making classifications restricted to a specific museum type. 

Hence, this study needed to identify generic categories of VX which could be 

detected, and thus be suitable for the analysis in different museum spaces. Within 

the context of this research, this knowledge anticipated to reveal the constructs 

that this study needed to evaluate to draw conclusions about the changes in the 

quality of VX and/or its specific dimensions.  

Following the discussion about the core VX categories, it was important to refine 

Falk and Dierking’s (2012, p. 29) and Packer and Ballantyne’s (2016, p. 133) 

definitions of VX so that they could include a clear reference to the context around 

VX and what VX itself includes. As argued in Section 2.2.3, from the proposed VX 

definitions, it was unclear what Falk and Dierking’s ‘interaction’ and Packer and 

Ballantyne’s ‘response’ might encompass, leaving scholars with an opportunity 

to interpret VX. Nevertheless, I argue that it is crucial to clearly explain what VX 

is and where its boundaries are so that scholars could be guided by a shared 

approach to VX. 

Finally, considering that the elements within the process around VX are often not 

differentiated from VX itself (see Section 2.2.3), this study aimed to develop an 

analytical framework of museum experience to better delineate the VX’s 

boundaries. This knowledge would help differentiate VX from the factors that 

shape its quality (see Section 2.2.1), from direct experience (see Section 2.2.2), 

and from its potential outcomes (see Section 2.2.4), while also better illuminating 
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the role of VX within this complex framework of museum experience. This 

knowledge was also necessary for this doctoral research to explain the role of an 

RS in VX transformations, i.e., how RS features might contribute to the changes in 

the quality of VX.  

3.3 Method 

To meet the study objectives, this research undertook the following analytical 

procedures: 

1. Identification of the core dimensions of VX to explain what VX encompasses, 

and what this research needed to analyse to detect the changes in the 

quality of VX under different visiting conditions; 

2. Refinement of the definition of VX so that the VX definition could better 

delineate what VX encompasses based on the analysis of the core 

dimensions of VX; 

3. Development of the analytical framework of museum experience to place VX 

within the larger context, and to explain how the quality of VX could be 

influenced. 

Identification of the core dimensions of VX 

To elicit core dimensions of VX, I first created a pool of VX-related categories from 

the classifications found in the published literature about VX and VX-associated 

constructs, such as museum experience, visit experience, and visiting experience, 

which had been developed following the studies in different museums: art 

galleries, history museums, science museums, natural history museums, etc. As a 

result, I carried out the analysis of 70 VX-related categories found in the following 

scholarly resources: (Graburn, 1977; Annis, 1986; Csikszentmihalyi and 

Robinson, 1990; Kaplan et al., 1993; Masberg and Silverman, 1996; Pekarik et al., 

1999; Elands and Lengkeek, 2000; Monod and Klein, 2005; Kotler et al., 2008; 

Pallud and Monod, 2010; Othman, 2012; Latham, 2013; Packer and Ballantyne, 

2016). The list of all categories is available in Appendix 1, Table 1.1. The initial 

review of the categories revealed that there are many discrepancies in the VX 

classifications, such as inconsistent levels of granularity used to describe VX and 
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unique VX categories that do not resonate with the previous knowledge and/or 

are pertinent to a specific museum space, which was discussed in Section 2.2.3. 

Nevertheless, some VX categories do reoccur, such as ‘social experience’ (Pekarik 

et al., 1999), ‘sociability’ (Kotler et al., 2008), and ‘relational experience’ (Packer 

and Ballantyne, 2016), suggesting that there is a common underlying pattern that 

could become the foundation of a generic classification of VX.  

To detect patterns among the VX categories, I conducted a conventional content 

analysis. A qualitative method was chosen because the categories from two 

different classifications could describe a similar VX dimension but be labelled 

differently and vice versa, making it difficult to apply a quantitative method and 

to count the occurrences of a specific category in the existing VX classifications. 

For instance, the abovementioned ‘social experience’ in (Pekarik et al., 1999) and 

‘relational experience’ in (Packer and Ballantyne, 2016) both refer to such 

processes as social interaction, sharing, and companionship; yet the VX 

categories had different labels. On the other hand, ‘aesthetic experience’ in 

(Csikszentmihalyi and Robinson, 1990) and ‘aesthetic experience’ in (Kotler et 

al., 2008) do not describe the same experience category. ‘Aesthetic experience’ in 

(Csikszentmihalyi and Robinson, 1990) is an optimal VX type that encompasses 

multiple VX dimensions, which are perceptual-formal, intellectual, emotional and 

communicative, whereas ‘aesthetic experience’ in (Kotler et al., 2008, p. 303) is 

not an optimal VX type; it describes ‘the sense of delight, euphoria, and in some 

conditions a sense of disquiet evoked by qualities inherent in natural or created 

objects or events’. Therefore, due to such discrepancies between the VX 

classifications, it was necessary to first analyse category descriptions in order to 

then elicit their similarities.  

I systematised the descriptions of VX categories by using tags that could explain 

each VX category based on its underlying mental processes and associated 

contextual variables. The content analysis involved highlighting the exact words 

that captured key concepts in each category description and then grouping the 
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highlighted words into larger units of meaning, called “tags”.4 For instance, 

‘reverential experience’ in (Graburn, 1977, p. 3) was originally described as: 

This [reverential experience – ed.] designates the visitor's need for a 
personal experience with something higher, more sacred, and out-of-the-
ordinary than home and work are able to supply. Although museums are 
public spaces, the experience within them can be a solitary one of 
contemplation, meditation, and rest from the cares of the world. The 
museum may provide a place of peace and fantasy, where one can be alone 
with one's thoughts and make of the objects and exhibits what one will. 
The very freedom of the museum experience is most important to the person 
seeking this kind of experience. Freedom to fantasize and make 
connections is part of the unstructured ritual. […] The edifices need not be 
old, but the aura cast by massive portals, high ceilings, and a reverential 
atmosphere must at least give the illusion of permanence. 

In this description, I first highlighted the codes that captured: the characteristics 

of reverential experience, such as ‘personal experience’, ‘out-of-the-ordinary’, 

and ‘solitary’; the processes within reverential experience, e.g., ‘contemplation’, 

‘meditation’, ‘rest from the cares of the world’, ‘fantasize’, and ‘make connections’; 

and the contextual variables that shape the quality of reverential VX, which are 

‘museum’ as a physical space and ‘objects’. The same analytical process was 

undertaken with all other VX category descriptions which were found in the 

published literature. Then, the codes were grouped into tags; overall, I used 25 

tags to interpret the VX categories: “association, connection, reminiscence”, 

“attention, focus, concentration”, “contemplation”, “emotions”, “exploration”, 

“gaining new knowledge/learning”, “imagination”, “immersion”, “internal 

dialogue”, “interpretation”, “introspection”, “mental stimulation”, “participation”, 

“recreation”, “reflection”, “restoration”, “reverence”, “self-projection”, “sense-

making”, “social interaction”, “understanding”, “object”, “physical space”, “social 

space”, and “label”. For instance, after several iterations of systematising and 

analysing the descriptions of VX categories, the abovementioned Graburn’s 

‘reverential experience’ was tagged as “restoration”, “imagination”, 

“contemplation”, “sense-making”, “reverence”, “introspection”, “association, 

connection, reminiscence”, “object”, and “physical space” (see Appendix 1, Table 

 
4 This research calls the grouped codes “tags” and not “categories” as in (Hsieh 
and Shannon, 2005, p. 1279) to avoid confusion between “VX categories” and the 
“categories” which were drawn from the content analysis.    
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1.1 for the list of all VX categories and related tags). This procedure helped 

connect different VX categories found in the literature by using the same wording 

to unveil their similarities and differences. 

To identify the clusters of VX categories, I created a graph in kumu.io5 that 

illuminated the connections between VX categories based on their shared tags. 

For instance, ‘social experience’ in (Pekarik et al., 1999) and ‘relational 

experience’ in (Packer and Ballantyne, 2016) were connected to each other 

through the ‘social interaction’ and ‘participation’ tags that they both shared 

following the content analysis. The details on the graph as well as the findings 

about the core dimensions of VX are discussed in depth in Section 3.4.   

Refinement of the definition of VX 

To refine the definition of VX, I used Falk and Dierking’s (2012, p. 29) and Packer 

and Ballantyne’s (2016, p. 133) definitions as a basis, and referred to the analysis 

of the core dimensions of VX to clarify what VX encompasses, its stimuli, and its 

outcomes. Moreover, in addition to redefining VX, I responded to Packer and 

Ballantyne’s (2016, p. 130) questions about VX to explain how VX is understood 

in this thesis. 

Analytical framework of museum experience 

It is necessary to remind that this thesis differentiates museum experience and 

visitor experience – while museum experience refers to all museum-related 

processes before, during, and after the visit, visitor experience focuses on the 

mental processes that occur during the visit only. Therefore, to develop an 

analytical framework of museum experience, I reviewed the constructs related to 

the experience before, during, and after the visit, following the literature review 

in Sections 2.2 and 2.3.1, and then visualised them in a schematic model to 

demonstrate the flow of museum-related constructs in a cycle. The schematic 

model also helped illuminate the role of VX in the analytical framework of 

museum experience, and hence outline its boundaries. 

 
5 https://kumu.io  

https://kumu.io/
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3.4 Core dimensions of visitor experience 

As discussed in Section 2.2.3, the processes which can evolve from direct 

experience during a museum visit can take many forms, but what VX dimensions 

are core, generic, and distinct? Following the content analysis of the VX-related 

categories found in the published literature (see Section 3.3), this study 

visualised the VX categories (see Figure 1) to elicit core dimensions of VX. 

To explain the elements of the graph, the nodes in the graph vary in size and 

colour. The size of nodes was determined by degree centrality which counts the 

number of edges that each node has: the “association, connection, reminiscence” 

tag was the most frequently used in the interpretation of the VX categories, and 

thus its node was the largest. Moreover, the nodes were coloured differently to 

classify them as a “VX category”, “Optimal VX category”, “Physical context-related 

variable”, “Direct experience”, or “Tag”. More specifically, ‘numinous experience’ 

in (Cameron, 2003; Latham, 2013), ‘aesthetic experience’ in (Csikszentmihalyi 

and Robinson, 1990), and ‘flow’ in (Csikszentmihalyi and Hermanson, 1995) 

were highlighted in orange because they are considered to be optimal VX 

categories; they are more challenging to experience than other VX categories, 

being encountered simultaneously on many levels, e.g., ‘intellectual, emotional, 

imaginative, sensual’ (Latham, 2013, p. 13). In contrast, ‘object experience’ from 

the VX classifications in (Doering, 1999; Pekarik et al., 1999) was highlighted in 

green because this category focuses on a tangible, material object and ‘seeing “the 

real thing”’ (Pekarik et al., 1999, p. 157), which I identify as a part of direct 

experience and not as a part of VX (see Section 2.2.1). All other analysed VX 

categories in this study were highlighted in blue, not being directly related to a 

“Direct experience” or an “Optimal VX category”. The edges of each “VX category”, 

“Optimal VX category”, and “Direct experience” node in the graph were linked to 

a “Tag” or a “Contextual variable” which evolved during the conceptual content 

analysis stage (see Section 3.3). The four contextual variables in the graph, which 

were “social space”, “physical space”, “object”, and “label”, were highlighted in 

purple, whereas the “Tag” nodes were highlighted in teal.  
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Figure 1. Visualisation of the core visitor experience dimensions elicited from the 
visitor experience classifications found in the published literature  

This stylistic differentiation of tags helped detect and reflect on the clusters of the 

VX categories. Focusing on the “VX category”, “Optimal VX category”, and “Direct 

experience” nodes in Figure 1, it is necessary to note that there are no prominent 

clusters. Some VX categories are grouped in the middle of the graph around the 

optimal VX categories, while a few others form the rim of the graph, indicating 

their loose relation to each other. This could be because the number of tags with 

which each category was described during the content analysis stage varied, and 

the categories with more concise descriptions in the literature than the others 

were eventually described with fewer tags. More specifically, all the three optimal 

categories, which were visualised with orange nodes in the graph, have been 



 60 

extensively discussed in the published literature (Csikszentmihalyi and 

Robinson, 1990; Csikszentmihalyi and Hermanson, 1995; Cameron, 2003; 

Latham, 2013). As mentioned above, they encompass various mental processes, 

and hence are linked to various VX categories, which is clearly illustrated in the 

graph – the optimal categories are clustered in the middle, showing their 

interrelation with VX categories from other classifications. A few other 

classifications, on the other hand, have received much less attention in the 

published literature and have more obscure descriptions. For instance, ‘aesthetic 

experience’ in (Csikszentmihalyi and Robinson, 1990) was tagged as “gaining 

new knowledge/learning, mental stimulation, reflection, object, 

attention/focus/concentration, immersion, interpretation, emotions, 

association, connection, reminiscence”, whereas ‘spiritual experience’ in (Packer 

and Ballantyne, 2016) was described as “reverence, association, connection, 

reminiscence”, which led to its poor connection to the other VX categories.  

Nevertheless, by reviewing the categories around the teal “Tag” nodes, this study 

identified five thematic clusters, i.e., cognitive, introspective, restorative, social, 

and affective, which became the five core dimensions of VX in this doctoral 

research. The sections below elaborate on each of the identified VX categories, 

the similarities and differences between them, contextual variables, and 

underlying mental processes. The descriptions of the core VX dimensions were 

important for this research as they informed the design of the VX instrument, the 

understanding of how different VX categories could be shaped, and what VX 

transformations were to be expected based on the changes in a particular factor.  

3.4.1 Cognitive experience 

Cognition is a broad, complex construct that consists of a chain of information 

processing steps when a sensory input is transformed, reduced, elaborated, 

stored, recovered, and used to generate new information (Neisser, 1967; Houwer 

et al., 2016; Bayne et al., 2019). With this, it can be assumed that cognition might 

encompass all mental processes, and thus it might as well involve the observation 

of and reflection on some inner mental responses, i.e., introspective VX (see 

Section 3.4.2).  
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Figure 2. Cognitive experience cluster in the graph 

Since the debate continues about a single definition of cognition (Bayne et al., 

2019), in this thesis the understanding of cognitive VX was elicited from the 

existing cognitive VX-related categories in the graph (see Figure 2), such as 

‘knowledge/learning’ (Masberg and Silverman, 1996, p. 24; Othman, 2012, pp. 

123–124), ‘cognitive experience’ (Annis, 1986, p. 170; Pekarik et al., 1999, pp. 

157–158; Packer and Ballantyne, 2016, p. 136), ‘educational experience’ 

(Graburn, 1977, p. 4), and ‘learning experience’ (Kotler et al., 2008, p. 303). From 

the descriptions of cognitive categories, cognitive VX is associated with such 

processes as:  

• gaining new knowledge/learning, e.g., (Hein, 1995, p. 195; Masberg and 

Silverman, 1996, p. 23; Pekarik et al., 1999, p. 155; Kotler, 2003, p. 13; 

Packer, 2006, online; Othman, 2012, p. 123; Packer and Ballantyne, 2016, 

p. 136); 

• understanding, e.g., (Annis, 1986, p. 170; Pekarik et al., 1999, p. 155; 

Othman, 2012, p. 123; Packer and Ballantyne, 2016, p. 136);  

• mental stimulation, e.g., (Annis, 1986, p. 170; Packer, 2006, online); 

• interpretation, e.g., (Annis, 1986, p. 170; Hein, 1995, p. 195); 
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• sense-making, e.g., (Graburn, 1977, p. 4; Hein, 1995, p. 192); 

• reflection, e.g., (Kotler et al., 2008, p. 303). 

There are a few factors that can influence the characteristics and quality of 

cognitive VX, which, in turn, informs how cognitive VX can be externally 

stimulated. Museums are viewed as free-choice learning institutions (Dierking, 

2005; Falk, 2005), implying that visitors decide what information to absorb 

depending on their interests, domain knowledge, and MEGs. Although some 

visitors come to museums to be mentally stimulated, cognitive VX in visitors can 

be evoked by curiosity, enthusiasm, and enjoyment of a learning process (Beer, 

1987; Allen, 2002; Packer, 2006; Pallud, 2017). Hence, a setting with a well-

designed preface to an intellectual dialogue between the museum and the visitor 

might encourage individuals to learn and reflect on the outer stimuli (Beer, 1987; 

Allen, 2002). More specifically, object descriptions and a thematic organisation of 

exhibits might help transmit a message from museum curators to a visitor and 

can invite visitors to interpretation and critical thinking. In addition, cognitive VX 

in museums is likely to occur when information resonates with and stretches 

beyond the visitor’s own knowledge at the level that visitors can understand and 

process (Hein, 1991; Packer, 2006). For instance, Graburn (1977, p. 2) discusses 

“mythic”, also referred to as “magic”, and “scientific” thoughts that are projected 

in a museum space through objects, labels, and exhibition themes. A “mythic” 

thought relies on the past experience of a visitor, while a “scientific” thought is 

the product of education and discipline. According to Graburn (1977), a “mythic” 

thought is more relevant and satisfactory for a visitor than a “scientific” thought 

because the former does not require specific background knowledge. Moreover, 

information presented as true, i.e., a “scientific” thought, might not encourage a 

visitor to explore and learn more (Csikszentmihalyi and Hermanson, 1995). 

To summarise, following the literature review, this study clarified that cognitive 

VX is associated with processing and eliciting knowledge about an outer stimulus, 

such as learning new information about a museum object from an object label. 

Hence, the quality of information in the museum space can potentially impact the 

quality of cognitive VX, which helps this doctoral research better understand how 

cognitive VX can be externally influenced.  
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3.4.2 Introspective experience 

Introspective VX category in the graph (see Figure 3) consists of ‘introspective 

experience’ (Pekarik et al., 1999, p. 155; Packer and Ballantyne, 2016, p. 136), 

‘dream space’ (Annis, 1986, p. 169), ‘rapture’ (Elands and Lengkeek, 2000, p. 19), 

‘reverential experience’ (Graburn, 1977, p. 3), ‘communicative dimension of 

aesthetic experience’ (Csikszentmihalyi and Robinson, 1990, p. 62), ‘celebrative 

experience’ (Kotler et al., 2008, p. 303), and ‘self-projection’ (Monod et al., 2006; 

Pallud and Monod, 2010). These experiential types are linked to such processes 

as:  

• self-reflection/introspection, e.g., (Csikszentmihalyi and Robinson, 1990, p. 

66; Doering, 1999, p. 11; Pekarik et al., 1999, p. 158; Monod and Klein, 

2005, p. 2874; Latham, 2013, pp. 10–11; Packer and Ballantyne, 2016, p. 

136);  

• association/connection/reminiscence, e.g., (Graburn, 1977, p. 3; Annis, 

1986, p. 169; Csikszentmihalyi and Robinson, 1990, p. 67; Doering, 1999, 

p. 10; Pekarik et al., 1999, p. 158; Kotler et al., 2008, p. 303; Latham, 2013, 

pp. 10–11); 

• imagination, e.g., (Graburn, 1977, p. 3; Annis, 1986, p. 169; 

Csikszentmihalyi and Robinson, 1990, p. 66; Doering, 1999, p. 10; Pekarik 

et al., 1999, p. 158; Latham, 2013, pp. 10–11; Packer and Ballantyne, 2016, 

p. 136);  

• contemplation, e.g., (Graburn, 1977, p. 3; Annis, 1986, p. 169; Packer and 

Ballantyne, 2016, p. 136);  

• internal dialogue, e.g., (Annis, 1986, p. 169; Csikszentmihalyi and 

Robinson, 1990, p. 66; Packer and Ballantyne, 2016, p. 136); 

• self-projection, e.g., (Annis, 1986, p. 169; Monod and Klein, 2005, p. 2874); 

• immersion, e.g., (Csikszentmihalyi and Robinson, 1990, p. 71); 

• reverence, e.g., (Graburn, 1977, p. 3).  
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Figure 3.Introspective experience cluster in the graph 

Some of these processes, however, although connected to introspective VX, may 

not reflect well what introspection refers to. In particular, the products of 

introspection are judgements, thoughts, knowledge, and beliefs about one’s own 

mind and currently ongoing or immediately past mental states rather than an 

outward event or an object (Schwitzgebel, 2010; Danziger, 2015). It is debatable 

that imagination, association, connection, and reminiscence are turned inwards 

only and do not target an outer stimulus. Nevertheless, these processes might be 

found within introspective VX as some of its prerequisites, revealing its more 

complex, multi-stage nature. Csikszentmihalyi and Robinson (1990) claimed that 

the communicative dimension of aesthetic experience can be twofold – an object 

first stimulates imagination and then self-reflection. On the other hand, 

imagination may not necessarily be introspective (Reuter, 2011). Hence, even 

though this research included introspection and imagination within one VX 

category, similar to (Pekarik et al., 1999; Packer and Ballantyne, 2016), further 

analysis is required to understand the relation between the abovementioned 

processes in a museum space.   
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To evoke introspective VX, the ordinary flow of thought and action needs to be 

interrupted – ‘introspection involves some sort of special reflection on one’s own 

mental life that differs from the ordinary un-self-reflective flow of thought and 

action’ (Schwitzgebel, 2010, online). Hence, a museum visit as a whole might help 

stimulate introspective processes, because it is described as a place for an out-of-

the-ordinary experience that helps individuals get away from daily life (Graburn, 

1977). In addition, introspective VX might also be triggered by an object or a 

setting (Doering, 1999; Pekarik et al., 1999). A museum space, in particular, can 

become a container of patterns, colours, sounds and shapes which a visitor can 

manipulate as they want and, as a result, which might evoke imagination, 

reverence and reminiscence (Annis, 1986; Csikszentmihalyi and Robinson, 1990; 

Pekarik et al., 1999; Monod et al., 2006). Since introspective VX is turned inwards, 

it can be assumed that a greater resonance with visitor’s personal context, such 

as memories, past experience, and prior knowledge, might also help stimulate 

introspection. 

To summarise, the processes within introspective VX are turned inwards and 

result in self-knowledge. The literature review suggested that to evoke 

introspective VX, it is necessary to provide a space that could interrupt an 

ordinary flow of thought as well as to retrieve connections between the visitor’s 

personal context and an outer stimulus. 

3.4.3 Restorative experience 

Restorative VX in the graph (see Figure 4) includes such VX categories as 

‘recreation’ (Kotler et al., 2008, p. 303), ‘restoration’, and ‘restorative experience’ 

(Kaplan et al., 1993, p. 15; Packer and Ballantyne, 2016, p. 136), and is linked to 

the following processes:  

• restoration, e.g., (Hartig et al., 1997, p. 176; Korpela, 2001, p. 572; 

Laumann et al., 2001, p. 31; Staats et al., 2003, p. 147; Packer, 2008, p. 43; 

Packer and Bond, 2010, p. 422);  

• recreation, e.g., (Hartig et al., 1997, p. 176; Packer and Bond, 2010, p. 427). 
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Figure 4. Restorative experience cluster in the graph 

Restorative VX is typically organised into phases, i.e., “clearing random thoughts”, 

“recovering directed attention”, and “reflecting/contemplating”, which shows its 

complex structure, similar to introspective VX (Kaplan and Kaplan, 1989; 

Korpela, 2001; Staats et al., 2003). “Clearing random thoughts” occurs when a 

visitor can isolate themselves from cognitive clutter and can start reflecting on 

the ‘matters of one’s mind’ (Staats et al., 2003, p. 148). By distancing themselves 

from continuous mental effort, visitors can recover from directed attention 

fatigue which is expressed in irritability, anxiety, anger, frustration, 

concentration loss, impatience, confusion, decreased ability to perform cognitive 

tasks, decreased sensitivity to interpersonal cues, and decline in performance 

(Kaplan et al., 1993; Hartig et al., 1997; Korpela, 2001; Laumann et al., 2001; 

Staats et al., 2003; Packer and Bond, 2010). For instance, the lack of coherent 

connection between museum objects can result in directed attention fatigue, 

because a visitor would be required to make an effort to get engaged in what they 

are seeing (Hartig et al., 1997; Laumann et al., 2001). However, if directed 

attention is recovered, the visitor might become engaged in contemplation on 

one’s self (Kaplan et al., 1993; Hartig et al., 1997; Korpela, 2001; Staats et al., 
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2003), which, in turn, resonates with introspective VX and suggests that 

restorative VX can become a prerequisite for introspection. 

Since people seek to return to the environments with restorative properties 

(Korpela, 2001; Packer and Bond, 2010), researchers often aim to enhance 

restoration in order to encourage visitors to come back. This is particularly 

important for museums which can be perceived as less restorative than natural 

environments (Packer and Bond, 2010). Nevertheless, Packer and Bond (2010) 

argued that museums may still be among the favourite places for restoration. 

They suggested that a deeper understanding of some restorative benefits of a 

museum space can help museums ‘extend their contribution to their visitors’ 

health and well-being, and to society in general’ (Packer and Bond, 2010, p. 432). 

To stimulate restorative VX, it is necessary to help an individual recover from 

their cognitive and/or emotional burden and to help them renew energy before 

tackling the challenges of daily life (Kaplan et al., 1993; Hartig et al., 1997; 

Korpela, 2001; Kotler, 2003; Packer and Bond, 2010). An environment with 

restorative qualities is often characterised by four components defined within 

the Attention Restoration Theory by Kaplan et al. (1993): being away – when an 

environment is different from the setting associated with a daily routine and can 

help distance from usual work and unwanted distractions (Kaplan et al., 1993; 

Hartig et al., 1997); extent – when an environment is extended in time and space 

and is coherently organised so that the visitor could make sense of it, connect 

with its elements and occupy their mind (Kaplan et al., 1993; Hartig et al., 1997); 

fascination – when an environment enables an effortless and involuntary 

engagement without involving directed attention and mental effort (Kaplan et al., 

1993; Hartig et al., 1997; Packer and Bond, 2010); and compatibility – when an 

environment is able to support visiting purposes and visitor’s needs, has 

comprehensible content and provides orientation (Kaplan et al., 1993; Hartig et 

al., 1997). In addition to these qualities, researchers suggest that there are 

specific characteristics of a physical setting that can contribute to restorative VX. 

In particular, helping first-time and novice visitors find their way in the museum 

and become familiar with its contents could lead to a more effortless engagement 

and thus to higher chances to experience restoration (Kaplan et al., 1993; Packer 

and Bond, 2010). Temperature, lighting, and noise might also impact the quality 
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of restorative VX in a museum (Packer and Bond, 2010). Even though some 

scholars associate restorative VX with mental rather than physical processes 

(Laumann et al., 2001; Staats et al., 2003), seats and rest areas might help restore 

energy, recover from physical fatigue, and make visitors pause and contemplate 

(Goulding, 2000; Packer and Bond, 2010). 

Therefore, following the literature review, this research learned that restorative 

VX is associated with distancing from a prolonged mental effort, recovering from 

cognitive and emotional burden, and renewing energy. While cognitive VX can be 

stimulated by new, relevant information (see Section 3.4.1), restorative VX, in 

contrast, occurs when directed attention and mental effort are not involved, and, 

to improve restoration, it is necessary to seek ways to refine the restorative 

properties of a physical museum space. 

3.4.4 Social experience 

Social VX in the graph (see Figure 5) encompasses such VX categories as ‘social 

experience’ (Pekarik et al., 1999, p. 156), ‘associational experience’ (Graburn, 

1977, pp. 3–4), ‘sociability’ (Kotler et al., 2008, p. 303), ‘pragmatic space’ (Annis, 

1986, pp. 169–170), and ‘relational experience’ (Packer and Ballantyne, 2016, p. 

136). During social VX, a visitor becomes engaged in the processes aimed to help 

learn more about their companions and/or support their companions during 

their activities (Graburn, 1977). This experiential type is associated with the 

following processes: 

• social interaction, e.g., (Graburn, 1977, pp. 3–4; Annis, 1986, pp. 169–170; 

Masberg and Silverman, 1996, p. 24; Pekarik et al., 1999, p. 159; Coffee, 

2007, p. 377; Kotler et al., 2008, p. 303; Packer and Ballantyne, 2016, p. 

136); 

• participation, e.g., (Annis, 1986, pp. 169–170; Pekarik et al., 1999, p. 159; 

Kotler et al., 2008, p. 303; Packer and Ballantyne, 2016, p. 136). 
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Figure 5. Social experience cluster in the graph 

In social VX, a museum space mainly serves as an informal setting to spend time 

with family and friends, and interact with other visitors and museum 

professionals (Pekarik et al., 1999; Kotler, 2003; Kotler et al., 2008; Packer, 

2008). Therefore, the meaning constructed during social experience might be less 

attributed to the connection with a museum, and more to the connection with 

companions, where the museum and its contents serve as stimuli for social VX. 

3.4.5 Affective experience 

It is debatable whether affective VX should be distinguished into a separate 

category because it can accompany other VX categories. For example, optimal VX 

categories, i.e., numinous experience, aesthetic experience, and flow, are 

associated with a strong emotional response, such as delight, joy, serenity, 

empathy, happiness, awe, and exhilaration (Csikszentmihalyi and Robinson, 1990; 

Csikszentmihalyi and Hermanson, 1995; Latham, 2013). These VX categories 

describe deep engagement and a high degree of concentration on an outer 

stimulus when a visitor might lose a sense of time and feeling of self-

consciousness (Csikszentmihalyi and Robinson, 1990; Csikszentmihalyi and 

Hermanson, 1995; Jennett et al., 2008; Latham, 2013). However, other, lower-

level VX categories, like cognitive VX, might not be accompanied by a strong 
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emotional response, and emotions do not necessarily need to be present to make 

a visit meaningful (Packer and Ballantyne, 2016). Hence, this thesis distinguishes 

affective VX as a separate VX category (see Figure 6). 

 
Figure 6. Affective experience cluster in the graph 

Affective VX in a museum space has been reported to be triggered by objects that 

can surprise the visitor or that can resonate with what the visitor already knows 

evoking comfort and nostalgia (Csikszentmihalyi and Robinson, 1990). The social 

context can also stimulate an emotional response – for instance, crowding and 

noise might result in a physical discomfort with such negative emotions as 

frustration and irritability (Goulding, 2000). Moreover, De Rojas and Camarero 

(2008) found that the perceived quality of a physical environment can have a 

positive effect on pleasure, i.e., feeling content, entertained, happy, and joyful, 

which, in turn, can influence visitor satisfaction. Interestingly, the effect of the 

exhibition environment was not observed on the extent of displeasure, i.e., feeling 

sad, angry, frustrated, and depressed, in (Forrest, 2014). Jeong and Lee (2006) 

also found that an emotional state can be positively influenced by the exhibition 

environment, e.g., rest areas, contents of exhibits and illumination, and negatively 

impacted by an ambient environment, such as crowding, noise, and thermal 

discomfort. Similarly, clear directions and signing might contribute to a more 
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enjoyable experience or ‘conversely result in feelings of disorientation, 

frustration and psychological anxiety’ (Goulding, 2000, p. 273).  

Therefore, following the literature review, affective VX is associated with a 

visitor’s emotional response, and it can be triggered by many factors from the 

personal, sociocultural, and physical contexts. With this, it can be assumed that 

affective VX might not necessarily require an external stimulation but rather 

moderation to avoid a negative emotional response. 

3.5 Definition of visitor experience 

Following the literature review (see Chapter 2) and the analysis of the core 

dimensions of VX (see Section 3.4), this research defined visitor experience (VX) 

as the mental processes, such as cognitive, introspective, restorative, social, and 

affective, that can follow from a direct experience, such as looking at an object or 

reading a label, and that can lead to some experiential outcomes, such as a 

constructed meaning, during the visit in a physical museum. The proposed 

definition of VX extends the definition by Packer and Ballantyne (2016, p. 133) 

who referred to VX as ‘an individual’s immediate or ongoing, subjective and 

personal response to an activity, setting or event outside of their usual 

environment’. The definition in this thesis emphasises that VX might develop 

from direct experience; and direct experience is not a part of VX, because not all 

activities, settings, or events can lead to a significant response, e.g., looking at an 

object in the museum might not trigger a mental process (see Section 2.2.2). The 

proposed definition also specifies that there might be an outcome of a response, 

for example, a constructed meaning, as not all mental processes in which the 

visitor might engage can lead to a meaningful outcome (see Section 2.2.4). Most 

importantly, following the analysis of the core dimensions of VX (see Section 3.4), 

the proposed definition addresses the forms of a response by distinguishing five 

core VX categories: cognitive, introspective, restorative, social, and affective. 

These core categories are anticipated to facilitate the VX evaluation process by 

outlining the main scope of VX that could be found different museum 

environments.  



 72 

To further explain the interpretation of VX in this doctoral research, it also 

responds to Packer and Ballantyne’s (2016, p. 130) questions which were 

formulated to develop a shared vocabulary and to advance the understanding of 

VX: 

1. ‘Is experience internal and subjective or external and staged?’ 

Based on the knowledge gained from the literature review, VX is neither fully 

internal, nor fully external. VX occurs within the visitor, and thus it is personal, 

but, at the same time, it represents an interaction of the variables in the personal, 

sociocultural, and physical contexts, and, plausibly, in the digital context which is 

introduced with the integration of a digital technology into a museum visit (see 

Section 3.6). Therefore, VX cannot be entirely controlled by the visitor because it 

is shaped by the variables within, for example, the physical context, e.g., labels 

and objects, nor can it be entirely controlled by the museum, because VX is also 

shaped by the variables from the personal context, e.g., prior knowledge and 

interests.  

2. ‘Does an experience occur at a single point in time or as an accumulation of 

events over time?’ 

VX might occur at a single point in time within one inquiry cycle which can 

include a direct experience, mental processes, and an outcome (see Section 3.6). 

Each visit, however, encompasses many inquiry cycles, and thus each next 

experience evolves from the outcomes of the previous experience. Therefore, VX 

as a whole develops over time and represents an accumulation of all the mental 

processes in which the visitor was involved during the visit. 

3. ‘Is an experience part of the everyday flow of consciousness or 

distinguishable from it?’ 

Agreeing with Packer and Ballantyne (2016), VX is distinct from the everyday 

flow of consciousness, since it occurs in an out-of-the-ordinary setting, requires 

a stimulus and can lead to some significant, meaningful, and memorable 

outcomes. 
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3.6 Analytical framework of museum experience 

The literature review of VX in Section 2.2 and the study of the core dimensions of 

VX in Section 3.4 helped gain a better insight into the context around VX, how VX 

can be manipulated, how VX is triggered, what VX encompasses, and its potential 

outcomes. This theoretical knowledge was crucial for this doctoral research as it 

helped understand what an RS needed to improve, and how VX could be 

approached methodologically to trace its transformations. Within the larger 

research context, the analysis helped consolidate available knowledge about VX 

and further the understanding of this complex construct. This section 

summarises all the knowledge about VX and the context around it from the 

previous sections in one analytical framework of museum experience. 

Figure 7 presents a schematic model of the analytical framework of museum 

experience built on the discussion of VX and VX-related constructs in this thesis. 

The framework demarcates the boundaries of VX with the factors that shape VX, 

i.e., contextual variables within the personal, sociocultural, and physical contexts, 

with some of its prerequisites, i.e., direct experience, and with some of its 

outcomes. To repeat, following the literature review (see Section 2.2.1), a visitor 

comes to a physical museum with an entrance narrative. This entrance narrative 

consists of a visitor’s worldview, previous knowledge, past experiences, 

emotions, and memories (Doering and Pekarik, 1996); and, eliciting from the Falk 

et al.’s Contextual Model of Learning (Falk and Storksdieck, 2005; Falk and 

Dierking, 2012), it can encompass the variables from the personal, sociocultural, 

and physical contexts, which interact and determine the characteristics and 

quality of VX during the visit. 
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Figure notes: Since it may not be clear from the figure, the direct experience, visitor experience and outcomes lie at the intersection of the 
personal, sociocultural, and physical contexts. 
The processes within the inquiry cycle are connected with dashed lines to demonstrate that visitors may not engage in a direct experience 
with all museum objects; a direct experience may not lead to a mental process which, in turn, may not result in a significant outcome. 
Additionally, it is necessary to note that not only a direct experience but also all ensuing processes, if any, lie at the intersection of the 
personal, sociocultural, and physical contexts.
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According to Ansbacher (1999, p. 22), during the visit each individual is involved 

in their own inquiry cycle, which is a process of constructing meaning from an 

outer stimulus by the visitor. The “cycle” implies that people can re-enter or re-

establish mental processes with a new direct experience. Therefore, each 

museum visit can consist of multiple experiential iterations which can lead to 

different outcomes.  The following example reinforces this theoretical foundation 

of VX: 

The learners observe the works, other learners’ behaviours and displays. 
They remember what they have seen in the rest of the museum and 
exhibitions they have experienced in the past. They compare the works on 
the racks between each other and with works they already know. They place 
works next to each other, they try, they fail, they combine artworks, they look 
again and argue for their choice of combination, bringing everything back to 
the artworks themselves. The knowledge created here by the learner and for 
the learner is significant. It is factual knowledge – who created this work, 
when, how; it is cognitive knowledge and skills – analytical skills, critical 
skills, networking skills (creating links between the artworks); it is emotional 
knowledge – creativity and empathy in particular; it is psychomotor skills – 
how to manipulate artworks for example; it is social and communication 
skills – how to explain their choices and communicate the main concept 
behind their selection. This new knowledge created by the learner makes 
sense in the learner’s own world. (Sitzia, 2018, p. 79) 

It demonstrates a cyclic nature of museum experience – how the variables within 

the physical and personal contexts shape VX, how the visitor engages in a direct 

experience, how the visitor processes an outer stimulus, how they construct 

meaning, and how new meaning becomes a part of the visitor’s personal context:  

1. ‘The learners observe the works […]’ – this points to direct experience in 

the museum context. 

2. ‘They remember what they have seen […]’ – this refers to the variables 

within the personal context, e.g., memories, that initiate and shape a 

mental process. 

3. ‘They compare the works […] between each other and with works they 

already know’ – this suggests that the visitor was engaged in comparison 

which is one of mental processes. 

4. ‘The knowledge created […]’ – this reveals the outcome of a mental process, 

which is the knowledge. As can also be elicited from the quote, the created 

knowledge may not necessarily be unidimensional, e.g., factual 



 

 76 

knowledge. Instead, it is factual knowledge combined with cognitive 

knowledge and skills, emotional knowledge, psychomotor skills, and 

communication skills. 

5. ‘This new knowledge created by the learner makes sense in the learner’s own 

world’ – this indicates that the acquired knowledge now becomes a part of 

the learner’s personal context. 

This theoretical foundation of museum experience is illustrated in Figure 7 

above. It presents an inquiry cycle that drives museum experience during the 

visit. It also establishes the role of VX within this inquiry cycle and reveals the 

context around it. The elements within the inquiry cycle are connected with 

dashed lines, implying that visitors may not be interested in all museum objects, 

and hence they may not engage in a direct experience with the entire museum 

collection on display; a direct experience may not trigger wonder and may not 

lead to a mental process which, in turn, may not result in a significant outcome or 

outcomes. In addition to the outcomes during the visit, the analytical framework 

included individual experiential outcomes that might also emerge and become a 

part of the contextual model after the visit. 

Figure 7 demonstrates the interpretation of museum experience based on the 

existing knowledge of the scholarship and the analysis of the dimensions of VX. 

However, as can be seen in Figure 8 below, following the analysis of the role of 

digital technologies in the museum domain (see Section 2.3), this research 

proposes adding the digital context to the Falk et al.’s Contextual Model of 

Learning (Falk and Storksdieck, 2005; Falk and Dierking, 2012), where the digital 

context becomes enmeshed with variables from the personal, sociocultural, and 

physical contexts which influence the characteristics and quality of VX. This is 

because all features and content in, for example, museum RSs and adaptive 

guides are delivered in a digital format, and hence the interaction with a museum 

RS or an adaptive guide presupposes the influence of the digital context on 

museum experience. 
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Figure notes: Since it may not be clear from the figure, the direct experience, visitor experience and outcomes lie at the intersection of the 
personal, sociocultural, physical, and digital contexts. 
The processes within the inquiry cycle are connected with dashed lines to demonstrate that visitors may not engage in a direct experience 
with all museum objects; a direct experience may not lead to a mental process which, in turn, may not result in a significant outcome. 
Additionally, it is necessary to note that not only a direct experience but also all ensuing processes, if any, lie at the intersection of the 
personal, sociocultural, and physical contexts.
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3.7 Conclusion 

This chapter addressed the current problem of conceptualising VX by identifying 

its core dimensions, by refining the definition of VX, and by organising VX-related 

research into an analytical framework of museum experience. This research 

anticipates that this new knowledge will help with approaching the analysis of 

VX in a more structured and systematic way.  

The findings from the visualisation of the core VX dimensions in Figure 1 are 

important for this doctoral research as well as for the wider research context 

because they further the understanding of the theoretical basis of VX. The graph 

emphasises an overall complexity of VX and the interrelation of different mental 

processes. Through a synthesis of VX-related literature, the graph also 

illuminates five core thematic dimensions of VX, i.e., cognitive, introspective, 

restorative, social, and affective, that are not necessarily obvious from reading 

the literature only. These dimensions are not pertinent to a specific museum type, 

such as a natural history museum or an art gallery, because they were elicited 

from the VX classifications developed and tested in different museum 

environments. Within the larger research context, this helps produce a more 

comprehensive and shared evaluation framework that covers the scope of VX and 

would be reusable in different museums. In this doctoral research, for example, 

this categorisation was used as a theoretical basis to design a quantitative VX 

instrument with cognitive, introspective, restorative, and affective variables to 

trace VX transformations under different visiting conditions (see Chapter 7).  

The definition of VX was put forward to better delineate what VX encompasses 

and the context around it. As mentioned in Chapter 2, there is a growing 

popularity in VX across different research fields due to the shift in the main 

objective of museums towards being more visitor-oriented, but scholars still tend 

to interpret VX in different ways (see Section 2.2.3). The definition of VX is 

anticipated to develop a shared understanding of VX and/or to raise a discussion 

about the lack of a shared approach to this complex construct. Although the 

proposed definition is not authoritative and can be further improved with new 

knowledge, it demonstrated how this research interpreted VX, and what it 

elicited about VX from the published literature. 
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The analytical framework of museum experience consolidated the existing 

knowledge about VX in a single theoretical framework. In particular, it helped set 

the boundaries of VX and show how it might develop within the inquiry cycle 

during the visit to a physical museum. The framework was expected to contribute 

to the development of a single universally accepted approach to VX so that, for 

example, scholars could compare their findings about VX transformations with 

the findings of the previous scholarship, following the same theoretical basis. 

This was anticipated to lead to the growth of knowledge within the same research 

space, solidifying our understanding of VX. 

The interpretation of VX as well as the analytical framework of museum 

experience became the foundation of this doctoral research to establish whether 

and how an RS can transform VX. The existing and new knowledge about VX 

guided the decisions on the research methodology, what contextual variables an 

RS needed to improve to reshape the quality of VX, the hypotheses about the VX 

transformations associated with the RS interaction during a museum visit, and 

the VX evaluation procedure. Moreover, the knowledge about the complexity of 

the context around VX revealed that it might not be enough to improve the quality 

of the factors that shape VX to also improve the quality of VX itself. Hence, this 

knowledge emphasised the need to investigate whether the interaction with an 

RS during a museum visit can become a trigger for significant VX transformations.  
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Chapter 4 Methodology and research design 

4.1 Introduction 

Following the literature review and the conceptualisation of VX established in 

this thesis, the role of an RS in VX lies in the readjustment and/or enhancement 

of some contextual variables, mainly from the physical context (see Section 2.3.1) 

– for instance, by generating a personalised museum tour, an RS might change 

how the visitor navigates in a physical museum and what objects they decide to 

explore. The changes in contextual variables might lead to the changes in visitor’s 

mental processes, i.e., VX (see Sections 2.2 and 3.4). But are the changes in VX 

significant and positive enough to justify the implementation of such complex 

systems as RSs? In fact, some studies have shown that RSs and adaptive guides 

might not lead to any prominent VX transformations (see Section 2.3.2). At the 

same time, there is an overall shortage of VX-related evaluations to conclude that 

museum RSs and adaptive guides are not effective (see Section 2.3.2). Hence, a 

more VX-focused analysis is required to understand the usefulness of RSs and 

adaptive guides in the museum domain from the VX perspective.  

This chapter presents the research methodology to answer the main research 

question “(How) can a recommender system impact visitor experience in a physical 

museum?”. It elaborates on the research design, sampling strategy, data 

collection, and data analysis procedures. Moreover, it explains how the decisions 

were framed by the post-positivist research paradigm, by the methodologies 

adopted in the VX- and UX-related research fields, by the challenges associated 

with the evaluation of VX, by the risk of encountering a lack of VX 

transformations, by the peculiarities of the museum setting where the field 

studies were conducted, and by the lockdown restrictions. Finally, this chapter 

outlines the ethical constraints of this research which involved data collection 

from human subjects. 
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4.2 Research paradigm  

The research in this thesis is placed within the post-positivist research paradigm 

which accepts the existence of the objective reality but also admits that the 

knowledge of that reality is shaped by ‘flawed human intellectual mechanisms’ 

(Guba and Lincoln, 1994, p. 110), empirical observations, context, and existing 

theory (Clark, 1998; Fox, 2008; Pickard, 2013). Post-positivism emerged as a 

critical reaction to positivism which assumes that the objective, stable and 

independent reality can be split into variables and examined by the observer 

without influencing it or being influenced by it (Guba and Lincoln, 1994; Pickard, 

2013). Indeed, I believe that the phenomena within the reality can be observed, 

and some of the variables that constitute the reality can be manipulated through 

experimentation. Yet, agreeing with post-positivists, the objective reality is still 

viewed through the lens of researcher’s understanding, experience, and 

interpretation. Moreover, a study is bounded to a specific context, it is performed 

using a limited set of data collection tools and within a restricted timeframe, and 

it is shaped by an adopted theoretical framework. Therefore, the gathered data 

provides a perspective on the phenomenon under investigation rather than the 

objective truth. Nevertheless, this is not a limitation of a study but rather an 

opportunity to enrich our understanding of the objective reality from a new angle 

and, most importantly, to raise new research questions. 

In positivism, the objectivity can be achieved through replication, and a study 

hypothesis can be verified using quantitative methods (Guba and Lincoln, 1994; 

Pickard, 2013). Post-positivists, in contrast, admit that replicable findings are 

‘probably true’ (Guba and Lincoln, 1994, p. 110), and that it is possible to falsify 

the hypothesis but never to verify it. Therefore, post-positivists aim to better 

understand the phenomenon under investigation rather than to prove that the 

gathered evidence echoes the objective reality (Clark, 1998; Pickard, 2013). They 

often move an inquiry to a more natural setting, aiming to collect more situational 

information and to reintroduce discovery as an element of inquiry (Guba and 

Lincoln, 1994). This can be accomplished with qualitative techniques, and, hence, 

post-positivism accepts methodological dualism where quantitative and 

qualitative methods can be used together to gain a more in-depth insight into the 
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phenomenon under investigation (Clark, 1998; Pickard, 2013). Being guided by 

the post-positivist research paradigm, this research designed an evaluation 

procedure that could help gain a more comprehensive understanding of whether 

and how an RS could impact VX.  

4.3 Research design 

Since this research aimed to detect the transformations of VX, it was necessary to 

have access to the data about the state and quality of original VX, to have a deep 

understanding of the contextual variables that were externally manipulated, to 

trace the changes in VX after manipulation. Therefore, the research had to be 

conducted in a real-world museum environment to control the data collection 

procedure and to gather primary data about VX. As an experimental research 

space, I chose the UCL Grant Museum of Zoology and Comparative Anatomy, 

referred to as the Grant Museum (see Section 4.4.1 for more details about the 

research setting). However, the Grant Museum did not have an RS that could be 

used in the evaluation procedures, implying that an RS first needed to be 

developed. Although this shortage expanded the research area from the VX 

evaluation to the RS development in this thesis, it became an opportunity to 

demonstrate how an RS could help meet visitors’ needs in a real-world museum 

environment, while also targeting VX and setting hypotheses about how VX could 

change.  

The analysis was split into three phases: initial, main, and final. As seen in Figure 

9, the initial phase was theoretical and involved reviewing previous studies into 

VX, museum RSs, and adaptive guides to explain why this doctoral research was 

necessary. The main phase was multi-stage and encompassed all the data 

collection procedures in the Grant Museum to gradually approach the answer to 

the main research question. The final phase focused on drawing conclusions from 

the new knowledge and on summarising the main contributions of this research. 

The following sections elaborate on each established phase.  
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Figure 9. Research process to answer the main research question “(How) can a 
recommender system impact visitor experience in a physical museum?” 
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4.3.1 Initial phase: literature review 

The initial phase was set to build the theoretical foundation for this research and 

to refine the main aim, objectives, and questions. Additionally, it was anticipated 

that the initial phase could emphasise the importance of this research by 

illuminating some knowledge gaps. Hence, this phase focused on reviewing the 

literature that could clarify what exactly RSs and adaptive guides aim to improve 

in the museum domain and what is known about their impact. In particular, I 

explored the categories and concepts linked to VX, the factors that shape the 

quality of VX, what role museum RSs and adaptive guides play in VX, how 

researchers test their systems, and what their findings suggest about the changes 

in VX (see Chapter 2). Consequently, I developed a theoretical framework of VX 

to explain how this research interprets VX (see Chapter 3), and hence approaches 

its evaluation. 

4.3.2 Main phase: front-end, formative, and summative 

evaluations 

The main phase aimed to gather primary data about visitors’ needs, RS 

performance, and VX transformations in the Grant Museum in order to then 

answer the main research question. Since this research encompassed the 

development and VX-focused assessment of a museum RS, the main phase 

consisted of the front-end, formative, and summative evaluations which are 

commonly undertaken to design museum exhibits and to develop museum 

technologies, e.g., (Screven, 1990; Economou, 1997; Evans and Sterry, 1999; 

Petrelli and Not, 2005; Luyten et al., 2006; Coffee, 2007; Hooper-Greenhill, 2007; 

Miles, 2007; Sylaiou et al., 2010; Othman, 2012; Sunbury, 2016; Damala et al., 

2019). This multi-stage evaluation approach could ensure that the developed RS 

had more chances to improve VX by addressing some of the visitors’ needs in the 

Grant Museum and by targeting some of VX-related processes from the very 

beginning of its implementation. More specifically, the following steps and aims 

were set within the main phase: 
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• front-end evaluation – to explore visitors’ needs in the Grant Museum in 

order to then discuss whether an RS had potential to stimulate some VX 

transformations; 

• formative evaluation – to develop and pilot test an RS with the aim to meet 

some of the visitors’ needs identified in the front-end evaluation; 

• formative evaluation (added after encountering the lack of a shared and 

relevant VX instrument in the literature) – to develop a VX instrument 

with cognitive, introspective, restorative, and affective variables that 

could be used to trace the changes in VX; 

• summative evaluation – to establish how the quality of VX changed when 

the visitors used or did not use the developed RS in the Grant Museum. 

These steps were anticipated to lead to a gradual growth of knowledge within the 

main research question “(How) can a recommender system impact visitor 

experience in a physical museum?”. The following subsections explain the choice 

of research methods and data collection tools for each evaluation step. 

4.3.2.1 Front-end evaluation: the exploratory field study of 

visitors’ needs in the physical museum 

The choice of research method for a front-end evaluation depends on the main 

goal of a study, e.g., the exploration of visitors’ characteristics, attitudes, 

knowledge, interests, time constraints, visiting objectives, etc. (Screven, 1990). 

The main goal of the front-end evaluation in this research was to identify how 

museum experience could be improved for the Grant Museum visitors. Without 

this knowledge, it was unclear how an RS needed to be developed and whether it 

had potential to enhance any mental processes. An exploratory research design 

was found suitable for this front-end evaluation, because it is often adopted to 

learn more about a new or underexplored research topic in order to then, for 

instance, produce new ideas and hypotheses or even decide whether to 

contribute time and effort into the topic of interest (Stebbins, 2001; Swedberg, 

2018). Therefore, I reviewed academic papers about the visitor studies in the 

Grant Museum and conducted an exploratory field study to enquire directly from 

the visitors what could be improved in their museum experience.  
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Elaborating on the exploratory field study, it was necessary to collect the data 

from a sufficient sample to be able to trace the trends in visitors’ needs, 

acknowledging how diverse museum visitors are. Because of this, I adopted 

survey as a research method which is often used to explore human behaviour, to 

record demographic characteristics and to collect opinions about the topic of 

interest (Ponto, 2015). Moreover, surveys aim to ‘look for trends and patterns 

within the sample group that can be generalized to the defined population of the 

study’ (Pickard, 2013, p. 112). Therefore, survey as a research method was 

expected to help detect patterns in visitors’ needs in order to then prioritise and 

extrapolate the aspects of a museum visit which were the most important to 

address and enhance.  

Questionnaire was considered to be an appropriate data collection tool for an 

exploratory field study because it is easy to administer to a large sample, and, at 

the same time, it allows to enquire about visitors’ needs and to record the socio-

demographic profile of the study participants in a less intrusive way (Walliman, 

2011). The socio-demographic details were used to address the consistency in 

the socio-demographic profiles of the participants between the conducted 

studies. Additionally, some of these details were used to refine the collection of 

the demographic data and were referred to when the RS was developed to justify 

some functional decisions. Since the study was conducted in a real-world 

museum environment, it was necessary to limit interaction with the visitors 

because a greater intervention might have skewed the findings, e.g., the 

questionnaires were anonymous, and hence the visitors could provide positive 

and negative comments on any aspect of their visit. Moreover, the questionnaires 

allowed to approach and collect the data from those visitors who clearly would 

not have been willing to engage in a more open conversation. Although the details 

on the questionnaire design are provided in Section 5.3.2, it is necessary to 

mention that the distributed survey forms included both closed- and open-ended 

items to collect both quantitative and qualitative data about visitors’ needs 

which, in turn, supported methodological dualism advocated in this thesis (see 

Section 4.2). 
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4.3.2.2 Formative evaluation: the development and pilot 

usability study of a museum recommender system 

The findings in the front-end evaluation were used to set the trajectory for the RS 

development in this thesis. The decisions about the RS features and filtering 

method were also framed by the functional scope of similar museum RSs and 

adaptive guides found in the scholarship, because this research aimed to adopt 

some of the commonly used RS algorithms and functionalities, and hence to place 

the developed RS within the larger research context. The RS layout and 

functionality were also shaped by the information about museum objects that the 

Grant Museum curators could provide and that I could find to expand the object 

dataset within the timeframe of this doctoral research. As a result, I developed a 

fully working content-based RS that could be used by the visitors in the Grant 

Museum and that could be evaluated in this research to answer the main research 

question. 

Although the features of existing adaptive systems and the findings from the 

front-end evaluation were used to elicit how the RS needed to be developed, it 

was still important to test the system with end-users before the main VX study so 

as to identify some areas for improvement which, in turn, could have increased 

the chances of significant and positive VX transformations. A formative 

evaluation is often conducted to collect some preliminary feedback, even from a 

small number of potential end-users, about the layout, performance and 

functionality of a new museum technology before it is too late, or too time-

consuming, or too expensive to improve the system (Screven, 1990; Economou, 

1998). Additionally, it is common practice to conduct evaluations with low- and 

high-fidelity prototypes before the development is completed, e.g., (Economou, 

1997; Oppermann, 1999; Stock et al., 2007; Albanese et al., 2011; Tesoriero et al., 

2014).  

Similar to front-end evaluations, the scope of data that can be collected during 

formative evaluations is diverse and depends on the research goal. As mentioned 

above, the formative evaluation in the research for this thesis was conducted to 

let a group of users interact with the first version of the RS in the Grant Museum, 

to collect their feedback about the RS performance during a museum visit, to 
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identify potential areas for the RS improvement, and to update the RS 

functionality before the summative VX study. Usability testing is commonly used 

to learn how people interact with a system and to detect system flaws (Lazar et 

al., 2017), and hence usability testing was adopted as a research method for the 

formative evaluation in this thesis.  

Both quantitative and qualitative data were collected during the usability testing 

sessions to again follow methodological dualism (see Section 4.2). In particular, 

to estimate an overall performance of the first version of the RS, I used the 

Recommender systems’ Quality of user experience (ResQue) evaluation 

framework by (Pu et al., 2011). To complement the ResQue survey and to further 

the knowledge about the ways in which the Grant Museum RS could be refined, I 

also conducted post-test semi-structured interviews to let the study participants 

provide some additional feedback about the RS. The interviews were semi-

structured to enquire about specific aspects of the RS performance yet to also be 

able to ask any clarifying questions, since this study was exploratory and any 

additional feedback about the RS was viewed as valuable. Finally, to investigate 

how the study participants interacted with the Grant Museum RS during the visit 

and to reveal the usefulness of different RS features, I also reviewed the 

interaction logs gathered by the RS. As a result, the data from the survey forms, 

semi-structured interviews and interaction logs was used to determine how to 

refine the developed RS before the summative VX evaluation.  

4.3.2.3 Formative evaluation: the development and pilot testing 

of visitor experience scales 

Aiming to respond to the shortcomings of the VX-related questions asked in the 

front-end study and to a lack of relevant tools to analyse VX, another formative 

study was added to design a VX instrument that could be used in the summative 

evaluation. The choice of the most suitable research method and data collection 

tool to trace VX transformations derived from the questions raised in the 

literature review. First of all, although VX is shaped by many contextual variables 

(see Section 2.2.1), is it prone to demonstrate patterns/stability under the same 

visiting condition? If VX does not demonstrate stability/patterns under the same 

condition, it can be difficult to draw conclusions about the impact of the 
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developed RS on VX, because it would be unclear whether the changes in VX were 

triggered by the RS or by an overall lack of common trends in VX. Therefore, a VX 

instrument was required to help identify the patterns in VX to then detect VX 

“deviations” or “abnormalities” under the RS-enhanced visiting condition. 

Moreover, since the difference between the groups that use and do not use an RS 

can be insignificant (see Section 2.3.2), does the VX instrument have a threshold 

of significance to be able to claim an improved VX? In addition to detecting 

“deviations” or “abnormalities”, with this question, this study aimed to determine 

if those “deviations” or “abnormalities” were significant. As previously 

emphasised in Section 2.3.2, museum RSs and adaptive guides might not 

prominently transform mental processes, and if the difference between the 

original and the RS-enhanced VX is slim, it can be challenging to explain why 

visitors might want to use and/or why museums might want to develop an RS. 

Therefore, a VX instrument was required to have a clearly identifiable and 

replicable threshold that could establish whether the impact was significant or 

not. Finally, since VX is multidimensional (see Section 3.4), how to determine 

which mental processes to analyse? As demonstrated in the analysis of the core 

dimensions of VX, there are many mental processes underlying VX (see Section 

3.4). It can be challenging if not impossible to evaluate the quality and 

transformations of all processes and responses within VX. Therefore, a VX 

instrument needed to target those processes of VX that can be comparable under 

different visiting conditions, e.g., within the context of this research, when 

visitors use and do not use an RS. With these questions in mind, a quantitative VX 

instrument was considered to be more suitable at this stage of research because: 

it can be used to estimate the perceived quality of VX, and thus to determine 

whether the quality of VX is stable under the same visiting condition; it can focus 

on the mental processes that are likely to transform under different visiting 

conditions; and it can measure the significance of VX transformations, and hence 

it can establish the extent of the RS impact.  

This research followed the framework to design and validate a quantitative 

instrument delineated in (Boateng et al., 2018; Robinson, 2018) with the three 

main phases: Item development, Scale development, and Scale evaluation. More 

specifically, the Item development phase focused on the aggregation or 
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formulation of the items for the VX instrument. After an overview of existing VX-

related scales, this research decided to focus on the quantitative evaluation of 

cognitive, introspective, restorative, and affective items, and omitted the 

assessment of social VX because of the diversity of visitor groups, and thus 

difficulties formulating VX items about social interaction and participation that 

could be applicable to different visitors. This research could not focus on a 

specific social subgroup of visitors and investigate their social VX, because the 

fieldwork had to be conducted within a limited timeframe, and so unlikely that 

this research would have been able to collect enough data from the targeted 

social subgroup within that timeframe. Nevertheless, it was anticipated that the 

changes in social VX could be explored in another qualitative summative 

evaluation. At the Scale development phase, two surveys were carried out with 

the designed questionnaires in the Grant Museum so as to investigate in an 

exploratory factor analysis whether the tested questionnaire items were 

interrelated and could describe cognitive, introspective, restorative, and affective 

VX, as was expected. Following recommendations in (Boateng et al., 2018), the 

Scale evaluation phase was performed with a new dataset from the summative 

study to confirm the hypothetical structure of the scales developed in this 

formative evaluation. 

4.3.2.4 Summative evaluation: the comparative analysis of 

visitor experience under different visiting conditions 

The summative evaluation sought to investigate whether the Grant Museum RS 

could enhance VX. In line with previous studies, this research first aimed to 

explore two visiting conditions, i.e., with and without the RS, because a few 

scholars juxtaposed the original and digitally augmented experiences, e.g., (Evans 

and Sterry, 1999; Micha and Economou, 2005; Ghiani et al., 2009; Kuflik et al., 

2011; Othman, 2012). However, during the data collection procedure, some 

visitors with access to the RS tested the system but decided not to follow the 

recommended tour throughout the visit. Instead of discarding their feedback, I 

assumed that their experience could describe another visiting case which did not 

fall under one of the two directly opposite conditions, i.e., without the RS and with 

the RS throughout the visit, and hence their experience could reveal a new 
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perspective on the RS interaction which has not been widely examined in the 

literature. With this, the state of VX was compared under the following visiting 

conditions to detect its transformations: 

• Without – when the visitor did not use the RS during their visit; 

• WithPartial – when the visitor tested the RS at a certain point in the 

museum, e.g., at the beginning of their visit, but not throughout; 

• WithFull – when the visitor used the RS throughout their museum visit.  

The summative evaluation followed an experimental research method 

(Walliman, 2011) and examined how VX (dependent variable) changed when the 

RS (independent variable) was used or was not used during a museum visit. 

However, there are many variables that cannot be controlled in a physical 

museum space which hinders the possibility to conclude that the developed RS 

was the cause of VX transformations. In particular, scholars state that the 

participants cannot be randomly assigned to “control” and “treatment” groups in 

a naturalistic environment which then makes a study “quasi-experimental” 

(Bitgood, 1988; Pickard, 2013). However, the summative evaluation was 

required to be carried out in a naturalistic rather than lab environment to ensure 

that the conclusions about whether an RS could enhance VX were drawn from the 

feedback provided by the general museum audience and were based on the real-

world evidence. 

Using the designed VX instruments, a corpus of quantitative data and some 

qualitative data was gathered from the visitors under the abovementioned 

visiting conditions. Since the variations in MEGs and contextual factors across 

different visitor groups might influence VX (see Section 2.2.1), it was assumed 

that VX could be scored differently due to the discrepancies in the surveyed 

samples rather than due to the changes in a visiting condition. Hence, it was first 

necessary to compare socio-demographic profiles of the study participants to 

trace some of the potential discrepancies in the samples. Then, this research 

validated the VX instrument using a new dataset in the confirmatory factor 



 

 92 

analysis test.6 Following this theoretical knowledge, the study focused on the 

analysis of the strength and extent of the changes in VX by comparing the 

perceived quality of VX in the Without, WithPartial, and WithFull groups. 

Moreover, this study addressed an overall stability of VX under the same 

condition by referring to the data gathered during the formative evaluation which 

represented another valid example of the Without visiting condition. 

Additionally, this study collected some UX-related feedback from the RS users to 

support the results from the pilot usability study and to explore the association 

between UX and VX. Finally, the study reviewed the feedback provided in the 

general open section of the VX questionnaires to identify the benefits and 

drawbacks of the RS interaction during the visit. This comprehensive 

investigation of the socio-demographic profiles of the surveyed participants, of 

the differences in their VXs, of the relationship between VX and UX and of the 

benefits and drawbacks of the developed RS in a museum visit produced a 

substantial amount of new knowledge about VX and the role of RSs in the VX 

transformations; this helped answer the main research question, present a new 

perspective on VX, and thus set the next steps in the research of the influence of 

RSs on the quality of VX. 

4.3.3 Final phase: conclusions 

The findings and contributions of this thesis were synthesised at the final phase 

to answer the main research question “(How) can a recommender system impact 

visitor experience in a physical museum?”. The final phase of this study also placed 

the findings within the larger context of related evaluations of museum digital 

technologies, delineated the significance and contribution of this doctoral 

research, discussed the limitations of the adopted research methodology, and 

outlined the future work to reflect what could have been done differently and 

how to further refine the evaluation process of the RS impact on VX.  

 
6 Confirmatory factor analysis is conducted to examine latent constructs based on the 
previously set hypothesis about the relationships between variables (Jackson et al., 
2009, p. 3). Latent constructs in this study were first detected in the formative evaluation 
of two VX instruments; thus, in the summative evaluation these constructs were 
readdressed to confirm the findings in the formative evaluation. 
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4.4 Data collection and analysis 

4.4.1 Research setting 

The Grant Museum was suitable to carry out the fieldwork because of its spatial 

features, the characteristics of its collection, the previous experience of the Grant 

Museum professionals in visitor studies as well as offering an opportunity to 

gather the VX-related data in a naturalistic environment. More specifically, the 

fieldwork in the Grant Museum would contribute to the validity of the findings of 

this doctoral research. The Grant Museum houses around 70,000 zoological 

specimens including extinct and endangered species, such as a quagga skeleton, 

Blaschka glass models, elephant skull, pterosaur fossil, and alizarin-stained 

skeletons (Carnall and McEnroe, 2011; MacDonald and Ashby, 2011; Ross, 

2014).7 At present, the Grant Museum is the last university museum of natural 

history in London and is one of the three UCL museums currently open to public; 

the other two are the Petrie Museum of Egyptian Archaeology and the UCL Art 

Museum (MacDonald and Ashby, 2011; Jenkins and Daly, 2013). This means that 

gathering VX data from visitors at the Grant Museum allowed the exploration of 

VX and its transformations in a naturalistic environment. VX from a laboratory-

based environment can only imitate a museum visit, and thus it would not be able 

to reflect the strength and significance of VX transformations to the same extent 

as the data gathered in a physical museum. The access to an actual context of the 

use of a museum RS and to a real-world VX was crucial for this research to 

provide solid evidence of VX transformations under the RS visiting condition. 

It is necessary to emphasise that the Grant Museum is a university museum of 

natural history, implying that the results might not be transferrable to larger 

museums or to museums of other types, such as history museums and art 

galleries. In particular, since the Grant Museum is a small-sized university 

museum, its audience would differ from audiences in larger public museums. For 

instance, the 2013 survey of the audience in UCL’s three public museums showed 

that around two-thirds of the respondents were affiliated to UCL (Jenkins and 

 
7 When this research was conducted, only around 7% of the entire collection was on 
display, while the rest was hidden from the general public and could only be accessed for 
teaching and research purposes (Reynolds, 2017). 
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Daly, 2013) which might not be the case in other museums. In addition, visitors 

can have specific motivations and preferences for certain types of experiences in 

a particular kind of a museum (Pekarik et al., 1999; Packer and Ballantyne, 2002). 

As found in (Packer and Ballantyne, 2002), visitors to museums might engage in 

motivated learning behaviour significantly more often than visitors to art 

galleries. Hence, the main characteristics of VX in natural history museums such 

as the Grant Museum might differ from the VX found in art galleries. Moreover, 

aiming to promote itself to academics and students, the Grant Museum focuses 

on research and teaching, which may involve collecting data, conducting practical 

sessions, workshops and lectures, and holding film nights (MacDonald and 

Ashby, 2011). This feature of the Grant Museum might also distinguish it from the 

museums with a primary focus on informal learning and engagement of the 

general audience.  

While acknowledging the abovementioned challenges linked to the replicability 

of the research conducted in the Grant Museum, the museum was still considered 

suitable to conduct the fieldwork and to answer the main research question. The 

audience of the Grant Museum extends beyond the academics and students of 

UCL, since the museum is open to the general public. Moreover, the museum aims 

to reach a wider audience as it frequently holds activities for families, encourages 

the public to interact with the collection during informal events, seeks novel ways 

to engage and communicate with a more diverse audience, and aims to inform 

people about the museum’s collection (Ashby, 2009; Carnall et al., 2013). Its 

research activities also resonate with larger institutions: ‘[l]ike our much larger 

cousins, London’s Natural History Museum or the American Museum of Natural 

History in New York, the Grant Museum is a working institution, where the 

collections are accessed constantly and real science is done’ (MacDonald and 

Ashby, 2011, p. 165). Therefore, the characteristics of the Grant Museum could 

still resonate with other museum spaces, and hence the VX data collected in the 

Grant Museum could echo the findings in other museums. It is also necessary to 

underline that each museum is unique, from the perspective of its collection, 

audience, objectives, location, etc., and therefore it is impossible to ensure a full 

replicability of the VX-related research and the transferability of the findings to a 

different museum context. The theoretical framework of VX and the studies in 
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this thesis aim to be replicable in order to then encourage other researchers to 

conduct similar studies in other museum spaces and to compare the findings.  

The Grant Museum had previously been adopted as a research space which 

allowed this study to build the knowledge about the museum specificities and 

how to approach the RS development on some real-world evidence and 

experience. The museum staff expressed their willingness to invite academics 

and students from different disciplines to use the museum for their studies and 

to make the museum ‘a vibrant place for experiment and dialogue by offering 

provocative, interactive and regularly changing displays’ (MacDonald and Ashby, 

2011, p. 164; MacDonald and Nelson, 2012). For instance, one of the most notable 

examples of the Grant Museum projects is QRator that was built between 2010 

and 2011 to explore how interactive digital labels can impact public engagement 

and interpretation in museums (Ross, 2014). For that project, ten iPads were 

installed8 in the Grant Museum to display thought-provoking questions about 

museums, life sciences and natural history, e.g., “Should we clone extinct animals?” 

(Ross, 2014). The visitors could type their answers on an iPad and/or they could 

bring the conversation to their smartphones by scanning a QR code and 

discussing a topic on Twitter (Ross, 2014). As a result, Grant Museum visitors 

became active participants in the process of object interpretation, while the 

museum staff gained some insight into the thoughts and needs of their visitors 

(MacDonald and Nelson, 2012; Ross, 2014).  

To elaborate on my collaboration with the Grant Museum, the museum staff 

assisted with the fieldwork and helped collect some data for the RS. They 

provided some advice on the fieldwork – their knowledge on how to approach 

visitors made me reflect on the data collection procedure in the museum, 

acknowledging my lack of experience in carrying out similar surveys before this 

doctoral research. They also reviewed the questionnaires which were used in the 

front-end, formative, and summative evaluations, and suggested how to make the 

questions easier to understand for their visitors. Moreover, they created a 

spreadsheet with the descriptions of 100 museum objects, which was useful to 

populate the RS and to test its algorithm at an early stage of the RS development. 

 
8 At the time of this research, all ten iPads were no longer present at the Grant Museum. 
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Nevertheless, the research itself was conducted independently without involving 

the Grant Museum professionals.   

Focusing on the objectives of this research, the Grant Museum collection offered 

a viable case for the implementation of a new RS. In particular, the data from the 

digital collection was processable using one of the traditional RS filtering 

methods which helped expedite the RS development stage and focus on the VX-

related evaluations. Moreover, digital object records included the location of a 

physical object in the museum, which was necessary to generate a recommended 

tour, as demonstrated in the following sections of this thesis. Finally, digital 

object descriptions extended the descriptions that Grant Museum visitors could 

read in the physical museum which helped provide additional details about the 

specimens via the RS. 

 
Figure 10. Central space in the UCL Grant Museum of Zoology and Comparative 
Anatomy, The Thomas Lewis Room 
Figure notes: the photo was captured in situ by Olga Loboda on May 30th, 2019 

Lastly, the physical properties of the Grant Museum were also favourable for 

experimental research into the RS impact on VX. The physical space made it 

possible to keep track of the recruitment, retention and refusal rates which are 
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important for the robustness of an experimental study with “control” and 

“treatment” groups. This is because unlike large, multilevel museums, the Grant 

Museum has one entrance and a Q-shaped space (see Figure 17c for the museum 

floor plan) where an inner circle, “the central space”, is used for teaching, 

research and social events, while an outer circle is a walkway around the wall 

displays (Carnall and McEnroe, 2011) (see Figure 10). Furthermore, within the 

timeframe of this doctoral research, it was assumed that a better insight into 

visitors’ needs and VX transformations could be gained in a small-sized museum 

with fewer visitors than in a museum that attracts millions of visitors each year. 

4.4.2 Sampling strategy 

Participants in all the VX-related studies were recruited in the Grant Museum 

using a non-random quota sampling technique, commonly adopted in visitor 

studies (Packer and Ballantyne, 2002; Burton et al., 2009; Packer and Bond, 2010; 

Del Chiappa et al., 2013; Taheri et al., 2014; Brida et al., 2016), when the 

participants are chosen on the basis of specific characteristics (Taherdoost, 

2016). The target population was all Grant Museum visitors who were over 18 

with the exception of families with children, tour and student groups which are 

considered here, in line with the wider literature, to be distinct classes of visitors 

whose behaviour is different from other visitors (Petrelli and Not, 2005). For 

instance, families experience a specific form of social learning when ‘a mix of 

different age groups with different interests can share their interests and 

opinions’ (Luyten et al., 2006, p. 2), and the learning experience of an adult can 

eventually become more rooted within the child’s needs and interests than 

within their own (Packer and Ballantyne, 2002; Petrelli and Not, 2005; Luyten et 

al., 2006). Tour and student groups were also excluded because they often have 

limited time and might follow the needs of the entire group rather than every 

individual (Packer and Ballantyne, 2002). Therefore, in order not to skew the 

findings, these classes of visitors were not surveyed. In addition, the feedback of 

the visitors who were under 18 was not collected either due to the ethical 

constraints set for this research (see Section 4.5). Nevertheless, even though 

these groups were excluded, the research still targeted a wide group of visitors 

so that the findings could reflect the needs and opinions of the general museum 



 

 98 

audience as closely as possible, anticipating that the developed RS could 

potentially be used by all Grant Museum visitors.  

In the formative evaluation of the Grant Museum RS, the focus was put on 

gathering some external feedback about the RS to improve its usability and 

performance before the summative evaluation. To test the RS, this research used 

a convenience sampling technique (Taherdoost, 2016) and recruited those 

individuals who were readily and easily available for a study. Several emails 

about the upcoming and ongoing usability study were sent to the current and 

former UCL staff and students at the UCL Department of Information Studies, UCL 

Interaction Centre, and UCL Human Informatics. Emails had a link to the Google 

form where potential participants could learn more about the study, sign up and 

indicate their preferred time to attend a usability testing session at the Grant 

Museum. 

4.4.3 Data collection procedure 

The VX-related studies followed a similar data collection procedure – I 

approached the Grant Museum visitors at the end of their visiting paths and asked 

them to fill in a paper-based survey form. In the summative evaluation, some 

visitors were approached as they entered the museum and were asked if they 

would like to test the RS. After the visit, those visitors who agreed to test the RS 

received a survey form, similar to the participants in all the other VX-related 

studies. The survey form could be submitted anonymously into the survey box 

(see Figure 11) next to the museum entrance or could be handed back to me. 

In the formative evaluation of the RS, current and former UCL staff and students, 

who were recruited beforehand to participate in a pilot usability study session, 

came individually to the Grant Museum at their preferred time, and I gave them 

a task to browse the museum collection by following the recommended tour (see 

Section 6.4.2.3 for more details about the data collection procedure). 

Immediately after the visit, the participants reported their feedback about the RS 

performance by answering a few questions during a semi-structured interview 

and by filling in a paper-based survey form. The interaction logs were collected 
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automatically by the RS to enrich the findings about the RS performance during 

the visit. 

 
Figure 11. Survey box used in the visitor experience-related field studies 
Figure notes: The photo was captured in situ by Olga Loboda on May 14th, 2018  

4.4.4 Data analysis procedure 

After the data collection procedure, the data from the paper-based survey forms 

was transferred into an Excel spreadsheet. Each respondent received a unique 

code (visitor number and the date when they were surveyed), and all confidential 

information which could disclose the participant’s identity was removed as 

several participants had written their names and/or email addresses.  

In this thesis, quantitative and qualitative data analysis techniques were used to 

process the gathered data. Table 1 below presents the summary of the data 

collection methods used at each evaluation step. This section outlines the data 

analysis procedures, with more details provided in the following chapters. 
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Table 1. Summary of the research methodology adopted to answer the main 
research question 

Research 
method 

Data 
collection 

Gathered 
data 

Data analysis  

Front-end evaluation of the visitors’ needs 
Survey Questionnaire Quantitative, 

qualitative 
relative frequency/percentage 
frequency distribution,  
conventional content analysis 

Formative evaluation of the RS performance 
Usability 
testing 

Questionnaire, 
Semi-
structured 
interviews, 
Interaction 
logs 

Quantitative, 
qualitative 

relative frequency/percentage 
frequency distribution,  
conventional content analysis 

Formative evaluation of the VX scales 
(cognitive, introspective, restorative, and affective VX scales) 

Survey Questionnaire Quantitative, 
qualitative 

exploratory factor analysis, 
Cronbach’s alpha  

Summative evaluation of the impact of the RS on the VX 

Quasi-
experimental 
research 

Questionnaire Quantitative, 
qualitative 

- scale evaluation: confirmatory 
factor analysis, construct 
validity, Cronbach’s alpha; 

- comparison of the socio-
demographic characteristics and 
MEGs of the participants in the 
studied visitor groups: relative 
frequency/percentage frequency 
distribution, Pearson’s chi-
square test with Cramer’s V 
statistic; 

- comparison of the VX under 
different visiting conditions: 
percentage frequency 
distribution, measure of 
dispersion, Kruskal-Wallis H test 
with the Dunn-Bonferroni post 
hoc method; 

- comparison of the UX scores in the 
WithPartial and WithFull groups:  
percentage frequency 
distribution, Kruskal-Wallis H 
test with the Dunn-Bonferroni 
post hoc method; 

- association between the UX and 
VX scores: Spearman's rank-
order correlation; 

- analysis of the feedback from the 
general open section: 
conventional content analysis. 
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4.4.4.1 Quantitative data analysis 

The socio-demographic characteristics and MEGs were gathered at each 

evaluation step to construct the profile of the study participants. The data was 

presented in the relative frequency/percentage frequency distribution tables and 

bar charts. In the summative evaluation, the analysis was extended with 

statistical tests to compare the socio-demographic characteristics and MEGs of 

the participants in the Without, WithPartial, and WithFull visitor groups. 

Although there are debates as to whether the analysis of baseline characteristics 

can provide enough evidence of the adequacy of randomisation (de Boer et al., 

2015), the analysis was still conducted to acknowledge prominent and significant 

variations in the socio-demographic characteristics and MEGs between the 

visitor groups. For example, more solo visitors in the WithFull group than in the 

Without group could raise a question whether the VX of solo visitors was different 

from that of group visitors, and whether solo visitors would generally be more 

willing to use an RS than group visitors. Therefore, the Pearson’s chi-square test 

with the Cramér’s V measure was conducted to establish whether there was an 

association between a socio-demographic characteristic or MEG and a visiting 

condition.  

The questionnaires in this research were mostly comprised of Likert-type items. 

The debate is ongoing about the level of measurement for the Likert-type data, 

and thus how the data should be analysed and presented (Carifio and Perla, 2008; 

Sullivan and Artino, 2013; Bishop and Herron, 2015; Harpe, 2015). Some treat 

Likert-type items as interval data (De Rojas and Camarero, 2008; Taheri et al., 

2014), others argue that these items are ordinal (Pickard, 2013). Some 

researchers include mean values as well as the frequencies of each value (Huang 

et al., 2012). Furthermore, some researchers state that Likert-type items were 

not designed to be analysed individually, because ‘Likert scaling presumes the 

existence of an underlying (or latent or natural) continuous variable whose value 

characterizes the respondents’ attitudes and opinions’ (Clason and Dormody, 

1994, p. 31). A latent variable represents an abstract concept, e.g., cognitive VX, 

that cannot be captured with a single Likert-type item. This latent variable, also 

referred to as a summated Likert scale, is likely to be interval in nature being 
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estimated from the collection of Likert-type items (Clason and Dormody, 1994; 

Carifio and Perla, 2008). In this research, the Likert-type items were analysed as 

ordinal data and the summated Likert scales as interval data. The percentage 

frequency distribution bar charts were used to illustrate how the participants 

scored each tested Likert-type item. In the summative evaluation, the percentage 

frequency distribution bar charts also helped highlight the differences in the VX 

scores between different visitor groups. The summated Likert scales in this thesis 

described cognitive, introspective, and restorative VX as well as “Unease” and 

“Joy”, which were two subcategories of affective VX detected in the scale 

validation procedure. The data from these scales was presented in the box-and-

whisker plots and was analysed with the non-parametric Kruskal-Wallis H test 

and the Dunn-Bonferroni post-hoc method to learn whether cognitive, 

introspective, restorative VX categories or “Unease” and “Joy” were statistically 

significantly different between the studied visitor groups. 

In addition, data analysis was conducted to explore the relation between the UX 

and VX scores, and to discuss how a positive UX can be linked to a positive VX. 

The Kruskal-Wallis H test with the Dunn-Bonferroni post-hoc method was used 

to explore the differences in the quality of UX between the participants who used 

the RS throughout the visit, i.e., the WithFull group, and those who used the RS 

only at a certain point in the museum, i.e., the WithPartial group. The percentage 

frequency distribution bar charts were added to the analysis to illustrate the 

differences in the quality of UX between the groups. Then, the Spearman’s rho 

correlation statistic was applied to explore whether there was an association 

between the VX and UX scores, e.g., whether the quality of recommendations was 

linked to how educational the visit was and to an overarching cognitive VX.  

All statistical tests were performed using the IBM SPSS Statistics software version 

25. The confirmatory factor analysis, which was aimed to validate the VX scales, 

was conducted in R with the lavaan package.  

4.4.4.2 Qualitative data analysis 

The corpus of the qualitative data encompassed the visitor feedback from the 

general open section of the VX-related questionnaires and the user feedback 
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collected during usability interviews. A conventional content analysis 

(Erlingsson and Brysiewicz, 2017) was adopted to inspect the qualitative data. In 

the front-end evaluation, it helped explore what the study participants 

commented about in the general open section and helped extend the knowledge 

about visitors’ needs. In the formative evaluation, a conventional content analysis 

was also adopted to organise the feedback gathered during the usability 

interviews about the RS performance in the physical museum. In the summative 

evaluation, it was adopted to further delineate the benefits and drawbacks of 

using the Grant Museum RS during a museum visit. The coding process was 

iterative and followed the steps outlined in (Erlingsson and Brysiewicz, 2017) 

which encompass reviewing all the collected data, deriving and codes, and 

identifying categories to group codes into meaningful clusters. More details about 

the coding process are presented in the Data analysis sections of the following 

chapters. 

4.5 Ethical considerations 

The ethical approval to conduct field studies was received on the 16th of April 

2018 and was issued by the Chair of the Research Ethics Committee at the UCL 

Department of Information Studies. The amendments to the data collection 

procedure, which were made after the front-end evaluation, were reviewed and 

also signed by the Chair of the Research Ethics Committee at the UCL Department 

of Information Studies on the 13th of November 2018. 

This research encompassed several field studies with the data collection from 

human subjects to explore visitors’ needs, to test the RS performance, to develop 

the VX questionnaires, and to detect the VX transformations. All respondents 

were over 18, participated on a voluntary basis and could withdraw from the 

study at any time. 

All data collection instruments had a consent statement and included some 

information about the main purpose of the study and how the data was to be 

used: “Data will be used only within the PhD research, related publications and for 

museum evaluation. You will not be identifiable from your responses. By filling out 

this questionnaire, you agree to participate in our survey”. The socio-demographic 
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data, which could be found sensitive, was not required to be provided to 

participate in the study and the “Prefer not to say” option was included in all 

questionnaires. This study did not collect the data that might have disclosed 

participant’s identity and/or confidential information, such as names, email 

addresses, health details, financial status, etc. However, some respondents wrote 

their email addresses and/or names in the survey forms – this information was 

removed when the data was transferred from the paper-based questionnaires 

into an Excel spreadsheet, and all paper-based questionnaires were destroyed 

after the research. 

4.6 COVID-19 impact statement 

This doctoral research aimed to complement the quantitative summative study 

of VX (see Chapter 8) with a qualitative study which could reinforce the new 

knowledge about VX transformations under the RS visiting condition. Being 

guided by the post-positivist research paradigm (see Section 4.2), this doctoral 

research supports the methodological dualism where quantitative and 

qualitative methods are used together to gain a better insight into an 

investigative construct. Moreover, considering that the theoretical framework of 

VX is still at an early stage of its development (see Section 2.2.3), more data about 

VX and its transformations under different visiting conditions was crucial to be 

gathered using both quantitative and qualitative methods to then expand our 

knowledge about VX and to critically analyse the contribution of each method to 

the understanding of this complex phenomenon. 

As presented in Research Design (see Section 4.3), this thesis gradually 

approached the analysis of VX and the role of museum RSs in it. More specifically, 

it started with an enquiry into visitors’ needs to understand how the Grant 

Museum visitors could benefit from an RS during their visits to the physical 

museum. The research then focused on the development and usability testing of 

the Grant Museum RS to meet the visitors’ needs. Following the implementation 

and refinement of the RS, I designed a quantitative VX instrument to trace 

statistically significant transformations in VX under the RS and non-RS visiting 

conditions. Having identified the VX transformations with the quantitative 
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instrument, I aimed to design a qualitative study that could address the 

quantitative findings, particularly to explain why the transformations in 

introspective VX were observed, to trace the differences in the perception of the 

RS in the MainVX_WithPartial and MainVX_WithFull groups, and to identify the 

role of different RS features in the VX transformations. Similar to the quantitative 

summative evaluation, I expected to conduct the qualitative study in the Grant 

Museum with the visitors allocated to the Without or With groups.  

The qualitative study was scheduled for May 2020, but it had to be postponed to 

future work, due to the national lockdown, the closure of the Grant Museum, the 

restrictions that UCL had imposed for any in-person data collection, and an 

overall uncertainty about when a new data collection procedure in the museum 

could be resumed. It is also necessary to underline that I could not have replaced 

the qualitative study in the Grant Museum with a study conducted in any other 

physical space or online. As argued in Section 4.4.1, each museum space is unique, 

and hence the analysis of VX in a different physical environment would have 

required: the analysis of a new target audience and their needs; the comparison 

of the new audience with the visitor profile at the Grant Museum; the 

redevelopment and redesign of the Grant Museum RS to follow the peculiarities 

of a new physical setting, e.g., its collection and spatial arrangement; and the 

discussion of whether the findings about the detected VX transformations in the 

new setting were transferrable to VX in the Grant Museum. Moreover, this 

research focused on the analysis of VX in a physical museum space, where the 

quality of VX was compared under different visiting conditions – it was not 

sensible to restrict the study to the digital context only, because it would be 

impossible to compare the quality of VX with and without an RS online. The 

theoretical framework of VX was put forward following the existing knowledge 

about VX in physical museums where VX was originally defined as an interaction 

of the variables between the personal, sociocultural, and physical contexts (Falk 

and Dierking, 2012). Therefore, before focusing on the analysis of a “digital VX”, 

more research should be conducted to explain how VX can be interpreted within 

the digital context only, which was beyond the scope of this research, although it 

should be investigated further in light of potential changes in the engagement 

with visitors that cultural institutions now have to consider. 
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4.7 Conclusion 

This chapter presented the research methodology adopted to answer the 

question “(How) can a recommender system impact visitor experience in a physical 

museum?”. It is plausible to assume that there are many ways in which the answer 

to this question could be approached; the choice of methodology in this doctoral 

research, however, was influenced by many factors, including the post-

positivistic research paradigm, available resources, timeframe to develop and 

evaluate an RS, and the museum setting where the studies took place. 

Nevertheless, the methodology as presented also relied on the existing practices 

of implementing and assessing museum digital technologies which allowed to 

place this study within the larger research context. As an overview, the research 

design was split into three phases. The initial phase focused on the literature 

review and on the refinement of the research problem, the main research aim, 

objectives, and questions. The main phase consisted of the front-end, formative, 

and summative evaluations which are commonly conducted to design and 

evaluate technologies and exhibitions in physical museums. It was anticipated 

that this approach would allow to gradually approach the main research question 

and to develop an RS that could resolve a real-world issue, and hence could have 

higher opportunities to significantly improve VX. During the main phase, first 

exploratory and then quasi-experimental research designs were adopted to 

investigate the needs of the museum visitors, to develop and pilot test an RS, to 

develop and validate a VX instrument, and to compare the state of VX under 

different visiting conditions. To meet the main research aim, the data was 

collected using the validated VX questionnaires that estimated the perceived 

quality of cognitive, introspective, restorative, and affective VX categories. The 

new knowledge gained throughout the research process and the significant 

contributions of this study were then summarised and reflected upon at the final 

phase. This phase also elaborated on the study limitations and recognised what 

could have been done differently.  
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Chapter 5 Front-end evaluation: the exploratory 
field study of visitors’ needs in the physical museum 

5.1 Introduction 

This chapter presents the front-end evaluation that started the main phase of the 

research into “(How) can a recommender system impact visitor experience in a 

physical museum?”. It explores several questions aimed to set the direction for the 

RS development and VX evaluation in this thesis – since there are many reasons 

why a museum RS can be introduced (see Section 2.3.1), how might an RS assist 

Grant Museum visitors? How might the museum experience during the visit be 

improved? What VX transformations should be expected when an RS is used 

during the visit? By directly enquiring Grant Museum visitors how their museum 

experience during the visit could be improved, this chapter leads to a more 

evidence-informed implementation of an RS for the Grant Museum with a better 

understanding of visitors’ needs and whether and how an RS could support VX in 

the targeted context of use. 

The design of this exploratory study was framed by the findings and new 

knowledge gained in Chapters 2 and 3, by the fieldwork conducted in the Grant 

Museum before this doctoral research (MacDonald and Ashby, 2011; MacDonald 

and Nelson, 2012; Carnall et al., 2013; Ross, 2014) as well as by the objectives of 

this front-end evaluation (see Section 5.2). In this way, the chapter extends the 

previous knowledge about the role of an RS with some empirical data collected 

in a new context of use.  

5.2 Objectives 

Before the front-end evaluation, the understanding of why visitors might want to 

use an RS in the Grant Museum was informed only by the literature review (see 

Section 2.3.1). Although the literature review illuminated a few roles of RSs and 

adaptive guides in physical museums, such as moderating the presentation and 

amount of information, it could not determine the role of an RS specifically in the 

Grant Museum. This knowledge was crucial to justify the RS development in this 
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thesis as well as to attempt to improve VX with an RS in the targeted museum 

setting. The QRator project (see Section 4.4.1) provided some insight into 

visitors’ needs in the Grant Museum. In particular, the Grant Museum added 500-

1000 new labels after the QRator study respondents had requested more details 

about the displayed objects (Ross, 2014, p. 166). At the time of the research for 

this thesis, the museum had a few descriptive labels with some brief information 

about displayed specimens as well as with some general facts, e.g., “Hyraxes: 

These Middle-Eastern and African grazers are small relatives of elephants – they 

have similar foot skeletons and toenails”. With this knowledge, the exploratory 

field study was set to enquire whether the Grant Museum managed to fill in the 

information gap and whether there were other visitors’ needs that were not 

detected in the previous fieldwork but could be addressed with a museum RS. 

From a more theoretical perspective, the feasibility of conducting surveys in the 

Grant Museum was also questioned before this doctoral research, because it was 

unclear how visitors might react to being directly approached for a study. For 

instance, the QRator research adopted implicit data collection techniques only, 

i.e., interaction logs from the iPads, visitor contributions left in the QRator app, 

video recordings of how the visitors interacted with QRator, and observations of 

visitor interactions with iPads from the second floor (Ross, 2014). However, 

implicit techniques were not applicable to this doctoral research, because it 

needed to enquire directly from visitors about their needs and the quality of VX 

rather than to observe their behaviour. Therefore, this exploratory field study 

was also set to test the data collection protocol which was required to be used 

throughout this doctoral research in order to meet the research aims and 

objectives (see Section 1.2).  

5.3 Method 

5.3.1 Participants 

In total, 213 visitors were approached in the museum to take part in the 

exploratory field study (see Section 4.4.2 for eligibility criteria). Four visitors 

declined to participate, but no respondents withdrew from the study once they 
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had received their survey form. After the data collection, one survey form was 

eliminated because all questions, including the reverse-scored items, received 

the same extreme response. As a result, the feedback of 208 respondents was 

analysed. Table 2 provides an overview of the socio-demographic characteristics 

of the exploratory study participants. 

Table 2. Socio-demographic characteristics of the exploratory study participants 
Socio-demographic variables n (%) 

N = 208 

Age 
18-24 41 (19.71) 
25-34 54 (25.96) 
35-44 32 (15.39) 
45+ 79 (37.98) 
Prefer not to say 2 (0.96) 
Gender 
Female 124 (59.62) 
Male 83 (39.90) 
Prefer not to say 1 (0.48) 
Knowledge in natural history 
Novice 82 (39.42) 
Competent 114 (54.81) 
Expert 12 (5.77) 
Have you visited the Grant Museum before today? 
No 181 (87.02) 
Yes 27 (12.98) 
Are you visiting alone? 
No 159 (76.44) 
Yes 49 (23.56) 

Table notes: The dominant subgroups are highlighted in bold  

5.3.2 Questionnaire topics and themes 

Following the research methodology adopted for the exploratory field study (see 

Section 4.3.2.1), a paper-based questionnaire was used for data collection in the 

Grant Museum. To meet the study objectives (see Section 5.2), the questionnaire 

enquired about visitors’ needs and how to improve museum experience during 

the visit. Expanding further on the questionnaire structure, due to the 

exploratory nature of this study, the question about visitors’ needs was 
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approached from different angles: by analysing an overall satisfaction with the 

museum visit, by reviewing some indicators of information overload and by 

enquiring into how a museum visit could be improved. 

Enquiry about an overall satisfaction with the visit 

To learn whether visitors were satisfied with their museum experience, several 

studies have examined whether visitors’ goals match what the museum visits 

offer (Pekarik et al., 1999; Packer, 2006; De Rojas and Camarero, 2008; Packer 

and Bond, 2010). Pekarik et al. (1999) suggested that visitors might not return to 

a museum unless they can find the experiences they seek (Pekarik et al., 1999). 

In addition, Kaplan (1993) claimed that a match between visiting purposes and a 

museums’ ability to support them is required for restorative VX. Hence, Pekarik 

et al. (1999), for example, explored how anticipated and most satisfying 

experiences varied depending on museum types, contents of exhibitions and 

visitor characteristics. They discovered that at the National Museum of American 

History there was a mismatch between anticipated and the most satisfying 

experiences because although a few visitors came to gain knowledge or to enrich 

understanding, i.e., pursued cognitive VX, they found introspective or object VX 

most satisfying (Pekarik et al., 1999). Within the context of this research, this 

mismatch was expected to illuminate the issues with the quality of the sought 

experiences that could be tackled by enhancing the factors which shape that 

specific VX type (see Section 3.4). With this, the exploratory questionnaire 

included a list of MEGs and most satisfying experiences which derived from 

Pekarik et al.’s (1999) and Kaplan’s (1993) studies and encompassed: “to see real 

museum objects”, “to learn something new”, “to reflect”, “to spend time with 

family and friends”, and “to escape from everyday life”. At the same time, Pekarik 

et al. (1999) recognised the danger of fixed lists in questionnaires where an 

important alternative could be missed. Because of this, in the survey form, 

respondents could also tick “Other” and provide their own answer. However, it 

can also be misleading to conclude that the visitors’ needs were not met if there 

were discrepancies between the most frequently pursued MEGs and the most 

satisfying experiences. For instance, if a visitor came to the museum to explore 

the collection but then liked learning in the museum the most, this might not 
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indicate that they were not satisfied with their experience. For this reason, the 

study also included a question about an overall satisfaction with the visit – 

“Overall, I enjoyed visiting the museum”. Moreover, acknowledging that a limited 

set of questions may not reveal the full spectrum of visitors’ needs, a general open 

section was added to the survey forms for free-text comments on museum 

experience during the visit.  

Enquiry about information overload indicators 

As RSs are still uncommon in museums, visitors cannot be assumed to have prior 

knowledge of the usefulness of recommendations. For this reason, this study 

adopted implicit techniques to learn whether an RS could be beneficial for Grant 

Museum visitors. In particular, several questions about information overload 

were included in the exploratory questionnaire because RSs are considered to be 

able to alleviate it (see Section 2.3.1). Since the number of objects, labels, and 

attention span are common indicators of information overload in museums 

(Bitgood, 2009; Forrest, 2014), the questionnaire enquired whether the number 

of objects to explore and the number of labels to read were adequate (“The 

number of objects to explore was: not enough/just about right/too many”, “The 

number of labels to read was: not enough/just about right/too many”), and 

whether the museum objects managed to hold visitor’s attention throughout the 

visit (“During the visit, the museum objects held my attention: 

never/rarely/sometimes/very often/always”).  

Overview of the quality of some mental processes within VX 

Additionally, since an RS aimed to improve VX in this thesis, several VX-related 

questions were added to start exploring whether an RS could stimulate some 

mental processes, i.e., personalised recommendations for 

association/connection/reminiscence (“I tried to find similarities/differences 

between the museum objects”), additional information for understanding (“I 

learned more from looking at the objects than from reading the labels”), 

collaborative games for participation and social interaction (“My companion and 

I tried to find objects interesting to both of us”, “I would have enjoyed my visit more 

if I were visiting with a companion”), and new adaptive formats of delivering 
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information to stimulate reflection (“I found myself reflecting on the objects beyond 

their literal meanings (e.g., connections to the past, connections to my memories, 

etc.) and imagination (“I imagined the objects in their original, natural setting 

when I was looking at them”). The questions again derived from the Pekarik et 

al.’s study about cognitive, introspective, and social VX categories (1999) and 

aimed to provide some insight into the quality of different VX dimensions. 

Enquiry about the socio-demographic profile of the study participants 

Lastly, the questionnaire also collected relevant indicators for building a socio-

demographic profile of the study participants: their age, gender, knowledge in 

natural history, whether they were first-time or returning visitors, and whether 

they came alone or with a companion. 

Drawing on the curatorial expertise that could be harnessed through the Grant 

Museum, the draft with the designed questionnaire items was first analysed by 

the Grant Museum curators who suggested revisions to avoid potentially 

sensitive topics. Then, the questionnaire was piloted for one week in the Grant 

Museum and was refined based on some preliminary findings. More specifically, 

it was necessary to add a question that directly enquired about visitors’ needs, 

because the responses to the VX questions, although they revealed some issues 

in the quality of VX (see Section 5.4), could not clearly determine how visitors 

wanted their VX to be improved. This gap could have led to building assumptions 

on how to improve VX informed by theoretical knowledge rather than by 

empirical evidence. That is why a multiple-choice item “My visit could have 

benefitted from…” was added to the questionnaire with the following categories: 

“recommendations on the objects to explore”, “navigation/museum map”, “social 

activities (e.g., guided visits, discussions)”, “more information about the objects”, 

and “reflective questions for me to think about”. The respondents could also tick 

“Other” and provide their own suggestions.  

The final version of the questionnaire can be found in Appendix 2, Figure 2.1. 
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5.3.3 Data collection procedure 

The exploratory field study was conducted over the period of May 18th to 26th, 

2018, in the Grant Museum. I approached as many eligible visitors as possible 

within the timeframe agreed for the fieldwork with the Grant Museum curators. 

Since the Grant Museum is quite small and because of its Q-shaped space plan, it 

was clear where visitors started exploring the museum collection and where they 

could be recruited. At the end of their visiting routes, I approached visitors, 

introduced myself, explained the goal of the study, and asked visitors to fill in a 

paper-based survey form that could be handed back to me or submitted 

anonymously into the survey box next to the museum entrance. 

5.3.4 Data analysis 

Quantitative and qualitative techniques were used to analyse the gathered data. 

Quantitative measures were adopted to report the frequencies of values within 

each categorical and Likert-type item, such as the occurrence of a specific 

suggestion about how a museum visit could be improved. The quantitative 

analysis aimed to help understand the extent of visitors’ satisfaction with their 

museum experience by estimating an overall satisfaction with the visit, by 

comparing MEGs with the most satisfying aspects of the visit, and by enquiring 

about the quality of the variables that would suggest whether visitors were 

exposed to information overload. Moreover, the quantitative analysis aimed to 

illuminate the most frequently requested improvements to a museum visit, 

which, in turn, could reveal the visitors’ needs that were required to be met to 

improve VX. 

To complement the quantitative results in the exploratory questionnaire, the 

participants’ feedback from the general open-ended section was also examined. 

42.31% (n = 88) of participants provided some comments, and all comments 

were used in the analysis due to the exploratory nature of this study. 

Conventional content analysis was adopted to systematise the feedback into 

meaningful explicit categories emergent from the gathered data. The coding 

process was multi-stage and performed manually. At the initial stage, the 

gathered data was read repeatedly to gain some insight into the concepts and 
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topics raised by the study participants. Then, the process became iterative and 

followed the procedure outlined in (Hsieh and Shannon, 2005). More specifically, 

the meaning units, e.g., ‘more info on each one [exhibits – ed.]’ (female, 45+ age 

group), were highlighted in text to capture the recurrent and key concepts that 

described various aspects of the museum experience during the visit and touched 

upon different contextual variables, such as museum objects, labels, museum as 

a physical setting. Then, the units were grouped into condensed meaning units, 

e.g., ‘requesting more information about the museum objects’, to summarise exact 

words written by the study participants. From the condensed meaning units, this 

study derived a few codes, e.g., “filling in the information gap”, which were then 

sorted into broader explicit categories, e.g., “Suggestions”. Finally, all labels were 

reviewed and presented in a diagram to hierarchically organise and visualise the 

categories, codes, and condensed meaning units. All detected categories as well 

as the diagram are presented in the Results section below (see Section 5.4). 

5.4 Results 

Quantitative study of visitors’ needs 

The findings indicated that Grant Museum visitors were satisfied with their 

experience overall. Out of all 208 participants, 206 (99.04%) respondents agreed 

that they enjoyed their visit (see Figure 12). In addition, three main reasons to 

visit the Grant Museum, i.e., “to see museum objects” (n = 96, 46.15%), “to learn 

something new” (n = 51, 24.52%) and “to spend time with family/friends” (n = 

28, 13.46%), tended to match what the Grant Museum could offer (see Figure 13), 

which is also pertinent to a satisfactory museum experience, according to 

(Pekarik et al., 1999).  

Grant Museum visitors were not prominently exposed to information overload: a 

predominant majority of the respondents stated that the number of objects to 

explore was just about right, n = 184, 88.46%, and objects tended to hold their 

attention during the visit (“Always”: n = 70, 33.65%; “Very often”: n = 125, 

60.10%; “Sometimes”: n = 13, 6.25%). The number of labels received less positive 

feedback as only two-thirds of all respondents, n = 141, 67.79%, stated that the 
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number of labels was satisfactory. Visitors were more likely to report that there 

were not enough labels, n = 60, 28.85%, rather than too many, n = 7, 3.37%, which 

again showed that visitors tended to lack information rather than to be 

overloaded with it.  

 
Figure 12. Summary of an overall satisfaction with the visit 
 

 
Figure 13. Distribution of motivations/expectations/goals and most satisfying 
aspects of the visit 
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The multiple-choice question “My visit would have benefitted from…” reinforced 

the detected need for more information. More than a half of all participants (n = 

111, 53.37%) agreed that they would have preferred more information about the 

objects during the visit (see Figure 14). Other listed categories, i.e., 

“Recommendations about the objects to explore”, “Navigation / museum map”, 

“Social activities” and “Reflective questions for me to think about”, were selected 

much less frequently. Lastly, several respondents (n = 14, 6.73%) provided their 

own suggestions on how their experience could have been improved, which 

were: an audio or tour guide (5 occurrences), other labels as some were in Latin 

only (3 occurrences), the illustrations of skeletons as they appeared alive (2 

occurrences), better lighting/illumination (2 occurrences), the dates when the 

specimens were preserved (2 occurrences), more displays that show the 

anatomy of the specimens (1 occurrence), postcards of the collection to buy (1 

occurrence). 

  
Figure 14. Potential improvements for a museum visit 
Figure notes: multiple option selections were allowed 

Feedback from the general open section 

The feedback from the general open-ended section supported the results from 

the section with categorical and Likert-type items and furthered the 

understanding of how a museum visit could be improved for Grant Museum 
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visitors. In the analysis, three main categories were identified: “Positive 

experience”, “Negative experience”, and “Suggestions” (see Figure 15). Overall, 

the respondents tended to express their enjoyment with the visit, museum, and 

its collection, and shared what their favourite objects in the collection were: 

This place is incredible! A highlight of my trip for sure. (female, 25-34) 

I am really pleased to see so many real specimens on display and no 
'gimmicks'. […] (female, 45+) 

[…] Lots of things I would like to own. (male, 45+) 

Very interesting exhibition, very enjoyable. […] (female, 25-34) 

[…] The alizarin preparation of objects are really interesting – how it shows 
the different functions. (female, 35-44) 

[…] Some of the skeletons displayed are really amazing, especially the python, 
the spider crab, the dugong, the skull of the big elephant and last but not the 
least some of the old fish. (female, 45+) 

[…] The micrarium is fantastic and should be a highlight in adverts for the 
museum! (female, 45+) 

 
Figure 15. Summary of the feedback from the general open section of the 
exploratory questionnaire 

With a more in-depth focus on the Grant Museum visit itself, the respondents 

commented on the museum atmosphere which also positively contributed to 
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their overall museum experience. Some visitors felt as if they were back in time, 

while the experience reminded them of their past: 

I love the atmosphere and uniqueness of this place. (female, 18-24) 

Superb collection in original condition from time of collecting. […] (male, 45+) 

I thoroughly enjoyed seeing these objects/specimens in their original 
condition and the layout of the museum supports the Victorian/educational 
feel at the time when the specimens were collected. (female, 25-34) 

[…] I felt like it has the quality of a private Victorian's own collection. As if I 
was back in Charles Darwin's pioneering days or land his peers' 
collections/era. (male, 35-44) 

It was very interesting to see items displayed as I remember from the 1960s-
1970s. (male, 45+) 

[…] It's also interesting that the museum is in this particular room as I used to 
come here when it was a medical library. Unfortunately, or maybe fortunately, 
it reminds me how little I know and how much I've forgotten. (female, 45+) 

[…] Very old-fashioned in the way it presents the specimens - but this is just 
how I like natural history museums. The retro-look is very inspiring, 
artistically, too. And historically important too. […] (male, 45+) 

However, although the overall experience was satisfactory, a few visitors asked 

for more space to view specimens. In particular, visitors reported that they found 

it hard to examine some objects because a few were placed too high up, too close 

to each other, and because of the lack of lighting in cabinets/cases:  

[…] Often hard to see specimens due to lighting. (male, 18-24) 

[…] some objects are too high to see closely. […] (female, 18-24) 

There is a great variety of objects, but many are out of view, up high. […] 
(male, 25-34) 

Display should have more space. A bit crowded. (female, 25-34) 

The objects needed to be more spaced out […] (male, 35-44) 
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[...] They should give the museum more room so items could be spread out and 
more specimens could be displayed. (female, 35-44) 

[…] The museum would benefit from a larger lower space for display. (male, 
25-34) 

Some labels were also found difficult to read: 

[…] The information blocks could stand out more especially when there are 
lots of specimens in the cabinet, maybe black colour coded. […] (female, 45+) 

[…] My only criticism is that some of the labels are difficult to read, but that is 
probably more to do with my poor eyesight. (male, 45+) 

Additionally, a few visitors asked for more labels and information. This resonated 

with the quantitative findings in this exploratory field study and revealed that 

visitors wanted more information not only to learn but also to understand what 

they were looking at, because the museum content was not encountered on a 

daily basis: 

Labels are very useful, please could you add some more so that at least I know 
what I'm looking at. […] (female, 18-24) 

Some of the exhibits had no labels, so no idea what you are looking at and its 
relevance. (female, 45+) 

We would have appreciated more information about what we are seeing, 
more comparative information, reasons for why some things were grouped 
together. […] (female, 35-44) 

Some visitors also suggested adding images to better understand what they 
were looking at and to compare the skeletons by looking at their outer form: 

[…] it's better to put some real-life pictures alongside the specimens. It's easier 
to know what are these objects. (female, 18-24) 

Maybe more illustrations of what the animals looked like, to compare 
skeletons with the outer form (if possible). (female, 45+) 

This indicates that the main goal of “more labels” could be less about supplying 

visitors with scientific facts and more about helping them understand the 

museum collection better. At the same time, it is necessary to acknowledge that 

a few study participants were interested in gaining more insight into the history 
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of the Grant Museum, evolution, how specimens had looked before they were 

brought to the museum, how and when the objects were acquired, and why the 

objects were grouped in a certain way: 

[…] more history and context about the exhibits. What did these animals look 
like alive and in the wild […] (male, 45+) 

[…] dates of the collection of the specimens and their country of origin […] 
(male, 45+) 

[…] when the animals were preserved […] (female, 18-24) 

[…] how some of the objects were acquired […] (female, 25-34) 

[…] evolutionary organisation […] (female, 45+) 

[…] timeline of evolution […] a section on extinct animals would show how 
many there has been and also reasons for it happening […] (male, 45+) 

[…] history of Grant explaining comparative anatomy […] (female, 45+) 

[…] more comparative information, reasons for why some things were 
grouped together […] (female, 35-44) 

As taxidermy is a unique and rare technique, it would be good to somehow 
educate on how the taxidermy process / skeletal reconstruction works. It 
would be great to have taxidermy workshops to teach children (or whoever 
wants to learn) how to do it, as it seems to be a dying skill. Many objects in the 
museum are so beautifully preserved, it would be good to share how this is 
done. (female, 25-34) 

Other suggestions included providing access to the balcony area, organising 

workshops to learn about specimens, and furnishing a list of the museum’s top 

exhibitions.  

However, if the physical context changed, this would pose a few new issues. 

Several participants mentioned that more labels or a larger museum space could 

lead to a more overwhelming and exhausting experience, and thus these 

modifications needed to be controlled: 

Great/comfortable amount of labels/reading. Sometimes a museum has too 
much to read, I zone out and don't properly take it in. (female, 25-34) 



 

 121 

More information about the objects – just about part of the exponats; 
otherwise might be too much info. (female, 25-34) 

[...] Actually I like the smaller-sized museum – not so overwhelming. (female, 
45+) 

Even in a small-sized museum, like the Grant Museum, three respondents already 

asked for some guidance to get familiar with the collection: 

[...] it would be good to have an object map of some kind […] (female, 25-34) 

Was given helpful context to museum's purpose + history by a friendly 
museum officer. If this hadn't been available, some form of written guidance 
would have been appreciated. (male, 25-34) 

[…] Guided tours would be good […] (female, 45+) 

It is also important to mention that a few participants speculated that the 

museum atmosphere could be affected by introducing interactive and 

interpretive tools: 

Part of the attraction for me is the use of the original/old labelling, etc. and 
lack of so much intervention (as with modern exhibits). The [name of the 
museum – ed.] lost some of its appeal and character when it modernised. So, 
please don't. (male, 45+) 

Fascinating collection + good to see in the original cabinets + not computer 
interactivated. (female, 45+) 

I really liked the traditional "old-fashionedness" of the museum. It was more 
like an old science lab which I really liked – does not need modernising in any 
way. (female, 35-44) 

Although I appreciate the need to provide non-temporary experiences and 
interpretive materials, it is refreshing to visit a museum that has a sense of 
history + isn't "over-explained". (female, 45+) 

To summarise, the feedback from the general open-ended section supported the 

quantitative analysis by emphasising that Grant Museum visitors were satisfied 

with their experience overall but needed more information about the museum 

objects. The feedback also extended the findings from the quantitative analysis 

by highlighting visitors’ need for a more accessible way of browsing the collection 
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and reading labels, yet, at the same time, visitors wanted to preserve a unique 

museum atmosphere not affected by modern digital technologies. These results 

were crucial to set the trajectory for the RS development in this thesis which is 

delineated in the following chapters. 

VX overview 

A brief overview of VX revealed that there was potential for an RS to stimulate 

some mental processes underlying VX in the Grant Museum. More specifically, 

around two-thirds of all respondents (n = 140, 67.31%) agreed that they were 

involved in some reflective processes during the visit, “I found myself reflecting 

on the objects beyond their literal meanings (e.g., connections to the past, 

connections to my memories, etc.)”. Similarly, around a half of the participants 

reported that they were engaged in imagination and comparison (“I tried to find 

similarities/differences between the museum objects”: n = 105, 50.48%, “I 

imagined the objects in their original, natural setting when I was looking at them”: 

n = 117, 56.25%). Finally, two-thirds of the group visitors (n = 104, 65.41%) 

agreed that they tried to find objects that were interesting to them and their 

companions (“My companion and I tried to find objects interesting to both of us”) 

(see Appendix 2, Figure 2.2. for all VX-related bar charts). These findings showed 

that while the majority of visitors tended to agree with these statements, there 

was still an opportunity to improve VX, because an RS could stimulate the 

abovementioned processes through, for example, personalised 

recommendations and tables that would compare manual object selections with 

personalised recommendations for association/connection/reminiscence.  

However, while RS features might be able to improve VX, the results could not 

suggest whether visitors sought to increase the prominence of those processes. 

Additionally, in contrast to the qualitative feedback in the general open section 

and the quantitative analysis of the potential improvements for a museum visit 

(see Figures 14 and 15), the VX questions could not explicate how visitors wanted 

their experience to be improved. These results underscored that the analysis of 

VX might not be able to clearly address visitors’ needs, although within the 

context of the RS development they can help specify what features could be useful 

to be implemented (see Section 6.2). 
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5.5 Refinement of the visitor experience-related evaluation 

procedure 

The exploratory field study helped test the data collection protocol and reveal 

some challenges with conducting the fieldwork in the museum. The protocol was 

found suitable for learning about visitors’ needs – as the data was gathered at the 

end of visiting paths, visitors could form their opinion about museum experience 

during the visit without being interrupted by this study. Then, building on the 

outcomes of their museum experience, they could reflect on and then report on 

how their visit could have been improved.  

The use of a questionnaire as the data collection tool was found appropriate for 

this study to collect data from the diverse museum audience, as was anticipated 

(see Section 4.3.2.1). Moreover, the questionnaire helped gather feedback from 

those visitors who would have clearly been unwilling to participate in an 

interview, not feeling comfortable or not having time for a more extended 

discussion. However, the study also showed how the process of designing a data 

collection tool could be refined. As reported in the previous section (see Section 

5.4), the enquiry about some of the mental processes underlying VX could not 

contribute much to the understanding of the ways in which a museum visit could 

be enhanced. For instance, although an RS might be able to support reflection, it 

was unclear whether and how visitors wanted this process to be stimulated. 

Therefore, within the larger research context, this study showed that to learn 

how to transform VX, the front-end evaluation should explore the variables 

within the physical context that needed to be improved. 

The exploratory study revealed a few issues with VX-related and socio-

demographic items. Within the context of this research, these issues were crucial 

to be addressed before inspecting the VX transformations so as to ensure the 

validity of the findings. In particular, the choice of VX items for this study was 

based on the theoretical knowledge about mental processes that an RS can target 

(see Section 2.3.1), such as reflection, gaining new knowledge/learning, and 

social interaction. To formulate the questions, I referred to Pekarik’s description 

of cognitive, introspective, and social VX categories (1999). However, two VX-

related questions (“I learned more from looking at the objects than from reading 
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the labels” and “I would have enjoyed my visit more if I were visiting with a 

companion”) could not contribute much to the findings in the front-end 

evaluation because of their “Neutral” scoring (see Appendix 2, Figure 2.2. for all 

VX-related bar charts). In addition, the set of VX items in the exploratory study 

was small and so could not cover a wide spectrum of mental processes within VX. 

Hence, I determined that the VX instrument required further refinement with a 

more in-depth analysis of the existing VX-related scales and the validation of the 

VX instrument before the summative assessment of VX transformations.  

Furthermore, some changes needed to be made to the socio-demographic section 

of the VX instrument. More specifically, the age ranges needed to be expanded to 

construct a more precise socio-demographic profile of the surveyed museum 

visitors, because the “45+” age group was the most populous, but it was much 

wider than the other groups, e.g., “25-34”. In addition, the levels of knowledge 

required to be extended from “Novice”, “Competent”, and “Expert” to “Novice”, 

“Beginner”, “Competent”, “Proficient”, and “Expert”, because several respondents 

could not decide on their level of knowledge in natural history and added a note 

saying that they were ‘somewhere in between’. Moreover, to help trace the 

variations between visitor groups in the summative evaluation, the socio-

demographic set of questions was extended with the “Highest level of education” 

and “Permanent residence” variables; a few studies explored the socioeconomic 

and sociocultural backgrounds of visitors, such as education, country of origin, 

employment status, civil status, residence, and income level (Smith and Wolf, 

1996; Packer and Ballantyne, 2002; Falk and Dierking, 2012; Sheng and Chen, 

2012; Del Chiappa et al., 2013; Han et al., 2019).  

Lastly, to encourage visitors to think about what exactly they pursued in the 

museum as well as to avoid the “to see museum objects” response, since this 

might be the main goal of most museum visitors in general, this research replaced 

the listed MEGs with an open-ended question. 
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5.6 (How) can a recommender system impact visitor 

experience in a physical museum? 

The front-end evaluation helped build a hypothesis on how VX might transform 

under the RS visiting condition by revealing existing visitors’ needs in the Grant 

Museum and what role an RS might play in a museum visit. It clarified that Grant 

Museum visitors would appreciate more details about the displayed objects, e.g., 

dates when specimens were preserved, how they were preserved, how they were 

acquired, and how they had looked before they were preserved. This showed that 

the information landscape of the museum had not significantly progressed since 

the QRator project to meet visitors’ informational needs, and it was necessary to 

provide some additional informational support. The exploratory field study also 

extended the results from the QRator project by revealing that, in addition to 

learning more about specimens, more object details were essential to help 

visitors understand what they were looking at. Within the larger context, this 

finding refined the claim made in Packer’s study (2006, online): 

Many visitors to museums and other educational leisure settings, when asked 
whether they came to learn something, will answer, "No, we just wanted to 
have a look." On the surface, this may suggest that visitors are not highly 
motivated to learn. […] What they seek from their visit is not so much to learn 
something as to engage in an experience of learning that is inherently 
valuable or enjoyable in its own right, regardless of the learning outcomes 
that may or may not ensue. 

The informational gap identified in the exploratory field study showed that 

visitors seek not only the experience of learning but also the experience of 

understanding, where labels might be able to help visitors interpret the objects 

of their interest. 

Focusing on VX transformations, the lack of information detected in the 

exploratory field study clarified how museum experience during the visit could 

be supported and what VX transformations should be expected. It demonstrated 

that visitors often could not engage in such a direct experience that would lead to 

a constructed meaning (see Section 2.2.4). Hence, by providing more explanatory 

content, this study assumed that the VX of Grant Museum visitors could be 

improved. More specifically, building on the theoretical knowledge that object 

descriptions can contribute to the quality of cognitive VX (see Section 3.4.1), this 
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study aimed to support cognitive VX, particularly the processes of understanding 

and gaining new knowledge/learning. Nevertheless, considering that the VX 

categories are interrelated (see Section 3.4), it was anticipated that other mental 

processes, such as reflection and association/connection/reminiscence, might 

subsequently transform as well. 

From the perspective of integrating an RS into a Grant Museum visit, the 

exploratory field study helped understand how an RS might support VX in the 

Grant Museum. It is first necessary to note that object recommendations were not 

actively requested by Grant Museum visitors – only 15.87% of all respondents 

thought that their visit might have benefitted from some suggestions about the 

objects to explore (see Section 5.4). However, this still did not imply that an RS 

could not be useful, because visitors might have been unsure how 

recommendations could have impacted their museum experience due to the lack 

of any similar systems in other museums. In fact, a few other results from the 

exploratory field study suggested that an RS could be helpful in the targeted 

context of use. More specifically, since the study participants requested a few 

additional object details, it was difficult to present all information in the physical 

setting with a limited space capacity, and hence information needed to be 

delivered in a digital format. Moreover, as stated in (Sparacino, 2002), reading 

labels in a physical museum and extracting useful information from those labels 

might require long stops; this time, however, could be spent more efficiently by, 

for instance, browsing other interesting objects. Extending this statement, 

reading labels might not only take visitors’ time but also visitors’ attention – one 

participant in the exploratory field study stated that the number of labels was 

comfortable for them, and if there had been more labels, they would have ‘zoned 

out’ (see Section 5.4). This implied that it was necessary to moderate the flow of 

additional information and to highlight the information that visitors might find 

interesting and relevant for their museum experience. Hence, it was assumed that 

an RS might be a useful tool to deliver requested information in a digital format 

as well as to focus visitor’s attention on such information that could have higher 

chances to resonate with visitor’s interests, and, as a result, that could stimulate 

some mental processes, such as understanding and gaining new 

knowledge/learning. 
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In addition to filling in the information gap, an RS might support VX by helping 

visitors explore the museum collection. In particular, the participants tended to 

express their fascination with the museum collection – e.g., 54.33% of all 

participants stated that examining museum objects was the most satisfying 

aspect of their visit (see Section 5.4). With this, it is plausible to assume that 

objects in the Grant Museum often served as ‘platforms for visitor experience’ 

(Hennes, 2010, p. 25). However, some visitors reported that they could not see 

all the objects clearly due to lighting and/or due to an object placement, meaning 

that their direct experience was hindered. As a result, some participants 

suggested extending the physical museum space. However, some characteristics 

of the Thomas Lewis Room, where the Grant Museum is located, positively 

contributed to an overall experience, because visitors enjoyed a unique 

atmosphere of the museum, and some of them were against modernising the 

museum so as not to affect its “look and feel” (see Section 5.4). In (Carnall and 

McEnroe, 2011), the Thomas Lewis Room was described as more accessible and 

comfortable to the general public, and with more space and better conditions for 

displaying and preserving the collection than the previous location in the Darwin 

Building. However, Carnall et al. (2013, p. 2) stated that the previous location had 

‘the air of a Victorian cabinet of curiosity, a dense and imposing cornucopia of 

objects crammed into a small space’. Since Grant Museum visitors often 

commented that this was how a natural history museum should be (Carnall et al., 

2013), the curators wanted to bring the same atmosphere to the Thomas Lewis 

Room: 

The museum retains its Victorian cabinets, crammed with skeletons and 
specimens in jars, with many coming out of storage for the first time — 
including dozens of primate and carnivore skeletons, newly rediscovered 
dodo material and a rare pterosaur fossil. (MacDonald and Ashby, 2011, p. 
164) 

With this, it is debatable whether the changes to the physical space would have 

led to some positive transformations in direct experience and VX. Although it is 

also debatable whether a technological enhancement could resolve the issue with 

browsing the physical museum collection, this research assumed that high-

resolution specimen images in the RS could help visitors examine objects in 

greater detail, and thus this might also lead to an improved VX. 
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Moreover, an RS might be able to help a specific visitor subgroup to explore and 

become familiar with the museum collection. Scholars suggest that not only can 

an RS be useful for filtering out large, potentially overwhelming amounts of 

information, but it can also be used to improve an overall decision-making 

process, which can be particularly helpful for the visitors without substantial 

domain knowledge or for the first-time visitors who may not be able to easily 

identify their points of interest in the museum (Pechenizkiy and Calders, 2007; 

Cramer et al., 2008; Ricci et al., 2011; Benouaret and Lenne, 2015; Lu et al., 2015; 

Aggarwal, 2016; Jannach and Adomavicius, 2016). Following the results of the 

exploratory field study, 87.02% of the respondents were first-time visitors, and 

hence they might find an RS helpful to identify interesting objects within the 

museum collection. From the perspective of VX transformations, this might have 

some positive impact on restorative VX, considering that familiarity with 

museum contents can increase the chances of experiencing restoration (Kaplan 

et al., 1993; Packer and Bond, 2010). 

On the other hand, it is necessary to recognise that an RS might not be suitable 

for all visitors to the Grant Museum. The preference over being guided may 

depend not only on whether the visitor is first-time or returning, but also on the 

audience of a particular museum type and their visiting preferences. For instance, 

the studies about HyperAudio and HIPS suggested that the visitors who prefer 

artworks tend to choose more autonomous visits, while visitors in science 

museums need more guidance (Petrelli and Not, 2005). Additionally, the decision 

to use a museum technology might also depend on visitors’ preferences, 

acceptance of museum technologies in general, visiting strategies, and MEGs on 

that visiting day. For instance, some visitors may generally not be willing to let an 

RS decide what they should see in the museum – the users of a context-aware 

mobile personal assistant (COMPASS) insisted that they still wanted to be in 

control of their visit ‘to think and decide for themselves’ (van Setten et al., 2004, 

p. 243). Navigation/guidance in the Grant Museum was requested only by 

13.94% of all participants, suggesting that a guided tour provided by an RS might 

not receive a positive response, although this assumption is tested later in this 

thesis. 
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5.7 Conclusion 

The front-end evaluation was carried out to learn more about the experimental 

space of this doctoral research, i.e., the Grant Museum, and to clarify how an RS 

could assist visitors in the examined context of use. I reviewed the published 

results of the fieldwork previously held in the Grant Museum, and conducted an 

exploratory field study to collect some primary data about visitors’ needs. The 

analysis of the feedback of 208 respondents showed that Grant Museum visitors 

tended to enjoy their experience overall, but a few visitors could not make sense 

of what they were looking at and needed more detailed information about the 

objects and/or the museum. Moreover, a few visitors asked for better lighting, 

more space between the objects and a way to have a closer look at the objects 

which were placed too high up. Hence, the exploratory field study revealed that 

an RS had potential to improve VX in the Grant Museum, particularly in the 

context of understanding and gaining new knowledge/learning, by providing 

more information about the museum objects and a more accessible way of 

browsing the museum collection. This knowledge became the foundation for the 

development of an RS in this thesis, and it helped justify the RS implementation 

decisions delineated in the following chapters. In addition, the front-end 

evaluation prompted to refine the data collection tool in order to enhance its 

effectiveness for the summative evaluation.  
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Chapter 6 Formative evaluation: the development 
and pilot usability study of a museum recommender 
system 

6.1  Introduction 

This chapter presents the development and usability testing of an RS for the Grant 

Museum. With the knowledge of the existing research into museum RSs and the 

needs of the Grant Museum visitors, this chapter consolidates the functional and 

non-functional9 requirements for the RS evaluated in this thesis. It starts by 

explaining how the functional scope of the Grant Museum RS was shaped by the 

findings from the front-end evaluation (see Chapter 5) and by the user and object 

data available in the targeted context of use. It also demonstrates how the 

implementation of the Grant Museum RS followed the practices established in the 

previous published scholarship.  

Additionally, this chapter delineates the findings of a pilot usability study which 

was carried out to test the first version of the Grant Museum RS with a group of 

end-users before releasing the RS to the general museum audience. The data was 

gathered using several data collection tools, i.e., a questionnaire with the adapted 

ResQue framework (Pu et al., 2011), semi-structured interviews, and interaction 

logs, which helped conduct a comprehensive analysis of different features in the 

Grant Museum RS. The results revealed how the Grant Museum RS needed to be 

improved before the summative evaluation. Within the larger context, the 

findings extended the knowledge about the effectiveness and efficiency of 

museum RSs in a new context of use and informed how the development of 

museum RSs could be refined further.  

 
9 As a part of the system development process, researchers distinguish functional and 
non-functional requirements (Preece et al., 2015, p. 353). Functional requirements 
describe what the system should do, while non-functional requirements explain how the 
system should do it (Preece et al., 2015, p. 354).  
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6.2 Requirements engineering 

6.2.1 Museum data requirements 

This research aimed to improve VX by filling in the information gap, because the 

exploratory field study showed that 53.37% of the surveyed Grant Museum 

visitors needed more information during their visit, e.g., more specimen 

descriptions and more details about the collection history and acquisition 

procedure (see Section 5.4). Some of the requested information could not be 

provided due to the lack of access to and/or knowledge about the object details, 

because in many cases it was unclear how objects had been brought to the 

museum and for how long they have been preserved. As a result, the scope of 

supplementary information was framed by the details that this research and the 

Grant Museum professionals could gather within the timeframe of this formative 

evaluation. Similar challenges with processing data for recommendations and 

delivering necessary content to visitors have been reported in (Noehrer et al., 

2021), which underscored that more fundamental research on the history of a 

museum collection as well as a more extensive cataloguing and digitisation of 

museum objects is still needed to provide all the requested details. Within the 

context of this research, to meet the visitors’ informational needs, I collected the 

following museum-related content: specimen descriptions with taxonomic 

details, general facts about specimens, links to the Grant Museum blog posts, 

images of specimens in their natural habitat, and a digital map of the Grant 

Museum. Although this information could not fully address all visitors’ 

informational needs identified in the front-end evaluation, it was still regarded as 

significant and useful for the visitors, since it was not available in the physical 

museum, and thus it expected to improve the information landscape during a 

museum visit. 

The surveyed Grant Museum visitors did not have a prominent demand for a 

museum technology – they rarely requested recommendations on the objects to 

explore, while some visitors asked not to add digital interactives to the museum 

space in order to preserve the museum atmosphere (see Section 5.4). However, 

as argued in Section 5.6, adding more labels in the physical museum was not 

practicable due to the limited physical space capacity which was also mentioned 
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by the participants in the front-end evaluation (see Section 5.4). In one of the 

early studies into adaptive museum guides, the curator-led tours were found to 

be a more preferred method of guidance than digital guides in science museums 

(Petrelli and Not, 2005). Nevertheless, human narrators may not be able to 

deliver content that would meet the interests and the level of knowledge of each 

visitor individually (Sparacino, 2002; Benouaret and Lenne, 2015; Solima et al., 

2016), which is crucial for VX as it is linked to resonance of a museum content 

with the visitor’s personal context (see Section 2.2.1). The diversity of museum 

visitors can be evidenced from the socio-demographic profile of the Grant 

Museum audience who, for example, had different levels of knowledge in natural 

history ranging between “novice” and “expert” (see Section 5.3.1). Therefore, the 

requested additional information was required to be delivered in a digital format. 

The ways in which digital content can be conveyed are manifold, such as textual, 

audio, and video presentations. Researchers debate about the most efficient way 

of delivering information if the multimodality for the same content is possible, 

e.g., (Hatala and Wakkary, 2005; Petrelli and Not, 2005; Zimmermann and 

Lorenz, 2008; Petrelli and O’Brien, 2018). For example, video clips can be less 

obtrusive and more expressive than still images (Stock et al., 2007). However, 

video kiosks can be located too far away from the exhibits, and visitors may 

struggle to associate an object with a video (Sparacino, 2002). Moreover, video 

content may not be available in all museum spaces – for instance, in the Grant 

Museum, the content about museum objects was in a textual format only, and 

thus additional financial resources and set of skills were required to enhance a 

museum visit with video presentations, which was beyond the scope of and 

resources for this doctoral research. 

Audio channels are considered to be more efficient because they do not divert 

visitor’s attention from the exhibits with another visual presentation, since visual 

channels in museums are often already overused (Petrelli et al., 1999; Grinter et 

al., 2002; Petrelli and Not, 2005; Zimmermann and Lorenz, 2008; Ghiani et al., 

2009; Kuflik et al., 2011). Moreover, some researchers claim that audio tracks can 

make visitors stand longer next to exhibits and so stay longer in a museum (Jin, 

2016). On the other hand, audio guides, similar to other modalities, may hinder 
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conversations between the companions by alienating listeners in “experiential 

bubbles” (Woodruff et al., 2001; Aoki et al., 2002; Grinter et al., 2002; Berkovich 

et al., 2003; Luyten et al., 2006; Wakkary et al., 2009; Jin, 2016). In addition, audio 

channels might not give users a desired level of control over presentations, such 

as rewinding, sharing content, and browsing relevant objects, and thus they still 

need to be accompanied with portable devices that could deliver visual 

presentations (Sparacino, 2002; Berkovich et al., 2003). In particular, within the 

context of this research, it was necessary to provide images of how specimens 

looked before they were preserved (see Section 5.4), meaning that the Grant 

Museum visitors needed visual presentations and might not have been satisfied 

only with audio files. Lastly, similar to the video format, not all museums have 

audio content that could be used to support a museum visit, which makes audio-

based technologies less replicable in different research contexts.  

Some systems offered multiple modalities to tackle disadvantages of one 

medium. For instance, the WHYRE®, a portable multimedia assistant designed for 

museums and archaeological sites, has been used to evaluate the acceptability of 

textual, audio, and video content formats – while 62% of users enjoyed all 

suggested content formats, 38% of respondents preferred the audio-video 

channels only, which indicated that the participants favoured audio and video 

content over text, but the combination of all three could lead to a better 

experience (Cinotti et al., 2004). At the same time, multi-device environments can 

also receive a mixed response from the visitors – e.g., the UbiCicero presentations 

which were split between the PDA and the large screen were difficult to follow 

and divided visitor’s attention (Ghiani et al., 2009). However, the UbiCicero users 

liked the audio presentations, because while listening to an audio track, their 

attention was focused on the artworks and not the device (Ghiani et al., 2009). To 

reach a compromise, HyperAudio conveyed the main content through the audio 

messages that would play when the visitor approached an exhibit, and the PDA 

would display some additional images, text and links – ‘the system had to adapt 

its behaviour to serve at best the visitor’s goal of enjoying the museum, finding it 

rewarding and useful’ (Petrelli and Not, 2005, p. 306). 
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Although multiple modalities might overcome limitations of one medium, in this 

doctoral research, the decision about which modality to choose was primarily 

based on the needs of the Grant Museum visitors to ensure that they found the 

developed RS useful for their museum visit. For instance, as mentioned above, 

since visitors requested illustrations of how specimens had looked before they 

were preserved, audio tracks were not enough to meet visitors’ needs. Moreover, 

it was necessary to make use of the original content supplied by the Grant 

Museum professionals so as to demonstrate how a real-world digital museum 

collection could be adopted to improve VX in a physical museum. It was also 

necessary to ensure a greater replicability of the developed RS, considering that 

some researchers might have a restricted timeframe and limited resources, and 

thus they might not be able to afford the implementation of multimedia guides 

with virtual agents, video, and audio tracks. Therefore, for the RS, this research 

used textual and visual presentations, i.e., object descriptions and images, about 

500 Grant Museum objects10 (see Appendix 3, Table 3.1 for the object data 

dictionary). 

6.2.2 Functional requirements 

The implementation of an RS has its own functional prerequisites. Although there 

have been many attempts to launch interactive multimedia adaptive systems, the 

RS developed in this doctoral research was intended to be not only useful in the 

Grant Museum but also replicable in other museum contexts. Hence, this research 

aimed to adopt commonly used filtering methods, information presentations and 

features. Table 3 below was created to elicit the most common characteristics of 

museum RSs and adaptive systems. The sections below elaborate on different 

functional aspects of museum RSs and adaptive systems and reflect on the 

replicability and applicability of the existing functionalities in the RS for the Grant 

Museum. 

 
10 100 objects were selected by the Grant Museum curators, while other 400 objects 
were selected by me from the Grant Museum online catalogue, 
https://gmzcat.museums.ucl.ac.uk/, based on the availability of digital object images 
and on the descriptiveness of digital object labels, since some digital object labels could 
not contribute much to the labels in the physical museum. 

https://gmzcat.museums.ucl.ac.uk/
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Table 3. Summary of features and functionality of museum recommender and adaptive systems 
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before 2001 2001 - 2005 2006 - 2009 2010 - 2014 2015 - 2021 
Implicit data collection 

time next to an exhibit  •  •    •  • •   • • • •          
movement/location  • • •   •  • • • • • •  • • •  •       
browsing history • • • •  •   • • • • • • •  •   •   •    
Explicit data collection 
object selection/rating    •  •      • • •  •   • •   •  • • • 
prior knowledge    •  •    •                 
interest     • •  • •    •     • •  •  •  •  
age     •  •    •             •    
language      •               •  •    
crowd tolerance                         •  
available time             •     •    •     
avatar selection               •            
tour length             •             • 
interaction preferences       • •         • •       •  
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Table 3. Summary of features and functionality of museum recommender and adaptive systems (continued) 
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before 2001 2001 - 2005 2006 - 2009 2010 - 2014 2015 - 2021 
Filtering method 

collaborative      •           •   • •  •  • •  
content-based     •   •   • • •    • • • •   •  • • 
knowledge-based          •                  
pre-defined routes                     •      
Device 
PDA/mobile  • • •   •   • • • •   • • • • • • •  • • • 
large screen/desktop •    • • • •   •  •  •  • •  •   •    
wearable  •  •     •     •        •     
tangible         •                  
Adaptation 

individual • • • • • • • • • • • • • • • • • • • • • • • • • • 
group             • •             
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Table 3. Summary of features and functionality of museum recommender and adaptive systems (continued) 
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before 2001 2001 - 2005 2006 - 2009 2010 - 2014 2015 - 2021 
Presentation 

text/images •  • • • • • •  • • • •  • • • • • • • • • • • • 
audio  • • •   •  •   •  •   •  •  • •     
video       •   • •      • •   •  •    
Additional features 
digital map    •   •      •    •  •  •    • • 
language adaptation, 
e.g., by user’s age 

•   •  •    •    •       •      

narration/references •   •  •     •    •  •          
virtual agent          • • •               
social communication   •       •  •    •           
game          •       •          
recommendation 
explanations 

       •                  • 

tour length adjustment             •             • 
object search             •      •  •      
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Table 3. Summary of features and functionality of museum recommender and adaptive systems (continued) 
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before 2001 2001 - 2005 2006 - 2009 2010 - 2014 2015 - 2021 
post-visit report   •        • •           •   • 
Museum 

physical  • • •   • • • • • • • •  • • • • • • • • • • • 
virtual (2D/3D) •    • •       •  •            
Museum collection 
art  • •  •  •    •  • • •  • • •   •  • •  
natural history     •     •       • •         • 
history •      •    •       •  • •      
archaeology        •  •  •           •    
science    •                       
Table notes:  
List of references used to elicit the characteristics of museum recommender and adaptive systems: 
ILEX (O’Donnell et al., 2001), HIPS (Oppermann and Specht, 1999), Hippie (Oppermann et al., 1999; Kuflik et al., 2011), HyperAudio 
(Petrelli et al., 1999; Petrelli and Not, 2005), Active WebMuseum (Kohrs and Merialdo, 1999), M-PIRO (Androutsopoulos et al., 2001), 
WHYRE® (Cinotti et al., 2004), MyMuseum (Bright et al., 2005), ec(h)o (Hatala and Wakkary, 2005), ARCHIE (Luyten et al., 2006), PEACH 
(Stock et al., 2007), PIL (Kuflik et al., 2007, 2011), CHIP (Aroyo et al., 2007; Roes et al., 2009; van Hage et al., 2010), LISTEN (Zimmermann 
and Lorenz, 2008), PeVEP (Bonis et al., 2009), Kubadji (Bohnert et al., 2008; van Hage et al., 2010), UbiCicero (Ghiani et al., 2009), 
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SMARTMUSEUM (Ruotsalo et al., 2009, 2013), MyMuseum (Alabastro et al., 2010), PGR (Huang et al., 2012), Cutlery Museum guide 
(Tesoriero et al., 2014), AMMICO (Fournier et al., 2014; Keller and Viennet, 2015), RS in (Hashemi and Kamps, 2018), TindArt (Zilio, 
2019), CrossCult National Gallery (Kontiza et al., 2018, 2020). 
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User modelling 

An RS should have access to user preferences to generate recommendations. 

These preferences can be collected implicitly, e.g., by analysing user behaviour, 

or explicitly, e.g., by asking the user to rate items (Jannach et al., 2010). For 

museum RSs and adaptive guides, researchers often use implicit techniques for 

data collection considering them to be less intrusive (see Table 3). However, to 

effectively make use of an automated implicit technique, an RS needs to rely on a 

dataset of user preferences (Jannach et al., 2010) which might not be feasible to 

have in a newly created system with no prior interaction data. In addition, taking 

into account the resources available to adopt implicit techniques for the research 

in the Grant Museum, the facilities to gather and analyse motion tracking or 

indoor location tracking may not be available in and affordable to all museum 

settings and to the researchers who want to replicate an RS in their studies. 

Moreover, even though implicit information is easier to collect, it is regarded as a 

less precise way of decoding user activity than a direct, explicit input (Hill et al., 

1995; Poslad et al., 2001; Petrelli and Not, 2005; Jones et al., 2009). Hence, 

museum RSs and adaptive guides can be based on explicit information as well 

(see Table 3). However, the users might not be willing to provide explicit 

feedback if they do not see the utility in doing so, or if they do not know what 

their preferences are in that location (Resnick et al., 1994; Poslad et al., 2001; Pu 

and Chen, 2008; Ruotsalo et al., 2013). For instance, the users who tested 

adaptive mobile technologies in the PEACH project tended to express their 

interest by liking/disliking objects only two to eight times (Stock et al., 2007). As 

a result, the amount of explicit data can be too small and inefficient to generate 

recommendations or to adapt recommendations dynamically during a museum 

visit. 

Since implicit and explicit data gathering techniques have their own 

disadvantages, researchers often try to alleviate them by using both methods in 

their systems (Kohrs and Merialdo, 1999; Petrelli et al., 1999; Kohrs and 

Merialdo, 2000; Androutsopoulos et al., 2001; Petrelli and Not, 2005; Luyten et 

al., 2006; Stock et al., 2007; Ruotsalo et al., 2009, 2013; Fournier et al., 2014; 

Benouaret and Lenne, 2015). For instance, ILEX tailored museum objects to its 
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users based on explicitly collected user preferences, e.g., the type of visit, 

anticipated visiting time, interest level, and implicitly analysed previously seen 

exhibits (Oberlander et al., 1998; Stock et al., 2007). However, from the published 

papers about ILEX, it is unclear whether the hybrid data collection procedure 

made the system more efficient and accurate, and, most importantly, how it 

impacted VX (Oberlander et al., 1998; O’Donnell et al., 2001; Stock et al., 2007). 

In this regard, the average perceived accuracy score of Personalized Virtual 

Exhibition Platform (PeVEP) was 3.1 out of 5 and its preference elicitation was 

based on stereotypical assumptions about user preferences before the visit and 

on the incoming user ratings, interaction logs, behaviour and motion during the 

visit (Bonis et al., 2009). The user satisfaction with the system improved by 

around 11.65% with an ongoing analysis of incoming user preferences (Bonis et 

al., 2009). 

At the same time, not all collected data may be equally efficient to generate 

recommendations. For example, COMPASS gathered a lot of contextual factors to 

increase the accuracy of its tourist guide. Based on the user feedback, some 

factors did not have a substantial positive impact on the system efficiency, e.g., 

“last time visited” and “average cost of eating”, and thus these details could have 

been omitted when the user model was built (van Setten et al., 2004). Similarly, 

the evaluation of HyperAudio revealed that personal data such as age, occupation, 

and professional interest are not useful to understand user interests because, for 

example, older people expressed interest in the same objects as the younger 

group (Petrelli and Not, 2005). 

The user model for the RS developed in this thesis was guided by the accessible 

content that could also be found in other museum spaces. Since there were no 

facilities and limited resources to develop a context-aware application as well as 

a lack of clarity about what contextual factors could be useful at this stage of the 

RS development having no prior user data, this research did not proceed with the 

collection of any implicit contextual details, e.g., time spent next to the museum 

objects and the number of stops. Hence, in the first version of the Grant Museum 

RS, to elicit user preferences, the user needed to select at least three preferred 

Grant Museum objects from the list of featured specimens. The RS also recorded 
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the user’s ratings for recommended objects and the objects marked as 

“Favourite”, anticipating that this data could be useful in future to improve the RS 

performance, even though this work was set beyond the scope of this thesis. 

Filtering method 

In addition to gathering user preferences, a museum RS needs to find the 

connection between the user data and museum objects to generate 

recommendations. There are several filtering methods that an RS can use for this 

purpose:11  

• Collaborative filtering – recommends items that were liked by other users 

with similar declared interests; 

• Content-based filtering – recommends items that share the same or similar 

features with the items that the user liked in the past;  

• Knowledge-based filtering – recommends items based on the item feature 

requirements set by the user. Some researchers consider this method to 

be a subtype of the content-based filtering method (Ruotsalo et al., 2009); 

• Demographic filtering – recommends items that were liked by other users 

with similar demographic characteristics; 

• Community-based filtering – recommends items that user’s 

friends/community liked in the past; 

• Hybrid filtering – recommends items based on two or more filtering 

methods such as those presented above. 

The analysis below focuses on the most common filtering methods, i.e., 

collaborative and content-based (see Table 3), and their applicability for this 

research. In particular, the collaborative filtering method recommends items by 

relying on the similarities between item (item-based) and/or user (user-based) 

ratings (Adomavicius and Tuzhilin, 2005; Im and Hars, 2007; Lü et al., 2012; 

Isinkaye et al., 2015; Valdez et al., 2016). This method is considered to be a more 

accurate way of determining user preferences than, for example, the content-

based filtering method (Burke, 2002; Alabastro et al., 2010), but ‘until there is a 

 
11 More details about each filtering method can be found in (Burke, 2002; Lorenzi and 
Ricci, 2005; Jannach et al., 2010; Aggarwal, 2016; Obeid et al., 2018). 
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large number of users whose habits are known, the system cannot be useful for 

most users, and until a sufficient number of rated items has been collected, the 

system cannot be useful for a particular user’ (Burke, 2000, p. 2).  

Since there was no prior user data for the Grant Museum RS, it was challenging 

to use the collaborative filtering approach. Both the content-based and 

collaborative filtering methods suffer from the cold start problem when there is 

not enough information to understand user preferences in order to recommend 

items, but less user data is required to start recommending items with the 

content-based filtering method (Ruotsalo et al., 2009, 2013; Fournier et al., 2014; 

Benouaret and Lenne, 2015; Bartolini et al., 2016; Noehrer et al., 2021; Qassimi 

and Abdelwahed, 2021). This is because an RS with the content-based filtering 

method can generate recommendations by eliciting user interests from the 

preferred item attributes rather than from the preferences of similar users which 

can be difficult to acquire for a new RS (Lu et al., 2015). Therefore, this research 

proceeded with the content-based filtering method which does not rely on the 

estimation of similarities between different users, nor does it require a 

substantial amount of user data (Kohrs and Merialdo, 2001; Jannach et al., 2010; 

Isinkaye et al., 2015; He et al., 2016).  

At the same time, content-based RSs are predisposed to overspecialisation which 

occurs when item suggestions are too similar (Ruotsalo et al., 2009; Jannach et 

al., 2010; Bartolini et al., 2016). Nevertheless, this problem appears to be domain-

dependent – for example, as argued in one of early RS-related studies (Burke, 

2002), a user may not like a recommendation of a film if they have already seen 

it, but they still may want to read a story or a news article on the same topic as it 

can present new facts and perspectives. For this reason, it was necessary to 

gather some feedback about generated recommendations from the museum 

visitors before drawing conclusions about the required level of diversity of object 

recommendations.  

Therefore, this research adopted the content-based filtering method to elicit 

recommendations: the user needed to select at least three preferred objects so 

that the Grant Museum RS could elicit user preferences, and, based on their 

selections, the RS generated a recommended tour with a list of museum objects 
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to explore: 50 recommendations were generated before the pilot usability study, 

and a custom number of recommendations, either 10, 25 or 50, were generated 

after the pilot usability study (see Section 5.4).  

Navigation 

Since the Grant Museum RS was developed for the physical museum, it also 

required to highlight the location of recommended objects in the physical 

museum space. The MyMuseum usability studies revealed that the RS users 

‘found themselves moving from one end of the room to the next, or moving from 

one adjacent gallery back to their previous location’ (Alabastro et al., 2010, p. 

462), meaning that it can be inconvenient for users to look for recommended 

objects in a physical museum without guidance. Resonating with the MyMuseum 

findings, the SMARTMUSEUM study participants requested a map to facilitate 

navigation in the museum (Ruotsalo et al., 2013). With this, several adaptive 

systems, e.g., HyperAudio (Petrelli et al., 1999; Petrelli and Not, 2005), UbiCicero 

(Ghiani et al., 2009), WHYRE® (Cinotti et al., 2004), CrossCult National Gallery 

(Kontiza et al., 2018, 2020), and CHIP (Aroyo et al., 2007; Roes et al., 2009; van 

Hage et al., 2010), provided digital museum maps, highlighted recommended 

rooms on the maps and/or created visiting paths to guide the users towards their 

relevant and/or personalised content. In particular, the UbiCicero users found 

the highlighted recommendations on the map helpful to navigate and to find 

recommended artworks in the physical space (Ghiani et al., 2009). Within the 

context of this research, since a few objects in the Grant Museum were displayed 

in the same cabinet and on the same shelf, it was assumed that visitors might also 

be challenged to locate their recommended object not only in the museum but 

also in a cabinet and on a shelf. Therefore, it was necessary to facilitate not only 

a “macro-navigation”, that is a navigation in the museum space, but also a “micro-

navigation”, that is a navigation within one cabinet. It was anticipated that Grant 

Museum visitors would have a more efficient experience with the RS if it guided 

them to recommended objects as well as highlighted recommendations in 

cabinets and on shelves. In addition, to track how many recommended specimens 

the RS users have found in the physical museum, they could mark objects as 
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“Found”, similar to the “Viewed” button in the CHIP Mobile Guide (van Hage et al., 

2010). 

On the other hand, Bohnert and Zuckerman (2014) questioned whether an RS 

should guide visitors to recommendations. They claimed that the calculations of 

the sequences of stops are necessary for outdoor environments where walking 

distances are long, but museum visitors should have an opportunity to explore 

the collection on their own. Similarly, the ARCHIE researchers assumed that 

minor errors in precision could encourage visitors to look around and to explore 

more exhibits (Luyten et al., 2006). For this reason, Bohnert and Zuckerman 

(2014) suggested that instead of building a tour, an RS should highlight 

recommended exhibit areas on the map without giving specific directions. 

Following the Grant Museum example, the decision on whether to guide visitors 

might also depend on the properties of the physical museum setting and on the 

behaviour of visitors in that setting. As was found in the front-end evaluation, due 

to the museum’s Q-shaped space planning, Grant Museum visitors demonstrated 

a linear browsing behaviour – it was clear where visitors started their tours and 

where they could be recruited for a survey (see Section 5.3.3). Therefore, to 

ensure visitors did not have to return to the location that they had already 

explored, it was necessary to sort the recommended objects by their location in 

the Grant Museum and present recommendations in a tour format. 

To summarise, following the findings of the previous scholarship, several RS 

features were elicited to facilitate navigation and retrieval of recommended 

objects in the physical museum space. The Grant Museum RS made use of a digital 

museum map with highlighted recommended cabinets and a recommended route 

to guide visitors towards recommended objects. The RS also grouped 

recommended objects into the cabinets based on a cabinet location in the physical 

museum to ensure a more linear flow of the recommended tour starting from the 

museum entrance, assuming that this is where a predominant majority of visitors 

would start their tours. Moreover, the Grant Museum RS not only grouped objects 

into cabinets but also indicated shelf numbers to improve “micro-navigation” 

(see Appendix 3, Figure 3.4 for the screenshots of the tour page in the first version 

of the Grant Museum RS).  
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Manual tour extension 

Some museum RSs let users search and manually add objects to their tours 

(Androutsopoulos et al., 2001; Alabastro et al., 2010; Tesoriero et al., 2014). For 

instance, MyMuseum and the application developed for the Cutlery Museum in 

Albacete did not restrict its users only to recommendations and let them search 

within the digital museum collection (Alabastro et al., 2010; Tesoriero et al., 

2014). M-PIRO and Hippie provided pointers to other exhibits which were similar 

to the browsed objects (Oppermann et al., 1999; Androutsopoulos et al., 2001). 

From the published papers, it is unclear whether the users of the 

abovementioned RSs and adaptive systems found this feature useful. However, it 

was assumed that manual tour extension would encourage users to think what 

they might want to see in a museum beyond recommendations. 

Hence, the digital map in the Grant Museum RS had clickable regions (cabinets) – 

when clicked, the RS listed some items in that cabinet which could be manually 

added to the museum tour. Similar to M-PIRO, the Grant Museum RS also listed 

four objects that were related to the browsed object, and that the user could 

manually add to their tour. The search functionality was not explicitly added to 

the RS to keep visitor’s focus on their recommended tour as much as possible and 

to eliminate potential factors that might have negatively affected the perception 

of the RS – for instance, since the RS utilised a dataset of 500 museum objects, it 

was assumed that after several unsuccessful search queries, the users might have 

abandoned the RS. 

Post-visit summary report 

From the exploratory field study findings, only 12.98% of all respondents were 

returning visitors (see Section 5.3.1). Hence, through the Grant Museum RS, this 

research also wanted to encourage visitors to come back to the museum, despite 

this goal being beyond the objectives of this thesis. To help visitors better 

remember their museum experience, a few museum RSs and adaptive museum 

guides generated post-visit summary reports (see Table 3). For instance, the 

PEACH project generated a post-visit summary report with the visit history and 
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some user feedback collected during the visit (Stock et al., 2007). Similarly, the 

users of Discovery Point could create “virtual souvenirs” by sending descriptions 

of their preferred artworks to their personal visit summary pages (Berkovich et 

al., 2003). The Grant Museum RS extended the rationale of the post-visit 

summary report to not only serve as a “virtual souvenir” but also to connect the 

past museum experience with the potential future visit. More specifically, it 

provided a summary of the museum visit with information about the number of 

recommended objects that the user had found, the time spent in the museum, 

favourite objects, favourite object categories, e.g., mammals, and the objects that 

the user selected for the Grant Museum RS to elicit their preferences. In addition 

to this summary, the RS included a list of new recommendations that the user 

might want to see next time they came to the Grant Museum. The list of new 

recommendations was based on the features of the objects that the user had 

marked as “Favourite” and their original object selections. In addition, the Grant 

Museum RS allowed visitors to save their post-visit summary report in a PDF 

format to browse it offline. With this, the post-visit summary report served as a 

reminder of visitor’s past museum experience and aimed to highlight other 

interesting objects that the visitors might want to see next time they came to the 

Grant Museum. 

To summarise the functional scope of the Grant Museum RS, to generate a 

personalised museum tour, this research adopted the content-based filtering 

method that compared the features of the objects that the user manually selected 

as preferred with the features of the rest of the objects in the RS dataset. This 

filtering method was found suitable to provide recommendations because it does 

not require a substantial amount of prior user data to recommend objects. This 

is particularly useful in a museum setting where the majority of visitors are first-

time, and thus the RS might not have an extensive profile of user preferences 

before a museum visit. The developed RS did not collect any personal data that 

could disclose a user’s identity, while the recommendations were generated from 

the user’s object preferences only (see Appendix 3, Table 3.1 for the user data 

dictionary). Following the literature review of similar RSs and adaptive museum 

guides, the Grant Museum included: a list of recommended objects sorted by their 
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location in the museum; a digital museum map with highlighted recommended 

cabinets to facilitate navigation and retrieval of recommended objects; a feature 

to rate objects and to mark them as “Favourite” and “Found”; a feature to 

manually add more objects to the tour to let the users explore beyond their 

recommendations; and a post-visit summary report with some details about 

preferred and found specimens, and with a list of new recommended objects to 

encourage visitors to return to the Grant Museum. 

6.2.3 Non-functional requirements 

Hardware 

In addition to being useful for visitors, the RS needed to be easy to use and easy 

to learn, because these factors can also influence whether visitors would be 

willing to interact with an RS during their visit. In particular, evidence suggests 

that the device on which an RS is rendered can affect the perception of its utility. 

For instance, the WHYRE® users claimed that the system enhanced their museum 

experience, but the wearable device itself was uncomfortable, heavy and difficult 

to learn how to use (Cinotti et al., 2004). Since the Grant Museum RS dealt with 

textual and visual content, hardware, such as wearables, tangibles, and 

headphones, was unnecessary. Some researchers have been using in-house PDAs 

to guide visitors in museums, e.g., (Cinotti et al., 2004; Petrelli and Not, 2005; 

Ghiani et al., 2009; Tesoriero et al., 2014). However, the number of manufactured 

PDAs can be limited, meaning that not all visitors might have a chance to use a 

developed system during their visit. Moreover, within the context of this 

research, it was not feasible to manufacture PDAs due to the limited timeframe 

and financial resources. As a result, PDAs were also ruled out. A few projects 

made use of large screens (see Table 3), e.g., (Stock et al., 2007; Hashemi and 

Kamps, 2018). Yet large screens can create boundaries between the exhibits and 

visitors – they can absorb a lot of time and can be physically distant from the 

objects they describe or offer some interaction with. Consequently, visitors may 

not be able to compare or verify information presented on large screens set 

against the recommended objects (Sparacino, 2002). Since the objects in the 

Grant Museum were densely placed in cabinets, and as some visitors asked not to 
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modernise the museum so as to preserve its atmosphere (see Section 5.4), the 

integration of large screens into the physical museum could not be justified. 

Moreover, it was important to ensure that the users were able to access their 

recommendations wherever they were in the museum.  

An application that could be launched on a personal mobile device was found 

appropriate for this study – this approach did not require producing any 

additional hardware, and visitors did not need to learn how to use a new device. 

However, personal mobile devices vary in many characteristics, including screen 

dimensions and operating systems. With this in mind, this research proceeded 

with a recommender Web application, because, appropriately coded, it can resize 

and thus render properly on different screens. Since a Web application runs in 

browsers, the same application could be launched on different operating systems 

without substantial changes in the codebase. Additionally, in contrast to a native 

mobile application, a Web application does not need to be installed on a user’s 

device, because it might also not be appropriate to ask museum visitors to 

download a mobile application knowing that they will not use it every day – this 

research identified that only 12.98% of the study respondents were returning 

visitors (see Section 5.3.1), and so it was highly likely that visitors would use the 

Grant Museum RS only once. 

Recommender system interface 

The interface of the Grant Museum RS was required to be simple and easy to use 

as these factors can also affect the perception of the quality of an RS. ‘[W]hen the 

interface does not fit your needs or preferences, the recommendation algorithm 

can be the best of the world, your user experience is bad’ (Naudet and 

Deladiennée, 2019, p. 4). Similarly, according to the study of Bonis et al. (2009, p. 

154), the quality of graphics can be an important factor when a user estimates 

the relevance of recommendations and rates objects – ‘visually appealing, high-

resolution models appeared to be more interesting than low-resolution models 

with poor quality texture’. This underscores that a user’s perception of an RS 

extends beyond the recommendation algorithm, and the users might form an 

opinion about an RS from other factors. In particular, the UbiCicero users asked 

to simplify interaction and facilitate item selection, to increase icon sizes and 
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improve picture resolution (Ghiani et al., 2009). With this knowledge, it was 

necessary to estimate whether the layout of the Grant Museum RS was clear and 

easy to use in a pilot usability study (see Appendix 3, Figure 3.1-3.7 for the RS 

designs; see Section 6.4 for the pilot usability study). 

6.3 Development of a museum recommender system  

6.3.1 User flow  

Figure 16 below illustrates the user flow in the RS which was developed from the 

analysis of the visitors’ needs in the Grant Museum, the available user and object 

data, and the practices of the existing scholarship (see Section 6.2).  

As a brief overview of the user flow, before the visit, the user needs to accept 

cookies to allow the Grant Museum RS to remember their preferences. Then, on 

the home page, the user needs to select at least three preferred objects which are 

used by the RS to elicit user preferences and to generate a recommended tour. 

When the user taps on the “Recommend” button, the “Tips” popup is triggered to 

display some brief explanation on how to follow the RS-generated tour in the 

Grant Museum. Once the user closes the popup, the RS shows the list of 

recommended objects which are grouped by cabinets and are sorted by their 

location in the Grant Museum.  

During the visit, the user can rate objects as well as mark them as “Favourite” and 

“Found”. The users can also learn more about each object by browsing some 

general facts on the tour page. By clicking on the “Learn more” button, the user is 

forwarded to the object page with more object information including some 

taxonomic details written by the Grant Museum curators, additional object 

images and references to similar objects in the museum, and a link to read a Grant 

Museum blog post that has more details about an object of their interest. By 

tapping on the “Map” link in the menu, the RS shows the digital museum map with 

a recommended itinerary and highlighted cabinets where recommended objects 

can be found. The user can click on cabinets in the map, explore objects in those 

cabinets, and add more objects to their tour. 
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Figure 16. Diagram of the user flow in the Grant Museum recommender system 

After the visit, the user can tap on the “Finish the tour” button which leads to the 

page with a post-visit summary report. The report includes information about the 

amount of time spent in the museum, the list of originally selected objects, the list 
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of preferred object categories, the list of objects recommended for the next visit, 

and the button to save the report in a PDF format. 

The design of the RS interface was guided by the user flow. It can be previewed 

in Figure 17, and more screenshots are available in Appendix 3, Figures 3.1-3.7. 

    

(a) (b) (c) 

Figure 17. Grant Museum recommender system interface 
Figure notes: the home page with the user preference form (a), the tour page with 
recommended objects (b), the digital museum map with recommended cabinets 
(c) 

6.3.2 System architecture and development 

System architecture 

The RS was developed in March to May 2019 using Angular and Python Flask 

frameworks and was deployed on a cloud service, Heroku, at 

regrant.herokuapp.com. Figure 18 illustrates the RS architecture with the client- 

and server-side applications.12 The client-side application consisted of the 

Angular templates, components and modules which rendered user interface with 

 
12 GitHub repository to the client-side application - 
https://github.com/olgaloboda/Grant-Museum-Recommender-Frontend; GitHub 
repository to the server-size application - https://github.com/olgaloboda/Grant-
Museum-Recommender-Backend (both repositories are private and access is given upon 
request). 

https://regrant.herokuapp.com/
https://github.com/olgaloboda/Grant-Museum-Recommender-Frontend
https://github.com/olgaloboda/Grant-Museum-Recommender-Backend
https://github.com/olgaloboda/Grant-Museum-Recommender-Backend
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object and user data, and which were responsible for receiving a user input. The 

server-side application, on the other hand, was responsible for processing the 

user input, e.g., when the user clicked on a button to mark an object as 

“Favourite”, the server-side application updated the list of user’s favourite 

objects in the user database. Additionally, the server-side application retrieved 

object and user data and sent them to the client-side application. The server-side 

application was also connected to a MongoDB database to read and update user 

data, and to a CSV file to read object data. 

The server-side application included the recommendation component that 

generated all recommendations in the RS. 

Recommendation component 

The RS in this thesis adopted the content-based filtering method (see Section 

6.2.2), because it is suitable when there is a lack of data about user preferences, 

as was the case in the Grant Museum and which could be common in museums 

where most visitors are exploring the museum for the first time. Remedying the 

difficulties that result from having a dearth of user information, the content-

based filtering method mainly relies on the comparison of item features. In this 

research, when the user selected at least three preferred specimens on the home 

page, the RS estimated how well the features of other objects in the dataset 

matched the features of the specimens that the user had selected. Ten object 

features were used to calculate similarities between specimens: “common name”, 

“category”, “broad category”, “class”, “order”, “genus”, “species”, “distribution”, 

“extinct”, and “object type”. These features were selected because they 

comprehensively described specimens from more general, e.g., “distribution”, 

“object type”, “extinct”, to very specific aspects, e.g., “species”, which, in turn, 

helped order objects from the most similar to the most distinct. Moreover, these 

features can be found in the zoological collections in other museums which 

significantly contributes to the replicability of the proposed recommendation 

algorithm in natural history museums. 

The process of generating recommendations was multistep (see Figure 19). The 

object features first had to be cleaned to fill in missing values and to transform all 



 

 154 

values into lowercase strings. The cleaned and transformed features were then 

moved to another column to ensure that the original content was preserved and 

to then perform the tokenisation and vectorisation processes on the cleaned data. 

The tokenisation process involved splitting a string of object features into a list 

of words (tokens) and removing stop words and punctuation. The vectorisation 

process then converted tokens into integers that together represented an object 

vector. CountVectorizer was used to create a term-document matrix by counting 

how many times a token occurred in the description of each object. This term-

document matrix was then used to calculate the similarity between vectors with 

a cosine similarity metric which is a measure of the relation between two vectors 

and is represented as a sum of multiplied tokens, Ai and Bi, from vectors A and B 

divided by the product of two vectors’ lengths: 

 

(1) 

where Ai is a token from the vector A; Bi is a token from the vector B; n is the 
number of all distinct tokens. 

Similarity value from the cosine similarity formula lies within a 0 and 1 range. 

When the value between two vectors is 1, it means that the features of two 

objects, which these vectors represent, are the same. When the value is 0, two 

compared objects do not share any features and are distinct. No weights were 

assigned to the object features making, for example, “genus” and “species” as 

important as “object type”. This means that the RS could recommend objects that 

shared the same taxonomic rank but were of different types, e.g., skeleton, 

taxidermy, or fluid. As discussed in Section 6.2.2, overspecialisation is an 

implication of using the content-based filtering method. However, it can be 

tackled in the next RS releases with, for example, the collaborative filtering 

method when some user data has been collected. 
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Figure 18. Grant Museum recommender system architecture
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Figure 19. Diagram of the recommendation component in the Grant Museum recommender system
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Once the similarity values were calculated, they were stored in a matrix which 

was then used to retrieve similar objects on the tour page, on a single object page 

and on the post-visit summary report page. For instance, to generate a museum 

tour, the user had to select at least three preferred specimens on the home page 

which the RS then used to generate a list of objects similar to each selected 

specimen, to aggregate all similar and selected objects into one list, to remove 

duplicates, to trim the list to 50 objects that had the highest similarity score, to 

get object data for each recommended object, to group objects within the same 

cabinet, to sort the objects within one cabinet by their similarity score and to sort 

the list of cabinets by their location in the physical museum. The decision to 

output 50 objects was subjective, and its adequacy was further investigated 

during the pilot usability study (see Section 6.4). 

6.4 Pilot usability study 

6.4.1 Objectives 

A pilot usability study is often conducted to evaluate and then to refine the 

performance of the developed technology before its release to the real context of 

use (Hertzum, 2016). Since this doctoral research enquired whether an RS could 

enhance VX, it was important to test the developed RS by collecting some external 

feedback about the system before letting a general Grant Museum audience 

interact with the RS during their visits. Without a pilot usability study, it was 

unclear whether the RS was user-friendly and whether it worked well in the 

Grant Museum, even though the RS was based on the knowledge gained in the 

front-end evaluation and on the literature review of museum RSs and adaptive 

museum guides. It would have been difficult to conduct the summative evaluation 

if the RS had had major functional flaws that would have prevented visitors from 

interacting with it. Moreover, it would have been challenging to collect primary 

data from the RS users about their VX and to compare their experience with the 

experience of those who did not use the RS. Hence, the main objective of this pilot 

usability study in this thesis was to improve the first version of the Grant Museum 

RS by identifying usability issues and “bugs” in the RS, by collecting some 

feedback about the quality of the user interface, by enquiring about the quality of 
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generated recommendations and features that the RS included, and by outlining 

potential areas for improvement, such as whether any additional functionality 

needed to be introduced. 

6.4.2 Method 

6.4.2.1 Participants 

To recruit participants for the pilot usability study, I adopted a convenience 

sampling technique (see Section 4.4.2). This study did not target the general 

Grant Museum audience, acknowledging that real-world visitors come to the 

museum to explore the collection rather than to participate in a survey. At this 

stage of research, the input from real-world visitors was not regarded as crucial 

to learn whether the first version of the RS worked well in the physical museum. 

Concerns also had to be addressed about a visitor’s lack of time for an interview 

and/or with the interference into a visit purpose. To respond to this, UCL staff 

and students were recruited in advance to come and test the RS, arriving at the 

museum in their spare time to explore the collection with the RS. 

During a two-week pilot usability study period between May 20 and June 3, 2019, 

13 UCL staff and students agreed to take part in a pilot usability study session. 

One tester withdrew from the study and two RS testers had to be excluded: one 

participant did not use the RS in accordance with the usability study protocol, 

and, as a result, they could not answer all usability questions; another participant 

encountered an error that prevented them from using the RS properly during the 

visit. However, these two RS users still provided some helpful feedback about the 

RS, and their opinion was taken into consideration when the RS was updated.  

The relative frequency/percentage frequency distribution table (see Table 4) 

summarises the socio-demographic characteristics of 10 valid pilot usability 

study participants. As can be seen from the table, there were no participants who 

could represent the “45+” age group, and thus it is necessary to underline that the 

group of testers was not representative of the Grant Museum audience identified 

in the front-end evaluation (see Section 5.3.1). Nevertheless, the feedback of the 

RS testers was still found to be valuable because they were among potential RS 

end-users who would be willing to interact with the RS during their visit. 
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Table 4. Socio-demographic characteristics of the pilot usability study participants 
Socio-demographic variables n (%) 

N = 10 

Age 
18-24 2 (20.0) 
25-34 5 (50.0) 
35-44 3 (30.0) 
45+ 0 (0) 
Prefer not to say 0 (0) 
Gender 
Female 6 (60.0) 
Male 4 (40.0) 
Other 0 (0) 
Prefer not to say 0 (0) 

Current affiliated institution (with department) 
University College London, 
Department of Information Studies 

8 (80.0) 

University College London, Institute 
of Neurology 

1 (10.0) 

University of Edinburgh, CAHSS 1 (10.0) 
Occupation 
MSc student 2 (20.0) 
PhD student 6 (60.0) 
Research Fellow/Lecturer 1 (10.0) 
Professor 1 (10.0) 
Knowledge in natural history 
Novice 2 (20.0) 
Beginner 7 (70.0) 
Competent 1 (10.0) 
Proficient 0 (0) 
Expert 0 (0) 
First time at the Grant Museum? 
Yes 3 (30.0) 
No 7 (70.0) 
Visiting alone? 
Yes 9 (90.0) 
No 1 (10.0) 

Table notes: The dominant subgroups are highlighted in bold  
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6.4.2.2 Materials  

In order to conduct a more comprehensive analysis of the RS performance in the 

Grant Museum, this usability study was based on the data collected in the 

usability questionnaire, during the semi-structured UX interviews, and in the RS 

interaction logs.  

Usability questionnaire  

A post-test questionnaire was selected as one of the data collection tools for this 

study because it is often used ‘to assess participants’ satisfaction with the 

perceived usability of products or systems’ (Lewis and Sauro, 2016, online). 

Lewis and Sauro (2016) recommended using one of the standardised post-test 

questionnaires to evaluate system usability, such as: the questionnaire for user 

interaction satisfaction (QUIS) which focuses on the interface evaluations (Chin 

et al., 1988); the software usability measurement inventory (SUMI) which is a 

diagnostic tool used for the comparison of similar products or versions of the 

same product (Kirakowski and Corbett, 1993); the post-study system usability 

questionnaire (PSSUQ) originally applied in the scenario-based usability 

evaluations of the enterprise-wide and networked office applications to measure 

user satisfaction (Lewis, 2002); and the system usability scale (SUS) developed 

to give a ‘global view of subjective assessments of usability’ (Brooke, 1996, p. 6). 

These questionnaires have been validated and tested for repeated use, but they 

did not accommodate the peculiarities of the RS performance in a physical 

museum, nor could they enquire about all the RS features that were required to 

be tested in this research. For instance, “I think that I would like to use this system 

frequently” from the SUS in (Brooke, 1996) did not reflect the interaction with an 

RS in a physical museum, considering that only 12.98% of the exploratory study 

respondents were returning visitors in the Grant Museum, and thus the chances 

were high that the Grant Museum RS would be used once in the physical museum 

(see Section 5.3.1). Furthermore, the standardised questionnaires did not explore 

the perceived accuracy and diversity of recommendations, nor did they enquire 

about the ease of navigation in a physical museum with a mobile device. That is 

why for the usability testing sessions, this research also reviewed several 

questionnaires which were created specifically to test RSs as well as the 
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questionnaires that were used in physical museums to test visitor-centred 

museum technologies. The Recommender Systems’ Quality of User Experience 

(ResQue) user-centric evaluation framework by Pu et al. (2011) aimed to assess 

four different dimensions of user satisfaction with an RS, i.e., perceived system 

qualities, user’s beliefs about how effectively and efficiently an RS helps 

accomplish tasks, users’ overall attitude towards an RS, and user’s behavioural 

intentions. The framework was based on the principles of standardised 

questionnaires, such as the technology acceptance model (TAM) (Davis, 1989) 

and SUMI (Kirakowski and Corbett, 1993), and was validated using psychometric 

techniques. However, one of the ResQue’s questions enquired about purchase 

intentions, “I would buy the items recommended, given the opportunity”, while 

some questions also referred to the recommended items as “products” (Pu et al., 

2011, p. 161), which was not relevant for the research in this thesis either. 

Because of this, in order to evaluate the developed RS from the perspective of its 

performance in physical museums, several other measurement tools which were 

designed to assess visitor-centred museum technologies were also reviewed 

(Ruotsalo et al., 2009; Huang et al., 2012; Othman, 2012; Tesoriero et al., 2014).  

As a result, this research aggregated a pool of UX-related questions from the 

standardised UX questionnaires, the questionnaires that measure the quality of 

an RS, and those that evaluate the usability of visitor-centred museum 

technologies (Chin et al., 1988; Kirakowski and Corbett, 1993; Brooke, 1996; 

Lewis, 2002; Ruotsalo et al., 2009; Pu et al., 2011; Huang et al., 2012; Othman, 

2012; Tesoriero et al., 2014). Then, the questions which were determined to be 

the most useful for the usability study were compiled into a new questionnaire 

(see Table 5). The rationale for question selection was to ensure that different 

aspects of the RS performance were explored, such as overall satisfaction, 

perceived ease of use, user interface adequacy, perceived usefulness, and 

recommendation diversity. 
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Table 5. Final list of questions for the pilot usability study questionnaire 

Question Measured construct Adapted from 

Overall, I am satisfied with the 
recommender 

overall satisfaction (Pu et al., 2011) 

The recommender was a distraction overall satisfaction (Othman, 2012) 

The recommender was easy to use perceived ease of use (Brooke, 1996) 

I became familiar with how to use the 
recommender very quickly 

perceived ease of use (Pu et al., 2011) 

I found it difficult to navigate between 
the pages of the recommender 

perceived ease of use (Chin et al., 1988) 

I found it difficult to use the map in the 
recommender 

perceived ease of use manually added 
item 

The labels in the recommender interface 
are clear 

interface adequacy (Pu et al., 2011) 

The layout of the recommender interface 
is attractive 

interface adequacy (Pu et al., 2011) 

I found it difficult to read the text from 
the recommender 

interface adequacy (Othman et al., 
2011) 

The information about the recommended 
objects was too lengthy 

information sufficiency (Othman, 2012) 

The number of recommended objects 
was adequate 

information sufficiency manually added 
item 

The recommender gave me good 
suggestions 

perceived usefulness (Pu et al., 2011) 

The information about the objects in the 
recommender was interesting 

perceived usefulness manually added 
item 

The recommender helped me build a 
tour around the museum 

perceived usefulness manually added 
item 

The recommended objects matched my 
interests 

recommendation accuracy (Pu et al., 2011) 

The recommended objects were diverse recommendation diversity (Pu et al., 2011) 

The recommender helped me discover 
interesting objects 

recommendation novelty (Pu et al., 2011) 

I found it easy to tell the system what I 
like/dislike 

interaction adequacy (Pu et al., 2011) 

I found it easy to inform the system if I 
dislike/like the recommendation 

interaction adequacy (Pu et al., 2011) 

I could effectively interact with the 
recommender 

interaction adequacy manually added 
item 
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Table 5. Final list of questions for the pilot usability study questionnaire (continued) 

Question Measured construct Adapted from 

The recommender helped me navigate 
around the museum 

navigation adequacy (Othman, 2012) 

It was easy to find the recommended 
objects in the museum 

navigation adequacy manually added 
item 

I found it easy to modify my taste profile 
in the recommender 

control (Pu et al., 2011) 

The recommendations can be trusted confidence and trust (Pu et al., 2011) 

I would use this recommender again use intention (Pu et al., 2011) 

I would like to use similar systems in 
other museums 

use intention (Ruotsalo et al., 
2013, p. 22) 

Lastly, similar to the front-end evaluation (see Chapter 5), the questionnaire 

collected some socio-demographic characteristics, namely participant’s age, 

gender, knowledge in natural history, whether they were first-time or returning 

visitors, their occupation and affiliated institution, in order to draw a profile of 

the usability study participants and to compare it with the profile of the general 

Grant Museum audience (see Section 6.4.2.1).  

A copy of the usability questionnaire is available in Appendix 3, Figure 3.8. 

UX interview questions 

In addition to the usability questionnaire, post-task UX interviews were carried 

out to deepen the knowledge about the performance of the developed RS in the 

Grant Museum. While the quantitative instrument focused on the assessment of 

the RS features with a set of pre-defined questions, UX interviews aimed to 

encourage the study participants to share their thoughts and opinions about the 

overall performance of the RS and how the RS could be improved. This is because 

the main aim of this study was to learn how to refine the RS before the summative 

evaluation of the VX transformations, and thus any additional feedback was 

viewed as valuable. The post-test interview questions emerged from the main 

aim of the pilot usability study: 

1. How was your experience with the recommender? 

2. What did you like the most in the recommender? 
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3. What did you like the least in the recommender? 

4. Did you follow the recommended tour? 

5. Did you find all recommended objects? 

6. Did you read the information provided by the recommender? 

7. Did you feel comfortable using the recommender in the museum? 

8. Did you encounter any system errors while using the recommender? 

9. Is there anything that would improve your experience with the recommender? 

As can be seen from the list of questions, UX interviews did not aim to touch upon 

the same constructs that were enquired in the usability questionnaire. Instead, 

they gave an opportunity to enrich the knowledge gained in the quantitative 

evaluation and to extend the analysis of the RS performance with some new 

findings.   

Interaction logs 

As stated earlier, the RS was developed as a mediator of the interaction between 

the visitor and the museum collection. Hence, the interaction logs in this research 

were not regarded as evidence of whether or not the RS was effective, but 

whether the study participants were willing to interact with the RS during their 

visit by looking at how long they used the RS for, how many objects they rated, 

how many objects they found, their preferred tour length, and whether they 

reviewed the post-visit summary report. 

6.4.2.3 Data collection procedure 

The participants came to the Grant Museum alone, with the exception of one 

group, and at the agreed time. Before the visit, I debriefed them about the 

evaluation procedure and clarified that the main goal of this usability testing 

session was to evaluate the performance, layout, and functionality of the RS. I 

emphasised that no audio or video recording would be involved, no sensitive or 

private data would be collected, all data would be anonymised, and that the 

participants could stop their usability testing session at any time. To elaborate on 

what the participants should expect from the RS, I explained that the RS was 

developed to generate a personalised museum tour. However, during the 
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debriefing session, I did not demonstrate how the RS worked, assuming that this 

might influence a participant’s perception of the RS’s learnability and ease of use.  

After debriefing, I asked participants to launch the RS on their personal mobile 

device and to start using the RS next to the museum entrance. Then, they had to 

explore the Grant Museum collection with the RS at their own pace without any 

moderation. The process of interaction with the RS aimed to mimic a real-world 

scenario in which the visitors would learn how to use the RS without any 

preliminary demonstration session. I also timed the duration of the visit of each 

participant. Once they finished their tour with the RS, they returned to me to take 

part in the UX interview, which was recorded by taking verbatim notes, due to 

the pilot nature of this study, and to fill in a survey form about the usability of the 

RS.  

6.4.2.4 Data analysis procedure 

To analyse the data from the usability questionnaire, UX interviews, and 

interaction logs, both quantitative and qualitative data analysis techniques were 

used. The quantitative data analysis was carried out with the data from the 

usability questionnaire and interaction logs. It was used to investigate an overall 

performance of the RS by reviewing the frequencies of values in the Likert-type 

items from the usability questionnaire, e.g., how many participants agreed that 

the RS distracted them from their museum visit. Moreover, descriptive statistics 

was used to gain some insight into the participants’ interaction with the RS by 

summarising the data from the interaction logs, such as visit duration, how many 

objects the study participants marked as found, how many objects they rated, etc. 

The qualitative data, which was gathered in the semi-structured UX interviews, 

was examined using the conventional content analysis approach to organise the 

participants’ opinions and ideas about the developed RS into categories and to 

discuss how the first version of the Grant Museum RS could be improved. The 

analysis focused on summarising the explicit occurrences of a specific topic, e.g., 

“finding recommendations in the physical museum”, rather than trying to 

interpret participants’ feedback and to unveil implicit meanings behind interview 

responses. Similar to the data analysis in the front-end evaluation (see Section 
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5.3.4), the procedure in this study was multi-stage and performed manually. All 

the participants’ feedback was first read repeatedly to outline the most 

prominent recurrent concepts and topics. Then, this study identified meaning 

units, e.g., ‘not sure how the objects were recommended’, and elicited condensed 

meaning units, e.g., “explaining why objects were recommended”, which 

rephrased the exact words of the study participants so as to cluster them under 

one unit. Condensed meaning units were then grouped into broader codes, e.g., 

“improving the recommendation component”, and then categories, e.g., 

“Recommendations and recommendation process”. As a result of the 

conventional content analysis, the user feedback was split into six categories: 

“Overall experience”, “Recommendations and recommendation process”, “Tour 

and navigation”, “Content”, “Layout and interaction”, “Detected errors and 

potential improvements”. 

The Results section below (see Section 6.4.3) reports the findings from the 

usability questionnaire, interaction logs, and UX interviews. 

6.4.3 Results 

Overall experience 

All pilot usability study participants agreed that they were overall satisfied with 

the Grant Museum RS (“Overall, I am satisfied with the recommender”: “SA”: n = 4; 

“A”: n = 6).13 They liked the idea of integrating an RS into a museum visit – they 

claimed that they would use the developed RS again, and some of them would try 

a similar RS in other museums (“I would use this recommender again”: “SA”: n = 4; 

“A”: n = 6; “I would like to use similar systems in other museums”: “SA”: n = 7; “A”: 

n = 2; “N”: n = 1). However, for two testers the RS was a distraction (“The 

recommender was a distraction”: “A”: n = 2; “D”: n = 7; “SD”: n = 1). During the 

interview, participants P8 and P10 stated that the RS did not deflect their 

attention from their museum visit, but P4 admitted that they were distracted by 

the incoming personal text messages, which they were seeing while using the RS 

on their mobile device. Similarly, P2 mentioned that as they had to hold their 

 
13 SA – Strongly agree; A – Agree; N – Neutral; D – Disagree; SD – Strongly disagree 
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phone all the time during the visit, they were focused more on the interaction 

with the RS than on exploring the museum collection. P6 confessed that if their 

goal in the museum was to wander around, they would rather explore the 

collection without the RS. 

Tour and navigation 

The RS helped the respondents build a tour and navigate around the museum 

(“The recommender helped me build a tour around the museum”: “SA”: n = 4; “A”: 

n = 5; “N”: n = 1; “The recommender helped me navigate around the museum”: “SA”: 

n = 3; “A”: n = 7). Four participants (P5, P6, P9, P10) mentioned that the RS made 

their visit more structured and systematic, and three participants (P4, P5, P10) 

felt as if they were playing a game and were on a “treasure hunt”. P1 and P6 

reported that they had a sense of achievement when they discovered their 

recommended specimens in the museum. On the other hand, not all study 

participants liked a “treasure hunt”-like visit as a few RS users struggled to find 

their recommended objects in the physical museum which was evident from the 

questionnaire results (“It was easy to find the recommended objects in the 

museum”: “SA”: n = 1; “A”: n = 4; “N”: n = 4; “D”: n = 1) as well as from the interview 

responses. To remind, the recommended objects in the RS followed the order in 

which they appeared in the physical museum starting from the museum entrance, 

and the objects from the same cabinet were grouped together (see Section 6.3.2). 

However, there was no strict numerical order of cabinets in the physical museum 

– e.g., cabinet 30 was followed by cabinets 12, 13, 14 and then 21. This prevented 

a smooth flow of the RS-generated tour which could explain why some 

participants felt distracted by the RS as they had to periodically check if a cabinet 

number in the RS corresponded to a cabinet number in the physical museum. This 

revealed how the interaction with an RS can not only affect but also be affected 

by the properties of a physical museum space. P9 stated that cabinet numbers in 

the museum were difficult to see because of their placement and colour, while P2 

and P8 noticed that some numbers were missing completely which also 

exacerbated the process of finding their recommended objects. Additionally, 

three participants (P2, P6, P9) mentioned that some recommended objects were 

placed too far inside the shelves, or were hidden behind other objects, or were 
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removed from display. Three respondents (P4, P5, P6) added that the shelf 

numbers in the RS were also confusing, because it was unclear whether the shelf 

number count started from the top or the bottom. 

Table 6. Interaction logs in the pilot usability study 

Participant Visit 
duration 

Mins 

Finished 
the tour? 

Interest 
list 
N 

Favourite 
N 

Found 
N 

Ratings 
{ID: rating} 

Added 
N 

P1 22 Yes 6 0 47 {'L3275': 2} 0 

P2 18 Yes 4 0 48 {} 0 

P3 13 Yes 3 4 3 {} 0 

P4 23 Yes 4 10 31 {} 0 

P5 26 Yes 5 18 49 {} 0 

P6 22a No 

3 (1) 
3 (2) 

18 (3) 
3 (4) 2 16 {} 0 

P7 20 Yes 3 11 8 {} 0 

P8 22 Yes 8 5 25 {'X418': 5} 0 

P9 31 Yes 7 3 13 {} 0 

P10 11 Yes 3 1 1 {} 0 

Table notes:  
a P6 did not click on the “Finish the tour” button, and thus I relied on the time 
logged manually during the pilot usability session with P6. All the other time 
records in the table were logged automatically by the RS when a study participant 
clicked on the “Finish the tour” button. 

The usability study also revealed the diversity of potential interaction styles with 

the RS in the physical museum which might not necessarily be linear. From the 

interaction logs (see Table 6), only three participants (P1, P2, P5) tried to find all 

recommended objects, whereas other participants did not strictly follow the tour. 

This was also confirmed during the interviews as P1, P5 and P9 reported that 

they strictly followed their recommended tours; P2 strictly followed the tour but 

then walked around to explore more; P3 detoured a few times but tried to find all 

recommended objects; P6 also tried to find their recommended objects but 

eventually lost their patience and gave up using the RS; four respondents (P4, P7, 

P8, P10) did not try to find all the recommended objects but followed the RS tour 
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to become familiar with what was available and to ensure they did not miss any 

objects of their interest. Nevertheless, all pilot usability study participants agreed 

that the RS helped them discover many interesting objects (“The recommender 

helped me discover interesting objects”: “SA”: n = 4; “A”: n = 6). Five participants 

(P1, P4, P6, P7, P10) reported that while looking for their recommendations in 

the museum, they found other interesting specimens that they would otherwise 

have missed because of the specimen size or its placement.  

Recommendations and recommendation process 

The generated recommendations received positive feedback and tended to match 

the interests of the pilot usability study participants (“The recommender gave me 

good suggestions”: “SA”: n = 1; “A”: n = 9; “The recommended objects matched my 

interests”: “SA”: n = 1; “A”: n = 8; “N”: n = 1). Additionally, all participants trusted 

their recommendations (“The recommendations can be trusted”: “A”: n = 10), and 

hence several RS users did not try to modify their taste profile during the visit (“I 

found it easy to modify my taste profile in the recommender”: “A”: n = 2; “N”: n = 4; 

“D”: n = 1; “Not applicable”: n = 3). An overall satisfaction with recommendations 

was also confirmed by the interaction logs (see Table 6), because none of the 

respondents tried extending their tour by adding more objects manually and 

followed their original recommendations, although P6 regenerated the tour 

several times by modifying their interest list.  

On the other hand, during the interview, three respondents (P2, P7, P9) asked 

why certain objects were recommended to them, because they felt unsure how 

their object selections on the home page were reflected in the list of 50 

recommendations. Moreover, the recommendations were not diverse enough to 

keep all participants engaged with the RS during the visit (“The recommended 

objects were diverse”: “A”: n = 5; “N”: n = 5). Surprisingly, P1 and P8 were curious 

to know what their least relevant objects were, and, to diversify 

recommendations, three respondents (P1, P8, P10) suggested adding random 

objects to their tours to see how they would react to the objects not related to 

their interests. In fact, P4 pointed out that it was difficult for them to estimate the 

accuracy of generated recommendations. They elaborated that when a visitor is 

not familiar with the collection, it might be challenging to determine whether 
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recommendations reflect well what they would otherwise see or what they would 

otherwise like in the museum.  

From the usability questionnaire results, the number of recommendations was 

found to be adequate (“The number of recommended objects was adequate”: “SA”: 

n = 3; “A”: n = 6; “D”: n = 1). However, the interviews revealed that for some 

respondents (P6, P7, P9, P10), it was tedious to find all 50 recommended objects 

in the museum. Because of this, P4 suggested highlighting one object that was 

inferred by the RS as the most relevant to ensure that the visitor does not miss it 

before leaving the museum if they did not want to find all recommendations. 

Alternatively, four respondents (P1, P4, P5, P7) assumed that a custom tour 

length, which could be manually set depending on how much time a person has 

for their visit, could help ensure that they are not challenged with too many 

objects to find. 

Layout and interaction 

The pilot usability study participants found the developed RS easy to use, easy to 

learn and easy to select the objects of their interest (“The recommender was easy 

to use”: “SA”: n = 6 “A”: n = 3; “N”: n = 1; “I became familiar with how to use the 

recommender very quickly”: “SA”: n = 4; “A”: n = 5; “N”: n = 1; “I found it easy to tell 

the system what I like/dislike”: “SA”: n = 2; “A”: n = 7; “N”: n = 1). Moreover, the 

participants were overall satisfied with the layout, text readability, text clarity, 

and the length of object descriptions (“The layout of the recommender interface is 

attractive”: “SA”: n = 4; “A”: n = 5; “N”: n = 1; “I found it difficult to read the text 

from the recommender”: “SA”: n = 1; “N”: n = 1; “D”: n = 3; “SD”: n = 5; “The labels 

in the recommender are clear”: “SA”: n = 4; “A”: n = 6; “The information about the 

recommended objects was too lengthy”: “SA”: n = 1; “N”: n = 2; “D”: n = 3; “SD”: n = 

4).  

Although only one participant asked for navigation between the pages in the RS 

to be improved (“I found it difficult to navigate between the pages of the 

recommender”: “A”: n = 1; “N”: n = 2; “D”: n = 7), the map, in particular, tended to 

be difficult to use and thus had to be refined further (“I found it difficult to use the 

map in the recommender”: “SA”: n = 1; “A”: n = 1; “N”: n = 4; “D”: n = 3; “SD”: n = 1). 
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The post-test interview reinforced that the opinions about the digital museum 

map were polarised – some users liked the map (P1, P8, P10) because it helped 

them follow the tour in the museum, but others (P2, P3, P4) had issues with 

collapsing the map and were unsure how to interact with it and the list of 

recommended objects. 

Similar to the digital map, the individual RS features received mixed responses, 

because the participants were unsure how they would benefit from scoring the 

recommended items, why they would mark objects as “Favourite” and “Found”, 

and why they would generate a post-visit summary report. In particular, as can 

be seen from the interaction logs in Table 6 above, only two participants (P1, P8) 

rated objects from their tours, while five respondents (P4, P5, P6, P7, P9) 

admitted that they were unsure why they would need to rate recommendations, 

which led to a few “Neutral” responses in “I found it easy to inform the system if I 

like/dislike the recommendation”: “SA”: n = 2; “A”: n = 4; “N”: n = 3; “D”: n = 1. The 

participants preferred marking objects as “Favourite” over rating, but, similar to 

rating, two respondents (P1, P2) did not see the utility in marking objects as 

“Favourite”. Additionally, P10 was not interested in their post-visit summary 

report, but P3 and P7 admitted that they liked and saved their reports, because it 

helped them learn about their own specimen preferences. Similarly, P6 

mentioned that the “Found” button was particularly useful for them to track the 

objects that they were interested in, although they did not attempt to find all 

objects during the visit. In contrast, P7, P8, P9 and P10 were not sure why the 

“Found” button was needed. 

Content 

All participants agreed that the object details in the RS were interesting (“The 

information about the objects in the recommender was interesting”: “SA”: n = 2; 

“A”: n = 8). Almost all respondents (P1, P2, P3, P4, P6, P8, P10) stated that the RS 

made their experience more informative by providing some details about 

specimens which were not available in the physical museum. The RS also 

encouraged two participants (P9, P10) to read information from the object labels 

in the museum. Interestingly, P9 claimed that they focused specifically on reading 

information from the physical object labels and skipped the details in the RS, 
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because they did not find the object details in the RS useful to enrich their 

museum experience during the visit. Moreover, during the interview, many 

participants (P1, P2, P3, P4, P5, P7, P9, P10) stated that they did not click on the 

“Learn more” buttons and/or external links to get more information about 

recommended specimens, and they tended to focus on the general facts only. 

Detected errors and potential improvements 

The usability study participants did not encounter any severe system issues (“I 

could effectively interact with the recommender”: “SA”: n = 4; “A”: n = 6), but some 

bugs were detected and needed to be resolved before the summative evaluation. 

The main issue was related to a slow page load speed, which was reported by four 

respondents (P3, P5, P7, P10). P1 also found that their object rating was not 

displaying when they tapped back on the “Back to previous page” button from a 

single object page, and P4 noticed that some cabinets on the map were 

highlighted when the cabinets were not browsed. In addition, when P6 returned 

to the tour page, the page did not automatically scroll down to the last object 

which they clicked on. 

There were also several user interface-related issues – P4 reported that some text 

looked clickable when it was not clickable, whereas P2 and P6 closed the “Tips” 

popup without reading the instructions, and then they could not reopen the 

popup. P6 also found the home page banner confusing and suggested updating it. 

On a personal device of P7, the digital museum map was cut off at the bottom, 

which also needed to be fixed. Moreover, P6, P9, P10 wanted to have a clearer 

distinction between what was recommended and their original selections. 

Among other suggestions were: an object recognition feature (P6), an audio tour 

(P6), a feature to share objects on social media (P10), high-resolution specimen 

images that could be zoomed in/zoomed out (P3), the “About” page to provide 

more details about this doctoral research (P4), object filtering by different 

categories, e.g., by extinct and endangered species (P4), a map to demonstrate a 

specimen distribution (P4), highlighted object selections on the home page (P6), 

a randomised list of objects on the home page to diversify the initial selections of 

the RS users (P8). 
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6.5 Refinement of the museum recommender system 

The results of the pilot usability study demonstrated an overall utility of the first 

version of the Grant Museum RS in its context of use. The findings also helped 

identify how the implementation of museum RSs could be refined further by 

revealing the drawbacks of different RS features which have been previously 

used in RSs developed for other museum spaces. Following the knowledge gained 

in the pilot usability study, this section presents the changes that were made to 

the Grant Museum RS before the summative evaluation in order to improve the 

experience with it during the visit (all changes are listed in Appendix 3, Figures 

3.9-3.18). The process of updating the RS was guided not only by the number of 

times a specific issue was mentioned by the participants but also by the severity 

of that issue, by a potential replicability of each new added feature in other 

museum spaces, and by the timeframe of this doctoral research. 

In the second version of the Grant Museum RS, the tour length could be manually 

set – the RS generated a museum tour based on a user’s selection of either 10, or 

25, or 50 recommended objects. This feature let users control the length of their 

tour, and hence it was anticipated that the user would be less likely to abandon 

using the RS and, instead, would be more willing to explore all the generated 

recommendations. Referring back to the museum RSs and adaptive guides 

reviewed in Table 3 (see Section 6.2.2), only in the CHIP project were the RS users 

able to adjust their tour length (Roes et al., 2009). However, this pilot usability 

study underscored the importance of allowing the RS users to manually set a 

recommended tour, because users might find it tedious to follow a recommended 

tour with a pre-defined tour length. 

Since the pilot usability study participants also struggled to find their 

recommended objects in the physical museum, the user interface in the RS was 

updated to improve navigation. In the second version of the Grant Museum RS, 

the digital museum map was rotated to display the starting point of the museum 

tour at the top left-hand corner of the user’s device, because one participant 

noticed that the map was cut off at the bottom of their device, and, as a result, 

they could not see where their tour started (see Section 6.4.3). Moreover, a popup 

box was added to display more details about the shelf where the users could find 
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their recommended specimen, because some participants were confused with the 

shelf numbers displayed in the RS (see Section 6.4.3). Within the larger context, 

this empirical evidence reinforced the claims made in (Bonis et al., 2009; Naudet 

and Deladiennée, 2019) about the importance of a user-friendly RS interface. It 

demonstrated that the perceived utility of an RS extends beyond the 

recommendation algorithm itself and can be affected by external factors, such as 

the visibility and order of cabinets in a physical museum space. Moreover, this 

pilot usability study revealed that the users of a museum RS might require help 

not only with a “macro-navigation” in a physical museum but also with a “micro-

navigation” in a recommended cabinet. A few systems used indoor location 

tracking to facilitate “macro-navigation”, yet the previous research has not 

investigated how to overcome issues with “micro-navigation” which might be 

pertinent to museums where a few objects can be found in the same cabinet or 

on the same shelf.  

Furthermore, during the usability study it was noticed that some objects had been 

moved in the physical museum or removed for conservation and/or research 

purposes. I re-checked all the specimens from the RS database in the physical 

museum and updated cabinet numbers in case an object was moved to a different 

location. The “Not on display” badge option was also added to each recommended 

object in case it was removed from the display in the museum. With this, the pilot 

usability study demonstrated that not only might the RS shape the perception of 

different variables in the physical context but also that the physical context can 

influence the perception of the RS utility. It was anticipated that the changes to 

the tour length, some improvements in the user interface, and the object location 

updates could help visitors find their recommendations in the museum. 

Focusing on the recommendation component, some pilot usability study 

participants enquired what their least relevant objects were and suggested 

adding random objects to see how they would react to the recommendations not 

related to their interests. This finding significantly deviated from what has been 

learnt in the literature review, because RSs often aim to recommend the most 

relevant objects. Within the larger context, this finding demonstrated how much 

museum RSs might differ from their e-commerce or movie counterparts which 
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focus on mastering the accuracy of generated suggestions. Following this finding, 

a recommended tour in the second version of the Grant Museum RS listed several 

objects which were the least similar to the specimens that the user had originally 

selected to indicate their object preferences. The Grant Museum RS extracted n1 

most similar objects and randomly picked n2 least similar objects, where n1 and 

n2 were set dynamically in the ratio of 4:1 depending on the selected tour length. 

This solution to list several least relevant objects was considered useful to also 

overcome the problem with the diversity of recommendations which was 

mentioned by the participants (see Section 6.4.3) as well as was raised in Section 

6.2.2 as a drawback of the content-based filtering method that could be prone to 

overspecialisation.  

To underscore that some recommendations were the least relevant as well as to 

clarify why certain specimens were recommended, the second version of the 

Grant Museum RS displayed some explanatory text with the similarity score and 

the “Why?” button next to each recommendation – when clicked, a popup box 

appeared and showed the table that compared a recommended specimen and one 

of the user’s originally selected specimens. The request to provide explanations 

resonated with the studies in (Ruotsalo et al., 2013), because the SMARTMUSEUM 

users also enquired how the recommendations reflected their interests. This 

implied that explanations might be required in museum RSs to satisfy visitor’s 

curiosity about the reason why a specific object was recommended.  

The summary of the functional scope of the developed RS is shown in Table 7 

below, and more information about all RS updates is provided in Appendix 3, 

Figure 3.9-3.18. 
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Table 7. Summary of the functional scope of the Grant Museum recommender system (regrant.herokuapp.com) 
Screenshot Page description 

    

Home page 

On the home page, the visitor needs to select their 

preferred tour length with either 10, 25 or 50 

recommended objects and to choose at least three 

objects that they like from the list of featured museum 

specimens. When the user taps on the “Recommend” 

button, the RS generates a museum tour. 

 

http://regrant.herokuapp.com/
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Table 7. Summary of the functional scope of the Grant Museum recommender system (regrant.herokuapp.com) (continued) 
Screenshot Page description 

 

Tips popup 

On the tour page, the Grant Museum RS first shows the 

“Tips” popup box with some brief information about the 

generated tour.  

 

http://regrant.herokuapp.com/
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Table 7. Summary of the functional scope of the Grant Museum recommender system (regrant.herokuapp.com) (continued) 
Screenshot Page description 

 

Tour page 

Once the popup is closed, the user can see their museum 

tour with some information about each recommended 

object. The recommendations are grouped by their 

location in the physical cabinets, while the cabinets are 

sorted by location in the physical museum starting from 

the museum entrance. 

 

http://regrant.herokuapp.com/
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Table 7. Summary of the functional scope of the Grant Museum recommender system (regrant.herokuapp.com) (continued) 
Screenshot Page description 

 

Explanation popup 

Under each recommended object on the tour page, next 

to the similarity score, there is the “Why?” button that, 

when clicked, shows a popup box with a brief 

explanation why an object has been recommended. 

 

 

http://regrant.herokuapp.com/
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Table 7. Summary of the functional scope of the Grant Museum recommender system (regrant.herokuapp.com) (continued) 
Screenshot Page description 

 

Map popup 

The user can also view their tour on a digital museum 

map with highlighted recommended cabinets and 

itinerary. The user can also click on the cabinets on the 

map and manually add more objects to their tour. 

http://regrant.herokuapp.com/
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Table 7. Summary of the functional scope of the Grant Museum recommender system (regrant.herokuapp.com) (continued) 
Screenshot Page description 

    

Single object page 

When the user clicks on the “Learn more” button next to 

each recommended object on the tour page, the RS 

shows a single object page with more information about 

the selected object.  

http://regrant.herokuapp.com/
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Table 7. Summary of the functional scope of the Grant Museum recommender system (regrant.herokuapp.com) (continued) 
Screenshot Page description 

       

Post-visit summary report page 

After the tour, the user can click on the “Finish the tour” 

button to generate a post-visit summary report that can 

also be saved in a PDF format.  

http://regrant.herokuapp.com/
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Table 7. Summary of the functional scope of the Grant Museum recommender system (regrant.herokuapp.com) (continued) 

Screenshot Page description 

   

About page 

The “About” page briefly explains the goal of this 

doctoral research, describes the RS, and presents some 

information about the Grant Museum. 

http://regrant.herokuapp.com/


 

  184 

6.6 (How) can a recommender system impact visitor 

experience in a physical museum? 

This study showed that the impact of an RS on VX can be framed by many 

contextual variables. This implies that VX improvements can depend not only on 

the RS’s usability and recommendation accuracy, often evaluated in the literature 

(see Section 2.3.1), but also on how well the interaction with an RS fits, for 

example, into a specific physical context. In particular, the pilot usability study 

participants in this doctoral research were overall satisfied with the RS itself. A 

few participants stated that the RS made their visit more structured and 

systematic, and it helped discover interesting objects that they might not have 

noticed otherwise (see Section 6.4.3). This RS advantage could also be applicable 

to other museum spaces, particularly to natural history museums, where many 

objects are usually on display and where visitors might benefit from some 

direction and guidance. With this, by focusing visitors’ attention on the objects 

that are relevant to their interests, and hence by improving a direct experience 

(see Section 2.2.2), the interaction with an RS during the visit might increase the 

likelihood of significant transformations and, most importantly, improvements in 

VX. However, the pilot usability study also emphasised that there are many 

factors that can influence the likelihood of the RS’s impact on VX. For example, it 

can be difficult to find recommended objects in a physical museum because some 

objects can be placed too far inside the shelves and because the cabinet numbers 

can be difficult to view and/or to follow (see Section 6.4.3). Therefore, although 

an RS might suggest interesting objects to explore, might be user-friendly and 

might have potential to stimulate VX, the interaction with an RS might not ensure 

that visitors would still engage in an enhanced VX due to the properties of the 

physical context. 

Additionally, VX transformations can be shaped by the digital context which 

extends beyond the RS itself. Researchers have previously explored the 

effectiveness of PDAs, tangibles, wearables, and large screens to deliver adaptive 

and recommended content (see Section 6.2.3). This doctoral research extended 

the analysis by testing the RS on a visitor’s personal mobile device to overcome 
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the issues with the learnability and ergonomics of wearables and PDAs as well as 

to tackle the unfeasibility of mounting large screens into a limited physical space 

(see Section 6.2.3). However, this study found that personal mobile devices can 

become additional sources of distraction and can introduce new variables in the 

digital context that together with an RS might affect VX transformations. For 

example, one study participant was distracted by the incoming personal text 

messages on their mobile device that they also used to access the RS (see Section 

6.4.3). Another participant mentioned that holding the phone during their visit to 

use the RS distracted them from browsing the museum collection (see Section 

6.4.3). This implies that the perception of the RS utility, and thus potential VX 

transformations associated with the RS interaction can be hindered not because 

of an RS but because of new variables in the digital context that can be found on 

a personal mobile device. 

The RS impact on VX can also depend on the personal context. The findings in the 

pilot usability study demonstrated that there are many visiting styles with the RS 

during the visit (see Section 6.4.3). More specifically, some visitors might feel 

obliged to find all recommendations being on a “scavenger hunt”, whereas others 

might give up using the RS regardless of how well the recommendations matched 

their interests unless adequate guidance was provided. A few other participants, 

however, showed a different visiting style with the RS and used it to familiarise 

themselves with the collection and to explore the objects that they would have 

missed without the RS. As was found in the UbiCicero project, the participants 

followed only 31.5% of suggestions, meaning that they tended to have a more 

autonomous visiting style than what was suggested by the system (Ghiani et al., 

2009). With this, since an RS does not impose one specific visiting style, it is 

plausible to assume that the extent of the RS impact on VX can fluctuate – the 

visitors who are on a “scavenger hunt” with an RS might be exposed to the VX 

transformations differently from the visitors who explore only a subset of 

recommended objects.  

Lastly, it is necessary to mention that even though almost all pilot usability study 

participants liked the information that the RS supplied, they rarely clicked on the 

“Learn more” button or external links, which implied that they were not 
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interested in deepening their knowledge about the exhibits and preferred 

exploring general facts on the tour page only. This result echoed the finding in the 

PIL project (Kuflik et al., 2011) which demonstrated that the pre-recruited 

university students who tested adaptive and non-adaptive multimedia guides 

tended to choose general content and rarely browsed more specific information 

in the system. As a result, in that study, no significant differences in learning 

between the groups that used and did not use the RS were found. However, it can 

be assumed that this behaviour and the lack of impact on learning could be 

because of the MEGs of the recruited participants; the focus of the usability study 

participants might differ from the focus of real-world museum visitors, and hence 

the impact of an RS on VX of a pre-recruited study group might also be different 

from that of a general museum audience. More specifically, pre-recruited study 

participants might focus on evaluating the performance of the RS in a museum 

context as was requested in the PIL project and in the pilot usability study 

presented in this doctoral research, whereas a general museum audience come to 

a museum to explore the collection, and thus an RS might play a different, more 

mediatory role between the visitor and the museum collection. However, there 

might be other reasons for the lack of interest in additional information – Petrelli 

and Not (2005) concluded that first-time visitors are interested in more general 

information rather than object details. Therefore, to draw conclusions about the 

RS impact on VX, it is necessary to conduct a study with the general museum 

audience that might encompass both first-time and returning visitors. 

6.7 Conclusion 

Following the knowledge of the previous scholarship (see Sections 6.2.2 and 

6.2.3) and the findings of the exploratory field study (see Chapter 5), I developed 

an RS for the Grant Museum which was crucial for the investigation of the VX 

transformations under the RS visiting condition, and hence for answering the 

main research question. The RS was designed to be replicable within the larger 

research context, and thus useful not only for this study. The functional scope of 

the RS was framed by the available museum and user data, while the 

recommendation algorithm was based on a traditional content-based filtering 
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method. Although multi-functional systems might have higher chances to 

improve VX with diverse interactive features and engaging content, they might 

not be reusable in other settings, because museums may not have the content 

required to generate a multimedia tour with, for example, videos and virtual 

agents, as was demonstrated in this study (see Section 6.2.1). It can also be 

difficult to build a complex hybrid recommendation algorithm that could 

dynamically generate suggestions during the visit, because the amount of user 

input that an RS can gather during a user-system interaction is limited, and/or 

because researchers might not have the resources to integrate implicit data 

gathering tools, such as an indoor location tracking system (see Section 6.4.3). 

The RS for the Grant Museum, on the other hand, was developed as a Web 

application, which implied that it did not need the production of any additional 

hardware, and, as stated above, it used the content-based filtering method that 

did not rely on a substantial amount of data about user preferences to generate 

recommendations. The Grant Museum RS users needed to select at least three 

preferred specimens and their preferred tour length, and the system generated a 

list of the museum objects that the visitor might want to browse and to learn more 

about in the museum. The RS-generated tour included some general facts about 

specimens and some information provided by the Grant Museum curators that 

aimed to help visitors understand the museum collection better. Moreover, the 

RS included features of rating objects, marking them as “Favourite” and “Found” 

and manually extending the tour. The RS also had a digital museum map to guide 

visitors in the Grant Museum. After the visit, the RS created a post-visit summary 

report with some information about user preferences and a new list of 

recommended objects so as to encourage the users to return to the museum in 

future.  

In the pilot usability study, I collected some external feedback about the 

performance of the first version of the developed RS in the Grant Museum before 

releasing it to the general museum audience. Following the findings in this study, 

I refined the RS which was later used in the summative evaluation. Within the 

larger research context, the pilot usability study showed that the utility of an RS, 

and thus its impact on VX can be shaped by many contextual variables which 

might not be apparent in a lab environment, such as difficulties finding a 
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recommended object in a physical space or a visitor’s preferred visiting style. 

Therefore, it is important to conduct more evaluations of museum RSs in the 

targeted museum settings and to mimic real-world scenarios where, for instance, 

visitors browse the physical museum collection by interacting with the RS on 

their personal device. These results emphasised that the summative evaluation 

needed to be conducted with the general museum audience to identify the real-

world impact of the interaction with the RS on VX.  
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Chapter 7 Formative evaluation: the development 
and pilot testing of visitor experience scales 

7.1 Introduction 

To detect VX transformations when visitors use or do not use the Grant Museum 

RS, this research first needed to respond to the challenges of evaluating VX. As 

explained in the Methodology (see Section 4.3.2.3), this formative study aimed to 

design a VX instrument which would measure different processes within VX, 

determine whether VX transformations were significant, show the stability of VX 

under the same visiting condition, and, as a result, would help answer the main 

research question “(How) can a recommender system impact visitor experience in 

a physical museum?”. The existing scholarship has already introduced several VX-

related scales, e.g., (Packer and Ballantyne, 2002; De Rojas and Camarero, 2008; 

Dirsehan, 2012; Othman, 2012; Del Chiappa et al., 2014). However, these scales 

did not fit within the aim of this doctoral research to explore the changes in VX – 

for instance, Packer and Ballantyne’s study (2002) focused on motivational 

factors and whether the museum provided opportunities to pursue visiting 

motivations, e.g., “I was able to see the real things or places the information referred 

to”. Similarly, De Rojas and Camarero’s quantitative study (2008) explored the 

relation between the perceived quality of museum experience, expectations and 

satisfaction, and did not encompass the analysis of mental processes. Dirsehan 

(2012), on the other hand, measured sensory, affective, creative cognitive and 

physical experiential dimensions, but these dimensions differ from the most 

common VX categories identified in this doctoral research (see Section 3.4). 

Therefore, existing scales needed to be adapted to adhere to the theoretical 

foundation of VX (see Chapters 2 and 3) and to ensure that the measured items 

could reflect the processes underlying cognitive, introspective, restorative, and 

affective VX categories (see Figure 20). To restate, social VX was omitted from the 

quantitative study due to the diversity of the visiting groups and the inability to 

explore different social relationships with a restricted quantitative instrument. 

Nevertheless, within the larger research context, the development and validation 

of a VX instrument with cognitive, introspective, restorative, and affective scales 
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still would contribute to filling in the knowledge gap and to pushing the analysis 

of VX from a theoretical to practical dimension by helping researchers evaluate 

VX with and without a visitor-centred museum technology, like a museum RS. 

 
Figure 20. Hypothetical structure of the quantitative visitor experience instrument 

In order to design and test a VX instrument, this research followed the existing 

practices in (Boateng et al., 2018; Robinson, 2018) with the three main phases: 

Item development, Scale development, and Scale evaluation. The Item 

development phase involved the aggregation of potential scale items from the 

existing VX-related scales found in the literature. The Scale development phase 

was set to test whether the aggregated VX items were interrelated and could be 

grouped into larger, more reliable constructs, i.e., cognitive, introspective, 

restorative, and affective VX categories. This phase encompassed the data 

collection and data analysis procedures to trace a hypothetical structure of the 

scales. Then, the Scale evaluation phase aimed to confirm the hypothetical 

structure of the scales by using the data from a new sample. This chapter 

elaborates on the Item and Scale development phases, whereas the Scale 

evaluation phase was performed with the new data gathered during the 

summative evaluation of VX transformations (see Chapter 8), as recommended 

in the literature (Boateng et al., 2018).  
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7.2 Item development 

7.2.1 Cognitive experience items 

To derive questions for a cognitive VX scale, a few studies that evaluate learning 

and cognitive VX in museums were reviewed: (Hooper-Greenhill et al., 2004; 

Dirsehan, 2012; Othman, 2012; Forrest, 2014; Zhou and Urhahne, 2017). As a 

brief overview, in their studies, these scholars measure cognitive processes, e.g., 

‘conclude and make meaning of the information’ and ‘relate to prior knowledge’ 

(Zhou and Urhahne, 2017, p. 405), the quality of environmental characteristics 

(Forrest, 2014), and the clarity of available information (Othman, 2012) which 

could, in turn, influence the quality of learning, and how learning impacts an 

overall satisfaction with the visit, increases skills, changes attitudes, behaviour, 

and enjoyment level (Hooper-Greenhill et al., 2004; Dirsehan, 2012). As a result, 

the phenomena under investigation, although associated with cognitive VX, 

extend beyond mental processes. However, following the objectives of this 

doctoral research, the scale needed to detect how mental processes within 

cognitive VX (see Section 3.4.1) were transformed when visitors interacted with 

the Grant Museum RS during the visit. Therefore, the questions for the cognitive 

VX scale were selected based on their relation to mental processes which were 

required to be distinct and applicable to the visitors with and without the RS (see 

Table 8).  

The choice was also framed by some anticipated transformations. In particular, 

since the exploratory field study participants reported that they often could not 

understand what they were looking at and needed more information about 

museum objects (see Section 5.4), the cognitive VX scale explored whether the 

interaction with the Grant Museum RS, which was expected to fill in the 

information gap, helped improve understanding and gaining new 

knowledge/learning with the questionnaire items: “The visit was educational”, 

“The visit enriched my knowledge about many exhibits”, “The information about 

exhibits was easy to understand”, and “I could make sense of most of the objects I 

saw today”. In addition, considering that the RS presented more information 

about specimens, the scale investigated whether the interaction with the RS made 

the visit more thought-provoking and stimulated contemplation, “The visit was 
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thought-provoking” and “I contemplated on the nature and meaning of things”. 

Finally, as the RS targeted individual visitor preferences, the scale also examined 

whether the RS users found the presented information more interesting, and 

whether their visit sparked greater interest in natural history than in the group 

that did not use the RS, “The visit stimulated my interest in natural history” and 

“The information about exhibits was presented in an interesting way”.  

Table 8. Items used for the analysis of cognitive experience 

Item Mental process 
interpreted in this thesis Adapted from 

The visit was educational gaining new 
knowledge/learning 

(Dirsehan, 2012) 
 

The visit enriched my knowledge 
about many exhibits 

gaining new 
knowledge/learning 

(Othman, 2012) 

The information about exhibits was 
easy to understand 

understanding (Othman, 2012) 

I could make sense of most of the 
objects I saw today 

understanding (Othman, 2012) 

The visit was thought-provoking mental stimulation  (Dirsehan, 2012) 

I contemplated on the nature and 
meaning of things 

reflection (Othman, 2012) 

The visit stimulated my interest in 
natural history 

interest/curiosity (Othman, 2012) 

The information about exhibits was 
presented in an interesting way 

interest/curiosity (Packer, 2008) 
 

Although the cognitive VX items were selected following the aims of this research, 

they can be useful in the larger research context as well. The items can help 

evaluate different aspects of cognitive VX by touching upon various processes 

associated with this VX category (see Section 3.4.1), i.e., gaining new 

knowledge/learning, understanding, mental stimulation, and reflection. As can be 

seen in Table 8, focusing on the “visit”, “information”, and “objects”, the items 

have a generic formulation, and they do not enquire about a variable that might 

be difficult to find in other museums, which makes these items reusable in other 

museum contexts. The design of items for the introspective, restorative, and 

affective scales, which are presented in the following sections, adhered to the 

same rationale and procedure for the item development. 
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7.2.2 Introspective experience items 

Introspective VX has not been studied as actively as cognitive VX because its 

prominence can vary in different museum types, and it is deeply rooted in the 

personal context of each visitor. More specifically, introspective VX encompasses 

many processes, such as contemplation, self-reflection, internal dialogue, 

reverence, and association/connection/reminiscence (see Section 3.4.2). Although 

these processes can be found within introspective experience in (Pekarik et al., 

1999; Packer and Ballantyne, 2016), when evaluated, they often migrate to other 

VX scales. For example, association/connection/reminiscence is found within the 

category of emotional connection in (Othman, 2012, p. 124) with the items “The 

exhibition enabled me to reminisce about my past” and “I felt connected with the 

exhibits”. Similarly, “This museum changes my view of life”, which could be linked 

to self-reflection, describes physical experience in (Dirsehan, 2012, p. 117). 

Moreover, scholars suggest that the prominence of introspective VX might vary 

depending on a physical museum, and it is more likely to be experienced in art 

galleries (Packer and Bond, 2010). On the other hand, as was found in (Pekarik et 

al., 1999), introspective VX was more satisfying in the National Museum of 

American History than in the other examined museums, including the National 

Museum of American Art, suggesting that introspective VX is not restricted to art 

galleries only and can be experienced in other museums. Lastly, not only are there 

some differences in the understanding of what introspection encompasses, but 

also researchers question whether respondents are able to accurately self-report 

their mental states (Feest, 2012). Nevertheless, more studies about introspective 

VX are required, as advocated in (Packer and Bond, 2010), since introspection is 

a part of the VX construct and might transform under different visiting conditions. 

In particular, the scale developed as a part of this doctoral research aimed to 

contribute to a better understanding of introspective VX, while the study could 

help us explore how to trigger introspective processes in museum visitors, which 

can be crucial for a more diverse and memorable VX.  

To design an introspective VX scale, in addition to the analysis of introspection in 

visitor studies (Packer, 2008; Dirsehan, 2012; Othman, 2012; Taheri et al., 2014), 

this research reviewed other scales that tested similar processes in other 
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research fields (Cottrell et al., 2005; Peltier et al., 2005; Jennett et al., 2008; 

Toering et al., 2009). Peltier et al.’s instrument (2005) which measures reflective 

learning in management and marketing was found particularly useful. Peltier et 

al. (2005) noticed that the analysis of reflection mostly focused on the conceptual 

rather than empirical level, which could be because of the absence of one 

consistent theory on reflection, a dominant qualitative approach in the field, and 

inadequate psychometric validation procedures. That is why they developed and 

validated an instrument that could measure the dimensions of reflective learning 

in the context of marketing and business education. As a theoretical underpinning 

for their instrument, they used Kember et al.’s (2000) four levels of reflective 

thinking: habitual learning, understanding, reflection, critical/intensive reflection. 

Reflection and critical/intensive reflection are viewed as deeper approaches to 

learning than habitual learning and understanding, because they describe the 

connection between what is being learnt and personal knowledge, personal 

beliefs and assumptions, and, in case of critical reflection, the transformation of 

some personal meaning frameworks (Peltier et al., 2005). Since Peltier et al.’s 

(2005) scales about reflection and critical reflection are linked to the personal 

context, these scales were adopted here to evaluate introspective VX. 

Table 9. Items used for the analysis of introspective experience 

Item Mental process 
interpreted in this thesis Adapted from 

The visit changed the way I feel or 
think about myself 

introspection (Packer, 2008) 
 

The visit made me think about my 
role in this world 

self-projection (Packer, 2008) 

I learned new things about myself self-knowledge (Peltier et al., 2005) 

The visit helped me understand my 
own learning process better 

self-reflection (Peltier et al., 2005) 

The visit changed some of my 
firmly held ideas 

contemplation (Peltier et al., 2005) 

What I learned forced me to 
rethink how I view the world 

contemplation (Peltier et al., 2005) 

The exhibition enabled me to 
reminisce about my past 

association, connection, 
reminiscence 

(Othman, 2012) 
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Table 9 lists the introspective scale items which were used for the analysis of the 

impact of the RS on introspective VX. The decision about which introspective VX-

related processes to measure was based on assumptions about the changes that 

might occur when visitors use or do not use an RS. For instance, Graburn’s 

reverential experience requires a quiet space where a visitor can become 

engaged in contemplation and imagination (Graburn, 1977). Similarly, Pekarik et 

al. (1999, p. 161) suggested that introspective VX can be ‘enhanced by a quiet 

environment and “inner space”’. Guidance and too much information, on the 

other hand, can affect these processes (Graburn, 1977). Considering that the 

Grant Museum RS generated a guided tour with a new layer of factual 

information, it was assumed that introspective VX might be negatively affected 

by the interaction with the RS during the visit. With this, the introspective scale 

included the items: “The visit changed the way I feel or think about myself”, “The 

visit made me think about my role in this world”, and “The exhibition enabled me to 

reminisce about my past”. On the other hand, a few pilot usability study 

participants enquired why some objects were recommended to them (see Section 

6.4.3). Hence, recommendations of the most and least relevant objects and 

explanations of why the objects were recommended were assumed to trigger self-

knowledge by providing visitors with an opportunity to learn something new 

about their interests and/or to confirm what they already know. With this in 

mind, the following items were also added to the introspective scale – “I learned 

new things about myself”, “The visit changed some of my firmly held ideas”, “The 

visit helped me understand my own learning process better”, and “What I learned 

forced me to rethink how I view the world”.  

7.2.3 Restorative experience items 

For the analysis of the changes in restorative VX, this study reviewed the existing 

scales which assessed restoration in museums and/or similar cultural 

institutions. Overall, restorative VX has been not only more clearly defined in 

literature than introspective and cognitive VX categories but also more 

consistently evaluated, since studies into restorative VX tend to build on the 

Kaplan et al.’s Attention Restoration Theory (1993), e.g., (Hartig et al., 1997; 

Korpela, 2001; Laumann et al., 2001; Staats et al., 2003; Packer and Bond, 2010). 
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For example, Hartig et al. (1997) developed the Perceived Restorativeness Scale 

to measure and improve the restorative qualities of different environments. Their 

scale derived from the Attention Restoration Theory (Kaplan et al., 1993) and its 

four underlying constructs: being away, fascination, extent, and compatibility. 

That is why to compile a restorative VX instrument, this doctoral research mostly 

followed the Perceived Restorativeness Scale proposed by (Hartig et al., 1997) 

but also reviewed the instruments in (Korpela, 2001; Laumann et al., 2001; 

Jennett et al., 2008; Packer and Bond, 2010; Calver and Page, 2013; Forrest, 2014; 

Pasini et al., 2014).  

Similar to cognitive and introspective VX scales, the items for the restorative scale 

aimed to describe distinct and diverse mental processes which could be relevant 

to a museum visit with and without an RS and which were anticipated to be 

transformed under the RS visiting condition. As discussed in Section 3.4.3, 

wayfinding and familiarity with a physical setting are some prerequisites for 

restorative VX, and, as a result, returning visitors tend to experience restoration 

more often than first-time visitors (Kaplan et al., 1993; Packer and Bond, 2010). 

An RS can help visitors become familiar with a museum and its collection by 

highlighting particularly interesting objects and by guiding them towards those 

objects. In addition, it can support some of the visitors’ needs as it could help 

visitors understand and learn more about the collection, as requested by the 

exploratory study participants (see Section 5.4). To test these transformations, 

the following restorative items were added: “My attention was drawn to many 

interesting things”, “I have a sense of unity with this setting”, “There is much to 

explore and discover here”, “It is a confusing place”, and “There is too much 

distraction to enjoy the visit”.  

On the other hand, as discussed in Section 3.4.3, restorative VX is associated with 

being away implying that the environment helps one to get away from daily 

routine and to avoid distractions, noise and irritations (Hartig et al., 1997, p. 176). 

However, it could be difficult for the users to detach themselves from the 

incoming personal text messages and calls as well as to focus on exploring the 

museum collection, because the Grant Museum RS was launched on a personal 

mobile device, and the RS users had to hold their phone all the time during the 
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visit to follow the recommended tour (see Section 6.4.3). With this in mind, the 

restorative scale included: “The visit helped me get away from daily routine” and 

“I managed to get away from everyday thoughts and concerns” (see Table 10). 

Moreover, restorative VX is characterised by the comfort, effortlessness, and 

involuntariness of the situation in which a person is engaged, when directed 

attention is not involved and a person can restore their energy (Hartig et al., 

1997; Packer and Bond, 2010). The RS interaction required attention and effort 

because some users might feel obliged to find all their recommendations in the 

museum as if they were on a “treasure hunt” (see Section 6.4.3). The process of 

tracking the objects in a physical museum can also be uncomfortable – as was 

found in the pilot usability study, some physical cabinet numbers were difficult 

to see and connect with the digital cabinets in the RS (see Section 6.4.3). That is 

why this study also asked: “The visit felt relaxed and informal” and “The visit 

helped me restore my energy” (see Table 10).  

Table 10. Items used for the analysis of restorative experience 

Item Mental process 
interpreted in this thesis Adapted from 

The visit helped me get away 
from daily routine 

being away (Hartig et al., 1997) 

I managed to get away from 
everyday thoughts and 
concerns 

being away (Hartig et al., 1997) 

There is too much 
distraction to enjoy the visit 

coherence (extent) (Hartig et al., 1997) 

It is a confusing place coherence (extent) (Hartig et al., 1997) 

My attention was drawn to 
many interesting things 

fascination (Hartig et al., 1997) 

There is much to explore and 
discover here 

fascination (Hartig et al., 1997) 

I have a sense of unity with 
this setting 

compatibility (Hartig et al., 1997)  

The visit felt relaxed and 
informal 

restoration (Calver and Page, 2013) 

The visit helped me restore 
my energy 

restoration (Packer and Bond, 2010) 
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7.2.4 Affective experience items 

It was necessary to explore a wide range of affective items so as to increase the 

chances of identifying a significant impact. The selection of items was based on 

the applicability of an emotion to the studied museum setting and based on some 

informed expectations about the transformations in the emotional response. In 

particular, as the relationship between the characteristics of an exhibition 

environment and emotional reaction was found in (Jeong and Lee, 2006), the 

changes in the contents of exhibits, illumination and visual accessibility were 

expected to lead to some significant positive changes in the emotional reaction 

under the RS visiting condition. The findings of the pilot usability study (see 

Section 6.4.3) are that a museum tour generated by the RS can reshape a visitor’s 

perception of the physical museum space through guidance and navigation, and 

thus affective VX of the RS users could be different from the experience of the 

visitors who do not use an RS. Furthermore, the exploratory field study showed 

that the Grant Museum visitors had difficulties seeing specimens due to lighting 

and a dense placement of objects in the cabinets. The RS users, on the other hand, 

were expected to receive a more convenient way of browsing the collection. At 

the same time, according to the pilot usability study participants, it could be 

challenging to find the recommended objects due to the inconsistency of the 

cabinet numbers in the physical museum as well as due to an unclear indication 

of the shelf numbers in the first version of the RS (see Section 6.4.3). Moreover, 

some visitors generally do not like being directed by a digital assistant and prefer 

making their own decisions about what to see during the visit (van Setten et al., 

2004). Assuming that this could result in disorientation, frustration, confusion, and 

fatigue, the RS users might also be more exposed to experiencing negative 

emotions than the visitors without the RS. 

Many researchers acknowledge the need to analyse emotions, but they also tend 

to recognise the existing ambiguity and complexity in defining, categorising, and 

even understanding emotional responses (Plutchik, 2001; De Rojas and 

Camarero, 2008; Falk and Gillespie, 2009; Del Chiappa et al., 2014; Forrest, 2014). 

As a result, several classifications and models of the emotional spectrum have 

been developed, such as the discrete models of basic emotions (Izard and Singer, 
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1977; Ekman, 1992; Plutchik, 2001) and the dimensional model of the affective 

circumplex (Posner et al., 2005). Moreover, the ways in which scholars identify 

what emotions could be useful for a study vary in the literature. Some affective 

experience scales derive from the existing instruments, as in (De Rojas and 

Camarero, 2008; Falk and Gillespie, 2009), some rely on the literature review (Del 

Chiappa et al., 2014; Schindler et al., 2017), or the findings after a preliminary 

data collection procedure (Forrest, 2014), and/or they could be established 

together with museum curators, centre managers and development staff (De 

Rojas and Camarero, 2008; Falk and Gillespie, 2009).   

Table 11. Items used for the analysis of affective experience 

Schindler et al.’s (2017) subclasses and subscales of emotions 

Prototypical aesthetic emotions 
Fascinated fascination 
Impressed fascination 
Surprised surprise 
Animation 
Happy joy 
Energised energy 
Inspired - 
Epistemic emotions 
Curious interest 
Mentally engaged intellectual challenge 
Nostalgia/relaxation  
Nostalgic nostalgia 
Sentimental nostalgia 
Calm relaxation 
Negative emotions 
Confused confusion 
Angry anger 
Bored boredom 
Indifferent boredom 
Uncomfortable - 
Sadness  
Sad sadness 
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Table 11. Items used for the analysis of affective experience(continued) 

Manually added affective experience scale items 

Excited - 
Disoriented - 
Stressed - 
Emotionally exhausted - 

Table 11 lists the emotions that were selected based on the applicability to the 

examined physical context, that is the museum type and its collection. The 

theoretical foundation for the affective VX instrument in this doctoral research 

was the aesthetic emotions scale (AESTHEMOS) because it encompasses a wide 

spectrum of 42 emotions, it was tested in a museum setting and it was analysed 

in a psychometric validation procedure (Schindler et al., 2017). However, the 

scale still had to be adapted to the studied environment, because the museum 

visitors might be unwilling to rate all 42 emotions in addition to testing the RS. 

Moreover, the emotions in the AESTHEMOS scale were tested at the various 

events of aesthetic interest, such as ‘concerts, musicals and dance theaters, 

theatrical performances, readings, museum exhibitions, and film screenings’ 

(Schindler et al., 2017, p. 18). Hence, it was debatable whether all the 

AESTHEMOS emotions were applicable to a natural history museum. For 

instance, due to the specificities of zoological specimens displayed in jars and as 

skeletons, the factor of Amusement and such emotional subscales as Feeling of 

beauty/liking, Feeling of ugliness, Enchantment, Insight, Being moved, Awe and 

Humour from the AESTHEMOS scale were assumed to be harder to trigger with 

an RS than such emotional subscales as Confusion, Surprise, and Interest that, as a 

result, were retained for the analysis. The emotions of feeling disoriented, stressed 

and emotionally exhausted were added instead, because visitors may not feel 

comfortable using an RS in the museum, as demonstrated by the findings in the 

pilot usability study (see Section 6.4.3). Finally, excited was also added because it 

is often contrasted with feeling calm and could contribute to the investigation of 

a high emotional arousal, as was suggested in (De Rojas and Camarero, 2008; Law 

et al., 2009; Forrest, 2014).  
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7.3 Scale development 

7.3.1 Objectives 

After the Item development phase, the argument that the items could be clustered 

into one of the four VX categories was based only on a theoretical understanding 

of VX and on the analysis of the VX-related scales found in the published 

literature. For instance, cognitive VX was expected to be described by eight items 

(see Section 7.2.1), but it was unclear whether eight items correlated and could 

accurately represent one overarching cognitive construct. Therefore, this study 

aimed to test the designed data collection instrument and to support its 

hypothetical structure with some statistical evidence. Additionally, gathering 

some pilot data was considered useful for the summative evaluation of VX 

transformations. This is because the pilot data could serve as another case of the 

Without visiting condition which could be compared with the data from the main 

VX study to discuss the stability of VX under the same condition, as was 

questioned in Methodology (see Section 4.3.2.3). 

7.3.2 Method 

Before the study, the VX instrument with the four VX categories had to be split 

into two separate evaluation tools, because it consisted of 45 VX-related items 

and then had to be extended with a set of socio-demographic questions so as to 

compare the characteristics of the participants exposed to different visiting 

conditions. Moreover, the RS users also needed to answer several UX-related 

questions for this research to estimate overall satisfaction with the RS and to 

enquire into the association between UX and VX. With this, since it would have 

been difficult to make visitors fill in one long survey form, the first VX 

questionnaire evaluated cognitive, introspective, and restorative VX categories, 

and the second questionnaire gathered data about affective VX. Affective VX was 

separated from the other three categories because it consisted of 21 items, 

whereas the cognitive, introspective, and restorative VX scales were smaller and 

could be grouped into one instrument. 
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7.3.2.1 Participants 

The pilot VX studies were conducted between February 27 and March 26, 2019. 

244 visitors were approached in the Grant Museum to complete a survey form 

with the cognitive, introspective, and restorative VX questions (pilot study 1), and 

141 visitors were approached to collect the data about affective VX (pilot study 

2). Of these, 19 visitors refused to participate in the pilot study 1 and 14 visitors 

in the pilot VX study 2 due to language barriers, lack of time and interest. A few 

survey forms also had to be eliminated due to the incomplete and/or inadequate 

data, i.e., extreme values, missing values, and as some participants were 

underage. As a result, the final sample in the pilot VX study 1 consisted of 212 

participants: 143 women and 67 men (one “Other” and one “Prefer not to say”) 

aged 18 to 81 (M = 35.01, Mdn = 28.5, SD = 16.07; two participants did not report 

their age), whereas the sample in the pilot study 2 had 122 participants: 76 

women and 45 men (one “Other”) aged 18 to 70 (M = 36.16, Mdn = 30, SD = 15.5; 

all participants reported their age). 

7.3.2.2 Materials 

The materials used in the pilot studies 1 and 2 were questionnaires with the VX 

scales that were required to be tested before they could be used in the analysis of 

VX transformations. In the pilot VX study 1, the VX questionnaire included eight 

items about cognitive VX, seven items about introspective VX, and nine items 

about restorative VX. In the pilot VX study 2, the questionnaire listed 21 items 

about affective VX. In addition, both questionnaires were extended with one 

question about an overall experience, “The visit exceeded my expectations” 

adopted from (Calver and Page, 2013). To build and compare socio-demographic 

profiles of visitors exposed to different visiting conditions, the questionnaires had 

eight socio-demographic questions enquiring about participants’ age, gender, 

permanent residence, knowledge of natural history, highest level of education 

achieved, whether they came alone or with companions, and whether they were 

first-time or returning visitors. The questionnaires used in the pilot VX studies 1 

and 2 can be found in Appendix 4, Figures 4.1 and 4.2. 
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7.3.2.3 Data collection procedure 

I administered the questionnaires in the Grant Museum by following the protocol 

tested and refined during the exploratory field study (see Section 5.3.3) – the 

visitors, who were considered eligible to participate in the study (see Section 

4.4.2 for the eligibility criteria), were approached at the end of their visiting paths 

where I explained the main purpose of the study and asked them to complete a 

paper-based survey form that could be handed back to me or submitted 

anonymously into the survey box next to the museum entrance. I recruited as 

many visitors as possible within the time agreed for the fieldwork with the Grant 

Museum staff.  

7.3.2.4 Data analysis procedure 

The goal of this study was to identify the highly correlated items that could be 

grouped together into factors which were anticipated to represent cognitive, 

introspective, and restorative VX categories in the pilot VX study 1, and affective 

VX in the pilot study 2. An exploratory factor analysis (EFA) is commonly used to 

extract factors (latent constructs) that could explain the relations between 

measured items (Tinsley and Tinsley, 1987; Costello and Osborne, 2005; Kahn, 

2006; Worthington and Whittaker, 2006; Tabachnick and Fidell, 2007; Alhija, 

2010; Boateng et al., 2018). Hence, an EFA was expected to support the 

theoretical assumptions about VX categories (latent constructs) with some 

evidence of the correlations between the VX-related items and their connection 

to one VX category. 

Debates about a sufficient sample size for a factor analysis are ongoing (Costello 

and Osborne, 2005; Boateng et al., 2018). ‘A rule of thumb is that five to ten 

subjects per variable are required for a proper factor analysis’ (Alhija, 2010, p. 

163). In the pilot VX study 1, the sample size was 212 and the questionnaire 

consisted of 24 VX-related items, whereas in the pilot VX study 2, the sample size 

was 122 and the questionnaire included 21 items. Both sample sizes were 

acceptable for a factor analysis, although researchers agree that larger sample 

sizes could lead to lower measurement errors and more stable factors (Costello 

and Osborne, 2005; Boateng et al., 2018).  
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To conduct an EFA, this research adopted the procedure established in literature 

(Costello and Osborne, 2005; Gie Yong and Pearce, 2013; Taherdoost et al., 2014; 

Leech et al., 2020) with the following steps: the preliminary interpretation of the 

dataset suitability for an EFA, factor extraction, factor rotation, factor retention, 

interpretation, and labelling. The preliminary interpretation of the dataset 

suitability for an EFA involves examining the relationships between the tested 

variables (VX-related items) in a correlation matrix to detect the variables that do 

not correlate well, r <  ±0.30, and thus could be removed (Gie Yong and Pearce, 

2013). In addition, the Kaiser-Meyer-Olkin (KMO) test of sampling adequacy and 

the Bartlett’s test of sphericity were performed to support the suitability of the 

data for an EFA. The KMO test is conducted to measure the strength of 

correlations among variables (Watson, 2017), whereas the Bartlett’s test of 

sphericity indicates that the correlation matrix is not an identity matrix, and some 

correlations among variables are significant to be examined in a factor analysis 

(Watson, 2017; Sarmento and Costa, 2019).  

After the preliminary interpretation procedure, the analysis proceeded with the 

selection of the factor extraction method. Researchers recommend using a 

Maximum Likelihood or Principal Axis Factoring extraction method for an EFA 

(Floyd and Widaman, 1995; Russell, 2002; Alhija, 2010). The EFA tests in the pilot 

VX studies 1 and 2 were conducted with the Principal Axis Factoring extraction 

method as it is suitable for the data that violates the assumption of normality, e.g., 

ordinal data (Costello and Osborne, 2005) (see Section 4.4.4.1 for the discussion 

of the level of measurement for the Likert-type items).  

To obtain an optimal simple structure of factors, it was also necessary to select an 

appropriate factor rotation method. The choice of rotation method depends on 

whether the factors can correlate (Worthington and Whittaker, 2006, pp. 819–

820). Hence, this research examined the inter-construct correlations in the initial 

factor correlation matrix. The Oblique rotation method was found suitable for the 

data in the pilot VX studies 1 and 2, because it allows the factors to be correlated, 

unlike orthogonal rotation methods (Costello and Osborne, 2005; Williams et al., 

2010; Samuels, 2017). The Oblique rotation method encompasses two common 

rotation techniques which are Direct Oblimin and Promax (Brown, 2009; Gie 
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Yong and Pearce, 2013; Taherdoost et al., 2014; Watson, 2017). This study 

adopted the Promax rotation as it is claimed to reveal stronger correlations 

among factors than the Direct Oblimin rotation (Gorsuch, 1997; Gie Yong and 

Pearce, 2013). 

After the factors were detected, this study examined factor loadings to eliminate 

the items that could not clearly describe a factor. The decision which items to 

remove was based on the adequacy of factor loadings which are required to be 

greater than ±0.4 (Gie Yong and Pearce, 2013), the appropriateness of 

communalities which should be over 0.4 (Taherdoost et al., 2014), and the 

absence of item cross-loadings, i.e., when an item loads at ±0.32 on two or more 

factors (Costello and Osborne, 2005). After some items were eliminated following 

the criteria above, an EFA was reconducted to establish a clearer structure of the 

factors. The number of factors to retain was based on the eigenvalues which are 

required to be above 1.0 (Costello and Osborne, 2005), and on the number of 

items within a factor, because the factors with less than three items are 

considered to be weak, unstable, and difficult to interpret (Costello and Osborne, 

2005; Taherdoost et al., 2014). 

The final procedure involved the interpretation and labelling of the detected 

factors. As mentioned above, it was anticipated that the factors would correspond 

to cognitive, introspective, restorative, and affective VX. Hence, labelling was 

based on the characteristics of the items within each factor and on a theoretical 

understanding of which VX category the items within one factor could describe.  

In addition to this study, the Cronbach’s alpha coefficients were calculated to 

explore the internal consistency of each measured factor (Gie Yong and Pearce, 

2013), which is ‘the extent to which all the items in the test measure the same 

concept or construct’ (Tavakol and Dennick, 2011, p. 53). An alpha coefficient 

between 0.7 and 0.9 is generally considered to be acceptable to indicate that the 

measured items correlate well with each other (Tavakol and Dennick, 2011; 

Ursachi et al., 2015; Arafat, 2016; Souza et al., 2017; Vaske et al., 2017). 

All statistical tests were performed in IBM® SPSS® Statistics version 25. 
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7.3.3 Results 

Pilot VX study 1: cognitive, introspective, and restorative VX scales 

The KMO measure with all 24 items was 0.860, which was above the 0.6 threshold 

(Watson, 2017). The Bartlett’s test of sphericity rejected the hypothesis that the 

items were unrelated, χ2(276) = 1980.077, p < 0.001. These results suggested that 

the dataset in the pilot VX study 1 was suitable for the factor analysis to detect 

the latent constructs. 

Table 12. Initial factor correlation matrix in the pilot visitor experience study 1 

Factor 1 2 3 4 5 6 

1 1.000      
2 0.521 1.000     
3 0.510 0.635 1.000    
4 -0.029 0.178 0.200 1.000   
5 -0.229 -0.030 -0.067 0.214 1.000  
6 -0.061 0.207 0.187 0.441 0.294 1.000 

Extraction Method: Principal Axis Factoring 

Rotation Method: Promax with Kaiser Normalization 
Table notes: Significant correlations (> ±0.32) are highlighted in bold 

Since the correlation values between some factors (see Table 12) exceeded the 

minimal recommended threshold of ±0.32, the Oblique rotation method with the 

Promax rotation technique was used to detect the factors. An initial EFA with the 

Principal Axis Factoring extraction method and the Promax rotation technique 

was conducted with all 24 VX-related items from the pilot VX study 1. The test 

yielded a six-factor solution which accounted for 49.716% of the common 

variance (see Table 13). The pattern matrix was used to interpret the factors and 

to examine the loadings. It showed that seven items cross-loaded on more than 

one factor, while four items had low factor loadings at around 0.36.  
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Table 13. Initial factor loadings and communalities in the pilot visitor experience 
study 1 

Pattern matrixa  

Factor 1 2 3 4 5 6 h2 
(0.4) 

Factor 1        
Q13: The visit changed 
some of my firmly held 
ideas 0.923      0.676 
Q14: The visit helped 
me understand my own 
learning process better 0.890      0.677 
Q15: What I learned 
forced me to rethink 
how I view the world 0.709      0.552 
Q12: I learned new 
things about myself 0.699      0.697 
Q16: The exhibition 
enabled me to reminisce 
about my past 0.470      0.382 
Q10: The visit changed 
the way I feel or think 
about myself 0.400  0.349    0.674 
Q11: The visit made me 
think about my role in 
this world 0.336  0.333    0.604 
Q24: I have a sense of 
unity with this setting 0.328      0.386 

Factor 2        
Q2: The visit was 
educational  0.810     0.569 
Q4: The visit enriched 
my knowledge about 
many exhibits  0.808     0.605 
Q3: The visit was 
thought-provoking  0.652   0.348  0.418 
Q5: The information 
about exhibits was 
presented in an 
interesting way  0.591  0.338   0.494 
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Table 13. Initial factor loadings and communalities in the pilot visitor experience 
study 1 (continued) 

Pattern matrixa  

Factor 1 2 3 4 5 6 h2 
(0.4) 

Q9: I contemplated on 
the nature and meaning 
of things  0.370 0.315    0.389 

Factor 3        
Q25: I managed to get 
away from everyday 
thoughts and concerns   0.629    0.385 
Q19: The visit helped 
me restore my energy   0.626    0.454 
Q18: The visit helped 
me get away from daily 
routine   0.616    

0.357 
 

Q8: The visit stimulated 
my interest in natural 
history  0.362 0.412    0.504 
Q17: The visit felt 
relaxed and informal   0.393    0.430 

Factor 4        
Q6: The information 
about exhibits was easy 
to understand    0.759   0.596 
Q7: I could make sense 
of most of the objects I 
saw today    0.508   0.308 

Factor 5        
Q21: There is much to 
explore and discover 
here     0.588  0.388 
Q23: My attention was 
drawn to many 
interesting things   0.413  0.497  0.407 

Factor 6        
Q20: There is a great 
deal of distraction      -0.710 0.388 
Q22: It is a confusing 
place      -0.566 0.510 
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Table 13. Initial factor loadings and communalities in the pilot visitor experience 
study 1 (continued) 

Pattern matrixa  

Factor 1 2 3 4 5 6 h2 
(0.4) 

Initial Eigenvalues 6.738 2.941 1.684 1.385 1.120 1.059  

Cumulative variance 
explained 26.112 36.432 41.267 44.847 47.397 49.716  

Cronbach’s alpha for 
each factor (loadings in 
bold) 0.874 0.756 0.748 0.624 0.578 0.587  

Extraction Method: Principal Axis Factoring 

Rotation Method: Promax with Kaiser Normalization 
a Rotation converged in 12 iterations 

Table notes: the factor loadings in bold are primary loadings; the factor loadings 
lower than 0.3 were omitted for readability. 

After several iterations of the EFA tests by removing one item at a time, 11 items 

which had low factor loadings, cross-loaded and/or loaded on a factor with only 

two items, were eliminated to obtain a clearer factor structure. As a result, a 

three-factor solution with one strong factor (eigenvalue = 4.966) and two 

acceptable factors (eigenvalues > 1) was achieved that cumulatively explained 

51.285% of the common variance (see Table 14). The recalculated KMO measure 

of sampling adequacy was 0.860 and the Bartlett’s test rejected the hypothesis 

that the variables were unrelated, χ2(78) = 1109.753, p < 0.001. All items had 

primary loadings over 0.5, meaning that the extracted factors could adequately 

explain the relations between the measured VX-related items. The communalities 

(h2) were above 0.4, except for “The information about exhibits was presented in 

an interesting way”, “The visit helped me get away from daily routine”, and “The 

visit helped me restore my energy”, but the items demonstrated adequate factor 

loadings (> ± 0.5), and thus they were retained for future investigation, as 

suggested in (Costello and Osborne, 2005).   
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Table 14. Factor loadings, communalities, and reliability coefficients for the retained items in the pilot visitor experience study 1 
Factors Initial 

eigenvalues 
Cumulative 

variance 
explained 

Factor 
loadings 

(0.4) 

h2 
(0.4) 

Cronbach’s 
alpha 
(0.7) 

Item-total 
correlation 

(0.4) 

Factor 1: Introspective experience 4.966 34.810   0.885  
The visit changed the way I feel or think about myself   0.629 0.600  0.709 
The visit made me think about my role in this world   0.577 0.482  0.642 
I learned new things about myself   0.828 0.704  0.783 
The visit changed some of my firmly held ideas   0.879 0.621  0.684 
The visit helped me understand my own learning process 
better 

  0.824 0.610  0.713 

What I learned forced me to rethink how I view the world   0.704 0.513  0.668 
Factor 2: Cognitive experience 1.787 44.790   0.754  
The visit was educational   0.799 0.593  0.627 
The visit was thought-provoking   0.584 0.305  0.469 
The visit enriched my knowledge about many exhibits   0.746 0.624  0.635 
The information about exhibits was presented in an 
interesting way 

  0.547 0.386  0.513 

Factor 3: Restorative experience 1.394 51.825   0.667  
The visit helped me get away from daily routine   0.637 0.377  0.470 
The visit helped me restore my energy   0.662 0.500  0.523 
I managed to get away from everyday thoughts and concerns   0.617 0.351  0.452 
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The detected factors reflected the three expected VX categories, i.e., cognitive, 

introspective, and restorative, and thus they were labelled accordingly. Finally, 

as shown in Table 15 below, the cognitive, introspective, and restorative factors 

correlated, revealing their relation to one overarching construct, which this study 

considered to be VX. 

Table 15. Correlation matrix with cognitive, introspective, and restorative visitor 
experience factors from the pilot visitor experience study 1 

Factor Introspective Cognitive Restorative 

Introspective  1.000   

Cognitive  0.458 1.000  
Restorative  0.465 0.446 1.000 

Extraction Method: Principal Axis Factoring 

Rotation Method: Promax with Kaiser Normalization 
Table notes: Significant correlations (> ±0.32) are highlighted in bold 

The Cronbach’s alpha scores for the identified factors were acceptable: 0.885 for 

introspective VX, 0.754 for cognitive VX, and 0.667 for restorative VX. The alpha 

coefficient was lower than the 0.7 cut-off point for restorative VX which could be 

due to a low number of items in the factor rather than an inadequate 

interrelatedness between its items. A further analysis of inter-item correlations 

in the restorative VX factor showed that the correlation coefficients were at 

around 0.4, and thus the factor was retained (see Appendix 4, Figure 4.5). 

Pilot VX study 2: affective VX scale 

In the pilot VX study 2 that evaluated affective VX, the KMO measure of sampling 

adequacy was 0.796, meaning that some correlations among the observed 

variables were suitable for a factor analysis. Moreover, the Bartlett’s test of 

sphericity indicated that some correlations were significant, χ2(210) = 1065.262, 

p < 0.001. These results suggested that the gathered data about affective VX was 

suitable for an EFA. 

Since the correlations between several initially extracted factors were above the 

±0.32 cut-off point (see Table 16), the Oblique rotation method with the Promax 

rotation technique was used. An initial EFA using the Principal Axis Factoring 

extraction method with the Promax rotation technique yielded a five-factor 
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solution which accounted for 51.457% of the common variance. The pattern 

matrix was used to interpret the factors and to examine the loadings with an 

absolute value greater than 0.4 (see Table 17). It showed that two factors were 

comprised of only two items, whereas five items loaded on two factors, which 

implied that such factors and items required to be eliminated.  

Table 16. Initial factor correlation matrix in the pilot visitor experience study 2  

Factor 1 2 3 4 5 

1 1.000     

2 -0.207 1.000    

3 -0.287 0.342 1.000   

4 -0.067 0.340 -0.073 1.000  

5 0.074 0.392 -0.210 0.378 1.000 

Extraction Method: Principal Axis Factoring 

Rotation Method: Promax with Kaiser Normalization 
Table notes: Significant correlations (> ±0.32) are highlighted in bold 
 
Table 17. Initial factor loadings and communalities in the pilot visitor experience 
study 2 

Pattern matrixa  

Factor 1 2 3 4 5 h2 

(0.4) 

Factor 1   

Sad 0.858     0.673 
Angry 0.849     0.675 
Uncomfortable 0.805     0.644 
Stressed 0.770     0.700 
Emotionally exhausted 0.716     0.560 
Calm -0.552 0.341    0.470 
Disoriented 0.542  -0.378   0.607 
Confused 0.414  -0.303   0.446 

Factor 2       

Inspired  0.859    0.672 
Impressed  0.575    0.406 
Excited  0.487    0.414 
Happy -0.327 0.418    0.608 
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Table 17. Initial factor loadings and communalities in the pilot visitor experience 
study 2 (continued) 

Pattern matrixa  

Factor 1 2 3 4 5 h2 

(0.4) 

Factor 3   
Mentally engaged   0.595   0.492 
Indifferent   -0.591   0.325 
Curious   0.558   0.298 
Bored   -0.487   0.351 
Fascinated  0.433 0.464   0.502 

Factor 4   
Sentimental    0.948  0.777 
Nostalgic    0.495  0.339 

Factor 5   
Surprised     0.585 0.309 
Energised     0.447 0.538 

Initial eigenvalues 5.465 3.420 1.864 1.381 1.072 
 

Cumulative variance explained 23.967 38.028 44.712 48.989 51.457  

Cronbach’s alpha for each factor 
(loadings in bold) 0.878 0.745 0.694 0.646 0.383 

 

Extraction Method: Principal Axis Factoring 

Rotation Method: Promax with Kaiser Normalization 
a Rotation converged in 6 iterations 

Table notes: the factor loadings in bold are primary loadings; the factor loadings 
lower than 0.3 were omitted for clarity.  

After several iterations, a clear two-factor solution with nine items (eigenvalues: 

3.882 and 2.088) was achieved which cumulatively explained 56.616% of the 

common variance (see Table 18). The recalculated KMO coefficient of sampling 

adequacy was 0.825 and the Bartlett’s test of sphericity rejected the hypothesis 

that the variables were not related, χ2(36) = 484.816, p < 0.001. The primary 

loadings in two factors were greater than 0.6, and all communalities (h2) were 

above 0.4 as recommended in the literature (see Section 7.3.2.4). 
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Table 18. Factor loadings, communalities, and reliability coefficients for the 
retained items in the pilot visitor experience study 2 

Factors Initial 
eigen-
values 

Cumulative 
variance 

explained 

Factor 
loadings 

(0.4) 

h2 

(0.4) 

Cronbach’s 
alpha 

(0.7) 

Item-
total 

corre-
lation 

(0.4) 

Factor 1: 
Unease 

3.882 38.686   0.881  

Angry   0.817 0.670  0.764 
Uncomfortable   0.810 0.636  0.742 
Sad   0.810 0.647  0.744 
Stressed   0.755 0.569  0.699 
Emotionally 
exhausted 

  0.719 0.521  0.666 

Factor 2: Joy 2.088 56.616   0.795  
Happy   0.721 0.655  0.651 
Excited   0.721 0.478  0.586 
Inspired   0.689 0.458  0.592 
Energised   0.683 0.463  0.595 

The factor labels were elicited from the characteristics of their underlying 

emotions – Factor 1 was labelled as “Unease” because it described an overall 

discomfort, whereas Factor 2 was labelled as “Joy” characterising some positive 

emotional response. Although the factors reflected distinct emotional responses 

and could potentially describe affective VX as a whole, the factor correlation 

matrix (see Table 19) revealed that “Unease” and “Joy” had only a weak negative 

association, meaning that the level of unease might not necessarily be indicative 

of the level of joy.  

Table 19. Correlation matrix of “Unease” and “Joy”, two detected subcategories of 
affective visitor experience, from the pilot visitor experience study 2 

Factor Unease Joy 

Unease 1.000  
Joy -0.308 1.000 

Extraction Method: Principal Axis Factoring 

Rotation Method: Promax with Kaiser Normalization 

Table notes: Significant correlations (> ±0.32) are highlighted in bold 
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The Cronbach’s alpha coefficients for “Unease” and “Joy” exceeded the 

recommended 0.7 threshold: 0.881 for “Unease” and 0.795 for “Joy”. These 

findings provided some evidence of the internal consistency of the designed 

scales, while the interpretation of the changes in different emotional responses 

could be facilitated by analysing an overarching latent variable. 

7.4 Conclusion 

Following the theoretical knowledge of VX (see Chapters 2 and 3), an extensive 

literature review of different VX-related scales (see Section 7.2) and the data 

collected using the designed VX instruments in the physical museum (see Section 

7.3), this research designed and tested cognitive, introspective, and restorative 

VX scales, and “Unease” and “Joy”, which are two latent variables in the affective 

VX instrument. The scale development process presented in this chapter was 

crucial to answer the main research question, because the scales were required 

to be used to collect primary data about VX and to carry out a comparative 

analysis of the quality of VX in the visitor groups who used and did not use the 

RS. Moreover, with this scale, the study attempted to normalise the approach to 

different VX categories by bringing them to the same level of analysis, because 

some VX categories, e.g., introspective VX, are still underexplored in contrast to 

others, e.g., restorative VX (see Section 7.2). It is also anticipated that the scales 

could be reusable in other museum environments with and without museum 

technologies because the questions enquire about various mental processes 

within VX, they follow a generic formulation rather than focus on a contextual 

variable, e.g., artworks, that might not be found in other museum spaces, and they 

were elicited from the research conducted in different cultural institutions.  

From a theoretical perspective, the knowledge about the VX categories was 

overall supported by the EFA tests, but some items cross-loaded on two factors 

and/or demonstrated low factor loadings. In particular, a few tested emotions in 

the pilot VX study 2 did not correlate well with the rest of the items in the affective 

VX instrument, even though it was clear that the items, such as feeling surprised 

and impressed, described an emotional response. This emphasised the complexity 

of the examined constructs, such as affective VX, which might vary in different 
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contexts. In particular, the AETHEMOS scale (Schindler et al., 2017), which was 

adopted to investigate affective VX in this thesis, had a few subclasses and 

subscales of emotions (see Section 7.2.4). However, the findings in the EFA in this 

doctoral research diverged from the structure of the AESTHEMOS scale. It is 

plausible to assume that the changes in the structure might have been observed 

due to the adaptation of the original scale to accommodate the characteristics of 

a new context of use and new research aims. Hence, the findings in this formative 

evaluation demonstrated why quantitative instruments need to be analysed in a 

new context of use before focusing on the phenomenon under investigation. 

From the perspective of estimating VX transformations, this formative evaluation 

produced new knowledge by revealing the interrelation between different VX 

categories and their complex structure with the real-world evidence. For 

instance, after the first iteration of EFA in the pilot VX study 1, “I contemplated on 

the nature and meaning of things” had low factor loadings in the cognitive and 

restorative factors. Similarly, “The visit changed the way I feel or think about 

myself” and “The visit made me think about my role in this world” cross-loaded on 

the introspective and restorative factors. This finding is important because it 

demonstrates how complex VX is and how interconnected different VX categories 

are. By targeting the changes in, for example, cognitive VX, researchers might 

inadvertently affect other VX categories. This, in turn, might not allow 

conclusions to be drawn about the improvements of VX as a whole because of the 

gaps in the analysis of VX and a focus on one VX category. It might also be 

challenging to draw conclusions about the transformations in the studied VX 

category because it might have deeper, more granular levels, such as “Unease” 

and “Joy” within affective VX. In this example, “Unease” and “Joy”, although linked 

to affective VX, demonstrated only a weak negative association (see Section 

7.3.3), meaning that the impact on joy might not necessarily lead to the changes 

in unease.  

Therefore, before the summative evaluation, this research developed the scales 

to evaluate the transformations in the cognitive, introspective, restorative, and 

affective VX categories. Nevertheless, the problematic of how to establish a 

shared VX evaluation procedure remains open due to the new knowledge that 
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this formative evaluation produced. For instance, whether or not the items which 

demonstrated low correlation coefficients should be discarded from the VX 

instrument needs to be discussed further; even though they might not represent 

well the examined VX categories in this research, they might not necessarily be 

irrelevant to VX as a whole, because they still enquire about some mental 

processes within VX. It can be assumed that the items which had low factor 

loadings, low communalities or that cross-loaded might lie in between different 

VX categories or might point to the existence of an unobserved construct, as 

suggested in (Costello and Osborne, 2005). Within the larger research context, 

the analysis of the eliminated items could be developed further to investigate the 

connections between mental processes and VX categories in physical museums. 

In this doctoral research, the items that did not load onto one of the VX categories 

were not discarded before the summative evaluation and their utility was 

readdressed from the perspective of the transformations of underlying mental 

processes when visitors used and did not use the RS. 
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Chapter 8 Summative evaluation: the comparative 
analysis of visitor experience under different visiting 
conditions 

8.1 Introduction 

The findings from the exploratory field study, pilot usability study, and two pilot 

VX studies became the basis of the summative evaluation to investigate whether 

the interaction with the Grant Museum RS during a museum visit was able to 

improve VX. The previous studies revealed the role of the developed RS in the 

Grant Museum and a few potential transformations in VX (see Sections 5.4 and 

5.6), the advantages and drawbacks of using the Grant Museum RS during a visit, 

and potential challenges to trigger significant VX transformations (see Sections 

6.4.3 and 6.6). Additionally, the formative evaluation of the VX instrument helped 

design and test a tool that would measure the perceived quality of various mental 

processes within cognitive, introspective, restorative, and affective VX categories 

(see Section 7.3.3), which is crucial to detect VX transformations under different 

visiting conditions. Therefore, the acquired knowledge and developed materials 

became the foundation for the summative evaluation presented in this chapter. 

This summative evaluation provides a new, definitive knowledge dimension 

about the impact of an RS on VX. It unveils the VX transformations captured with 

the designed VX instrument when the Grant Museum visitors used or did not use 

the RS during their museum visit. Moreover, it reinforces the findings in the pilot 

usability study by enquiring about the role and quality of the developed RS from 

general museum audience. It also investigates the relation between UX and VX to 

support the argument, which motivated this doctoral research (see Section 1.1), 

that UX evaluations might not be able to determine the extent of VX 

improvements, and hence more research should be dedicated to the VX-related 

evaluations of a technology to claim its effectiveness and efficiency.  
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8.2 Objectives 

Following the previous scholarship (see Section 4.3.2.4), a summative evaluation 

is often carried out to establish the effect of an introduced change, such as an 

exhibit or a museum technology, on a phenomenon under investigation. Within 

the context of this research, the summative evaluation was set to demonstrate 

whether the interaction with the Grant Museum RS could significantly improve 

the reported quality of VX, and hence to answer the research question about the 

impact of an RS on VX. The findings were anticipated to contribute to the studies 

that focus on the development and evaluation of museum RSs by demonstrating 

whether an RS can be an effective technological solution to assist visitors to a 

physical museum. Therefore, the main objective of this summative evaluation 

was to learn how the quality of various mental processes transform under 

different visiting conditions, i.e., with and without an RS (With and Without 

visitor groups), and, more specifically, whether the quality of the explored 

processes statistically significantly improves when visitors use an RS during their 

museum visit.  

Additionally, acknowledging that the existing evaluations of museum RSs tend to 

focus on UX rather than on VX (see Section 2.3.2), the summative evaluation was 

set to investigate the relation between UX and VX, and whether UX evaluations 

can provide solid evidence that VX significantly improves when visitors use an 

RS. From a theoretical perspective, this knowledge was anticipated to emphasise 

the difference between UX and VX, and thus to put forward the need for more VX-

related studies. From a practical perspective, this study was aimed to reveal 

whether the developed RS, and similar RSs, could meet the needs of a general 

museum audience, whether visitors were satisfied with the Grant Museum RS, 

and whether they had any suggestions on how their experience could be 

improved. This UX-related knowledge was expected to contribute to a better 

understanding of how to refine a museum RS in order to amplify its effect on VX. 
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8.3 Method 

8.3.1 Participants 

Main VX study 1: cognitive, introspective, and restorative visitor 

experience 

The main VX study 1 was conducted in the Grant Museum between June 27 and 

August 3, 2019, to investigate how the RS interaction influenced the perceived 

quality of various mental processes within cognitive, introspective, and 

restorative VX categories. I approached a total of 383 visitors (see Section 4.4.2 

for eligibility criteria) in the museum for a study either with or without the RS. 

Out of 188 individuals who were approached for the With study, 27 visitors14 

declined to test the RS. Among the stated reasons were: ‘bad at technology’, ‘no 

time’, ‘too hot’, ‘not interested’, and ‘just want to browse’. Several visitors 

declined to participate only because they did not speak English, and the RS was 

not multilingual; and some visitors tried to launch the RS on their devices but had 

a poor Internet connection. Although no exact count was made, it was noticed 

that the great majority of those who declined were in groups – many group 

visitors first had to agree with each other on whether they wanted to test the RS, 

and if one visitor declined, their companion or companions declined too. 

However, the groups who agreed to participate often used one mobile device to 

generate a recommended tour. Six participants who had agreed to use the RS 

were missed on their way out of the museum, and because of this they did not 

complete a survey form (see Section 8.3.3 for the data collection procedure).  

The refusal rate in the Without group was much lower than in the With group – 

out of 195 approached visitors, only nine did not want to participate, and none 

withdrew from the study, having received a survey form. The stated reasons to 

decline in the Without group were: ‘no time’, ‘too hot’, ‘not interested’, and the 

language barrier which tended to match the reasons in the With group, except for 

the reason related to the RS interaction, such as ‘bad at technology’.  

 
14 Visitors in groups were counted as one visitor. 
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After reviewing the collected feedback, 24 survey forms from the Without and 

With groups were eliminated due to the incomplete and/or inadequate data (11 

forms in the With group and 13 forms in the Without group) – 11 respondents 

put extreme values in the survey forms, e.g., “5” for all positively and negatively 

phrased Likert-type items, seven visitors did not complete their survey forms 

fully, and six participants were under 18. As a result, the Without group consisted 

of 173 participants: 106 women and 64 men (three “Other”) aged 18 to 75 (M = 

33.47, Mdn = 29, SD = 13.53; three participants did not report their age). The With 

group consisted of 144 participants: 88 women and 56 men aged 18 to 71 (M = 

30.56, Mdn = 26, SD = 12.72; one participant did not report their age).  

During the summative evaluation, a few visitors in the With group accessed but 

did not use the RS throughout the visit. This led to an assumption that their 

experience could not fully reflect the state of VX under the With visiting condition. 

Hence, before the analysis, the With group was split into the WithFull group, 

when a visitor used the RS throughout their visit, and the WithPartial group, 

when a visitor accessed the RS at a certain point in the museum. The division was 

based on an answer to “I used this application… (only at the beginning of my 

visit/throughout my visit/other)” in the VX questionnaire, since the participants 

were not tracked in the museum. More specifically, 59 (40.97%) With study 

participants indicated that they used the RS only at the beginning of the visit, and 

six (4.16%) participants selected “Other” and specified when they tested the RS: 

‘at the beginning, once during and at the end’ (female, 55-64), ‘at the end’ (male, 

35-44), ‘end’ (male, 25-34), ‘Used the app at the end of the visit to reflect/learn 

more about exhibits that interested me’ (female, 25-34), ‘towards the end’ 

(female, 25-34), ‘I tend to start my visit without any suggestion, and then used 

this application for my second visit’ (female, 25-34). Therefore, 65 participants 

comprised the WithPartial group where the majority (n = 59, 90.77%) claimed to 

have tested the RS only at the beginning of their visit. It is necessary to 

acknowledge that there might be a difference in the experience of those who used 

the RS at the beginning and at the end of their visit. However, this study did not 

introduce a more detailed breakdown of visiting styles with the RS due to the 

sample size limitations. 
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As a result, the analysis of VX was based on the three main visitor groups:  

• MainVX_Without visitor group that did not use or test the RS during the 

visit; 

• MainVX_WithPartial visitor group that tested the RS but did not use it 

throughout the visit; 

• MainVX_WithFull visitor group that used the RS throughout the visit. 

In order to demonstrate an overall stability of VX under the same condition, the 

sample from the pilot VX study 1 was also added to the analysis as the 

PilotVX_Without visitor group, because the pilot study participants filled in the 

same VX questionnaire and could represent another Without condition. Table 20 

presents the socio-demographic characteristics of the respondents in all four 

visitor groups.  

Table 20. Socio-demographic characteristics of the participants in the four visitor 
groups (PilotVX_Without, MainVX_Without, MainVX_WithPartial, and 
MainVX_WithFull) 

Socio-demographic 
variables 

PilotVX 
_Without  
n (%) 
N = 212 

MainVX 
_Without  
n (%) 
N = 173 

MainVX 
_WithPartial 
n (%) 
N = 65 

MainVX 
_WithFull 
n (%) 
N = 79 

Age 
18-24 68 (32.08) 49 (28.32) 27 (41.54) 31 (39.24) 
25-34 71 (33.49) 63 (36.42) 21 (32.31) 25 (31.65) 
35-44 21 (9.91) 23 (13.29) 8 (12.31) 9 (11.39) 
45-54 13 (6.13) 13 (7.51) 5 (7.69) 6 (7.59) 
55-64 16 (7.55) 19 (10.98) 3 (4.62) 3 (3.80) 
65-74 20 (9.43) 2 (1.16) 0 (0.00) 5 (6.33) 
75+ 1 (0.5) 1 (0.58) 0 (0.00) 0 (0.00) 
Prefer not to say 2 (0.94) 3 (1.73) 1 (1.54) 0 (0.00) 
Gender 
Female 143 (67.45) 106 (61.27) 42 (64.62) 46 (58.23) 
Male 67 (31.60) 64 (36.99) 23 (35.39) 33 (41.77) 
Other 1 (0.5) 3 (1.73) 0 (0.00) 0 (0.00) 
Prefer not to say 1 (0.5) 0 (0.00) 0 (0.00) 0 (0.00) 
Knowledge of natural history 
Novice 37 (17.45) 25 (14.45) 11 (16.92) 10 (12.66) 
Beginner 63 (29.72) 59 (34.10) 28 (43.08) 27 (34.18) 
Competent 75 (35.38) 71 (41.04) 23 (35.38) 31 (39.24) 
Proficient 32 (15.09) 13 (7.51) 3 (4.62) 10 (12.66) 
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Table 20. Socio-demographic characteristics of the participants in the four visitor 
groups (PilotVX_Without, MainVX_Without, MainVX_WithPartial, and 
MainVX_WithFull) (continued) 

Socio-demographic 
variables 

PilotVX 
_Without  
n (%) 
N = 212 

MainVX 
_Without  
n (%) 
N = 173 

MainVX 
_WithPartial 
n (%) 
N = 65 

MainVX 
_WithFull 
n (%) 
N = 79 

Expert 3 (1.42) 5 (2.89) 0 (0.00) 1 (1.27) 
Prefer not to say 2 (0.94) 0 (0.00) 0 (0.00) 0 (0.00) 
Highest level of education achieved 
High school 29 (13.68) 38 (21.97) 15 (23.08) 19 (24.05) 
Bachelor’s 94 (44.34) 77 (44.51) 21 (32.31) 38 (48.01) 
Master’s 54 (25.47) 37 (21.39) 20 (30.77) 17 (21.52) 
PhD 15 (7.08) 10 (5.78) 7 (10.77) 3 (3.80) 
Other 17 (8.02) 11 (6.36) 2 (3.08) 2 (2.53) 
Prefer not to say 3 (1.42) 0 (0.00) 0 (0.00) 0 (0.00) 
Permanent residence 
UK 129 (60.85) 109 (63.01) 34 (52.31) 37 (46.84) 
EU 38 (17.92) 27 (15.61) 9 (13.85) 10 (12.66) 
Overseas 45 (21.23) 37 (21.39) 22 (33.85) 32 (40.51) 
First time at the Grant Museum? 
Yes 181 (85.38) 150 (86.71) 57 (87.69) 74 (93.67) 
No 31 (14.62) 23 (13.29) 8 (12.31) 5 (6.33) 
Visiting alone? 
Yes 58 (27.36) 33 (19.07) 16 (24.62) 25 (31.65) 
No 154 (72.64) 140 (80.92) 49 (75.38) 54 (68.35) 

Table notes: The largest subgroups are highlighted in bold  

As shown in Table 20, the largest subgroups were overall consistent across all 

visiting conditions, although “18-24” was the most populous age group in the 

MainVX_WithPartial and MainVX_WithFull groups, unlike the Without groups 

where the “25-34” age group dominated. Moreover, the level of knowledge of 

natural history skewed to “Beginner” in the MainVX_WithPartial group in 

contrast to all the other tested groups. Although the deviations in the largest 

subgroups suggested some differences between the samples, the Pearson’s chi-
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square test15 did not detect a relationship between age group and visiting 

condition, χ2(9, N = 523) = 8.476, p = 0.487, V = 0.074, as well as between 

knowledge of natural history and visiting condition, χ2(15, N = 529) = 18.262, p = 

0.248, V = 0.107. However, a statistically significant moderate relationship was 

detected between permanent residence and visiting condition, χ2(6, N = 529) = 

15.636, p = 0.016, V = 0.122, as the MainVX_WithFull group had a higher 

percentage of overseas participants than the other groups, p = 0.001. 

Furthermore, to extend the comparison of the characteristics of the study 

participants in the four visitor groups, all visiting MEGs, which were gathered in 

the open-ended question “I came here today to…”, were grouped into the 

following categories:  

• exploratory – e.g., ‘explore’, ‘have a look’, ‘browse the exhibits’, ‘walk 

around’, ‘feed my curiosity’; 

• educational – e.g., ‘learn’, ‘understand feline anatomy’, ‘learn something 

about skeletal system of animals’, ‘introduce myself more to natural 

history’, ‘improve my own knowledge’; 

• practical – e.g., ‘see adopted specimen’, ‘assess drawing potential of 

objects’, ‘get pictures to school’, ‘take photos for educational reasons’, 

‘research’; 

• inspirational – e.g., ‘be inspired’, ‘be motivated’, ‘get inspiration for 

projects’, ‘get new ideas for my work’; 

• social – e.g., ‘show daughter animal exhibits’, ‘spend time with a friend’, 

‘visit with my nephew’, ‘observe the exhibits with my wife who is 

interested in the natural world’, ‘encourage my sister's interest in 

zoology’; 

• restorative – e.g., ‘relax’, ‘see something interesting out of my natural 

routine at work and at home’, ‘see something different apart from my 

 
15 The subgroups where the number of cases was less than five were clustered or 
removed (in case of “Other” or “Prefer not to say”) to meet the assumption of the 
Pearson’s chi-square test to have an expected subgroup count over five in at least 80% 
of cases and no subgroups with less than one (McHugh, 2013, p. 144). For instance, all 
age groups over 45 were merged because of the infrequent occurrence of the 
participants over 55 in the With visitor groups. 
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stressful work setting’, ‘have a break from studying’, ‘get away from it all’, 

‘have a short break’, ‘take a break from work’; 

• recreational – e.g., ‘enjoy’, ‘have fun’, ‘be amazed’, ‘have an interesting 

time’; 

• random – e.g., ‘kill some time’, ‘escape the rain’, ‘be inside’, ‘use time before 

train ride’, ‘fill out some spare time’. 

 
Figure 21. Visiting motivations/expectations/goals of the participants in the four 
visitor groups from the main visitor experience study 1 (PilotVX_Without, 
MainVX_Without, MainVX_WithPartial, and MainVX_WithFull) 

A total of 55 participants from all four visitor groups did not provide any details 

about the reason why they decided to visit the Grant Museum. Moreover, 32 

visitors in the four groups wrote several MEGs, e.g., ‘visit, learn and discover’ 

(female, 45-54), and ‘have fun and learn more about natural science’ (female, 18-

24). The responses with several MEGs were randomly allocated to one of the MEG 

categories by using the list randomiser method.16 For instance, ‘learn/see new 

things’ (female, 25-34) was coded as an “exploratory, educational” MEG, and then 

 
16 https://www.random.org/lists/ 
 

https://www.random.org/lists/
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the coded MEG was entered into the list randomiser which randomly picked one 

of the abovementioned categories.  

Figure 21 shows the percentage distribution bar chart of the visiting MEGs in the 

four visitor groups. Overall, echoing the findings in the exploratory field study 

(see Section 5.4), the study participants tended to pursue exploratory and 

educational MEGs, while the other MEGs were rarely encountered. There was a 

prominent increase in educational MEGs in the MainVX_WithFull group, which 

suggested that the visitors who came to learn were more likely to use the RS 

throughout the visit. However, the output of the Pearson’s chi-square test17 did 

not detect a relationship between a MEG and a visiting condition, χ2 (9, N = 529) 

= 10.915, p = 0.282, V = 0.144, meaning that the visitors tended to pursue similar 

MEGs in all four groups. 

Main VX study 2: affective visitor experience 

Over the period from July 31 to August 30, 2019, the main VX study 2 was 

conducted to gather data about affective VX. I followed the same procedure as in 

the main VX study 1 – 385 museum visitors were approached to take part in a 

survey (see Section 4.4.2 for eligibility criteria).  

Out of 172 individuals who were asked to use the RS during their visit (the With 

group), 21 visitors declined with the stated reasons resonating with main VX 

study 1: ‘just want to explore’, ‘no time’, ‘not interested’, and ‘not enough phone 

data’. In addition, one visitor could not read text clearly on their mobile device, 

and some visitors had a poor Internet connection that prevented them from 

testing the RS. Several visitors asked if the RS was available in other languages, 

and since the RS was not multilingual, they decided not to use the RS during their 

visit. As in the main VX study 1, the majority of those who declined to use the RS 

were with a companion or companions, while those groups who agreed to 

participate tended to follow a recommended tour on one mobile device. Three 

 
17 To meet the requirement for the Pearson’s chi-square test, the categories where the 
number of cases was less than five in one or more visitor groups (i.e., practical, social, 
inspirational, restorative, recreational and random) were clustered under one 
“Miscellaneous” category before measuring the association between a MEG and a visiting 
condition. 
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visitors who agreed to take part in a study were missed on their way out of the 

museum.  

Out of 213 visitors recruited for the Without visitor group, 11 declined to 

participate, and all visitors who agreed to fill in a survey form were retained. 

Similar to the main VX study 1, the stated reasons in the Without visitor group for 

declining were: ‘no time’, ‘not interested’, and the language barrier. 

After the feedback was collected and reviewed, 21 survey forms were discarded 

(three forms in the With group and 18 forms in the Without group) – 14 survey 

forms had missing values, one survey form had extreme values, and six survey 

forms were completed by visitors under 18. As a result, the analysis of affective 

VX was based on the feedback of 329 museum visitors, 202 women and 123 men 

(two “Other” and two “Prefer not to say”) aged 18 to 76 (M = 31.8, Mdn = 28, SD 

= 12.88; three participants did not report their age). The Without group consisted 

of 184 participants: 118 women and 64 men (two “Other”) aged 18 to 75 (M = 

33.99, Mdn = 29, SD = 14.15; two participants did not report their age). The With 

group consisted of 145 participants: 84 women and 59 men (two “Prefer not to 

say”) aged 18 to 76 (M = 29.04, Mdn = 26, SD = 10.48; one participant did not 

report their age).  

As in the main VX study 1, before the analysis, the With group was split into two 

subgroups based on the responses to “I used this application… (only at the 

beginning of my visit/throughout my visit/other)” in the VX questionnaire; the 

WithFull group were those visitors who used the RS throughout the visit, and the 

WithPartial group had those visitors who used the RS at a certain point during 

the visit. Of the With study participants, 49 (33.79%) used the RS only at the 

beginning of the visit, and nine (6.21%) participants selected “Other”. Those who 

selected “Other” mentioned the following interaction behaviours: ‘at the 

beginning and at the end’ (female, 18-24), ‘at the beginning and at the end’ 

(female, 18-24), ‘when confused’ (female, 18-24), ‘if something caught my 

interest’ (male, 18-24), ‘for certain species’ (female, 18-24), ‘randomly in the 

visit’ (male, 18-24), ‘sporadically during the visit’ (female, 25-34), ‘Used the app 

to read clearly but I followed the flow of traffic’ (female, 45-54). With this, 58 

participants comprised the WithPartial group, where, like in the main VX study 
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1, the majority (n = 49, 84.49%) were the visitors who tested the RS only at the 

beginning of the visit.  

Hence, the analysis in the main VX study 2 was based on the feedback of the 

following visitor groups:  

• MainAX_Without18 visitor group that did not use or test the RS during the 

visit; 

• MainAX_WithPartial visitor group that tested the RS but did not use it 

throughout the visit; 

• MainAX_WithFull visitor group that used the RS throughout the visit. 

As in the main VX study 1, in order to demonstrate an overall stability of affective 

VX under the same condition, the sample from the pilot VX study 2 was added to 

the analysis as another Without visiting case and was referred to as the 

PilotAX_Without visitor group. 

Table 21 presents all observed socio-demographic characteristics of the study 

participants in the main VX study 2. Similar to the observation in the main VX 

study 1, the With visitor groups were slightly younger than the Without groups – 

“18-24” was the most populous age group in the With groups, and “25-34” age 

group dominated in the Without groups. Moreover, there was a slight deviation 

in the knowledge of natural history towards “Competent” in the MainAX_Without 

sample in contrast to all other samples where the “Beginner” level was selected 

more frequently. The Pearson’s chi-square test19 output showed that there was 

a statistically significant moderate relationship between an age group and a 

visiting condition, χ2(9, N = 448) = 19.883, p = 0.019, V = 0.122. However, the post-

hoc test with the Bonferroni-corrected p-value (p = 0.003) did not reveal where 

a statistically significant difference occurred, as the closest to significant 

 
18 I used the affective experience (AX) prefix instead of the VX prefix to differentiate the 
visitor groups from the main VX studies 1 and 2. 
19 Before the test, the groups with less than five cases were either removed, i.e., in case 
of “Other” and “Prefer not to say”, or clustered with other groups. For instance, there 
were not enough participants in all four studies who indicated that they were experts in 
natural history, and thus they were clustered with a more populous group of the 
“Proficient” participants. 
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difference was observed in the PilotAX_Without group that had more participants 

over 45 than the other groups, p = 0.005. 

Table 21. Socio-demographic characteristics of the participants in the four visitor 
groups (PilotAX_Without, MainAX_Without, MainAX_WithPartial, and 
MainAX_WithFull) 

Socio-
demographic 
variables 

PilotAX 
_Without  
n (%) 
N = 122 

MainAX 
_Without  
n (%) 
N = 184 

MainAX 
_WithPartial 
n (%) 
N = 58 

MainAX 
_WithFull 
n (%) 
N = 87 

Age 
18-24 32 (26.23) 52 (28.26) 23 (39.66) 38 (43.68) 
25-34 42 (34.43) 68 (36.96) 22 (37.93) 33 (38.93) 
35-44 11 (9.02) 20 (10.87) 6 (10.34) 5 (5.75) 
45-54 16 (13.11) 20 (10.87) 3 (5.17) 9 (10.34) 
55-64 13 (10.66) 13 (7.07) 3 (5.17) 1 (1.15) 
65-74 8 (6.56) 8 (4.35) 0 (0.00) 0 (0.00) 
75+ 0 (0.00) 1 (0.54) 1 (1.72) 0 (0.00) 
Prefer not to 
say 

0 (0.00) 2 (1.1) 0 (0.00) 1 (1.15) 

Gender 
Female 76 (62.30) 118 (64.13) 32 (55.17) 52 (59.77) 
Male 45 (36.89) 64 (34.78) 26 (44.83) 33 (37.93) 
Other 1 (0.82) 2 (1.09) 0 (0.00) 0 (0.00) 
Prefer not to 
say 

0 (0.00) 0 (0.00) 0 (0.00) 2 (2.30) 

Knowledge of natural history 
Novice 20 (16.39) 28 (15.22) 16 (27.59) 16 (18.39) 
Beginner 46 (37.70) 64 (34.78) 20 (34.48) 34 (39.08) 
Competent 43 (35.25) 66 (35.87) 17 (29.31) 32 (36.78) 
Proficient 12 (9.84) 24 (13.04) 2 (3.45) 4 (4.60) 
Expert 1 (0.82) 2 (1.09) 3 (5.17) 1 (1.15) 
Prefer not to 
say 

0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 

Highest level of education 
High school 29 (23.77) 32 (17.39) 8 (13.79) 14 (16.09) 
Bachelor’s 55 (45.08) 77 (41.85) 22 (37.93) 37 (42.53) 
Master’s 23 (18.85) 52 (28.26) 18 (31.03) 31 (35.63) 
PhD 7 (5.74) 8 (4.35) 5 (8.62) 1 (1.15) 
Other 8 (6.56) 15 (8.15) 5 (8.62) 3 (3.45) 
Prefer not to 
say 

0 (0.00) 0 (0.00) 0 (0.00) 1 (1.15) 
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Table 21. Socio-demographic characteristics of the participants in four visitor 
groups (PilotAX_Without, MainAX_Without, MainAX_WithPartial, and 
MainAX_WithFull) (continued) 

Socio-
demographic 
variables 

PilotAX 
_Without  
n (%) 
N = 122 

MainAX 
_Without  
n (%) 
N = 184 

MainAX 
_WithPartial 
n (%) 
N = 58 

MainAX 
_WithFull 
n (%) 
N = 87 

Permanent residence 
UK 73 (59.84) 98 (53.26) 32 (55.17) 44 (50.57) 
EU 16 (13.11) 43 (23.37) 10 (17.24) 22 (25.29) 
Overseas 33 (27.05) 43 (23.37) 16 (27.59) 21 (24.14) 
First time at the Grant Museum? 
Yes 110 (90.16) 163 (88.59) 54 (93.10) 82 (94.25) 
No 12 (9.84) 21 (11.41) 4 (6.90) 5 (5.75) 
Visiting alone? 
Yes 32 (26.23) 45 (24.46) 15 (25.86) 22 (25.29) 
No 90 (73.77) 139 (75.54) 43 (74.14) 65 (74.71) 

Table notes: The largest subgroups are highlighted in bold  

The participants’ MEGs were also reviewed to identify if there was a relationship 

between a MEG and a visiting condition. The MEGs from the open-ended question 

“I came here today to…” were first clustered following the structure set in the 

main VX study 1 for consistency purposes: 

• educational – e.g., ‘learn something new’, ‘understand our history’, ‘learn 

more about different types of animals and their makeup, i.e., structure’, 

‘know more about the specimen’; 

• exploratory – e.g., ‘explore’, ‘discover new things’, ‘see something 

interesting’, ‘have a look’, ‘fill my morbid curiosity’, ‘experience more 

things’, ‘try something different’, ‘wander around’; 

• practical – e.g., ‘see opportunities to bring students to visit’, ‘see if my son 

would like to visit’, ‘do college work’, ‘take photos for a project’, ‘see the 

Surinam Toad - my favourite specimen’, ‘research project’; 

• social – e.g., ‘show my friend the museum’, ‘spend time with family doing 

something interesting’, ‘showing wife the museum for the first time’, 

‘amuse grandson’, ‘accompany a person doing an MA’; 

• restorative – e.g., ‘relax’; 
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• inspirational – e.g., ‘be inspired’, ‘gain inspiration for 

ceramics/structure/pattern/texture’, ‘find research inspiration for my 

project (architecture)’; 

• recreational – e.g., ‘have fun’, ‘‘be entertained’, ‘be fascinated’, ‘enjoy 

myself’; 

• random – e.g., ‘kill time’, ‘waste time before hotel check-in’, ‘fill time’, ‘it 

was by chance actually’, ‘just passing by stopped in’. 

The “Not provided” category was also added as 45 participants from all four 

visitor groups did not indicate their MEGs. In addition, 26 visitors wrote several 

MEGs; similar to the main VX study 1, their responses were randomly allocated 

to one of the MEG groups by using the list randomiser method.20 For instance, 

‘enjoy a day out/learn something new/see something cool’ (female, 18-24) was 

coded as a “recreational, educational, exploratory” MEG, and then the coded MEG 

was entered into the list randomiser which randomly selected one of the 

abovementioned MEG categories. 

 
Figure 22. Visiting motivations/expectations/goals of the participants in the four 
visitor groups from the main visitor experience study 2 (PilotAX_Without, 
MainAX_Without, MainAX_WithPartial, and MainAX_WithFull) 

 
20 https://www.random.org/lists/ 
 

https://www.random.org/lists/
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As shown in Figure 22, most participants in all four visitor groups came to the 

museum with exploratory MEGs, similar to the main VX study 1, and were much 

less likely to pursue other MEGs. The Pearson’s chi-square test21 output showed 

that there was no association between a MEG and a visiting condition, χ2(9, N = 

451) = 8.402, p = 0.494, V = 0.136, indicating that the proportions of pursued 

MEGs across four studies were statistically similar. 

To summarise, using the VX questionnaires in the main VX studies 1 and 2, this 

research recorded the following socio-demographic characteristics of the study 

participants: age, gender, knowledge of natural history, highest level of education 

achieved, permanent residence, whether they came to the Grant Museum for the 

first time, and whether they were visiting alone. This data helped build a socio-

demographic profile of the participants and to investigate whether the groups 

under different visiting conditions were comparable based on the similarities of 

their socio-demographic profiles. Overall, the socio-demographic characteristics 

of the Without, WithPartial, and WithFull visitor groups in the main VX studies 1 

and 2 were similar, indicating that the With visiting condition did not tend to 

attract an audience with the characteristics different from the Without groups. 

However, in the main VX study 1, there was a statistically significant number of 

more overseas respondents in the MainVX_WithFull group than in the three other 

visitor groups. Since the same overrepresentation was not tracked in the 

MainAX_WithFull group from the main VX study 2, the difference in the main VX 

study 1 could not be explained by the changes in the visiting condition, and there 

may have been some other unobserved reasons that led to a statistically 

significant difference between the groups. Nevertheless, this difference between 

the groups emphasised that there are other external factors which can also 

influence the scoring of VX, and thus the VX transformations should not be 

 
21 To meet the requirement for the Pearson’s chi-square test, the categories where the 
number of cases was less than five in one or more visitor groups (i.e., practical, social, 
inspirational, restorative, recreational and random) were clustered under one 
“Miscellaneous” category before measuring the association between a MEG and a visiting 
condition. 
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attributed to the RS impact only, even though the RS was anticipated to become 

the main trigger of VX transformations. 

8.3.2 Materials 

The VX questionnaires which were developed in the pilot VX studies (see 

Appendix 4, Figures 4.1 and 4.2), were used in the main VX studies to establish 

how the interaction with the Grant Museum RS during the visit impacted the 

reported quality of VX.22 

For the With visitor groups, the list of questions was extended with a set of items 

which were aimed to reinforce the findings in the pilot usability study about the 

usability of the Grant Museum RS as well as to explore the relationship between 

the scoring of UX- and VX-related items. However, this study was not designed to 

develop an extensive UX scale, because it focused on VX transformations, where 

UX was assumed to be one of the elements associated with the With visiting 

condition. In addition, the number of UX-related questions had to be limited to 

ensure that visitors did not feel overwhelmed with the length of the 

questionnaire. With this consideration, the list of the UX-related items was 

limited to four questions that explored different aspects of the RS interaction, i.e., 

an overall satisfaction with the RS – “Overall, I am satisfied with the application”, 

the RS’s ease of use – “The application was easy to use”, the quality of 

recommendations – “The application gave me good suggestions”, the potential use 

intention – “I would use this application again”. The questions were taken from 

the usability questionnaire tested in the pilot usability study (see Section 6.4.2.2), 

but, assuming that the terms “recommender system” or “recommender” may not 

be familiar to all museum visitors, they were replaced with a more generic term 

“application”. The questionnaires used for the With visitor group can be found in 

Appendix 5, Figures 5.1 and 5.2. 

Furthermore, the RS, which was updated following the findings in the pilot 

usability study (see Section 6.5), was used as a material for the With visiting 

condition. The majority of the With study participants accessed the RS from their 

 
22 First questionnaire – about cognitive, introspective and restorative VX; second 
questionnaire – about affective VX. 
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personal mobile device, similar to the pilot usability study participants (see 

Section 6.4.2.3). However, if a visitor wanted to participate in the With study but 

was not able to access the RS from their own device, e.g., no Internet connection, 

they could also use the spare smartphone that had been borrowed from the UCL 

Interaction Centre for the summative evaluation. 

8.3.3 Data collection procedure  

The main VX studies 1 and 2 were conducted in the Grant Museum. Following the 

non-random quota sampling technique (see Section 4.4.2 for the sampling 

strategy), I approached as many visitors as possible within the timeframe agreed 

with the Grant Museum curators. I also tried to recruit the same number of 

participants for the With and Without groups on each day that the study was 

conducted to ensure that both visiting conditions were equally represented. A 

more profound randomisation procedure could not be undertaken since the 

study was conducted in a naturalistic environment, and hence the participants 

could not be randomly allocated to one of the visiting conditions before the study. 

For the Without visitor group, potential participants were approached at the end 

of their visiting paths to complete the VX questionnaire which could be handed 

back to me or could be submitted anonymously into the survey box located next 

to the museum entrance. For the With group, the participants were recruited as 

soon as they entered the museum so that they could use the RS during their visit.  

During the first week of the data collection, the study did not include the 

demonstration session, but having noticed a high refusal rate, and assuming that 

visitors did not know what to expect from the Grant Museum RS, I added a 

demonstration session into the data collection protocol to explain to potential 

participants how they might engage with the RS:  

[…] I developed a Web application that allows you to go on tour in the 
museum based on your object preferences. [With a demonstration on a 
mobile device] You click on the “Start the tour” button, indicate how much 
time you have for the tour, and then select at least three objects that you like 
from the list. Based on your selections, the application generates a list of 
recommended objects to explore in the museum. You also have a map where 
all recommended cabinets are highlighted. You don’t need to install the 
application on your device – you can access it by following the link, 
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regrant.herokuapp.com, or by scanning the QR code here [the data collector 
pointed at the poster that had the QR code to access the RS] […] 

The visitors who agreed to participate in the With study then launched the RS on 

a mobile device and continued their visit with an RS-generated tour. After the 

visit, before leaving the Grant Museum, I gave the With study participants a 

paper-based survey form that could be handed back to me or could be submitted 

anonymously into the survey box. The visitors who declined to participate in the 

With study were not reapproached for the Without study. 

8.3.4 Data analysis procedure 

To meet the objectives of the summative evaluation (see Section 8.2), the data 

analysis encompassed the following steps:  

1. Scale evaluation procedure to confirm the structure of the cognitive, 

introspective, restorative, and two affective VX scales detected at the Scale 

development phase (see Section 7.3.3);  

2. Comparative analysis of VX under different visiting conditions to estimate 

whether the reported quality of VX improves under the With visiting 

condition; 

3. RS performance overview to reinforce the UX-related feedback gathered 

during the pilot usability study (see Section 6.4.3); 

4. Analysis of the association between UX and VX items to explore whether the 

quality of UX can be linked to the quality of VX; 

5. Analysis of the feedback in the general open section to further explore the 

role of an RS in VX.    

The following subsections elaborate on the rationale for each step in the data 

analysis procedure. 

Scale evaluation 

Following the Item development and Scale development phases (see Chapter 7), 

this study re-evaluated the cognitive, introspective, restorative VX scales as well 

as “Unease” and “Joy”, i.e., two detected affective VX scales, to confirm their 

internal structure. A confirmatory factor analysis (CFA) is often conducted to 

http://regrant.herokuapp.com/
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inspect the relationship between the items in a latent construct a priori detected 

in an EFA (Jackson et al., 2009; Alhija, 2010; Matsunaga, 2010; Awang, 2015; 

Prudon, 2015). Hence, the CFA tests were conducted as a part of this doctoral 

research to confirm the relationship between the tested VX items within an 

overarching latent construct, e.g., cognitive VX. The CFA tests were performed 

using the lavaan package in R with the weighted least squares mean variance-

adjusted (WLSMV) estimator recommended for the Likert-type items (Schreiber, 

2008, p. 88; Alhija, 2010, p. 165; Li, 2016). The tests were based on the 

assessment of unidimensionality, construct validity, and reliability, as suggested 

in (Awang, 2015; Boateng et al., 2018). 

A recommended sample size for a CFA test varies in the published literature – 5-

10 observations per variable is advised (Prudon, 2015) with an absolute 

minimum of 100 cases for 3-4 items per factor (Kyriazos, 2018). The cognitive, 

introspective, and restorative VX scales were tested with the MainVX_Without 

dataset (N = 173), the “Unease” and “Joy” scales were evaluated using the 

MainAX_Without dataset (N = 184), meaning that the sample sizes were 

satisfactory for a CFA test.  

Comparative analysis of VX under different visiting conditions 

To compare the state of VX under different visiting conditions, this study used a 

non-parametric statistical method because of the ordinal nature of single 

measured Likert-type items (see Section 4.4.4.1 for the discussion of Likert-type 

items and Likert scales), unequal sample sizes in the visitor groups (see Section 

8.3.1), and a non-normal distribution of the scores in the cognitive and 

restorative scales based on the output of the Kolmogorov-Smirnov and Shapiro-

Wilk tests, p < 0.05. Hence, the Kruskal-Wallis H test with the Dunn-Bonferroni 

post-hoc method was selected to determine if there were statistically significant 

differences, p < 0.05, in the mean ranks of the VX categories and their underlying 

items between the Without, WithPartial, and WithFull groups. These differences 

were used as evidence of the influence of the RS interaction on VX. 
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UX overview 

This research also analysed how the UX-related items were scored in the 

WithPartial and WithFull visitor groups to determine if there was a difference in 

the perception of the RS quality depending on a visiting condition. Similar to the 

analysis of the VX items, to compare the reported quality of UX between the 

WithPartial and WithFull groups, the Kruskal-Wallis H tests with the Dunn-

Bonferroni post-hoc method were conducted.  

Relation between UX and VX 

To explore how UX and the VX might be related, this research conducted non-

parametric Spearman’s rank-order correlation tests that measure the direction 

and the strength of association between ordinal variables and/or non-normally 

distributed continuous variables. To report the strength of association, this 

research followed the interpretation for the Spearman’s correlation coefficients 

in (Dancey and Reidy, 2017). The findings were anticipated to demonstrate how 

the usability of an RS can correlate with the reported quality of VX, e.g., whether 

there was a relationship between the RS’s ease of use and the changes in 

restorative VX. 

Feedback from the general open section 

The general open section was added to the VX questionnaires so that the 

participants could comment on their museum experience in a free-text format. It 

is important to emphasise, however, that the gathered feedback was not 

anticipated to replace an in-depth qualitative study, since the opinions of the 

participants who commented in the general open section might not accurately 

reflect the opinions of all visitors who were recruited for the study. Nevertheless, 

due to the lockdown restrictions in 2020, which did not allow conducting an 

additional qualitative evaluation in the physical museum, it was useful to share 

the knowledge gained from the analysis of the feedback in the general open 

section in this thesis, because a few common opinions about the RS advantages 

and drawbacks were detected.  

The coding process first involved examining the frequencies of word occurrences 

in the studied visitor groups using NVivo 12 to establish whether and how the 
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focus in the reported feedback shifted with the integration of the Grant Museum 

RS into a museum visit. Out of 980 respondents from all pilot and main groups, 

378 (38.57%) participants provided some feedback in the general open section. 

After an initial review of the collected data, six responses were removed due to 

the lack of value and/or due to the difficulties interpreting the data, e.g., “Thank 

you” notes. Therefore, this study used the comments of 372 (37.96%) 

respondents for the initial feedback analysis, 241 women and 126 men (three 

“Other” and two “Prefer not to say”) aged 18 to 76 (M = 34.35, Mdn = 29, SD = 

14.39; four participants did not report their age).23 Then, the analysis focused on 

the feedback of the RS users only so as to provide evidence of the advantages and 

drawbacks of integrating an RS into a museum space based on the perceptions of 

the RS users; out of 289 visitors from the WithPartial and WithFull groups, 134 

(46.37%) participants commented on their experience in the general open 

section, 78 women and 55 men (one “Prefer not to say”) aged 18 to 71 (M = 31.55, 

Mdn = 27, SD = 11.92; one participant did not report their age).  

The gathered data was manually coded using the conventional content analysis 

method. The analysis involved identifying the variables from the personal, 

sociocultural, physical, and digital contexts, such as “visit”, “experience”, “cabinet 

numbers”, “suggestions”, “Learn more feature”, to detect the subject within each 

respondent’s comment. Once the variables were identified, the coding process 

expanded to the context within which those variables were mentioned. The 

context helped detect the meaning units, e.g., ‘I had a hard time finding the case 

numbers’, formulate codes, e.g., “Finding recommended objects” and group codes 

into broader categories, e.g., “About the RS-related drawbacks”. Then, the 

frequencies of the occurrence of each category in the WithPartial and WithFull 

groups were compared to inspect the changes in the attitude towards the RS 

depending on the visiting condition. Finally, the analysis moved to the 

interpretation of the visitor feedback with the embedded quotes to illustrate and 

discuss the role of the Grant Museum RS in the detected VX transformations.  

 
23 Response rate in different groups: PilotVX_Without: n = 91, 42.93%; PilotAX_Without: 
n = 41, 33.61%; MainVX_Without: n = 50, 28.90%; MainAX_Without: n = 56, 30.44%; 
MainVX_WithPartial: n = 25, 38.46%; MainAX_WithPartial: n = 27, 46.55%; 
MainVX_WithFull: n = 41, 51.90%; MainAX_WithFull: n = 41, 47.13%; 
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8.4 Scale evaluation 

Scale evaluation: cognitive, introspective, and restorative visitor 

experience scales 

A CFA was conducted to establish whether the structure of the cognitive, 

introspective, and restorative VX scales, which were developed during the EFA 

procedure (see Section 7.3.3), was applicable to a new dataset. This analysis was 

crucial to draw conclusions about, for example, the transformations of 

introspective VX as a whole rather than a single Likert-type item.  

After the analysis of the initial factor loadings with the MainVX_Without dataset 

(N = 173), “The information was presented in an interesting way” with the loading 

= 0.537 was removed from the cognitive VX construct to obtain a better model fit 

with higher internal consistency coefficients, as suggested in (Kyriazos, 2018). 

The remaining 12 items were retained for the CFA. Then, a three-factor structure, 

where each factor represented either cognitive, or introspective, or restorative 

VX construct, demonstrated a good fit for the data from the MainVX_Without 

dataset, meaning that the relationship between the tested items were detected 

and the items loaded into one overarching latent construct, e.g., cognitive VX, as 

was expected. The model goodness-of-fit indices were: χ2 (51) = 67.949, p = 

0.056, goodness of fit index (GFI) = 0.987, adjusted goodness of fit (AGFI) = 

0.980, comparative fit index (CFI) = 0.965, Tucker-Lewis index (TLI) = 0.954, 

normed fit index (NFI) = 0.876, root mean square error approximation (RMSEA) 

= 0.044, and standardized root mean square residual (SRMR) = 0.053. All model 

fit indices surpassed the cut-off points24, except for the NFI coefficient, which can 

be sensitive to a sample size and can underestimate the fit for samples less than 

200 (Hooper et al., 2008).  

 
24 Minimum satisfactory thresholds: GFI, AGFI, CFI, NFI ≥ 0.95 and TLI ≥ 0.96 for 
categorical data; RMSEA ≤ 0.06; SRMR ≤ 0.06 (Schreiber et al., 2006, p. 330; Hooper et 
al., 2008; Schreiber, 2008, p. 89; Alhija, 2010; Prudon, 2015; Sarmento and Costa, 2019). 
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Figure 23. A three-factor measurement model of a twelve-item visitor experience 
scale 

As seen in Figure 23, all standardised factor loadings in the VX model exceeded 

the 0.5 threshold25 ranging between 0.526 and 0.788, and all relationships 

between the items and their latent constructs were statistically significant, p < 

0.001. As shown in Table 22, the Cronbach’s alpha and Composite Reliability (CR) 

 
25 An acceptable factor loading should be above 0.5, while a factor loading over 0.7 is 
considered to provide strong evidence that an observed variable is related to a latent 
construct (Awang, 2015).  
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coefficients for all three VX factors exceeded the recommended thresholds.26 

These results indicated that the latent constructs were internally consistent, and 

their underlying items were related.  

Table 22. Inter-construct correlations and reliability coefficients of cognitive, 
introspective, and restorative visitor experience constructs 

Factor Cronbach’s 
alpha 
(0.7) 

Convergent validity Discriminant validity 

Composite 
Reliability 

(0.6) 

Average 
Variance 
Extracted 

(0.5) 

in
tr

os
pe

ct
iv

e 

co
gn

it
iv

e 

re
st

or
at

iv
e 

introspective 0.867 0.867 0.521  0.722 a   

cognitive 0.717 0.724 0.467 0.516 0.683  

restorative 0.700 0.703 0.447 0.513 0.532 0.669 

Table notes: 
a The main diagonal shows the square root of the Average Variance Extracted 
shared between the factors and their observed variables. The off-diagonal 
elements are the correlations between factors also shown in Figure 19. 

The Average Variance Extracted (AVE) value of the introspective VX was 

acceptable at 0.521, 27 meaning that the convergent validity of this factor was 

adequate (see Table 22). The AVE values of the cognitive and restorative VX 

categories did not exceed the minimum value, although their Cronbach’s alpha 

coefficient, CR coefficient and factor loadings managed to meet the minimum cut-

off points. This implied that cognitive and restorative factors need to be 

readdressed in the future with more robust cognitive and restorative VX 

instruments that could have more underlying, highly correlated items.  

As shown in Table 22, the square root of the AVE of each factor exceeded the 

correlations between the factors suggesting that the cognitive, restorative, and 

introspective constructs were distinct from each other, and hence the scales met 

 
26 Recommended thresholds in reliability tests: Composite Reliability – over 0.6 (Awang, 
2015); Cronbach’s alpha – over 0.7 (Boateng et al., 2018). 
 
27 The minimum value for Average Variance Extracted is 0.5 (Awang, 2015; Ahmad et 
al., 2016). 
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the criterion for the discriminant validity as well (Awang, 2015; Boateng et al., 

2018).  

Scale evaluation: affective visitor experience scales 

Another CFA was conducted to confirm the dimensional structure of the “Unease” 

and “Joy” constructs which were found within the affective VX scale during the 

EFA procedure (see Section 7.3.3).  

After the analysis of the initial factor loadings with the MainAX_Without dataset 

(N = 184), a better fit model and stronger factor loadings could be achieved if 

energised was removed from the “Joy” construct due to its low factor loading at 

0.510. As a result, the CFA test was performed with the remaining eight items. 

The revised dimensional structure of the scale indicated that a two-factor 

solution with eight affective VX items fit well the data from the MainAX_Without 

dataset. All model goodness-of-fit indices were within the acceptable range: χ2 

(17) = 14.748, p = 0.738, GFI = 0.996, AGFI = 0.993, CFI = 1.000, TLI = 1.000, NFI 

= 0.918, RMSEA = 0.000, and SRMR = 0.029.28 

The factor loadings ranged between 0.617 and 0.815 (see Figure 24), while all 

the relationships between the items and their latent constructs were statistically 

significant, p < 0.001. From Table 23, the AVE values for “Unease” and “Joy” were 

satisfactory at 0.520 and 0.498 respectively, although the AVE value for “Unease” 

was 0.002 below the recommended cut-off point. 

The latent factors of “Unease” and “Joy” were internally consistent following the 

Cronbach’s alpha and CR coefficients. As can be seen in Table 23, there was a 

moderate relationship between “Unease” and “Joy”, but the factors successfully 

diverged from each other as the square root of AVE in both factors was higher 

than the correlation between the factors. 

  

 
28 Minimum satisfactory thresholds: GFI, AGFI, CFI, NFI ≥ 0.95 and TLI ≥ 0.96 for 
categorical data; RMSEA ≤ 0.06; SRMR ≤ 0.06 (Schreiber et al., 2006, p. 330; Hooper et 
al., 2008; Schreiber, 2008, p. 89; Alhija, 2010; Prudon, 2015; Sarmento and Costa, 2019). 
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Figure 24. A two-factor measurement model of an eight-item affective visitor 
experience scale 
 

Table 23. Inter-construct correlations and reliability coefficients of “Unease” and 
“Joy”, two affective visitor experience subcategories 

Factor Cronbach’s 
alpha 
(0.7) 

Convergent validity Discriminant validity 

Composite 
Reliability 

(0.6) 

Average 
Variance 
Extracted 

(0.5) 

“Unease” “Joy” 

“Unease” 0.817 0.831 0.498 0.706 a  

“Joy” 0.761 0.763 0.520 -0.455 0.721 

Table notes: 
a The main diagonal shows the square root of the Average Variance Extracted 
shared between the factors and their observed variables. The off-diagonal 
elements are the correlations between factors also shown in Figure 20. 
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To summarise, the CFA was conducted to confirm the structure of the VX scales 

identified during the EFA (see Section 7.3.3). Overall, following the 

recommended cut-off points for the CFA-related coefficients (see Section 8.3.4), 

the CFA results for the VX scales were satisfactory with acceptable goodness-of-

fit indices, factor loadings, Cronbach’s alpha and CR coefficients, and 

discriminant validity values. Nevertheless, it is necessary to acknowledge that 

AVE values were below the recommended 0.5 cut-off point in the cognitive 

(0.467), restorative (0.447) and “Unease” (0.498) factors, indicating that future 

work should focus on refining the internal structure of these factors by extending 

the cognitive, restorative and “Unease” constructs with more items, even though 

the tested items described the constructs as expected and other validity 

coefficients surpassed the cut-off points.  

Reflecting on the results, this research argues that even though the statistical 

findings were satisfactory, all the VX categories should be explored further under 

other (quasi-)experimental conditions and in other museum spaces, considering 

that VX might vary depending on a museum type, e.g., introspective VX might be 

more prominent in art galleries than in science museums (Pekarik et al., 1999). 

At the same time, since museum visitors might not be willing to complete a 

lengthy survey form, it is necessary to introduce an optimal and rigorous 

structure of each VX category with highly correlated items, aspiring that this 

could help establish a shared approach to the evaluation of the impact of visitor-

centred museum technologies on VX. As shown in this thesis, a significant amount 

of work was dedicated to the development and validation the VX instrument and, 

if the instrument had already been developed, this research could have focused 

on the enquiry into the impact of an RS on VX only. Nevertheless, through the 

literature review, the Item development, Scale development, and Scale 

evaluation procedures, I identified the items that could describe cognitive, 

introspective, restorative VX categories as well as “Unease” and “Joy”, which are 

two subcategories of affective VX. With this knowledge, this research proceeded 

with the analysis of VX transformations under different visiting conditions to 

answer the main research question “(How) can a recommender system impact 

visitor experience in a physical museum?”. 
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8.5 Results 

This section presents the quantitative and qualitative analysis of the data 

gathered in the summative evaluation. It reveals whether the With visiting 

condition managed to improve various processes within cognitive, introspective, 

restorative, and affective VX categories. Moreover, this section presents the 

results of the changes in several VX-related items that were discarded after the 

EFA (see Chapter 7.3.3) and CFA (see Section 8.4) tests to learn whether these 

items were able to contribute to the understanding of VX transformations under 

different conditions, even though they could not be linked to one VX category. 

In addition, this section looks into the role of the Grant Museum RS in the 

observed VX transformations. It first presents a comparative analysis of the UX 

scores given by the WithPartial and WithFull groups to ask how the perception 

of the RS quality can vary between the groups with different interaction styles. 

Then, this section investigates the association between the UX and VX scores to 

establish whether a UX-related test can inform the VX improvements. Finally, by 

analysing the feedback of the RS users collected via the general open section, this 

section discusses the benefits and drawbacks of the Grant Museum RS which, in 

turn, reveal how the developed RS, as well as similar museum RSs, could be 

improved and how the RS’ effect on VX could be amplified. 

While this section reports the findings, a more in-depth analysis of the results is 

presented in Section 8.6 to reflect on the new knowledge and the contributions 

of this study to the wider research context. 

8.5.1 Visitor experience transformations 

8.5.1.1 Cognitive experience 

The Kruskal-Wallis H test identified a statistically significant difference in the 

scores for cognitive VX between the four visitor groups, H(3, N = 529) = 9.882, p 

= 0.020, meaning that the quality of cognitive VX underwent significant 

transformations when the visiting conditions changed. More specifically, 

following the Dunn-Bonferroni post hoc test output, the difference was observed 
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between the MainVX_WithFull and PilotVX_Without groups, p = 0.013.29 This 

indicated that the study participants who used the RS throughout the visit tended 

to score their cognitive VX differently from the participants in the pilot Without 

study, and hence the With visiting condition triggered significant 

transformations in cognitive VX. On the other hand, this study also found that the 

cognitive VX of the MainVX_WithFull and MainVX_Without groups was 

statistically similar, p = 0.071. This implied that while there is potential in the 

With visiting condition to transform VX, the effect of an RS-enhanced visit can be 

insufficient to make cognitive VX significantly deviate from the experience of a 

Without group. There was also no evidence of the difference in cognitive VX 

between the other pairs. 

Figure 25 demonstrates how the data for cognitive VX were distributed in all the 

four visitor groups. Overall, the scores for cognitive VX in the four groups were 

positive; all medians varied between 4.0 and 4.3, meaning that the participants 

from all groups tended to agree with the cognitive VX items (all items were 

positively phrased) regardless of whether they used the RS or not. However, as 

also shown in Figure 25, the cognitive VX of the two Without groups was slightly 

different – the median value for cognitive VX was higher in the MainVX_Without 

group, Mdn = 4.3, than in the PilotVX_Without group, Mdn = 4.0. Taking into 

account the similarities in the observed socio-demographic characteristics and 

visiting conditions of the Without groups (see Section 8.3.1), it can be assumed 

that some changes in the contextual variables led to a slightly improved cognitive 

VX of the MainVX_Without group in contrast to the PilotVX_Without group. As one 

of potential reasons why the changes between the two Without groups were 

detected, during the main VX studies in June-August 2019, a new temporary 

exhibition of the work of the Slade School of Fine Art students was displayed in 

the Grant Museum with several informational posters about the exhibits. These 

changes did not lead to a statistically significant difference between the two 

Without groups, but they did not allow cognitive VX in the two Without groups to 

converge.  

 
29 Mean ranks: PilotVX_Without – 249.99; MainVX_Without – 259.45; 
MainVX_WithPartial – 273.12; MainVX_WithFull – 310.75 
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Figure 25. Distribution of the scores for cognitive visitor experience in the four 
visitor groups (PilotVX_Without, MainVX_Without, MainVX_WithPartial, and 
MainVX_WithFull) 
Figure notes: the score for cognitive VX was calculated by adding the values of 
three cognitive items per participant and dividing the sum by the total number 
of items in the cognitive VX scale. In a single Likert-type item, “Strongly disagree” 
was coded as 1 and “Strongly agree” was coded as 5. All the cognitive VX items 
were positively phrased. 

Most importantly, the results demonstrated that even when the RS was used 

throughout the visit and with more information about museum objects that the 

RS supplied, the cognitive VX of the MainVX_WithFull group did not prominently 

deviate from the experience reported by both Without groups. As can be seen in 

Figure 25, although some slight positive changes in cognitive VX were observed 

in the MainVX_WithFull group, the median value remained at 4.3 as in the other 

two groups from the main VX study. This revealed that the impact of the RS on 

cognitive VX was positive yet insignificant. In addition, cognitive VX of the 

MainVX_WithPartial group, which tested the RS but did not use it throughout the 

visit, resembled that of the MainVX_Without group with the median of 4.3 and a 

similar data distribution, also showing that the access to the RS and its features 

at some point during the visit does not automatically result in the improvements 

of cognitive VX. 

Figure 26 illustrates how the museum visitors scored each of the three cognitive 

VX items. A statistically significant difference was detected in the scoring of “The 
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visit enriched my knowledge about many exhibits”, H(3, N = 529) = 11.693, p = 

0.009. The participants who used the RS throughout the visit tended to agree that 

they learned something new about the exhibits more often than the 

PilotVX_Without, p = 0.004, and MainVX_Without, p = 0.046, groups. Additionally, 

there were some improvements in how educational and thought-provoking the 

visit was in the group that used the RS throughout the visit, but the impact of the 

RS interaction was not sufficient enough, since a statistically significant 

difference between the four groups was not detected, “The visit was educational”, 

H(3, N = 529) = 5.568, p = 0.135, and “The visit was thought-provoking”, H(3, N = 

529) = 3.560, p = 0.313.  

To summarise, additional information provided in the RS was expected to fill in 

the information gap, but following the outputs of the statistical tests, it was not 

enough to significantly improve cognitive VX as a whole. The RS interaction 

throughout the visit had the potential to trigger significant transformations as 

was shown by the difference in the cognitive VX scores between the 

MainVX_WithFull and PilotVX_Without groups. However, the quality of cognitive 

VX in all the three groups from the main study was scored higher than the 

experience of the pilot group, which suggested that there were some additional 

external factors that might have contributed to the cognitive VX improvements. 

Nevertheless, this study identified that the participants with the RS throughout 

the visit tended to agree that the visit enriched their knowledge about many 

exhibits more often that both Without groups. This indicated that although the 

With visiting condition could not transform cognitive VX as a whole, the 

interaction with the RS throughout the visit managed to help the 

MainVX_WithFull participants with gaining new knowledge/learning. 
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Figure 26. Cognitive visitor experience items 
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8.5.1.2 Introspective experience 

The Kruskal-Wallis H test showed that there was a statistically significant 

difference in introspective VX between the four examined visitor groups, H(3, N 

= 529) = 15.046, p = 0.002.30 This indicated that, similar to cognitive VX, 

introspective VX was sensitive to the changes in the visiting condition. The Dunn-

Bonferroni post hoc test revealed that the introspective VX of the 

MainVX_WithFull group deviated from the introspective VX of both Without 

groups, i.e., PilotVX_Without, p = 0.003, and MainVX_Without, p = 0.002. This 

implied that the quality of the introspective VX of the visitors who used the Grant 

Museum RS throughout the visit was different from the experience of those who 

did not interact with the RS. A statistically significant difference between the 

other groups was not detected. 

Figure 27 presents the distributions of the scores for introspective VX in the four 

visitor groups. As can be seen in the boxplot, the data distributions in the 

PilotVX_Without and MainVX_Without visitor groups, who were surveyed in 

February-March 2019 and June-August 2019 respectively, were almost identical, 

meaning that the influence of some external factors on introspective VX was not 

observed, unlike on cognitive VX (see Section 8.5.1.1). In addition, this result 

reinforced the existence of a stable measurable construct, i.e., introspective VX, 

which underwent some statistically significant positive transformations when 

the RS was used throughout the visit. Introspective VX tended to be scored higher 

by the MainVX_WithFull group than by the other groups; while the median value 

for introspective VX in both Without groups was 2.83, it increased to 3.17 in the 

MainVX_WithFull group. The median for the introspective VX of the 

MainVX_WithPartial group was 3.0 which placed the experience of the 

MainVX_WithPartial group between the two distinct, i.e., Without and WithFull, 

visiting conditions. 

 
30 Mean ranks: PilotVX_Without – 254.49; MainVX_Without – 249.18; 
MainVX_WithPartial – 268.82; MainVX_WithFull – 324.70 
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Figure 27. Distribution of the scores for introspective visitor experience in the four 
visitor groups (PilotVX_Without, MainVX_Without, MainVX_WithPartial, and 
MainVX_WithFull) 
Figure notes: the score for introspective VX was calculated by adding the values 
of six introspective items per participant and dividing the sum by the total 
number of items in the introspective VX scale. In a single Likert-type item, 
“Strongly disagree” was coded as 1 and “Strongly agree” was coded as 5. All the 
introspective VX items were positively phrased. 

However, it is necessary to underscore that even though the results of the 

statistical tests provided some evidence of the positive changes in introspective 

VX under the WithFull visiting condition, the median of introspective VX 

remained within the “Neutral” range, and thus the participants in the 

MainVX_WithFull group could still not form a definitive opinion about whether 

they were engaged in introspection during their visit. In addition, the scores 

varied between “Strongly Disagree” and “Strongly Agree” in all the four groups, 

which also illuminated an overall fluctuation in the state of introspective VX in 

the targeted physical museum.  

The analysis of single Likert-type items within the introspective VX scale (see 

Figure 28) showed that the With visiting condition significantly influenced the 

scoring of “The visit changed the way I feel or think about myself”, “The visit made 

me think about my role in this world”, “The visit changed some of my firmly held 

ideas”, and “The visit helped me understand my own learning process better” (see 



 

 252 

all significance coefficients and mean ranks in Appendix 5, Table 5.1).31 The 

MainVX_WithFull group tended to agree with the statements more often than the 

PilotVX_Without and MainVX_Without groups. However, the number of “Neutral” 

responses to all of the abovementioned questions underscored that even with 

some positive transformations, many visitors who used the RS throughout the 

visit were still unsure whether they were involved in introspection. Additionally, 

“I learned new things about myself” was scored similarly by all the four visitor 

groups, H(3, N = 529) = 7.308, p = 0.063, indicating that the RS could not help 

visitors learn something new about their own preferences through personalised 

recommendations. “What I learned forced me to rethink how I view the world” also 

underwent some transformations under the examined visiting conditions, H(3, N 

= 529) = 8.014, p = 0.046, but the pairwise comparisons test did not reveal where 

the effect occurred as the closest to statistically significant was the difference 

between MainVX_WithFull and MainVX_Without groups, p = 0.097.  

Therefore, the analysis showed that the visitors who used the RS throughout the 

visit tended to score their introspective VX more positively than the other groups. 

However, introspective VX remained within the “Neutral” range under all the 

visiting conditions, meaning that while the RS had potential to improve 

introspective VX, the RS users still rarely engaged in introspection in the Grant 

Museum.

 
31  
“The visit changed the way I feel or think about myself”, H(3, N = 529) = 12.996, p = 0.005, 
with a statistically significant difference between the PilotVX_Without and 
MainVX_WithFull groups, p = 0.017, and between the MainVX_Without and 
MainVX_WithFull groups, p = 0.003; 
“The visit made me think about my role in this world”, H(3, N = 529) = 10.127, p = 0.018, 
with a statistically significant difference between the PilotVX_Without and 
MainVX_WithFull groups, p = 0.035, and between the MainVX_Without and 
MainVX_WithFull groups, p = 0.017; 
“The visit changed some of my firmly held ideas”, H(3, N = 529) = 13.062, p = 0.005, with 
a statistically significant difference between the PilotVX_Without and MainVX_WithFull 
groups, p = 0.006, and between the MainVX_Without and MainVX_WithFull groups, p = 
0.012; 
“The visit helped me understand my own learning process better”, H(3, N = 529) = 11.925, 
p = 0.008, with a statistically significant difference between the PilotVX_Without and 
MainVX_WithFull groups, p = 0.009, and between the MainVX_Without and 
MainVX_WithFull groups, p = 0.011. 
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Figure 28. Introspective visitor experience items 
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Figure 28. Introspective visitor experience items (continued) 
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8.5.1.3 Restorative experience 

The Kruskal-Wallis H test indicated that there was a statistically significant 

difference in restorative VX between the four visitor groups, H(3, N = 529) = 

7.938, p = 0.047. However, the Dunn-Bonferroni post hoc test did not detect 

which group pairs triggered this difference – the closest to a statistically 

significant difference was found between the MainVX_WithFull and 

PilotVX_Without groups, p = 0.069, and the MainVX_WithFull and MainVX_Without 

groups, p = 0.064.32 These results suggested that although there was the 

potential for the WithFull visiting condition to transform restorative VX, the 

interaction with the Grant Museum RS had no statistically significant effect on 

restoration.  

  
Figure 29. Distribution of the scores for restorative visitor experience in the four 
visitor groups (PilotVX_Without, MainVX_Without, MainVX_WithPartial, and 
MainVX_WithFull) 
Figure notes: the score for restorative VX was calculated by adding the values of 
three restorative items per participant and dividing the sum by the total number 
of items in the restorative VX scale. In a single Likert-type item, “Strongly 
disagree” was coded as 1 and “Strongly agree” was coded as 5. All the restorative 
VX items were positively phrased. 

 
32 Mean ranks: PilotVX_Without – 255.71; MainVX_Without – 253.65; 
MainVX_WithPartial – 275.62; MainVX_WithFull – 306.04 
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Figure 29 illustrates the distribution of the scores for restorative VX across four 

visitor groups. The scores for restorative VX were less spread out than those for 

introspective VX, meaning that the participants could form a more definitive 

opinion about restoration in contrast to introspection. The median value was 4.0 

across all the four groups, suggesting that restorative VX was overall positive and 

that the RS interaction during the museum visit did not have a substantial impact 

on this VX category. 

As can be seen in Figure 30 below, the RS users tended to agree more often than 

the visitors from the other groups that they could restore their energy and could 

get away from daily routine, everyday thoughts, and concerns, meaning that 

there were some improvements in the reported restoration when visitors used 

the RS throughout the visit. However, the deviation of the WithFull from the 

Without groups was not sufficient enough to result in some statistically 

significant positive transformations, “The visit helped me get away from daily 

routine”, H(3, N = 529) = 4.379, p = 0.223, and “I managed to get away from 

everyday thoughts and concerns”, H(3, N = 529) = 6.674, p = 0.083. Although the 

Kruskal-Wallis H test showed that there was a statistically significant difference 

in the scoring of “The visit helped me restore my energy” between the four groups, 

H(3, N = 529) = 8.739, p = 0.033, the pairwise comparisons test did not reveal 

where the effect occurred; the closest to significant was the difference between 

the MainVX_WithFull and MainVX_Without pair, p = 0.061. 

Therefore, the impact of the With visiting condition on restorative VX was not 

substantial enough to lead to some statistically significant improvements in 

restorative processes during a museum visit, while the quality of restorative VX 

of the WithFull group resembled that of the groups that did not test or use the RS. 

This finding revealed the limitations of the Grant Museum RS, and that it, as well 

as other similar RSs, might not be able to improve VX as a whole.
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Figure 30. Restorative visitor experience items 
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8.5.1.4 Affective experience 

Unease 

An affective VX subcategory “Unease” encompassed five underlying emotions: 

angry, uncomfortable, emotionally exhausted, stressed, and sad. The Kruskal-

Wallis H test showed that there was no effect of a visiting condition on the level 

of “Unease”, H(3, N = 451) = 3.650, p = 0.302.  

 
Figure 31. Distribution of the scores for “Unease” in four visitor groups 
(PilotAX_Without, MainAX_Without, MainAX_WithPartial, and MainAX_WithFull) 
Notes: the score for “Unease” was calculated by adding the values of five items 
related to “Unease” per participant and dividing the sum by the total number of 
items in the “Unease” scale. In a single Likert-type item, “Strongly disagree” was 
coded as 1 and “Strongly agree” – as 5. 

Figure 31 demonstrates that all the four visitor groups tended to disagree that 

they felt “Unease” – the median value varied between 1.2 in the MainAX_WithFull 

group and 1.6 in the MainAX_Without group. There was some slight variation in 

“Unease” between the two Without groups – while the median value was 1.4 in 

the PilotAX_Without group, it increased to 1.6 in the MainAX_Without group. 

Although this variation was not statistically significant, it again illuminated the 

existence of some external factors that led to some fluctuations in the overall 
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level of “Unease” under the Without visiting condition, similar to what was 

detected in cognitive VX (see Section 8.5.1.1).  

Figure 32 shows the scores for each emotion related to “Unease”. The Kruskal-

Wallis H test did not detect a statistically significant difference in the scores for 

any of the “Unease”-related emotions; the majority of participants in all four 

groups did not feel angry, uncomfortable, emotionally exhausted, stressed, 

and/or sad during their museum visit, and the RS interaction during the visit did 

not visibly transform an emotional response related to “Unease” (see Appendix 

5, Table 5.1 for all the statistical significance coefficients).  

To summarise, the results of the statistical tests suggested that the With visiting 

condition did not have any statistically significant impact on “Unease” and its 

underlying emotions. Similar to restorative VX, this finding illustrated the 

limitations of the Grant Museum RS to transform VX as a whole. 
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Figure 32. Affective visitor experience items – “Unease” 
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Figure 32. Affective visitor experience items – “Unease” (continued)
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Joy 

An affective VX subcategory “Joy” encompassed three emotions: happy, excited, 

and inspired. The Kruskal-Wallis H test provided strong evidence of a difference 

in the mean ranks for “Joy” between the four visitor groups, H(3, N = 451) = 

13.754, p = 0.003.33 The Dunn-Bonferroni pairwise comparisons test revealed 

that the level of “Joy” reported by the MainAX_WithFull group was statistically 

significantly different from that of the PilotAX_Without, p = 0.003, and 

MainAX_Without, p = 0.009, groups. A statistically significant difference between 

the other pairs was not detected.  

  
Figure 33. Distribution of the scores for “Joy” in four visitor groups 
(PilotAX_Without, MainAX_Without, MainAX_WithPartial, and MainAX_WithFull) 
Figure notes: a score for “Joy” was calculated by adding the values of three items 
related to “Joy” per participant and dividing the sum by the total number of items 
in the “Joy” scale. In a single Likert-type item, “Strongly disagree” was coded as 1 
and “Strongly agree” – as 5. 

Figure 33 demonstrates how the study participants across all the four visitor 

groups scored “Joy”. The level of “Joy” was stable overall under the same visiting 

condition in the PilotAX_Without and MainAX_Without visitor groups with the 

 
33 Mean ranks: PilotAX_Without – 208.38; MainAX_Without – 217.59; 
MainAX_WithPartial – 222.12; MainAX_WithFull – 271.09 
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median of 3.75. This also indicated that under the original, Without, visiting 

condition, the level of “Joy” was moderate as not all participants could strongly 

agree with feeling happy, excited, and inspired during the visit. However, the 

median increased to 4.00 in the MainAX_WithFull group, suggesting that the 

visitors who used the RS throughout the visit were more prone to feeling happy, 

inspired and/or excited during the visit. The level of “Joy” in the 

MainAX_WithPartial group was between the Without and WithFull visiting 

conditions with the median of 3.88. 

The analysis of the underlying “Joy”-related emotions suggested that the effect 

on the “Joy” construct was brought about by feeling happy and excited (see Figure 

34). The Kruskal-Wallis H test detected a statistically significant difference in the 

mean ranks for feeling happy between the four visitor groups, H(3, N = 451) = 

16.294, p = 0.001, and, following the output of the Dunn-Bonferroni pairwise 

comparisons test, the scores for feeling happy in the MainAX_WithFull group 

deviated from the scores in the PilotAX_Without, p = 0.001, MainAX_Without, p = 

0.016, and MainAX_WithPartial, p = 0.050, groups. As can be seen in Figure 34 

below, the visitors from the MainAX_WithFull group felt happier during the visit 

than the visitors from the other three groups. Similarly, the mean ranks for 

feeling excited were different between the visitor groups, H(3, N = 451) = 11.971, 

p = 0.007; the participants from the MainAX_WithFull group reported a higher 

level of excitement during the visit than the visitors from the PilotAX_Without, p 

= 0.023, and MainAX_Without, p = 0.007, groups. The level of feeling inspired 

remained statistically similar between the four groups, H(3, N = 451) = 4.560, p 

= 0.207. 

Therefore, the level of “Joy” was overall satisfactory in all the four visitor groups. 

It also remained relatively stable under the same, Without, visiting condition 

which allowed to draw conclusions about its transformations when visitors 

interacted with the RS during the visit. The statistical analysis demonstrated that 

the participants who used the RS throughout the visit experienced a higher level 

of “Joy” than the other visitor groups, and, in particular, they felt happier and 

more excited than the participants who did not interact with the RS. 

Nevertheless, it is required to conduct a qualitative evaluation to understand 
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what triggered the transformations in “Joy” and to provide more robust evidence 

that the RS interaction was one of the sources of a positive emotional response 

(see Section 8.5.3.3). 
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Figure 34. Affective visitor experience items – “Joy"
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8.5.1.5 Other tested visitor experience-related items  

In addition to testing the transformations within cognitive, introspective, 

restorative, and affective VX categories, this study enquired whether the VX-

related items that were discarded after the EFA and CFA tests (see Sections 7.3.3 

and 8.4) could still contribute to the understanding of VX transformations under 

different visiting conditions. This approach was anticipated to extend the 

analysis of the utility of all VX items beyond the instrument validity tests to learn 

about the usefulness of those items in the real context of use. Moreover, this 

analysis aimed to better outline the boundaries of the impact of the RS 

interaction on VX by highlighting the areas where the changes in visiting 

conditions could not lead to some statistically significant transformations. 

Items excluded from the VX study 1 

The VX-related items from the VX study 1, which could not be included into the 

cognitive, introspective, or restorative VX categories due to the results of the EFA 

and CFA tests, rarely demonstrated transformations, while a few detected 

changes remained questionable as they were found between the WithFull and 

one of the two Without groups. This implied that the difference in the scores was 

observable but not strong enough to make the experience of the WithFull group 

deviate from both Without groups (see Appendix 5, Table 5.1 and Figure 5.7 for 

all the statistical significance coefficients and bar charts).  

The RS interaction throughout the visit did not demonstrate a substantial impact 

on the perception of the presentation and understanding of available 

information. The difference in the mean ranks for “The information about exhibits 

was presented in an interesting way” and “The information about exhibits was easy 

to understand” was detected only between the MainVX_WithFull and 

PilotVX_Without groups; the visitors who used the RS throughout the visit agreed 

that the information was presented in an interesting way and was easy to 

understand more often than the PilotVX_Without group, but the effect of the 

WithFull visiting condition was not strong enough to result in a statistically 

significant difference in the abovementioned items between the 
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MainVX_WithFull and MainVX_Without groups.34 Moreover, there was no 

influence by the changes in a visiting condition on the scores for “I could make 

sense of most of the objects I saw today”, H(3, N = 529) = 3.278, p = 0.351, even 

though the RS was aimed to help visitors understand the museum objects better 

by providing additional information and object images.  

In addition, all the four groups reported a similar level of engagement in 

contemplation, “I contemplated about the nature and meaning of things”, while 

the difference in reminiscence, “The exhibition enabled me to reminisce about my 

past”, was detected only between the MainVX_WithFull and PilotVX_Without 

groups, which again reinforced a limited impact of the RS interaction on the VX-

related processes. 35 The RS-enhanced visit also did not result in visible changes 

in the scores for a few items from the Hartig et al.’s Perceived Restorativeness 

Scale (1997), which were eliminated from restorative VX after the EFA and CFA 

tests: “The visit felt relaxed and informal”, “It is a confusing place”, “My attention 

was drawn to many interesting things”, and “I have a sense of unity with this 

setting”. The item “There is much to explore and discover here” from the Perceived 

Restorativeness Scale underwent some statistically significant transformations 

under the examined visiting conditions, H(3, N = 529) = 11.423, p = 0.010; the 

perception of the amount of interesting content to explore in the 

MainVX_WithFull group improved from that in the MainVX_Without, p = 0.029, 

and the MainVX_WithPartial, p = 0.031, groups. However, the difference between 

the MainVX_WithFull and PilotVX_Without groups was not detected, p = 0.729. In 

 
34  
“The information about exhibits was presented in an interesting way”, H(3, N = 529) = 
11.326, p = 0.010, with a statistically significant difference between the MainVX_WithFull 
and PilotVX_Without groups, p = 0.006; (the difference between the MainVX_WithFull and 
MainVX_Without groups did not reach a statistical significance level, p = 0.159) 
“The information about exhibits was easy to understand”, H(3, N = 529) = 11.231, p = 
0.011, with a statistically significant difference between the MainVX_WithFull and 
PilotVX_Without groups, p = 0.007; (the difference between the MainVX_WithFull and 
MainVX_Without groups did not reach a statistical significance level, p = 0.552). 
 
35 “The exhibition enabled me to reminisce about my past”, H(3, N = 529) = 9.559, p = 
0.023, with a statistically significant difference between the MainVX_WithFull and 
PilotVX_Without, p = 0.014, groups (the difference between the MainVX_WithFull and the 
MainVX_Without group did not reach a statistical significance level, p = 0.129); 
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addition, the visitors who interacted with the RS throughout the visit did not 

develop a greater interest in natural history than those who did not use the RS, 

“The visit stimulated my interest in natural history”, H(3, N = 529) = 5.589, p = 

0.133.  

Lastly, the Kruskal-Wallis H test detected a statistically significant difference in 

“There is a great deal of distraction”, H(3, N = 529) = 9.730, p = 0.021. The Dunn-

Bonferroni post hoc test indicated that the difference occurred between the 

PilotVX_Without and MainVX_Without groups, p = 0.033, where the participants 

in the PilotVX_Without group felt more distracted than the participants in the 

MainVX_Without group. It is difficult to conclude why this effect occurred 

between the groups subjected to a similar visiting condition, but this result 

highlighted the existence of some additional factors that can also influence VX. 

Items from the VX study 2 

Out of 13 emotions not included into “Unease” or “Joy”, only feeling surprised and 

feeling mentally engaged demonstrated some statistically significant changes; the 

mean ranks for both, feeling surprised and feeling mentally engaged, were higher 

in the WithFull visitor group than in one of the two Without groups.36 Feeling 

curious, energised, impressed, nostalgic, confused, fascinated, disoriented, 

indifferent, calm, bored, and sentimental were all scored similarly by the visitors 

who used and did not use the RS, which helped better demarcate the borders of 

the impact of the RS interaction on the emotional response (see Appendix 5, 

Table 5.1 for the significance coefficients). It is interesting to note that neither 

curious, nor mentally engaged improved with the integration of the RS, even 

though the analysis of transformations in cognitive VX indicated that the WithFull 

group tended to agree significantly more often than the other groups that the 

 
36  
Feeling surprised, H(3, N = 451) = 10.726, p = 0.013, with a statistically significant 
difference between MainAX_WithFull and PilotAX_Without groups, p = 0.007 (the 
difference between MainAX_WithFull and MainAX_Without did not reach a statistical 
significance level, p = 0.620); 
Feeling mentally engaged, H(3, N = 451) = 11.666, p = 0.009, with a statistically significant 
difference between MainAX_WithFull and MainAX_Without groups, p = 0.010 (the 
difference between MainAX_WithFull and PilotAX_Without groups did not reach a 
statistical significance level, p = 0.975). 
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visit enriched their knowledge about many exhibits (see Section 8.5.1.1). This 

implied that the RS succeeded in providing an additional layer of information 

about the exhibits, and thus helped users enrich visitor’s knowledge, but, at the 

same time, the RS users did feel more curious or mentally engaged than the 

visitors in the Without groups. 

8.5.2 Overall satisfaction 

The questionnaires in the VX studies 1 and 2 included an item “The visit exceeded 

my expectations” to enquire about an overall satisfaction with the visit. In the VX 

study 1, the Kruskal-Wallis H test showed that there was a statistically significant 

difference in the mean ranks for “The visit exceeded my expectations” between the 

four visitor groups, H(3, N = 529) = 8.276, p = 0.041. The Dunn-Bonferroni 

pairwise comparisons test detected a statistically significant difference between 

the MainVX_WithFull and PilotVX_Without groups, p = 0.047. The difference 

between the MainVX_WithFull and MainVX_Without groups did not reach a 

statistical significance level, p = 0.097.  

However, in the VX study 2, the evidence of a difference in the mean ranks 

between the groups for “The visit exceeded my expectations” was stronger, H(3, N 

= 451) = 16.455, p = 0.001; the scores for this item in the MainAX_WithFull group 

diverged from the scores in the PilotAX_Without, p = 0.003, MainAX_Without, p = 

0.013, and MainAX_WithPartial, p = 0.004, groups. Figure 35 below demonstrates 

that the participants who used the RS throughout the visit tended to strongly 

agree that the visit exceeded their expectations more often than the visitors in 

other groups.  
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Visitor experience study 1 
(with the cognitive, introspective and restorative VX scales) 

N = 529 

Visitor experience study 2 
(with the affective VX scale) 

N = 451 
 

 
 
Figure 35. “The visit exceeded my expectations” in the visitor experience studies 1 and 2 
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8.5.3 User experience and visitor experience  

To investigate the role of the Grant Museum RS in the detected VX 

transformations, this section explores visitors’ satisfaction with the Grant 

Museum RS, delineates the RS’ advantages and drawbacks in a museum visit, and 

enquires whether the UX scores correlate with the VX scores. Within the larger 

research context, this investigation can also suggest whether UX-related tests, 

which are often carried out to evaluate a museum technology in the published 

literature (see Section 2.3.2), are enough to claim an improved VX.  

8.5.3.1 User experience overview 

As can be seen in Figure 36 below, the scores for the examined UX-related items 

varied in the WithFull and WithPartial groups, meaning that the perception of the 

RS quality was different in the groups who used the RS throughout the visit and 

those who tested it at a certain point in the museum. Nevertheless, the 

participants under both visiting conditions had an overall positive opinion about 

the RS itself. More specifically, there was strong evidence of a difference in the 

scores for “Overall, I am satisfied with the application” between the four groups, 

H(3, N = 289) = 53.367, p < 0.001, where both WithFull groups were more 

satisfied with the RS than both WithPartial groups, all adjusted ps < 0.001 (see 

Appendix 5, Table 5.1 for all the significance coefficients and mean ranks). 

However, the majority of participants in the WithPartial and WithFull groups 

agreed with the statement, i.e., around 97.59% in the WithFull groups and around 

74.80% in the WithPartial groups, revealing an overall positive perception of the 

Grant Museum RS in both groups. Similarly, the mean ranks for the RS’ ease of 

use, “The application was easy to use”, varied between the visitor groups, H(3, N 

= 289) = 27.606, p < 0.001. The RS was considered easier to use by the WithFull 

groups than by the WithPartial groups, all adjusted ps < 0.005. However, the 

percentage of visitors who were not satisfied with the RS’ ease of use was low; 

only around 5.69% of the WithPartial group claimed that the RS was difficult to 

use, which again showed that most participants had a positive opinion about the 

RS. In addition, the perception of the quality of recommendations, “The 

application gave me good suggestions”, significantly differed between the groups, 
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H(3, N = 289) = 39.993, p < 0.001, and the participants in the WithFull groups 

tended to be more satisfied with the RS-generated suggestions than the 

participants in the WithPartial groups, all adjusted ps < 0.001. Interestingly, the 

WithPartial groups showed some inconsistency in their scoring of “The 

application gave me good suggestions”. This raised a question whether the study 

participants in the WithPartial groups were able to accurately estimate the 

quality of generated recommendations if they did not follow the RS-generated 

tour. In contrast, the scores for the perceived quality of recommendations in the 

WithFull groups were more consistent, and around 92.77% of the WithFull 

respondents agreed that the RS generated good suggestions. Lastly, the mean 

ranks for the perceived use intention, “I would use this application again”, also 

varied between the four groups, H(3, N = 289) = 63.344, p < 0.001. The WithFull 

groups tended to be more willing to use the RS again than the WithPartial groups, 

all adjusted ps < 0.001. Nevertheless, most participants under both visiting 

conditions agreed that they would use the RS again, i.e., around 95.78% of the 

respondents in the WithFull groups and around 66.67% of the respondents in the 

WithPartial groups. 

Therefore, although the scores for the UX-related items were statistically 

significantly different between the WithFull and WithPartial groups, it is 

necessary to emphasise that the majority of respondents from both groups had a 

positive opinion about the Grant Museum RS. From the perspective of VX 

transformations, considering that the VX of the WithPartial groups did not 

demonstrate a statistically significant difference from that of the Without groups 

(see Section 8.5.1), these results demonstrate that visitors’ positive opinion 

about a museum technology, such as an RS, might not be indicative of a 

significantly improved VX. Within the larger context, this implies that usability 

and system performance evaluations, which are often carried out in the 

published literature (see Section 2.3.2), might not be able to replace a VX-related 

analysis to claim that a museum technology contributes to a museum visit and 

impacts VX.  



 

 273 

 

 

Figure 36. User experience items in the main visitor experience studies 1 and 2 
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Figure 36. User experience items in the main visitor experience studies 1 and 2 (continued)
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8.5.3.2 Relationship between user experience and visitor 

experience 

To extend the understanding of the connection between UX and VX, this study 

investigated the association between the UX and VX scores with non-parametric 

Spearman’s rank-order correlation tests.  

This study found that an extended engagement with an RS during a museum visit 

can strengthen the connection between UX and VX, and thus the role of an RS in 

VX transformations. For instance, as seen in Table 24 below, the quality of UX in 

the WithPartial groups did not correlate with the quality of their cognitive, 

introspective, and restorative VX as well as “Unease” and “Joy”. On the other 

hand, this study identified that a statistically significant association between UX 

and VX can develop when an RS is used throughout the visit; from Table 24 below, 

a weak-moderate association was detected between the tested UX items and all 

explored VX categories, except for “Unease”. This evolvement of the association 

between UX and VX with a more profound engagement into the RS interaction 

was also reinforced by reviewing the relation between the UX and the VX items 

which could not be included into one of the VX categories (see Appendix 5, Table 

5.2 for all the detected correlations). More specifically, although several 

associations were detected between the UX and VX items in the WithPartial 

groups, the strength of almost all associations was weak. In the WithFull group, 

however, the association between the UX and VX items became stronger showing 

a greater connection between the RS interaction and mental processes during a 

museum visit. For instance, the scores for all UX-related items became positively 

correlated with the scores for “I could make sense of most of the objects I saw 

today”, “The exhibition enabled me to reminisce about my past”, and “The visit 

stimulated my interest in natural history” in the WithFull group, meaning that the 

perception of the Grant Museum RS qualities was interrelated with sense-

making, reminiscence, and interest in natural history of the visitors who used the 

RS throughout the visit. In particular, “The information about exhibits was easy to 

understand” developed a moderate-strong relationship with all the four UX-

related items and was particularly strongly associated with the quality of 

recommendations, rs = +0.623, p < 0.01. This shows that the recommendations 
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generated by the RS contributed to the understanding of the available 

information, as was anticipated in the front-end evaluation (see Section 5.6). In 

addition, in the WithFull group, there was a weak-moderate relationship between 

the UX items and feeling energised, mentally engaged, impressed, fascinated, 

disoriented, indifferent, calm, and bored – e.g., the quality of recommendations 

correlated with a positive emotional response, and, in particular, with feeling 

fascinated, rs = +0.548, p < 0.01. Although the abovementioned evidence does not 

imply that that there was a causal relationship between the RS interaction and 

VX transformations, it can be concluded that the interaction with the Grant 

Museum RS became a significant factor in the reported quality of VX (see Section 

8.5.1) when the visitors used the RS throughout the visit. 

It is necessary to emphasise that although the association between UX and VX can 

develop, it might still not indicate that VX significantly improves, as was 

demonstrated in this summative evaluation (see Section 8.5.1). For instance, 

restorative VX had a moderate positive correlation with the quality of 

recommendations, rs = +0.494, p < 0.01. However, the RS influence was still not 

strong enough to lead to some substantial improvements in restorative VX; even 

though there were some slight positive changes in the restorative VX of the 

MainVX_WithFull group, all the four visitor groups reported a statistically similar 

restorative VX (see Section 8.5.1.3). Within the larger research context, this 

finding reinforced that the quality of UX can be connected to the quality of VX, 

but a positive perception of a museum technology, such as an RS, might not 

transfer onto the quality of VX, and hence UX evaluations might still not be 

indicative of VX improvements.   
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Table 24. Spearman’s rho correlation coefficients between the visitor experience scales and user experience items 

 

UX1 UX2 UX3 UX4 UX1 UX2 UX3 UX4 

MainVX_WithPartial, N = 65 MainVX_WithFull, N = 79 

Cognitive VX 
Correlation coeff. 0.162 0.033 0.116 0.212 0.247* 0.355** 0.350** 0.278* 

Sig. (2-tailed) 0.197 0.793 0.356 0.090 0.028 0.001 0.002 0.013 
Introspective VX 

Correlation coeff. 0.094 0.039 0.244 0.100 0.324** 0.283* 0.381** 0.295** 
Sig. (2-tailed) 0.455 0.756 0.050 0.430 0.004 0.012 0.001 0.008 

Restorative VX 
Correlation coeff. -0.021 -0.040 0.055 0.160 0.218 0.354** 0.494** 0.443** 

Sig. (2-tailed) 0.866 0.754 0.663 0.202 0.054 0.001 0.000 0.000 
 MainAX_WithPartial, N = 58 MainAX_WithFull, N = 87 

Affective VX - “Unease” 
Correlation coeff. -0.012 -0.255 -0.096 0.003 -0.103 -0.184 -0.084 0.026 

Sig. (2-tailed) 0.927 0.053 0.474 0.979 0.341 0.088 0.437 0.814 
Affective VX – “Joy” 

Correlation coeff. 0.043 0.003 0.230 0.217 0.284** 0.176 0.332** 0.189 
Sig. (2-tailed) 0.750 0.983 0.082 0.101 0.008 0.102 0.002 0.079 

Table notes: all significant correlations are highlighted in bold; * Correlation is significant at the 0.05 level (2-tailed); ** Correlation is 
significant at the 0.01 level (2-tailed); UX1: Overall, I am satisfied with the application, UX2: The application was easy to use, UX3: The 
application gave me good suggestions, UX4: I would use this application again. 
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8.5.3.3 Feedback from the general open section 

The feedback from the general open section was analysed to gain a better insight 

into how the Grant Museum RS contributed to the VX transformations as well as 

to explore how the effect of the RS on VX could be amplified based on the RS’ 

advantages and drawbacks reported by the participants.  

As can be seen from Table 25 below, the comments about the RS interaction in 

the With groups were more frequent than the comments about the museum and 

its collection when compared to the feedback of the Without groups. This 

observation was considered important because it showed how much visitor’s 

focus might shift from the reflection on the museum visit to the evaluation of a 

museum technology. This also resonated with the results reported in (Economou, 

1997; Cinotti et al., 2004; Boehner et al., 2005; Othman, 2012) where the tested 

technology sometimes overshadowed the original museum experience and 

prevented visitors from immersing themselves in the experience with the 

museum collection rather than with that technology. In the context of this 

research, even the participants from the main studies who did not use the RS 

(MainVX_Without and MainAX_Without groups) commented on the ‘app’, e.g.: 

[..] Although I did not use the app during my time here (I was not aware it was 
available). The layout is amazing. (MainAX_Without, male, 25-34) 

[…] Didn't use your new app but looks fab – will do next time. 
(MainAX_Without, female, 55-64) 

Nevertheless, although the RS was noticed by the Without groups in the main 

studies, it did not have a significant effect on their VX (see Section 8.5.1).  

Focusing on the feedback of the RS users only, the participants’ reflections on the 

RS revealed the RS’s advantages and drawbacks, and how it contributed to the 

detected VX transformations. By identifying the meaning units, by organising 

them into codes and into categories (see Section 8.3.4 for the data analysis 

procedure), the following four categories were identified: “About the museum 

visit”, “About the RS-related benefits”, “About the RS-related drawbacks”, and 

“Suggestions how to improve the RS”.  
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Table 25. Frequencies of the word occurrences in the feedback from the general 
open section in the studied visitor groups 

PilotWithout 
N = 132 

MainWithout 
N = 106 

MainWithPartial 
N = 52 

MainWithFull 
N = 82 

Word Count Word Count Word Count Word Count 

museum 28 museum 19 app 24 app 46 

specimens 25 great 16 exhibits 12 visit 18 

exhibits 20 see 15 visit 11 great 15 

interesting 18 interesting 13 information 10 museum 14 

visit 17 app 11 good 8 exhibits 13 

great 16 really 10 museum 8 cabinet 12 

information 16 visit 10 found 6 find 12 

see 16 things 9 great 6 information 11 

good 13 time 9 interesting 6 interesting 11 

really 13 place 8 use 6 well 9 

Table notes: 
- the PilotWithout group consisted of the study participants from the 

PilotVX_Without (n = 91, 42.93%) and PilotAX_Without groups (n = 41, 
33.61%) who provided some feedback in the general open section; 

- the MainWithout group consisted of the study participants from the 
MainVX_Without (n = 50, 28.90%) and MainAX_Without (n = 56, 30.44%) 
groups who provided some feedback in the general open section; 

- the MainWithPartial group consisted of the study participants from the 
MainVX_WithPartial (n = 25, 38.46%) and MainAX_WithPartial (n = 27, 
46.55%) groups who provided some feedback in the general open section; 

- the MainWithFull group consisted of the study participants from the 
MainVX_WithFull (n = 41, 51.90%) and MainAX_WithFull (n = 41, 47.13%) 
groups who provided some feedback in the general open section. 

Although the MainVX_WithPartial and MainAX_WithPartial groups did not use the 

RS throughout the visit, they still frequently commented on their experience with 

the RS and made comparisons between the RS-enhanced and non-RS-enhanced 

museum visits.37 This demonstrated that the WithPartial group managed to form 

an overall opinion about the RS and its utility for their museum visit. In addition, 

 
37 The “MainVX_” groups are the groups who participated in the main VX study 1 to learn 
about the transformations in cognitive, introspective, and restorative VX. The “MainAX_” 
groups are the groups who participated in the main VX study 2 to learn about the 
transformations in affective VX.  
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the comments of the WithPartial groups helped gain some insight into the 

reasons why some participants decided not to use the RS throughout the visit. 

Their feedback also illuminated the perspective on the RS interaction alternative 

to the perceptive of the WithFull group. In particular, as shown in Table 26, the 

WithPartial group was more likely to comment on the RS interaction drawbacks 

than the WithFull group. On the other hand, the WithFull groups were more likely 

to highlight some positive aspects of the RS interaction. As a result, the feedback 

of the WithPartial and WithFull groups was used in the analysis of the RS’s 

advantages and drawbacks presented below. 

Table 26. Frequencies of the occurrence of a coded category in the WithPartial and 
WithFull visitor groups 

 WithPartial 
N = 52 

WithFull 
N = 82 

About the museum visit 23 (44.23%) 25 (30.49%) 
About the RS-related benefits 19 (36.54%) 41 (50.00%) 
About the RS-related drawbacks 22 (42.31%) 26 (31.71%) 
Suggestions how to improve the RS 17 (32.69%) 25 (30.49%) 

Table notes: the percentage of the participants in the WithPartial or WithFull 
groups who commented on a specific topic (coded category) is indicated in 
brackets, e.g., 23 / 52 = 44.23%. 

About the museum visit 

Some feedback about the museum visit resonated with the findings in the 

exploratory field study from the front-end evaluation stage (see Section 5.4). The 

study participants tended to express their overall fascination with the museum, 

its collection and atmosphere, e.g.: 

[…] I am delighted to find a museum like this in my visit to London. Small but 
very charming place. […] (MainAX_WithFull, female, 25-34) 

It's a lovely space, I like that it's old-fashioned. […] (MainVX_WithPartial, 
female, 35-44) 

Fascinating exhibits! On some of the more unusual specimens. […] 
(MainAX_WithFull, female, 25-34) 

Really cool collection. I wish I could put all this stuff in my house. 
(MainAX_WithPartial, female, 25-34) 
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[...] The range of exhibits is thought-provoking and of a time which we may 
not see again. (MainVX_WithFull, male, 55-64) 

On the other hand, some visitors, specifically in the WithPartial group, needed 

more space between the objects to be able to explore them clearly, e.g.:  

I think that the exhibits should be highlighted, there is no space enough. 
(MainVX_WithPartial, male, 25-34) 

Better organisation of the exhibits: more space/highlight pieces. 
(MainVX_WithPartial, male, 18-24) 

This finding helped address the assumption made after the exploratory field 

study whether a technological enhancement could resolve the issue with 

exploring the physical museum collection (see Section 5.6). It revealed that an RS 

is not able to fully address visitors’ needs for a more accessible way of browsing 

the collection through digital object presentations. 

About the RS-related benefits 

Echoing the findings in the pilot usability study (see Section 6.4.3), the RS-

generated suggestions became pointers to the objects that visitors might not have 

noticed if they had not used the RS, because some recommended specimens were 

placed behind other objects on a shelf or were displayed on the shelves lower or 

higher the visitor’s eye level, e.g.:  

[…] the app added interest to some of the exhibits (dark corners/minimal text) 
and showed exist creatures how they appear in life. […] (MainVX_WithPartial, 
female, 25-34) 

[…] What we liked about the application is that it enhances motivations to 
research the items. […] (MainAX_WithPartial, female, 45-54) 

[…] The app was fundamental for the visit, spot on. It helped and guided my 
visit while maintaining interest and curiosity. It helped and incited to look 
deeper and discover more about the animals. […] (MainVX_WithFull, male, 
25-34) 

The app splits your attention but made me look at places I might not have. 
(MainAX_WithFull, male, 25-34) 
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The app helped me to find things I might not otherwise have noticed. […] 
(MainAX_WithFull, female, 25-34) 

By highlighting the objects of interest, the RS-generated tour helped focus 

attention of some visitors, e.g.: 

[…] Kept my attention throughout my visit. […] (MainAX_WithFull, female, 
25-34) 

The app was a great way to focus on the visit in an overwise very "busy" 
environment. (MainVX_WithFull, female, 18-24) 

With this, the RS interaction encouraged direct experience with the objects that 

visitors found interesting. Following the existing published scholarship (see 

Section 2.2.2), this direct experience can stimulate a meaning construction, e.g., 

when physical objects gain a symbolic form and acquire a meaning, which, in turn, 

can suggest why some VX transformations were observed in a group that used 

the RS throughout the visit. 

As more solid evidence of the reasons why VX transformations were detected in 

the WithFull group, the study participants found additional object details in the 

RS useful to understand what they were looking at and to learn more about the 

museum collection, e.g.: 

Facts about each piece were very informative and interesting! […] 
(MainAX_WithFull, female, 25-34) 

[…] the 'additional information' section was great and really enhanced the 
experience. (MainAX_WithFull, female, 18-24) 

I appreciated the extra information section and some with drawings of how 
animals looked - helpful if you were looking at a skeleton or a fossil. […] 
(MainVX_WithFull, female, 55-64) 

Some of the cases didn't have any information, so the app filled in lots of gaps. 
(MainAX_WithFull, female, 25-34) 

[…] The app is a very good idea for visitors since the specimens have no 
explanation panels. […] (MainAX_WithFull, female, 25-34) 

[…] overall I found the app very useful to learn just a little more about 
specimens I was interested in. (MainAX_WithFull, male, 25-34) 
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It was fun to learn about the different animal specimens in more detail […] 
(MainAX_WithPartial, female, 35-44) 

I think the app is really good for providing additional info, as the displays 
don't tell you much. (MainAX_WithPartial, female, 25-34) 

[...] Provides information that we would not have known otherwise. […] 
(MainAX_WithPartial, female, 25-34) 

This feedback showed that the RS managed to fill in the information gap 

identified in the exploratory field study (see Section 5.4). Moreover, this feedback 

reinforced the results from the quantitative study; by providing more 

information about the museum objects, the RS was able to help with the process 

of gaining new knowledge/learning (see Section 8.5.1.1).  

On the other hand, the RS users still asked for more details about specimens, e.g.: 

Could include a little more information about the exhibits such as where they 
came from. […] (MainAX_WithFull, female, 45-54) 

[…] Would like to know more about object itself [how many bones it has like 
moles in a jar, glass octopus info. […] (MainVX_WithFull, female, 25-34) 

I wish there was more information next to the specimens so that I could 
understand what I am looking at. I wish there was more information about 
the specimens on the app as well. […] (MainVX_WithFull, female, 18-24) 

More detailed info on the app please! (MainAX_WithFull, male, 35-44) 

[…] It would be very cool to include the stories (not just interesting facts) of 
how a few of the cases were found and collected (i.e., the jar of moles) […] 
(MainVX_WithPartial, female, 18-24) 

Therefore, the information in the RS was not sufficient enough to meet all visitors’ 

informational needs, which might also indicate why the WithFull visiting 

condition did not improve cognitive VX as a whole (see Section 8.5.1.1). To recap, 

the exploratory field study participants requested more elaborate information 

about specimens, e.g., preservation process and dates when specimens were 

collected (see Section 5.4). The RS displayed a general fact about a recommended 

specimen, its image, whether the specimen was extinct or not. When the user 

clicked on a “Learn more” button next to an object of their interest, the RS 
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forwarded them to a page with a more detailed object description, some 

taxonomic information, an image of how a specimen might have looked before it 

was preserved, and four similar museum objects to explore more. However, the 

RS did not include a history behind each museum object, because some details 

were not known and/or not accessible (see Section 6.2.1). Consequently, not 

being able to fully address visitors’ informational needs might be one of the 

reasons why there was a visible lack of VX transformations; the content provided 

by the RS, although interesting, needed to be extended further to help visitors 

learn more about museum objects, while recommendations did not cover all the 

specimens that the RS users were interested in. It is plausible to assume that the 

likelihood and strength of significant positive VX transformations could have 

been increased if the requested information about the museum exhibits had been 

provided. 

In addition, the RS itself became a source of new contextual variables and direct 

experience. The RS users could, for example, examine the digital versions of 

museum objects, read additional information from the RS, and interact with the 

digital map. A few visitors commented on a specific RS functionality that they 

enjoyed using the most, e.g.: 

[…] The map and suggested item algorithm was very good though! 
(MainAX_WithFull, male, 25-34) 

I loved the suggestions and info […] (MainVX_WithFull, female, 35-44) 

[…] "Related items" was helpful and relevant. (MainVX_WithFull, male, 25-
34) 

[…] loved the summary and the use of the map; easy to follow and no 
repetition. (MainVX_WithFull, female, 18-24) 

[…] The time idea is good though.[…] (MainAX_WithFull, female, 35-44) 

The learn more feature was very helpful. […] (MainAX_WithPartial, female, 
55-64) 

I liked the way the map dictates the route. […]  (MainVX_WithPartial, male, 
25-34) 
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This feedback demonstrated that different RS features triggered a positive 

emotional response, e.g., participants liked the tour length feature, suggestions, 

information, and map. This, in turn, might have contributed to the significant 

transformation of “Joy” detected in the MainAX_WithFull group (see Section 

8.5.1.4). Additionally, the RS interaction as a whole became a source of a positive 

emotional response for some visitors, because the RS enhanced a museum visit 

by meeting some of the participant’s informational and visiting needs, and thus 

by helping visitors achieve some of their visiting goals, e.g.:  

Great app, useful for a visit - whether recreational or educational; should be 
incredible everywhere! […] (MainAX_WithFull, female, 18-24) 

[…] overall helped direct the visit and was fun. (MainVX_WithFull, female, 25-
34) 

[…] Really enjoyed using it. (MainAX_WithFull, female, 25-34) 

[…] the whole visit was very enriching especially thanks to the app! It made us 
want to know more about conservation techniques and the animals 
themselves. (MainVX_WithFull, female, 18-24) 

App was a great tool! Lots of functionality to use it to supplement your visit in 
the way that best suits you. (MainVX_WithFull, female, 25-34) 

Great app gave me lots of interesting facts that were a great addition to my 
visit. (MainAX_WithFull, female, 25-34) 

[…] Great for deaf/hard-of-hearing to enjoy the tours. […] (MainVX_WithFull, 
female, 25-34) 

[…] It [the guided tour – ed.] was a great way to see most of the museum and 
definitely enriched my trip. […] (MainVX_WithFull, male, 25-34) 

To summarise, this research identified several RS-related factors that could 

suggest why the transformations in VX were observed in the group that used the 

RS throughout the visit (see Section 8.5.1). The RS fostered direct experience with 

higher chances to trigger a meaning construction: it guided visitors to the objects 

of their interest, and hence connected objects to the visitors’ personal context, 

and it encouraged visitors to look for objects on the shelves that they may not 

have browsed otherwise. Moreover, the RS helped fill in the information gap; 
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informative content is among the factors that shape cognitive VX (see Section 

3.4.1), which could explain why some significant transformations in cognitive VX 

were observed (see Section 8.5.1.1). This study also identified that there is 

potential of the Grant Museum RS to amplify its impact on VX if it could better 

address visitors’ informational needs. Additionally, the RS features and 

interaction became a source of a positive emotional response, which could also 

be one of the reasons why this study identified a statistically significant positive 

transformation in “Joy” (see Section 8.5.1.4). The qualitative analysis, however, 

could not provide any evidence that could have explained why this research 

detected improvements in introspective VX when the participants used the RS 

throughout the visit (see Section 8.5.1.2). At the same time, it is necessary to 

remind that the scores for the quality of introspective VX remained within the 

“Neutral” range, meaning that the RS users rarely engaged in introspection (see 

Section 8.5.1.2) which could also help explain the lack of the introspective VX-

related feedback in the general open section. 

About the RS-related drawbacks 

On the other hand, the interaction with the Grant Museum RS had a few 

drawbacks due to the RS’s incompatibility with some variables from the personal, 

sociocultural, physical, and digital contexts. More specifically, similar to the pilot 

usability study participants (see Section 6.4.3), the RS users from the main VX 

evaluation often struggled to find their recommendations in the physical 

museum; the RS users had to periodically check whether the physical cabinet in 

front of them matched the cabinet number in their recommended tour, e.g.: 

In spite of the map, we had difficulty finding the selected items [...] 
(MainAX_WithPartial, female, 45-54) 

Better signage of the cabinets required to facilitate the best use of the app 
which is very good. (MainAX_WithPartial, male, 25-34) 

[…] The numbering of the gallery cases is at times a little confusing. 
(MainVX_WithFull, female, 35-44) 

[…] Also found it really difficult to find the number on each cabinet. 
(MainVX_WithFull, female, 25-34) 
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Cabinet numbers could be more prominent, I frequently had trouble finding 
the cabinet labels. […] (MainAX_WithFull, male, 25-34) 

Label the wall cases better (numbers hard to find). (MainVX_WithFull, male, 
55-64) 

Moreover, even though the location of all objects was updated in the RS database 

before the main study (see Section 6.5), some objects were subsequently moved 

to other shelves in the physical museum or removed from the display for 

conservation/research purposes. Consequently, a few respondents in the 

WithFull group noticed that some of their recommended objects were missing, 

e.g.: 

App recommended many items not on display. […] (MainVX_WithFull, male, 
25-34) 

appears that some cabinets have other exhibits at the time of my visit than the 
application – possibly needs an update? (MainVX_WithFull, female, 18-24) 

Some exhibits weren't there […] (MainVX_WithFull, female, 25-34) 

Lion's mane jellyfish was on a shelf lower than on app description. […] 
(MainVX_WithFull, female, 18-24) 

With this, although the RS succeeded in recommending interesting objects, 

helped fill in the information gap, and was found easy to use (see Sections 6.4.3 

and 8.5.3.1), the direct experience with recommended specimens on multiple 

occasions was hindered by the process of finding the recommended cabinets and 

objects in a cabinet and/or on a shelf in the physical museum. Due to this, the RS 

was abandoned by some visitors, e.g.: 

It was fun to learn about the different animal specimens in more detail, but I 
found it took me a while to find things, so I stopped using it. […] Very engaging 
info though and well-designed. (MainAX_WithPartial, female, 35-44) 

I lost track after first 10 mins but found the interface very intuitive. 
(MainAX_WithPartial, male, 25-34) 

It can be assumed that with a more efficient process of finding the recommended 

objects, the effect of the Grant Museum RS on VX could be amplified, since the 
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visitors would have more chances to engage in a direct experience that could 

stimulate VX. 

Echoing the respondents in the pilot usability study (see Section 6.4.3), a few RS 

users mentioned that the RS split their attention and distracted them from 

exploring the collection, e.g.: 

[…] And it was a bit confusing having to navigate through the app and having 
to find the corresponding animal in the museum. (MainVX_WithFull, female, 
18-24) 

May distract viewing exhibits without having to check phone. […] 
(MainAX_WithFull, male, 25-34) 

I enjoyed the information it provided but it took me away from looking at the 
exhibits themselves. (MainVX_WithPartial, male, 25-34) 

Personally I feel using the app takes you away from being in the moment and 
enjoy the experience of discovery. (MainAX_WithPartial, female, 25-34) 

[…] Also it makes people look more at their phone than at the museum. 
(MainAX_WithPartial, female, 18-24) 

I just wanted to look at everything so felt a bit distracted by the app. Would 
use again though. (MainVX_WithPartial, female, 45-54) 

This issue can potentially be resolved for some visitors by facilitating the process 

of finding the recommended objects in the museum, because visitors would be 

less focused on the object retrieval process and more on the exploration of the 

physical museum collection. Nevertheless, there were also a few cases when 

visiting styles and MEGs did not match the experience that the RS provided, 

revealing the incompatibility of the RS with some variables not only from the 

physical but also from the personal context, e.g.: 

The app, like other museum devices, focuses visitors' views on specific items, 
while I personally prefer exploration. […] (MainAX_WithFull, female, 35-44) 

I enjoyed being scatterbrained, so the tour functionality wasn't as needed but 
was well done. (MainVX_WithFull, male, 18-24) 



 

 289 

I preferred to browse the collection in an unstructured way, rather than the 
scavenger hunt experience that the app encouraged, and so I abandoned the 
app early on. (MainAX_WithPartial, male, 34-44) 

It can be a little cumbersome if the intention is to stroll through the museum. 
(MainAX_WithPartial, male, 25-34) 

This research did not detect a relation between MEGs and the decision to use the 

RS throughout the visit (see Section 8.3.1). However, as seen in the feedback 

above, a few participants pursued a more exploratory experience than a linear, 

“scavenger hunt”-like, visiting style that they thought the RS imposed. As a result, 

some visitors abandoned the RS because it did not match their visiting style 

and/or MEG. With this, the Grant Museum RS, as well as similar RSs, needed to 

better accommodate the specificities of the visitor’s personal context to be able 

to retain the RS users throughout the visit, and hence to stimulate the VX 

transformations associated with the RS interaction.  

In addition, some respondents considered the RS incompatible with the museum 

features and with how familiar a visitor was with the museum collection. Several 

study participants thought that the RS could be more useful for a repeat museum 

visit to explore the objects that they might not have noticed during their first visit, 

e.g.: 

[…] On my 2nd visit the app would probably be more useful in gaining more 
depth. It is very nicely designed. (MainVX_WithPartial, male, 35-44) 

I tend to start my visit without any suggestion, and then used this application 
for my second visit. (MainVX_WithPartial, female, 25-34) 

The decision to interact with the RS was also based on the museum’s size and the 

level of crowdedness as the participants noted that the RS could be more suitable 

for larger and/or less crowded spaces: 

[…] If the museum was bigger, I may have used throughout. 
(MainVX_WithPartial, female, 45-54) 

The museum is quite small, so it's hard to follow the suggested route. There 
are often other people in the way. […] (MainAX_WithPartial, female, 18-24) 
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Moreover, the RS interaction was hindered by some usability and/or Internet 

connection problems, implying that there were a few issues with the variables 

from the digital context as well. In particular, the RS users had polarised opinions 

about the digital map which they used to navigate around the museum to find 

their recommended objects. As mentioned above, some visitors found the map 

helpful, yet for some respondents the digital map was difficult to use, e.g.: 

Map could be a little confusing with the layout of the museum […] 
(MainVX_WithPartial, female, 35-44) 

The map was a bit hard to use. (MainAX_WithPartial, female, 25-34) 

A few participants could not use the RS or use it properly because of the Internet 

connection problems, while several study participants also had to get used to the 

smartphone that they had borrowed to test the RS, which also exacerbated their 

experience with the RS, e.g.:  

A bit slow connection. (MainVX_WithFull, female, 45-54) 

[…]  a few items didn't have pictures on the app (or maybe they didn't load) 
but still very lovely! (MainVX_WithFull, female, 18-24) 

Got locked at the end (I must have pressed something) and couldn't figure out 
how to get back to the app. […] (MainVX_WithFull, female, 25-34) 

To summarise, the study participants reported several factors that affected their 

engagement with the RS, and thus the likelihood of significant VX 

transformations. According to their feedback, with a refined museum tour to help 

visitors find recommended objects, with a better content adaptation to a 

preferred visiting style as well as by resolving the detected usability issues to 

improve the interaction with the RS, more visitors would have been willing to use 

the Grant Museum RS, as well as similar RSs, throughout a museum visit.  

It is also necessary to note, however, that the detected issues did not trigger 

negative VX transformations in the MainVX_WithPartial and MainAX_WithPartial 

groups. For instance, restorative VX is associated with an effortless engagement 

into an activity without involving a directed attention or a mental effort (see 

Section 3.4.3). Even though the RS made visitors search for recommended objects 
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in the physical museum, which required a directed attention and a mental effort, 

the restorative VX of the RS users was not significantly affected, e.g., the 

restorative VX of the MainVX_WithPartial and MainVX_WithFull groups 

resembled that of the Without groups that did not use the RS (see Section 8.5.1.3). 

Moreover, the RS interaction did not affect the level of “Unease”, which 

encompasses feeling angry, uncomfortable, emotionally exhausted, stressed, and 

sad. Similar to restorative VX, the level of “Unease” in the MainAX_WithPartial and 

MainAX_WithFull groups remained similar to the Without groups (see Section 

8.5.1.4). With this evidence, it can be concluded that museum visitors who felt 

frustrated by their RS-enhanced experience abandoned the system before it 

negatively impacted their VX. 

Suggestions how to improve the RS 

The study participants had several suggestions on how to enhance the RS, which, 

in turn, provided some insight into the ways how to extend the level of 

engagement with the RS, and thus the likelihood of significant VX transformations 

under the With visiting condition. Overall, object recommendations alone might 

not be able to fully meet visitors’ needs in the physical museum, and hence it is 

necessary to extend an RS with some additional functionalities. For instance, as 

demonstrated above, the study participants requested a more efficient way of 

finding the recommended objects in the physical museum. This suggested that 

the RS could be extended with location tracking to improve navigation and to 

dynamically recommend objects based on a visitor’s location in the museum. 

Moreover, some suggestions underscored the variety of different visiting styles 

that exist in the museum, and hence the need to seek a better adaptation of 

recommendations to a preferred visiting style; while some visitors might not be 

keen to look for their recommended objects in a physical museum, others might 

demonstrate an opposite visiting style and might be actively engaged in the object 

retrieval process. In particular, one study participant asked to provide a filter for 

the “Not yet found” objects to improve their “scavenger hunt” experience and to 

be able to find all the recommended objects. Another RS user needed more 

starting points for the RS-generated tour and not just from the museum entrance 

as they wanted to explore the museum collection first and then to test the RS. In 
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addition to a preferred visiting style, it is necessary to better match visitors’ 

interaction preferences; one RS user mentioned that it was difficult for them to 

switch between their camera app and the RS. This finding extended the list of the 

detected limitations of interacting with the RS on a personal mobile device: to 

remind, as was found in the pilot usability study, some visitors might feel 

distracted from their museum experience by personal text messages on their 

device (see Section 6.4.3). 

Although the museum cabinets/cases were clickable on the digital map, and the 

RS users could explore beyond their recommendations, a few study participants 

asked for a search bar to be added so that they could look for some interesting 

objects which were not recommended to them. A search functionality would also 

provide an alternative way of browsing the collection when the process of finding 

the recommended objects becomes tedious, e.g.: 

It would be great if it had a search tool for individual pieces in the collection 
that you stumble on but would like to know a little more about. 
(MainAX_WithFull, male, 25-34) 

[…] alerts when you go past things rather than continually looking at phone 
all the way round. (MainAX_WithFull, male, 25-34) 

[…] It would be good to add to the app to allow the visitor to call up info on 
any exhibit. (MainAX_WithPartial, female, 55-64) 

[…] It would be wonderful if for outstanding or especially interesting cases to 
have something to scan, so you don't have to look through the app to figure 
out where you are within the tour. […] (MainVX_WithPartial, female, 18-24) 

It might be better to use QR codes on each case, rather than using an 
interactive map. […] (MainAX_WithPartial, male, 55-64) 

I enjoyed the information it provided but it took me away from looking at the 
exhibits themselves. AR the way forward? (MainVX_WithPartial, male, 25-34) 

To summarise, the feedback in the general open section illuminated several 

reasons which could suggest why some statistically significant VX 

transformations were observed in the WithFull groups when compared to the 

Without groups from the perspective of the benefits and drawbacks of the Grant 

Museum RS. The feedback revealed that the study participants found the RS 
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beneficial to address the information gap existent in the physical museum, to 

understand and learn more about the displayed specimens as well as to highlight 

the objects that visitors might find interesting to explore in the physical museum. 

On the other hand, the participants sometimes struggled to find the 

recommended objects, and they requested more details about the displayed 

specimens in the Grant Museum, implying that the information in the RS could 

not fully address visitors’ informational needs. Moreover, the RS was 

incompatible with a few variables from the personal, social, physical, and digital 

contexts that affected the RS interaction and made some visitors abandon the RS. 

Nevertheless, the feedback revealed the ways in which the RS interaction could 

be improved in the future, and how the effect of the RS on VX could be amplified. 

8.6 (How) can a recommender system impact visitor experience 

in a physical museum? 

By conducting a comparative analysis of the quality of VX under different visiting 

conditions, this study found that the interaction with an RS during a museum visit 

can impact the reported quality of cognitive, introspective, restorative, and 

affective VX categories (see Section 8.5.1) as well as an overall satisfaction with 

the visit (see Section 8.5.2) when compared to the Without, i.e., non-RS-enhanced, 

visiting condition. In particular, the reported overall satisfaction with the visit as 

well as the quality of cognitive VX, introspective VX and “Joy”, a subcategory of 

affective VX, in the groups who used the Grant Museum RS throughout the visit 

were statistically significantly different from the groups that did not test or use 

the RS. It is necessary to emphasise that not all changes in contextual variables 

can lead to significant changes in the quality of VX; e.g., the exhibition updates 

that took place between the pilot VX and main VX studies did not result in 

statistically significant differences in the quality of VX of the pilot Without and 

main Without groups. Hence, this study emphasises that the interaction with an 

RS can play an important, transformative, and, since only positive changes in VX 

were detected, positive role in a museum visit. Within the larger research context, 

this new evidence about VX improvements under the WithFull visiting condition 

can help justify the implementation of an RS for museum curators who need to 
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dedicate time and resources to develop an RS. Additionally, the calculated 

differences in the quality of VX under different visiting conditions can help 

researchers put forward a more effective technological solution to improve VX in 

a physical museum. The results can also be useful for visitors to understand why 

they might want to use an RS during their museum visits. The rest of the section 

provides a more in-depth reflection on the main findings from the summative 

evaluation. 

This study identified that the strength and significance of the impact of the With 

visiting condition can vary depending on the VX category, the level of engagement 

with an RS as well as contextual variables. More specifically, the summative 

evaluation reinforced and extended the findings in the formative evaluation (see 

Section 6.6) that the perception of the utility of an RS during a museum visit can 

be affected by the variables from the personal, social, physical, and digital 

contexts (see Section 8.5.3.3), and, as a result, the significance of the RS’s 

influence on VX can fluctuate. For instance, in this research, some of the 

recommended objects were missing/moved from the physical cabinets which, in 

turn, affected the engagement of the users with the RS in a direct experience and, 

as a result, in VX. Moreover, in a few cases, the interaction with the Grant Museum 

RS was incompatible with the preferred visiting style of a visitor; while some 

visitors actively engaged in their recommended tours and in the object retrieval 

process, others felt that it was tedious to find all the recommended specimens in 

the physical museum, even though they set the task for themselves by manually 

specifying the tour length. As a result, the visitors who used the RS throughout 

the visit were more exposed to the VX transformations associated with the RS 

interaction than those who tested the RS at a certain point in the museum.  

Furthermore, the changes in contextual variables can affect the strength and 

significance of VX transformations under the With visiting condition. As an 

example, while the difference in the reported quality of cognitive VX between the 

PilotVX_Without and MainVX_WithFull groups was statistically significant, it 

became insignificant between the MainVX_Without and MainVX_WithFull groups, 

suggesting that there were some contextual variables, such as the exhibition 

update, that made the quality of cognitive VX fluctuate. Within the larger research 
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context, by underscoring the importance of contextual variables in VX 

transformations, the findings in the summative evaluation emphasised the need 

to conduct more studies in a targeted museum setting to determine how well a 

technology fits into its context of use and how significant its contribution to VX is 

to be able to claim an improved VX. 

This study also revealed that a brief, sporadic interaction with an RS might not be 

enough to prominently impact VX. To significantly transform VX under the With 

visiting condition, visitors need to engage with an RS throughout their visit. In 

particular, the quality of VX in the WithPartial groups, i.e., who tested the RS only 

at a specific point in the museum, was statistically similar to the quality of VX in 

the Without groups who did not test the RS. However, in some cases the quality 

of VX in the WithFull groups, who used the RS throughout the visit, was 

statistically significantly different from that in the Without groups (see Section 

8.5.1). This, in turn, demonstrated that a museum RS should be aimed not only at 

attracting but also at retaining users during their museum visits to be able to 

significantly improve their VX. In the context of this research, only 57.44% of all 

With study participants used the Grant Museum RS throughout the visit. The 

qualitative analysis of the feedback gathered in the general open section 

illuminated a few areas for the RS improvement that could help retain the RS 

users (see Section 8.5.3.3) and amplify the effect of an RS on VX. For example, it 

is necessary to improve the recommended object retrieval process in the physical 

museum to provide a more effortless engagement in a recommended tour, in a 

direct experience with museum objects and in VX. It is also necessary to better 

accommodate visitors’ informational needs as a few RS users found object details 

in the Grant Museum RS insufficient to learn more about their objects of their 

interest. Finally, the recommended tour alone might not be able to include all the 

objects that visitors could be interested in, and thus it is necessary to extend the 

RS with additional information retrieval tools, such as a search functionality. 

Therefore, within the larger research context, this summative evaluation 

demonstrated that the integration of an RS into a museum visit does not 

automatically improve VX, and it is necessary to seek ways to retain the RS users 

throughout the visit to increase the likelihood of a significant impact of the RS 

interaction on VX.  
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With a greater focus on the detected VX transformations, this study showed that 

the impact of the RS interaction on some VX categories can be insufficient or 

limited. For instance, the quality of introspective VX improved under the WithFull 

visiting condition when compared to both Without groups (see Section 8.5.1.2). 

However, the scores for this VX category in the WithFull group remained within 

the “Neutral” range similar to the Without groups (see Section 8.5.1.2). Moreover, 

there was no prominent feedback in the general open section that could 

exemplify visitors’ engagement in introspection (see Section 8.5.3.3). Therefore, 

silencing the results of the statistical tests, this research questions whether the 

WithFull visiting condition was able to improve introspective VX. Similarly, 

cognitive VX also showed positive transformations under the WithFull visiting 

condition (see Section 8.5.1.1). The WithFull group tended to agree more often 

than the Without groups that they managed to enrich their knowledge about 

many exhibits. However, the visit with the RS throughout the visit was not found 

more educational or thought-provoking than the visit without the RS. In addition, 

as stated above, a statistically significant difference in the quality of cognitive VX 

was detected only between the PilotVX_Without and MainVX_WithFull groups. 

This suggested that the interaction with the Grant Museum RS and its content was 

insufficient to make the quality of cognitive VX deviate from both Without groups, 

and, following the feedback of the RS users, it was necessary to provide more 

information about the history behind museum objects in the RS (see Section 

8.5.3.3). Finally, the interaction with the RS did not influence the reported quality 

of restorative VX and “Unease” as they remained statistically similar under all 

visiting conditions. It can be assumed that the Grant Museum RS had a limited 

effect on restorative VX and “Unease”, because it did not enhance any properties 

of the restorative environment (see Section 3.4.3) and did not target feeling 

angry, uncomfortable, emotionally exhausted, stressed, and sad. Within the 

larger research context, these findings demonstrate that it can be challenging to 

claim that a museum RS, and, plausibly, any other museum technology, improves 

VX as a whole, because VX is a complex multidimensional construct (see Section 

3.4) in which many processes may not be sensitive to the changes in a visiting 

condition introduced by a technological enhancement. Therefore, it is necessary 

to conduct a comparative analysis of the quality of VX under different visiting 
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conditions to establish the significance of transformations in different VX 

categories and the extent of the impact of a developed technology on VX. 

Lastly, the analysis of the association between UX and VX scores demonstrated 

that the quality of UX might not correlate with the quality of VX. A positive 

perception of an RS, such as an overall satisfaction with the system, perceived 

quality of recommendations, and perceived ease of use, might not be indicative 

of an improved VX. More specifically, the WithPartial groups had an overall 

positive opinion about the Grant Museum RS (see Section 8.5.3.1). However, 

there was no association between the quality of four measured UX-related items 

and the quality of cognitive, introspective, and restorative VX categories as well 

as “Unease” and “Joy”, in the WithPartial group (see Section 8.5.3.2). In addition, 

although the WithPartial groups had a positive opinion about the RS, their VX did 

not statistically significantly differ from the Without groups that did not use the 

RS (see Section 8.5.1). These results highlight that the opinion formed by the 

WithPartial groups about the Grant Museum RS had little to no relation to the 

quality of their VX. This finding supports an assumption made in the Motivations 

section of this doctoral research (see Section 1.1) that system performance 

evaluations, which are often carried out in the published literature to estimate 

the efficiency and effectiveness of a developed RS or an adaptive museum guide 

(see Section 2.3.2), might not be enough to claim an improved VX in a physical 

museum. This finding also reinforced the results in the PIL project where the 

study participants also enjoyed using the multimedia guide but the knowledge 

test did not indicate that the participants with the multimedia guide learnt more 

than those who did not use the multimedia guide (Kuflik et al., 2011). The 

summative evaluation in this thesis also extended the findings in (Kuflik et al., 

2011) by revealing that the association between UX and VX can evolve when 

visitors use an RS throughout the visit as a few weak-moderate statistically 

significant correlations between the UX and VX scores were detected in the 

WithFull groups (see Section 8.5.3.2). Nevertheless, this study emphasises that 

the quality of UX is still not indicative of the quality of VX, because restorative VX 

and “Unease” remained statistically similar under all visiting conditions. From a 

theoretical perspective, these findings emphasise the need to conduct VX-related 
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evaluations of a developed technology in order to claim the effectiveness of that 

technology to improve VX. 

8.7 Conclusion 

This chapter presented the summative evaluation with the two field studies that 

were conducted to establish how the quality of cognitive, introspective, 

restorative, and affective VX categories changed under different visiting 

conditions:  

• Without – when the visitor did not use the RS during their visit; 

• WithPartial – when the visitor tested the RS at a certain point in the 

museum, e.g., at the beginning of their visit; 

• WithFull – when the visitor used the RS throughout their visit.  

The summative evaluation demonstrated that the strength and significance of the 

impact of an RS-enhanced visit on VX can depend on contextual variables, on the 

VX category, and on the level of engagement with an RS. For instance, the 

interaction with an RS throughout the visit can contribute to statistically 

significant transformations in an overall satisfaction with the visit and in the 

quality of cognitive VX, introspective VX, and “Joy”. However, this study did not 

detect significant transformations in the quality of restorative VX and “Unease” 

which suggested that the RS-enhanced visit might not be able to transform VX as 

a whole, because the effect of an RS on VX can be limited or insufficient. To 

amplify the effect of the RS interaction on VX, this study identified a few areas in 

which the Grant Museum RS, as well as similar RSs, could be improved.  

Although a few transformations in VX were detected under different visiting 

conditions, it is necessary to acknowledge a few study limitations that can also 

inform the future work to refine the understanding of the RS impact on VX. More 

specifically, this study could not establish why some changes in VX were 

observed, e.g., why there was a statistically significant improvement in 

introspective VX. This implies that it is necessary to seek further evidence of the 

transformations in introspection under the RS-enhanced visiting condition as 

well as to enquire about the role of an RS in introspective VX. Moreover, this study 
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could not establish a causal relationship between the RS interaction, or a specific 

RS feature, and VX transformations to claim that the Grant Museum RS was the 

reason why the quality of various processes within VX improved under the 

WithFull visiting condition. While it can be challenging to establish a causal 

relationship in general, the future work should be aimed at replicating the 

comparative analysis of VX under different visiting conditions in other museum 

contexts to seek confirmation of the detected transformations as well as at 

enriching the research methodology with a more profound qualitative element 

that might further the understanding of the reasons why some VX 

transformations were detected.  
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Chapter 9 Conclusions 

9.1 Introduction 

Visitor-centred museum technologies, such as museum RSs and adaptive guides, 

are often introduced to improve VX in physical museums, but the process of the 

development and evaluation of these technologies remains scattered with a 

greater focus on system performance than on VX transformations (see Section 

2.3.2). The shortage of VX-related research could be explained by the challenges 

of conceptualising and analysing VX (see Section 2.2.3). However, a more 

systematic and rigorous way of defining and evaluating VX would result in a more 

systematic and rigorous way of developing and evaluating visitor-centred 

museum technologies. For instance, with a more solid theoretical framework of 

VX, researchers would be able to better understand what factors influence mental 

processes within VX, how those factors are reflected in their developed system, 

and whether they can put forward new factors, such as object recommendations, 

that would lead to significant VX transformations. With a shared procedure to VX 

evaluations, researchers would ensure a greater transferability of their findings 

to other museum contexts as they could connect their results with the findings in 

the previous scholarship, e.g., they could reflect on how well their system 

performs against other similar systems that were evaluated following the same 

approach to and interpretation of VX. Their findings would also extend the 

previous knowledge about the effectiveness and efficiency of museum 

technologies and could eventually help increase the value of digital technologies 

in museums by revealing how to strengthen and expand the impact of these 

technologies on VX, e.g., how to optimise content presentations to ensure a better 

cognitive VX. From a theoretical perspective, their findings would also help gain 

a better insight into VX and its underlying processes as well as could help refine 

the VX evaluation procedure. Therefore, the knowledge gap that evolves from the 

shortage of VX-related evaluations of visitor-centred museum technologies 

emphasises the importance of this doctoral research.  

This research contributed to a better theoretical and practical understanding of 

VX by putting forward an analytical framework of museum experience, by 
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classifying mental processes within VX, by identifying core VX categories, and by 

developing and validating a quantitative instrument to evaluate cognitive, 

introspective, restorative, and affective VX categories with and without museum 

technologies in a real-world museum environment. With this theoretical 

knowledge, this research developed a content-based RS to respond to the needs 

of visitors in the Grant Museum, and, by using the validated quantitative VX 

instrument, it then critically evaluated the integration of the developed RS into a 

museum visit from the perspective of its contribution to VX by revealing not only 

positive aspects of this integration but also a range of ramifications. This chapter 

summarises the main findings, answers the question “(How) can a recommender 

system impact visitor experience in a physical museum?”, and outlines the 

significance and contribution of this research within the larger context. This 

chapter then sets the goals for future work drawn from the research limitations 

and findings in this thesis. 

9.2 (How) can a recommender system impact visitor 

experience in a physical museum? 

To answer the main research question, this research adopted the procedure of 

the front-end, formative, and summative evaluations which have been commonly 

used in the literature to develop and assess museum exhibitions and visitor-

centred museum technologies (see Section 4.3.2):  

• front-end evaluation (see Chapter 5) explored visitors’ needs in the Grant 

Museum which was selected as an experimental research space to collect 

the real-world VX data and to test an RS (see Section 4.4.1). The findings 

from the front-end evaluation helped determine how an RS could enhance 

a museum visit and whether it had potential to improve VX in the targeted 

museum setting;  

• formative evaluation (see Chapter 6) focused on the development and pilot 

usability study of a content-based RS. The RS development was crucial to 

address the main research question because the Grant Museum did not 

have an RS that could have been used in this doctoral research. The RS 

development also helped target the needs of the Grant Museum visitors 
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which were identified in the front-end evaluation. The pilot usability study 

was then conducted to reveal how the first version of the Grant Museum 

RS needed to be refined before releasing it to the general museum 

audience to trace VX transformations; 

• another formative evaluation (see Chapter 7) was added to respond to the 

shortage of a shared instrument to evaluate VX by developing and 

validating two quantitative VX instruments which measured various 

processes within cognitive, introspective, restorative, and affective VX 

categories. These VX instruments were used to collect the VX-related data 

and to trace VX transformations under the original and RS-enhanced 

visiting conditions; 

• summative evaluation (see Chapter 8) answered whether an RS can 

improve VX by comparing the VX of the participants who browsed the 

collection with and without the developed RS in the Grant Museum. The 

summative evaluation also analysed the relation between UX and VX to 

establish the role of the RS in VX transformations and to discuss how the 

effect of similar museum RSs on VX could be amplified. 

The following sections present the key findings within the three research 

subquestions. 

9.2.1 How can a recommender system support visitor 

experience in a physical museum? 

In order to explain the role of an RS in VX, it is first necessary to understand what 

VX is and how it can be influenced. From the literature review (see Chapter 2), 

the analysis of the core dimensions of VX (see Chapter 3), and being mainly 

guided by (Ansbacher, 1999; Falk and Dierking, 2012; Packer and Ballantyne, 

2016), this research conceptualised VX as the mental processes, e.g., cognitive 

and introspective, that can develop from a direct experience, e.g., looking at an 

object or reading a label, and that can lead to some experiential outcomes, e.g., a 

constructed meaning, during the visit in a physical museum. The processes within 

VX can take many forms: by aggregating and visualising categories from VX 

classifications in literature (see Section 3.4), this research identified five core VX 
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dimensions: cognitive (see Section 3.4.1), introspective (see Section 3.4.2), 

restorative (see Section 3.4.3), social (see Section 3.4.4), and affective (see 

Section 3.4.5). It should be emphasised that although this research attempted to 

set clear boundaries between the categories, they are all strongly interrelated, a 

process within one category can evolve from a process within another category 

(see Section 3.4). 

VX occurs at the intersection of variables in the personal, sociocultural, physical, 

and digital contexts, such as prior knowledge (personal context), sociocultural 

background (sociocultural context), object labels (physical context), and audio 

presentations (digital context) (see Sections 3.6). Although VX is unique on an 

individual level being shaped by the personal context of each visitor, following 

the findings in the formative and summative evaluations, this research showed 

that the quality of VX can demonstrate patterns and stability on a group level, i.e., 

when multiple VX cases are aggregated and examined as one VX case, in the same 

context under a similar visiting condition, e.g., when visitors do not use a museum 

technology (see Section 8.5). With this theoretical knowledge, VX can be 

manipulated by changing contextual variables, e.g., by changing the 

characteristics of a museum setting, and the significance of these manipulations 

can be traced by observing the state of VX under different conditions. 

Supporting visitor experience with a recommender system 

Following the theoretical knowledge of VX, a generic purpose of museum RSs can 

be to support and enhance the factors, or, in other words, contextual variables, 

that exist during a museum visit and shape the quality of VX. More specifically, by 

focusing on VX in the UCL Grant Museum of Zoology and Comparative Anatomy, 

this research found that the Grant Museum visitors would have benefitted from 

a more accessible way of browsing the collection and from being given more 

explanatory information about the objects on display (see Section 5.4). These 

visitors’ needs resonated with the needs previously identified in the Grant 

Museum by other researchers (Ross, 2014) as well as in other museum contexts, 

e.g., (Najbrt and Kapounová, 2014; Wei and Jianping, 2015; Sunbury, 2016), 

which helped link the problem addressed in this doctoral research with the 

problem existent in other museum spaces. In line with the previous scholarship 
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(see Section 2.3.1), an RS was put forward in this research as a suitable tool to 

address the identified visitors’ needs and to support VX by pursuing the following 

roles: it could supply more explanatory and factual information about museum 

objects which might not be convenient to be displayed in the physical museum 

due to a limited space capacity; and it could also moderate the flow of information 

by exposing visitors to the content relevant to their individual interests with the 

help of a personalised recommended tour. With these changes in contextual 

variables, it was anticipated that the RS interaction would help improve the 

processes of gaining new knowledge/learning and understanding within cognitive 

VX, because the relation between information/object labels and cognitive VX has 

been previously argued in literature (see Section 3.4.1). The following 

subsections summarise the findings on whether the Grant Museum RS, and hence 

museum RSs with similar roles, could be a suitable tool to respond to the 

abovementioned visitors’ needs.  

RS as an additional informational source 

The visitors’ feedback gathered in this research indicated that an RS can be used 

as an additional informational source, but the recommended content might 

restrict, and thus not be effective enough to address all informational needs of 

museum visitors. The developed RS generated a subset of museum objects with 

some informative details: general facts, object descriptions from the Grant 

Museum curators, taxonomic ranks, distribution details, related specimens, and 

additional images to demonstrate how specimens might have looked before they 

were preserved. The information provided by the RS received positive feedback 

overall; the study participants with the RS often compared the labels in the digital 

and physical contexts to identify the utility of the RS in their visit and commented 

that the RS helped them understand the museum collection better and fill in the 

information gap (see Section 8.5.3.3). This evidence reinforced the existing 

knowledge that an RS could be used as a tool to enhance the physical context with 

the digital object labels linked to visitor’s individual interests (see Section 2.3.1). 

However, this research also found that recommendations might not be able to 

fulfil all visitors’ informational needs, because some RS users asked for better 

informational coverage of the entire physical museum collection and for a greater 
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control over exploring the objects that interested them (see Section 8.5.3.3). The 

developed RS used a dataset of 500 museum objects; it recommended 10 to 50 

objects, and it let users manually extend their tours with more objects by clicking 

on the cabinets on the digital map or by selecting one of the four additional 

objects listed on the individual object pages. However, some participants would 

have preferred using a search tool to learn more about the objects that the RS did 

not recommend but that were still of their interest while browsing the collection 

in the museum. This implied that the informational support provided by an RS 

within the museum context can be limited unless an RS is enhanced with 

additional features.  

RS as a personalised museum guide 

This study used the RS as a personalised museum guide to highlight the objects 

that visitors might find interesting to explore in the museum (see Section 2.3.1). 

In the developed RS, the recommended objects were grouped by their location in 

the physical cabinets/cases, while the cabinets/cases were ordered by their 

location in the physical museum starting from the museum entrance. In addition, 

the RS had a digital map to guide visitors to their recommended objects. A few RS 

users reported that the RS highlighted the interesting objects that they might not 

have noticed without it. This showed that museum RSs can help identify objects 

that visitors might find interesting, which is particularly important to stimulate 

VX (see Section 2.2.2). However, some visitors abandoned using the Grant 

Museum RS because of its linear, “scavenger hunt”-like style which was 

incompatible with their preferred visiting style and MEGs (see Section 8.5.3.3). 

Moreover, it was difficult to find recommended objects in the museum by 

following the cabinet numbers (see Sections 6.4.3 and 8.5.3.3). With this, a 

recommendation component alone might not be enough to work as an adequate 

personalised museum guide, and a museum RS is required to be enhanced with 

additional navigational support to retain visitors who might not want to strictly 

follow their RS-generated tour or to look for their suggestions in a physical 

museum. 
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9.2.2 Can a recommender system-enhanced visit improve visitor 

experience? 

This research found that the quality of cognitive VX, introspective VX, and “Joy”, 

which is a subcategory of affective VX, statistically significantly differed between 

the groups who used and did not use the RS throughout their visit in the Grant 

Museum. This suggested that the interaction with a museum RS can significantly 

influence various processes within VX. The importance of this finding can be 

reinforced by the result that not all changes in contextual variables can lead to a 

significantly transformed VX. For instance, during the summative evaluation 

conducted in June to August 2019, the Grant Museum had a temporary exhibition 

which was not available in February to March 2019 when the formative 

evaluation was conducted. Although some differences in VX were detected 

between the two studies (see Section 8.5), the VX of the Without group from the 

formative evaluation was statistically similar to the VX of the Without group from 

the summative evaluation. This revealed that the changes in the physical context 

were not prominent enough to change VX. In contrast, this research detected a 

few statistically significant positive transformations within VX when visitors 

interacted with the Grant Museum RS throughout the visit. These findings are 

crucial to justify the implementation of museum RSs as well as to encourage 

visitors to use an RS during their museum tours. Moreover, for researchers, these 

findings highlight a few areas where the effect of an RS on VX could be 

strengthened as the extent of the RS influence on VX might fluctuate depending 

on a VX category, contextual factors, and the level of engagement with an RS. The 

subsections below elaborate on the detected impact. 

The influence of the interaction with an RS can be limited or insufficient to 

significantly transform VX 

In addition to positive VX transformations, this research identified that the RS 

impact on VX can be limited or insufficient. A limited impact implies that the 

interaction with an RS during the visit might not be able to transform VX as a 

whole, because of its limited functional scope and/or a specific role that it plays 

in a museum visit. For instance, although the developed RS could help first-time 
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visitors navigate in the museum with a recommended tour, it could not change 

the properties of the physical context, such as temperature, lighting, cabinet 

numbers, etc., which are also associated with the level of restoration and 

effortless engagement in a visit (see Section 3.4.3). As a result, an insignificant 

effect on restorative VX was observed (see Section 8.5.1.3). An insufficient impact 

implies that a platform for VX transformations was created with the RS features 

and content, but it was not strong enough to lead to significant improvements in 

VX. In this research, additional information about museum objects in the RS was 

regarded as the platform for an improved understanding and gaining new 

knowledge/learning. The respondents in the summative evaluation found the 

additional information in the RS helpful to understand and learn more about the 

museum objects, but this did not lead to statistically significant changes in the 

perception of how educational the visit was (see Section 8.5.1.1). 

The influence of the interaction with an RS can vary depending on a VX 

category and on a process within a VX category 

The interaction with an RS during the visit might not be able to improve VX as a 

whole but rather significantly influence a specific VX category or a process within 

a VX category, which reinforced similar findings in (Kuflik et al., 2011; Othman, 

2012). For example, the RS visiting condition led to some improvements in 

cognitive VX, but it could not influence restorative VX. Moreover, the influence on 

some processes can be significant yet slim, e.g., introspective VX demonstrated 

statistically significant transformations under the RS visiting condition, but its 

quality remained within the “Neutral” range, suggesting that the RS users still 

rarely engaged in introspection. In addition, the RS influence was often observed 

within a VX category but not on a VX category as a whole – the level of “Joy”, i.e., 

feeling happy, excited, and inspired, changed under the RS visiting condition, but 

the level of “Unease”, i.e., feeling angry, uncomfortable, emotionally exhausted, 

stressed, and sad, remained statistically similar to the groups that did not test or 

use the RS. This demonstrated that the RS interaction did not influence affective 

VX but rather specific processes within it. 
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The strength of influence of the interaction with an RS on VX can vary 

depending on the changes in contextual variables 

The interaction with an RS during a visit not only enhances but can also be 

affected by contextual variables. As a result, the RS influence on VX can fluctuate. 

For instance, the cognitive VX of the WithFull group surveyed in June to August 

2019 was statistically significantly different from the cognitive VX of the pilot 

Without group surveyed in February to March 2019. However, the difference was 

insignificant when the cognitive VX of the WithFull group was compared with the 

cognitive VX of the main Without group who were also surveyed in June to August 

2019. Within the larger context, this implies that although the interaction with an 

RS during the visit can impact the quality of cognitive VX, introspective VX, and 

“Joy”, other VX transformations could be detected with the changes in contextual 

variables, such as the characteristics of a museum space. This finding is important 

because it underscores the need to continue investigating how the RS interaction 

impacts the quality of VX in other museums as well as how the effect could be 

strengthened to ensure the RS’ effectiveness in different contexts of use. 

The influence of the interaction with an RS on VX can vary depending on the 

level of engagement with an RS 

The interaction with a museum RS does not imply an automatically improved VX 

or transformed mental processes underlying VX, because the strength of the RS 

influence also depends on the level of engagement with an RS. More specifically, 

this research found that the VX of the visitors who used the Grant Museum RS 

only at a certain point in the museum, usually only at the beginning of their visit, 

remained in between two distinct conditions, which are without the RS (Without) 

and with the RS throughout the visit (WithFull). However, a significant effect was 

observed when the participants engaged with the RS throughout the visit (see 

Section 8.5). This showed that a brief, sporadic interaction with an RS may not 

result in VX transformations, yet with a more in-depth engagement with the 

recommended tour, the quality of VX under the RS visiting condition can 

significantly differ from its original, non-RS-enhanced state. 
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9.2.3 How can the effect of a recommender system on visitor 

experience be amplified? 

Since the RS impact on VX can be limited and insufficient, it is necessary to seek 

ways to amplify the RS’s effect. In this research, a few guidelines were elicited 

from the detected VX transformations, visitors’ feedback about the RS 

performance, and their suggestions on how the interaction with an RS could be 

improved. 

Seek a synergy between contextual variables 

Considering that the influence on VX was observed only when the Grant Museum 

RS was used throughout the visit (see Section 8.5), it is necessary to seek ways to 

increase the retention rate with an RS. The evidence in this research underscores 

that an RS’s ease of use, perceived accuracy of recommendations and additional 

information about museum objects cannot ensure that visitors would be willing 

to interact with an RS in a physical museum, and, most importantly, that their VX 

would be significantly improved (see Section 8.5.3.1 and 8.5.3.2). A well-designed 

RS might attract visitors to test it, while object recommendations might keep 

visitors engaged with an RS throughout the visit which, consequently, might 

contribute to an improved VX (see Section 8.5.3.2). However, the role of an RS in 

a physical museum expands beyond the digital context. In this research, the 

perception of the RS qualities was not as crucial as the RS’s compatibility with the 

variables from the personal, sociocultural, digital, and physical contexts. In 

particular, the participants often compared the Without and With visiting 

conditions to assess the utility of the Grant Museum RS during their visits (see 

Section 8.5.3.3). The visitors appreciated the information that the RS provided to 

better understand the museum collection, as was anticipated. However, the 

interaction with the RS often affected the exploration of the museum collection: 

many visitors reported difficulties in finding their recommended objects in the 

museum; some visitors found the RS incompatible with their visiting style as they 

preferred a more exploratory experience; others claimed that they would have 

used the RS throughout the visit if the museum were larger; certain visitors could 

not use the RS because it was not multilingual. Hence, the findings in this thesis 
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underlined that it is important to seek a synergy between different contextual 

variables which would encourage visitors to use an RS throughout the visit.  

Seek a resonance with visitors’ informational needs 

As reported in Section 9.2.1, the information about museum objects in the RS 

could not satisfy all visitors’ informational needs; the study participants in the 

summative evaluation often asked for more in-depth details, e.g., dates when 

specimens were preserved (see Section 8.5.3.3). However, some information 

could not be retrieved due to a lack of knowledge and/or access to that 

information (see Section 6.2.1). Although this study attempted to fill in the gap 

with some general facts about specimens, this information still did not 

adequately reflect what the Grant Museum visitors originally asked for. This 

problem resonated with the participants’ comments in (Boehner et al., 2005), 

who requested more information than the system provided. With this, the 

perceived utility of an RS could be increased by better addressing visitors’ 

informational needs, which could encourage more visitors to use the RS 

throughout the visit, and hence extend and strengthen the realm of the RS 

influence to a wider visitor group. 

Seek a functional utility  

The RS development in this thesis was guided by the existing practices for 

building museum RSs as well as by the data, timeframe, and facilities available 

within the context of this research to generate recommendations (see Section 

6.2). However, some features distracted visitors from exploring the museum 

collection, and thus from engaging in VX. In order to eliminate the sources of 

distraction, it is necessary to aim for a simple functional scope that would be 

informed by the usefulness of a specific feature for a museum visit. For instance, 

similar to (Resnick et al., 1994; Poslad et al., 2001; Pu and Chen, 2008; Ruotsalo 

et al., 2013), this research identified that RS users might not be willing to provide 

explicit feedback, e.g., rating objects or marking them as favourite, because the 

RS users were often unsure why they would rate recommendations during their 

museum visit (see Section 6.4.3). With this, the rating feature, which is typically 

found in RSs in other industries, might not be particularly useful in museum RSs 
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to explicitly gather data on user preferences, and it might distract visitors from 

their museum experience by making them question why they should rate objects 

instead of interacting with a museum collection. As a “native” museum RS feature, 

this study found that it is necessary to let visitors set a task for themselves by 

selecting the number of recommended objects in order not to overwhelm them 

with too many objects to find in the museum (see Section 6.4.3). Moreover, it was 

found that explanations were required to be added to the RS to help visitors 

understand why certain objects were recommended to them, which supports the 

observations in (Ruotsalo et al., 2013). In addition, as stated earlier (see Section 

9.2.1), the recommendation component alone is limited in a physical museum 

space and should be supplemented with some additional functionality, such as an 

indoor location tracking and a search tool, to retain RS users and to increase the 

likelihood of an improved VX. Lastly, some functionalities might be useful for a 

subgroup of visitors or at a specific point during a museum visit. In particular, the 

recommended objects had a “Found” button, similar to the CHIP Mobile Guide 

(van Hage et al., 2010), to help visitors keep track of their tour; the pilot usability 

study identified that there might be a subgroup of visitors who wanted to find all 

their objects and record them in the RS, but this behaviour might not be pertinent 

to all museum RS users. This knowledge is important for the development of 

museum RSs because it reveals the functionalities that can be counterproductive 

to improving VX, and it highlights the functionalities that can amplify the 

perceived usefulness of a museum RS, and thus help retain visitors, which, in turn, 

could lead to significant VX transformations. 

To summarise, in line with the previous scholarship, this study used an RS as an 

additional source of information about museum objects and as a personalised 

museum guide that could highlight objects that the visitor might find interesting 

to explore and might not have noticed otherwise in a physical museum. This 

research found that the interaction with an RS during the visit can significantly 

improve some mental processes within introspective and cognitive VX 

categories, and some emotional responses linked to “Joy”. However, this research 

also identified an insufficient impact on restorative VX and “Unease”, i.e., a 

subcategory of affective VX. With this, a recommended tour might not be able to 
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improve VX as a whole due to the diversity of underlying processes and since the 

RS functionality alone might not be enough to meet visitors’ needs in a physical 

museum. Moreover, the effect of an RS-enhanced visit on VX can fluctuate under 

the influence of external factors, demonstrating that the RS interaction not only 

affects but can also be affected by the contextual variables that exist during a 

museum visit. Nevertheless, it is necessary to seek ways to extend and strengthen 

the realm of the influence of an RS so that it could better accommodate visitors’ 

needs, and so that the development of such complex systems could be based on a 

more solid justification supplemented by some real-world evidence of VX 

improvements. 

9.3 Significance and contributions of this research 

To investigate the influence of an RS on VX, this thesis has responded to several 

challenges of defining and evaluating VX as well as of implementing an RS for a 

real-world physical museum environment. The following subsections elaborate 

on the theoretical and practical implications of this research. 

9.3.1 Contributions to the understanding of visitor experience 

This doctoral research contributes to the development of a theoretical 

framework of VX, anticipating that this can help further the understating of VX 

and bring forward a shared approach to the analysis of VX in the scholarship. In 

particular, a well-defined VX was crucial to meet the objectives of this research 

and to clarify what an RS aimed to enhance. Hence, this thesis introduces the 

following improvements to the theoretical understanding of VX: the refined 

definition of VX to better explicate what VX is (see Section 3.5), the 

deconstruction of VX into its underlying categories to underline the 

multidimensionality of VX (see Section 3.4), the explanation of the factors that 

shape VX to learn how VX could be influenced (see Section 2.2.1), and a schematic 

model of the analytical framework of museum experience to demarcate the 

boundaries of VX and to put VX within the larger context (see Section 3.6). For 

example, the proposed definition of VX (see Section 3.5) extends the definition by 

Packer and Ballantyne (2016, p. 133), i.e., ‘an individual’s immediate or ongoing, 
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subjective and personal response to an activity, setting or event outside of their 

usual environment’, by recognising direct experience from which VX can develop, 

and by outlining an outcome of a response, e.g., a constructed meaning. Moreover, 

the definition clarifies the main types of a response, which are cognitive, 

introspective, restorative, social, and affective. These types are applicable to VX 

found in different museum spaces rather than in one specific context, since they 

were elicited from the categories recurrent in the VX classifications which were 

put forward as a result of theoretical and practical studies in different museums 

(see Section 3.4). 

This research expands the knowledge about the main VX features which could 

also make VX more comprehensive and well-defined. Packer and Ballantyne 

(2016, p. 133) specified the four main characteristics of VX as: “inherently 

personal and subjective”, “responsive to the affordances of external or staged 

activities, settings, or events”, “bounded in time and space” and “significant to the 

visitor”. The interpretation of VX in this doctoral research is in line with the 

abovementioned VX characteristics, while the empirical evidence from the 

summative evaluation reinforced that some mental responses within VX can be 

“responsive to the affordances of external or staged activities”, because a few 

transformations within VX were observed once a visiting condition was 

manipulated (see Section 8.5). Furthermore, based on the discussion and findings 

in this thesis, several additional characteristics of VX can be proposed. It is 

necessary to emphasise that VX is multidimensional – scholars can aim to 

transform a specific process within VX, e.g., understanding, by manipulating some 

contextual variables, and then they can observe changes in other processes, e.g., 

gaining new knowledge/learning and introspection. However, it might be difficult 

if not impossible to improve VX as a whole because of its numerous underlying 

processes (see Section 3.4). It can also be difficult to draw conclusions about the 

transformations within one overarching VX category, such as cognitive VX, 

because the processes within the same category, e.g., mental stimulation within 

cognitive VX, can remain statistically similar under different conditions (see 

Section 8.5). Lastly, it is necessary to recognise that VX is dynamic and unique for 

each visitor as it evolves from various factors present in the inquiry cycle during 
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the visit, but the quality of VX can also demonstrate patterns and stability on a 

group level when the data is gathered from a sample (see Section 8.5).  

With this new and refined theoretical knowledge of VX, it is anticipated that more 

advanced research into VX and its transformations can be produced, because 

scholars can be guided by the shared theoretical framework and understanding 

of VX, while VX evaluations can be based on one common approach to the 

interpretation and analysis of VX. 

9.3.2 Contributions to the evaluation of visitor experience 

This research responds to the shortage of frameworks to evaluate VX. Based on 

VX-related questions and scales in literature and being guided by the definition 

and classification of VX in this thesis, this research designs and validates in the 

EFA and CFA procedures two VX instruments to measure various processes 

within cognitive, introspective, restorative, and affective VX categories. The main 

benefit of the instruments is that they can be used in both With and Without 

visiting conditions, that is not only to estimate the impact of a designed 

technology on VX but also to address VX without a technological enhancement in 

a museum space. As an example, the instruments helped answer the main 

research question in this doctoral research by gathering data about the state of 

VX under different conditions. The instruments can be reused in other museums 

because the questionnaire items were not framed by the variables found in the 

targeted museum space. Instead, the questions were adopted from the studies 

conducted in the museums of different types, and they follow a generic 

formulation, e.g., “The visit was educational”. Moreover, the instruments might 

help expedite the analysis of VX transformations in different research fields, 

because they are based on a set of pre-defined questions, and hence they do not 

require scholars to interpret mental processes in which the visitor was involved 

from a psychological perspective. 

9.3.3 Contributions to visitor experience in physical museums 

This research helped improve VX in the real-world physical museum setting. It 

identified visitors’ needs in the Grant Museum and addressed them by 

implementing a content-based RS that can generate a personalised 
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recommended tour with the objects to explore in the museum, and that can help 

visitors understand and learn more about the collection during a museum visit. 

Following the visitor’s feedback, the developed RS managed to meet some of the 

visitors’ informational needs and to improve a few processes underlying VX (see 

Section 8.5).  

The reported VX improvements are important not only for the targeted physical 

museum but also for similar museums that seek ways to enhance the experience 

of their visitors. For instance, a visit to the Grant Museum could potentially 

resonate with visits to other natural history and zoological museums, where 

many objects are displayed in physical cabinets and cases. With this, the visitors’ 

requests to have a more accessible way of browsing the collection and more 

explanatory information should also be observable in museums with similar 

collection presentations. The benefits and drawbacks of the RS developed for the 

Grant Museum can also be reflected in similar RSs launched in other museums, 

such as highlighting interesting objects to explore yet exposing visitors to the 

difficulties in retrieving recommended objects in the physical setting. Therefore, 

the findings about VX transformations with the Grant Museum RS are useful to 

reflect on the suitability of an RS to address visitors’ needs in other museum 

settings. 

9.3.4 Contributions to the understanding of the role of 

recommender systems in physical museums and beyond 

This research demonstrates how museums can improve the physical context and 

VX with the help of the digital context and UX. In particular, the developed RS 

helped fill in the information gap that could have been difficult to address through 

the physical context only due to the lack of the physical space for more 

informative labels. Moreover, it highlighted the objects related to visitor’s 

preferences in the physical museum, and it provided a more accessible way of 

browsing the objects which were difficult to explore on the physical shelves. 

Thus, this research reinforced that the role of museum technologies, such as RSs, 

can extend beyond the digital context, as they can complement the visit to a 
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physical museum and can compensate for some of the limitations of a physical 

space.  

Nevertheless, the implications of the developed RS still stretch beyond the 

enhancement of the physical museum visit. The RS can also be used offsite, 

meaning that it can have influence on the museum experience as a whole and not 

only on VX during the visit to the Grant Museum. In particular, it can help 

potential visitors learn more about and become interested in the Grant Museum 

collection through personalised recommendations. The RS can also be used by 

researchers to trace similarities between objects and to extend knowledge about 

the interconnectedness of different specimens. This offsite interaction might also 

have some impact on VX, if a visitor decides to come to the Grant Museum 

prepared with the knowledge gained from the RS. However, due to the lack of 

data, it is challenging to conclude how the prior offsite experience with the RS 

might transform VX. 

By contributing to VX in the physical museum with the help of digital technology, 

this research also underscores that it is vital to support the full digital cataloguing 

of museum collections. It serves as an example of how open access data and 

digitised museum collections can contribute to filling in the information gaps in 

the physical context, and ultimately bridging digital and physical environments. 

Moreover, it emphasises that although digital technologies, such as RSs, can 

support VX, their potential can extend as far as the process of digitisation and 

research into the history behind the museum collection; not being able to deliver 

the information sought by a visitor, e.g., dates when specimens were preserved, 

could undermine the utility and effectiveness of digital technologies used to 

improve VX (see Section 8.5.3.3). 

9.3.5 Contributions to the development of museum 

recommender systems 

The developed content-based RS, regrant.herokuapp.com, is regarded as a 

significant contribution in its own right. The RS can be used in the Grant Museum 

by other scholars for their research purposes as well as for exploring the RS 

impact on VX by releasing and retesting new RS versions. The RS can also be 

https://regrant.herokuapp.com/
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refined and adapted to work in other museums. To justify its potential, the 

algorithm relies on the museum object features only, and thus, does not require 

prior user data to generate recommendations, which would be useful in the 

museums where many visitors are there for the first time, as it might not be 

possible to collect extensive data on their preferences before recommending a 

museum tour. In addition, the RS does not collect any personal user data, e.g., 

email addresses, or sensitive data,  such as age or gender, meaning that it will not 

raise issues of ethics and data protection. The RS uses simple textual and visual 

information presentations (images) only, which would be easier to produce and 

maintain in museums than more advanced content modalities, such as video and 

audio files. Finally, the RS does not require the manufacturing of any additional 

hardware, since the RS can be launched on a visitor’s mobile device. With this, it 

is anticipated that the layout and functionality of the Grant Museum RS would be 

replicable in other museums to improve VX. 

This research has also helped to push forward the design of a blueprint of a 

“native” museum RS which would allow the move away from practices developed 

and appropriated from other industries as well as establishing a shared approach 

to the development of museum RSs in general. This thesis shows the process of 

designing and developing a museum RS from the ground up, starting from the 

exploration of visitors’ needs in the targeted physical museum and ending with 

the analysis of the RS impact on VX. The described process would be helpful for 

other scholars and developers to learn from and respond to some challenges 

associated with the development of a museum RS, e.g., cleaning and processing 

the museum data for an RS, periodically checking if the location of objects 

recorded in the RS database matches the location in the physical museum, and 

searching and enriching the RS database with more information about the 

museum objects.  

The RS development presented in this thesis also raises a discussion about the 

replicability and required level of complexity of museum RSs and adaptive 

guides. While developing the Grant Museum RS, it was found that a few features 

of museum RSs and adaptive guides, which had previously been put forward in 

the published scholarship, would not be feasible to be introduced in the Grant 
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Museum that has restricted resources and space capacity. For instance, a few 

museum projects have relied on video and audio presentations (see Sections 

6.2.2-6.2.3), but the collection explored in this thesis did not have audio and video 

presentations that could be made use of in the RS. Instead, the findings in this 

thesis challenge the need to invest in advanced multimedia systems as well as 

recommendation and explanation algorithms. More specifically, this research 

shows how a traditional content-based filtering method could be used to 

generate recommended tours and still be positively accepted by the museum 

audience (see Section 8.5.3). Moreover, following the analysis of the open-ended 

feedback (see Section 8.5.3.3), this study did not find that the RS users needed 

more advanced explanations on why certain objects had been recommended to 

them beyond what the Grant Museum RS had provided, which was the table in 

the RS that showed similarities and differences between the originally selected 

and recommended objects. Due to the lack of data, it is difficult to conclude how 

VX might have transformed if the RS had generated recommendations and 

provided explanations using a more sophisticated algorithm. Nevertheless, in line 

with (Kosmopoulos and Styliaras, 2018), this research argues that although 

multi-device multimedia systems and advanced algorithms might have higher 

chances to improve VX, they can be difficult to be replicated in museum 

environments with limited user and object data, space capacity and financial 

resources. Therefore, more research should be dedicated to seeking ways to 

develop simpler and replicable technological solutions which, as this study 

demonstrates, can still be positively accepted in the museum domain. 

9.3.6 Contributions to the evaluation of museum recommender 

systems 

This research also has visible implications for the evaluation of museum RSs. By 

bringing the evaluation to a physical museum, it demonstrated that the RS impact 

depends on many factors, while the interaction with an RS extends beyond the 

digital context and is framed by the variables in other contexts, such as cabinet 

numbers (physical context) and/or a preferred visiting style (personal context). 

The recognition of these contextual variables in evaluations is important because 

visitors might give up using the RS if it does not match their visiting style, or if it 
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is difficult for them to find recommended objects in the physical museum (see 

Sections 6.4.3 and 8.5.3.3). Therefore, this research emphasises that offline 

evaluations might not be able to establish the effectiveness of an RS to improve 

VX, because it can be challenging to predict or replicate the influence of the 

abovementioned variables in a laboratory environment. Moreover, this research 

emphasises the need to move the evaluations of museum RSs not only to the 

physical museum itself but also to the VX realm, because system usability tests, 

which are often conducted to evaluate RSs and adaptive museum guides (see 

Section 2.3.2), might not provide sufficient evidence that VX has been 

significantly improved (see Section 8.5.3.2). It is necessary to collect VX-related 

data which can not only support the claim that the developed RS improves VX but 

also reveal how its effect could be extended, as was exemplified by this doctoral 

research. 

9.4 Limitations and future work 

Building on the knowledge and experience gained whilst answering the main 

research question, the following limitations of the research methodology and 

conducted evaluation were identified and are required to be addressed in the 

future work. More specifically, in line with Ross (2014), each museum represents 

its own case study. Moreover, each visitor-centred museum technology and, 

plausibly, a version of a visitor-centred museum technology, can represent a new 

case of VX transformations within the same museum space. With this, it is 

necessary to investigate whether the VX transformations detected in this doctoral 

research resonate with the VX changes observed in other museum spaces, with 

other similar museum guides, and with newer versions of the Grant Museum RS. 

For instance, VX transformations might be stronger and more vivid in larger 

museums where visitors can make better use of a recommended tour being 

guided by an RS throughout their visit. In addition, this research did not 

extensively analyse how to enhance social VX with an RS, due to the diversity of 

social roles that could be found in the museum context and a limited timeframe 

for the fieldwork; families, tour and student groups were not surveyed, but 

different VX transformations might have been observed in these visitor groups 
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and with a more substantial analysis of social VX. Therefore, by collecting more 

evidence about VX transformations in other museum spaces, with an improved 

RS and by surveying other visitor groups, a more comprehensive and extensive 

analysis of the impact of museum technologies on VX could be produced. This 

limitation is common to studies that take place in physical museums due to the 

amount of time and resources it takes to investigate the peculiarities of a museum 

setting, and then to develop and evaluate a technology for that setting, e.g., 

(Economou, 1998; De Rojas and Camarero, 2008; Forrest, 2014; Sunbury, 2016). 

Agreeing with Economou (1997, p. 9), ‘[u]nder different conditions, in a different 

setting, and with a different material, the use of a multimedia interactive might 

not have been appropriate or effective’. Nevertheless, the contributions of this 

thesis extend beyond the effectiveness of one RS in one museum space (see 

Section 9.3). Hence, while the development and evaluation of a museum RS in this 

thesis were carried out in one museum, the benefits of the conducted research 

are still applicable to a much wider research context. 

This research has a limited qualitative element, but this element might have 

revealed a new perspective on VX transformations. As mentioned in Section 2.3.2, 

the improvement of VX implies the diversification and/or the stimulation of 

mental processes during the visit in a physical museum. The quantitative study 

in this thesis helped learn whether the quality of VX undergoes significant 

changes when visitors use or do not use the RS. It also allowed to collect some 

feedback from those visitors who might not have been willing or might not have 

been able to participate in an interview, and it reduced bias in the interpretation 

of the gathered data. However, the quantitative instrument with mostly Likert-

type items did not capture the richness of mental processes within VX, since the 

instrument examined a fixed set of items that described cognitive, introspective, 

restorative, and affective VX. Moreover, even though the RS visiting condition 

served as a platform for the VX transformations, the research could not confirm 

that the RS caused them. This evidence could generally be difficult to collect in 

both quantitative and qualitative studies to imply a causal relationship. However, 

the integration of a more in-depth qualitative element into the evaluation of the 

impact of an RS on VX might shed some light on the relation between mental 

processes and the RS interaction as well as might help better understand why 
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some VX transformations are observed. In particular, since VX occurs during the 

visit, it might be necessary to test what knowledge about VX transformations 

could be produced with a think-aloud protocol during the visit with and without 

an RS. It might help determine the role of each RS feature in VX transformations, 

e.g., the role of personalisation, the role of a recommended tour, the role of 

explanations, the role of guidance, etc. It might also help identify how visitors’ 

mental processes transform as their visit goes by, e.g., whether visitors are more 

prone to engaging in learning and restoration at the beginning of their visits than 

at the end. This doctoral research aimed to carry out a qualitative summative 

evaluation after the quantitative tests; however, due to the lockdown restrictions, 

the analysis had to be pushed to the future work. The main reason for not 

pursuing this line of evidence at the initial stage of this research was because this 

study first aimed to reveal the extent of VX transformations when visitors used 

and did not use the RS during their visit, being concerned that the impact could 

be insignificant, as reported in the published literature about similar systems 

(see Section 2.3.2), and thus the conclusions about VX improvements under the 

RS visiting condition could be misleading. It might also be difficult for the study 

participants to accurately report their mental processes, or for researchers to 

interpret them from a psychological perspective, since there are still ongoing 

debates in the literature about the meaning of cognition and introspection (see 

Sections 3.4.1 and 3.4.2).  

The findings in this thesis also raised a few new questions. In the pilot usability 

study, it was found that some visitors strictly followed the tour, others detoured, 

and some visitors preferred a more exploratory experience while using the RS to 

find only those objects that were of their interest (see Section 6.4.3). Therefore, 

it is necessary to investigate and classify visiting styles with a museum RS, and 

discuss how they might intersect with, for example, the 

ant/grasshopper/fish/butterfly visiting styles (Véron and Levasseur, 1989), 

which are commonly used to analyse visitor behaviour in museums, e.g., (Marti 

and Rizzo, 1999; Zimmermann and Lorenz, 2008; Lykourentzou et al., 2013). 

From a VX perspective, this knowledge could help us understand how the quality 

of VX varies depending on a visiting style, and how an RS could be helpful for 

visitors with different visiting characteristics. 
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From a theoretical perspective, there is a need to continue exploring, updating, 

and expanding the analytical framework of museum experience, e.g., by 

identifying the role of visitor engagement in the inquiry cycle, to build a shared 

approach to this complex construct as well as to ensure the validity and relevance 

of the theoretical foundation of VX in a new context of use. For instance, many VX 

classifications were developed before visitor-centred museum technologies and 

mobile phones became a part of a museum visit. As suggested in this thesis, it 

might be necessary to extend the Contextual Model of Learning, which 

encompasses the personal, sociocultural, and physical contexts (Falk and 

Storksdieck, 2005; Falk and Dierking, 2012), with the digital context, taking into 

account that many visitors now use their mobile devices during the visit to, for 

example, take photos, send text messages, and browse information online. The 

recognition of the digital context as an integral part of a museum experience 

would also eliminate the assumption that the integration of a museum technology 

is an enhancement of a visit in its own right, and, most importantly, that the 

introduction of a user-friendly museum technology with some additional 

informative content automatically improves VX, as was also argued in (Roederer 

et al., 2020). 

Future work should also focus on refining the VX questionnaires presented in this 

thesis. The VX questionnaires were developed and validated with two different 

datasets; however, the AVE values for the cognitive, restorative and “Unease” 

constructs were slightly less than the recommended 0.5 threshold (see Section 

8.4), meaning that a nearly sufficient amount of variance was captured by the 

abovementioned constructs. The constructs were retained because all other 

validity coefficients met or exceeded the cut-off points. Nevertheless, it is 

necessary to seek ways to improve the AVE values, and hence the validity of the 

constructs by carrying out more investigations into the connections between 

different processes within one VX category and then by extending the proposed 

scales with the items that would be able to accurately describe that category. 

Additionally, some processes, specifically within the introspective VX scale, can 

be difficult to achieve during one museum visit, e.g., “What I learned forced me to 

rethink how I view the world”, meaning that these items also need to justify their 

usefulness in other museum environments, or they should be replaced with the 
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processes that could be more feasible to experience. Moreover, during the EFA 

and CFA tests, a few items were discarded, and they also did not demonstrate a 

substantial contribution to the knowledge about the RS impact on VX, implying 

that these items could be removed from the final VX instrument. However, the 

discarded items might show their utility in other museums and with other visitor-

centred museum technologies, as well as might highlight the lack of the influence 

of a tested system on VX, and thus this research suggests that the discarded items 

could still be investigated further. It is anticipated that the improvements of the 

VX instrument can open opportunities for more research into VX which would 

help enrich the understanding of this complex phenomenon, and how it can be 

manipulated under different visiting conditions. 

Lastly, the RS development is an iterative process – based on the findings in this 

thesis, the Grant Museum RS could be improved further, and hence some new 

knowledge about the impact of the developed RS on VX could be produced. In 

particular, it is necessary to better address visitors’ informational needs, to tackle 

the issues with guidance and to seek a functional utility by removing all features 

that did not prove their effectiveness in the physical museum (see Section 9.2.3). 

The effectiveness of different modalities, e.g., audio and video, could also be 

explored through the RS, assuming that these modalities might lead to other VX 

transformations. Moreover, future work could focus on comparing the 

performance of different systems on the proposed VX scales to learn about the 

most effective way of improving VX in museums that could also be easy to 

replicate and maintain in different museums. For instance, considering that some 

visitors asked to embed a search tool in the RS (see Section 8.5.3.3), it might be 

useful to test whether an RS with a search functionality would be able to 

strengthen and/or extend its effect on VX. In addition, several respondents 

suggested that QR codes could be more useful for their VX than an RS, because 

visitors could scan the codes and receive information about the objects in the 

cabinets/cases that they are browsing. 

To summarise, this research identified a few areas for future work: the 

advancement of the theoretical framework of VX to gain a better insight into the 

processes underlying each VX category and to address the most recent changes 
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in the VX dimensions and the VX-related context; the refinement of the 

quantitative VX instrument to improve the validity of the proposed scales as well 

as to support their applicability to other museum environments with the real-

world evidence; the qualitative research into the impact of an RS on VX and the 

enquiry into the quality of VX in other museum environments and/or with other 

museum audiences to provide a more comprehensive and extensive analysis of 

the VX transformations under different visiting conditions; the release of new RS 

versions to pursue the development of a “native” and replicable museum RS as 

well as to continue the investigations of the VX transformations when visitors 

interact with an RS during a museum visit. 

9.5 Concluding remarks 

This thesis investigated how and whether the interaction with an RS during the 

visit can contribute to the quality of VX in a physical museum. It revealed the 

potential of a content-based RS to enhance VX by providing more information 

about the museum objects and by guiding visitors to the objects that they might 

find interesting to explore. A significant contribution of this research is the 

development and evaluation of a content-based RS from the VX perspective, 

which is still rarely found in the analysis of museum RSs and adaptive guides. In 

particular, this research discovered an overall stability of the quality of VX under 

the same condition, underscoring that VX is a robust construct that can be 

observed, manipulated, and measured. In addition, it found a few statistically 

significant positive transformations in mental processes within VX when visitors 

used the RS throughout their visit, which helped to justify the implementation of 

such complex systems as RSs. However, it also emphasised that the integration of 

an RS into a museum visit does not automatically imply an improved VX, and 

hence more research should be dedicated to enquiring how to strengthen the 

effect of an RS on VX. The findings in this thesis provide directions for future 

work; they reveal the gaps in VX where the effect from an RS can be insufficient 

or limited, and they suggest how the influence of an RS on VX can be amplified. 

From a theoretical perspective, this research also addressed a few issues with 

defining and evaluating VX which might help further the understanding and 
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research into VX. Overall, this doctoral research aims to stimulate more VX-

related evaluations of visitor-centred digital technologies so that the 

development of these technologies could be guided by the real-world evidence of 

the effectiveness of a specific functionality in a physical museum, aspiring to 

create more useful, maintainable, replicable, and scalable museum technologies 

in the future. 
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Appendix 1. Literature review: materials 

Table 1.1. Visualisation of visitor experience categories 
Label Type Tags Author Source 

object 
experience 

Direct 
experience emotions|object|contemplation Pekarik et al. (Pekarik et al., 1999)  

flow 
Optimal VX 
category 

attention/focus/concentration|immersion|understanding 
|sense-making|object|emotions|reflection|introspection 
|association, connection, reminiscence|exploration 

Csikszentmihalyi and 
Hermanson 

(Csikszentmihalyi and 
Hermanson, 1995)  

numinous 
Optimal VX 
category 

reverence|understanding|sense-
making|restoration|attention/focus/concentration 
|immersion|physical space|object|reflection|introspection 
|association, connection, reminiscence Latham (Latham, 2013)  

aesthetic 
Optimal VX 
category 

gaining new knowledge/learning|mental 
stimulation|reflection 
|object|attention/focus/concentration|immersion 
|interpretation|emotions|association, connection, 
reminiscence 

Csikszentmihalyi and 
Robinson 

(Csikszentmihalyi and 
Robinson, 1990)  

cognitive VX category 

mental stimulation|understanding 
|exploration|label|association, connection, reminiscence 
|interpretation Annis (Annis, 1986)  

dream VX category 

imagination|self-projection|emotions 
|physical space|object|introspection|association, connection, 
reminiscence|interpretation Annis (Annis, 1986) 

 



 

 363 

Table 1.1. Visualisation of visitor experience categories (continued) 
Label Type Tags Author Source 

pragmatic VX category 
social interaction|exploration|physical space 
|social space|participation|recreation Annis (Annis, 1986) 

deep 
engagement VX category attention/focus/concentration|emotions 

Cameron and 
Gatewood (Latham, 2013) 

empathy VX category emotions|association, connection, reminiscence 
Cameron and 
Gatewood (Latham, 2013) 

reverence VX category reverence|association, connection, reminiscence 
Cameron and 
Gatewood (Latham, 2013) 

recreational VX category physical space|recreation Cohen (Elands and Lengkeek, 2000) 

diversionary VX category restoration|physical space|social space Cohen (Elands and Lengkeek, 2000) 

experiential VX category exploration|understanding|physical space|contemplation Cohen (Elands and Lengkeek, 2000) 

experimental VX category internal dialogue|introspection|physical space Cohen (Elands and Lengkeek, 2000) 

existential VX category 
imagination|immersion|physical space 
|association, connection, reminiscence Cohen (Elands and Lengkeek, 2000) 

perceptual VX category 
understanding|object|emotions|reflection 
|association, connection, reminiscence 

Csikszentmihalyi and 
Robinson 

(Csikszentmihalyi and 
Robinson, 1990) 

emotional VX category emotions|association, connection, reminiscence 
Csikszentmihalyi and 
Robinson 

(Csikszentmihalyi and 
Robinson, 1990) 

intellectual VX category 
understanding|interpretation|object|reflection 
|association, connection, reminiscence|mental stimulation 

Csikszentmihalyi and 
Robinson 

(Csikszentmihalyi and 
Robinson, 1990) 
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Table 1.1. Visualisation of visitor experience categories (continued) 
Label Type Tags Author Source 

communicative VX category 

immersion|object|association, connection, reminiscence 
|internal dialogue|interpretation|understanding 
|imagination|introspection|immersion 

Csikszentmihalyi and 
Robinson 

(Csikszentmihalyi and 
Robinson, 1990) 

amusement VX category exploration|restoration|physical space|recreation Elands and Lengkeek (Elands and Lengkeek, 2000) 

change VX category restoration Elands and Lengkeek (Elands and Lengkeek, 2000) 

interest VX category 
gaining new knowledge/learning|mental stimulation 
|imagination|label Elands and Lengkeek (Elands and Lengkeek, 2000) 

rapture VX category contemplation|introspection Elands and Lengkeek (Elands and Lengkeek, 2000) 

dedication VX category 
immersion|physical space|association, connection, 
reminiscence Elands and Lengkeek (Elands and Lengkeek, 2000) 

associational VX category 
social interaction|social space 
|physical space|recreation Graburn (Graburn, 1977)  

educational VX category 
sense-making|understanding|gaining new 
knowledge/learning|mental stimulation|interpretation Graburn (Graburn, 1977) 

reverential VX category 

restoration|imagination|contemplation|sense-making 
|reverence|physical space|object|introspection 
|association, connection, reminiscence Graburn (Graburn, 1977) 

relational VX category 

attention/focus/concentration 
|introspection|interpretation|social space|object 
|physical space|exploration Hennes (Hennes, 2010) 
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Table 1.1. Visualisation of visitor experience categories (continued) 
Label Type Tags Author Source 

restorative VX category 

exploration|immersion|contemplation 
|attention/focus/concentration 
|restoration|emotions|physical space 
|association, connection, reminiscence Kaplan et al. (Kaplan et al., 1993)  

aesthetic VX category emotions|object Kotler et al. (Kotler et al., 2008)  

celebrative VX category 
mental stimulation|object|association, connection, 
reminiscence Kotler et al. (Kotler et al., 2008) 

issue-oriented VX category participation|social interaction|emotions|object Kotler et al. (Kotler et al., 2008) 

learning VX category 

gaining new knowledge/learning|exploration 
|understanding|mental stimulation 
|reflection|label|association, connection, reminiscence 
|contemplation|interpretation Kotler et al. (Kotler et al., 2008) 

recreational VX category physical space|restoration|recreation Kotler et al. (Kotler et al., 2008) 

sociability VX category 
social interaction|participation|social space 
|physical space|recreation Kotler and Kotler (Kotler et al., 2008) 

aesthetic VX category physical space|emotions 
Masberg and 
Silverman 

(Masberg and Silverman, 
1996)  

knowledge VX category gaining new knowledge/learning|label|exploration 
Masberg and 
Silverman 

(Masberg and Silverman, 
1996) 

personalised 
learning VX category 

gaining new knowledge/learning|reflection 
|association, connection, reminiscence|exploration 

Masberg and 
Silverman 

(Masberg and Silverman, 
1996) 
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Table 1.1. Visualisation of visitor experience categories (continued) 
Label Type Tags Author Source 

social benefits VX category 
social interaction|gaining new knowledge/learning 
|social space|exploration 

Masberg and 
Silverman 

(Masberg and Silverman, 
1996) 

emotional 
connection VX category 

immersion|emotions|object|label 
|association, connection, reminiscence Othman et al. (Othman, 2012)  

engagement VX category 
mental stimulation|attention/focus/concentration 
|immersion|emotions|object Othman et al. (Othman, 2012)  

knowledge/lea
rning VX category 

sense-making|gaining new knowledge/learning| 
understanding|label|exploration Othman et al. (Othman, 2012)  

meaningful VX category mental stimulation|reflection|social interaction Othman et al. (Othman, 2012)  

cognitive VX category 
gaining new knowledge/learning|exploration|understanding 
|attention/focus/concentration Packer and Ballantyne (Packer and Ballantyne, 2016)  

emotional VX category emotions Packer and Ballantyne (Packer and Ballantyne, 2016) 

hedonic VX category emotions|recreation Packer and Ballantyne (Packer and Ballantyne, 2016) 

introspective VX category contemplation|imagination|introspection|internal dialogue Packer and Ballantyne (Packer and Ballantyne, 2016) 

physical VX category recreation Packer and Ballantyne (Packer and Ballantyne, 2016) 

relational VX category social interaction|participation Packer and Ballantyne (Packer and Ballantyne, 2016)  

restorative VX category restoration Packer and Ballantyne (Packer and Ballantyne, 2016) 

sensory VX category object Packer and Ballantyne (Packer and Ballantyne, 2016) 
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Table 1.1. Visualisation of visitor experience categories (continued) 
Label Type Tags Author Source 

spiritual VX category reverence|association, connection, reminiscence Packer and Ballantyne (Packer and Ballantyne, 2016) 

transformative VX category introspection Packer and Ballantyne (Packer and Ballantyne, 2016) 

context VX category 
understanding|interpretation|gaining new 
knowledge/learning|reflection|label 

Pallud, Monod and 
Klein 

(Monod and Klein, 2005; 
Pallud and Monod, 2010)  

embodiment VX category association, connection, reminiscence 
Pallud, Monod and 
Klein 

(Monod and Klein, 2005; 
Pallud and Monod, 2010) 

historical self VX category 

introspection|self-projection|internal 
dialogue|understanding|sense-making|object|association, 
connection, reminiscence 

Pallud, Monod and 
Klein 

(Monod and Klein, 2005; 
Pallud and Monod, 2010) 

inquiring being VX category introspection|reflection 
Pallud, Monod and 
Klein (Monod and Klein, 2005) 

possibilities of 
being VX category interpretation|contemplation 

Pallud, Monod and 
Klein 

(Monod and Klein, 2005; 
Pallud and Monod, 2010) 

re-enactment VX category imagination|emotions|association, connection, reminiscence 
Pallud, Monod and 
Klein 

(Monod and Klein, 2005; 
Pallud and Monod, 2010) 

self-projection VX category introspection|understanding|contemplation|self-projection 
Pallud, Monod and 
Klein 

(Monod and Klein, 2005; 
Pallud and Monod, 2010) 

universality of 
uniqueness VX category introspection|understanding 

Pallud, Monod and 
Klein (Monod and Klein, 2005) 

cognitive VX category gaining new knowledge/learning|understanding|label Pekarik et al. (Pekarik et al., 1999) 

introspective VX category 
introspection|imagination|physical space|object|association, 
connection, reminiscence Pekarik et al. (Pekarik et al., 1999) 
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Table 1.1. Visualisation of visitor experience categories (continued) 
Label Type Tags Author Source 

social VX category social interaction|participation Pekarik et al. (Pekarik et al., 1999) 

fantasy VX category imagination Roberts (Pekarik et al., 1999) 

intellectual 
curiosity VX category gaining new knowledge/learning|exploration Roberts (Pekarik et al., 1999) 

social 
interaction VX category social interaction Roberts (Pekarik et al., 1999) 

personal 
involvement VX category 

introspection|self-projection|association, connection, 
reminiscence Roberts (Pekarik et al., 1999) 

restoration VX category restoration Roberts (Pekarik et al., 1999) 

reminiscence VX category association, connection, reminiscence|self-projection Roberts (Pekarik et al., 1999) 

Table notes: 
To replicate the graph in kumu.io (last tested on January, 10th, 2021): 

1. Create “New map”; 
2. Select “Stakeholder template”; 
3. Click on More -> Import data -> (add spreadsheet with the table above) -> Import spreadsheet -> Save import; 
4. Click on Blocks -> Social network analysis -> Choose a metric -> Degree; 
5. Click on Settings -> Size by: degree; Color by: label; Connect by: tags.  

https://kumu.io/
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Appendix 2. Front-end evaluation of visitors’ needs: 
materials 

 
Figure 2.1. Exploratory field study questionnaire 
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Figure 2.1. Exploratory field study questionnaire (continued) 
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Figure 2.2. Summary of the quality of the tested mental processes in visitor 
experience 
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Figure 2.2. Summary of the quality of the tested mental processes in visitor 
experience (continued) 
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Figure 2.2. Summary of the quality of the tested mental processes in visitor 
experience (continued) 
Figure notes: 
“Q9: If you visited alone: I would have enjoyed my visit more if I were visiting with 
a companion” – 49 respondents (23.56%); 
“Q10: If you visited with a companion: My companion and I tried to find objects 
interesting to both of us” – 159 respondents (76.44%). 
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Appendix 3. Formative evaluation of the developed 
recommender system: materials 

Table 3.1. Object data dictionary created for the Grant Museum recommender 
system  
Field name Data 

type  
Description Example 

specimenNumber string Specimen ID  H671 
commonName string Specimen name European lobster claw 
briefDescription string General information 

about the specimen 
Lobsters have 10 limbs, 
including two specialised large 
claws. 

textLink string Link to the original 
source from which 
general information 
(briefDescription) 
was taken 

https://blogs.ucl.ac.uk/ 
museums/2019/03/15/ 
specimen-of-the-week-the-
lobster-claw/#more-55393 

label string Specimen 
description 
supplied by the 
Grant Museum 
curators 

A single lobster claw with 
plaster inside and cracks in the 
exoskeleton 

blogLink string Link to a Grant 
Museum blog post 
that features the 
specimen 

https://blogs.ucl.ac.uk/ 
museums/2019/03/15/ 
specimen-of-the-week-the-
lobster-claw/#more-55393 

imageName string Reference to an 
image that shows 
how a specimen had 
looked before it was 
preserved 

HomarusGammarus 

imageLink string Link to an original, 
royalty free source 
from which an 
object image was 
taken 

https://commons.wikimedia 
.org/wiki/File:Blue_lobster_ 
(Homarus_gammarus)_in_ 
blue.jpg#/media/File:Blue_ 
lobster_(Homarus_gammarus) 
_in_blue.jpg 

objectType string Form in which the 
specimen was 
preserved, e.g., 
fluid, skeleton, dry 

dry 

category string General 
classification of the 
specimen, e.g., bird, 
reptile, mammal 

Invertebrate 
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Table 3.1. Object data dictionary created for the Grant Museum recommender 
system (continued) 
Field name Data type  Description Example 

broadCategory string Scientific 
classification of the 
specimen: phylum  

Arthropoda 

class string Scientific 
classification of the 
specimen: class 

Malacostraca 

order string Scientific 
classification of the 
specimen: order 

Decapoda 

genus string Scientific 
classification of the 
specimen: genus 

Homarus 

species string Scientific 
classification of the 
specimen: species 

gammarus 

distribution string Geographic 
distribution of the 
specimen  

Europe 

extinct boolean Indicates whether 
the specimen can be 
found in its natural 
habitat 

0 

curatorsChoice boolean Indicates whether 
the museum curators 
included the 
specimen in their 
original list of 100 
objects 

0 

Added after the discussion of functional requirements 

location string Physical cabinet 
where the specimen 
can be found  

C10 
 

locationEdited integer Physical cabinet 
where the specimen 
can be found but 
edited for the RS 

10 

shelf integer Shelf on which the 
specimen can be 
found 

3 
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Table 3.1. Object data dictionary created for the Grant Museum recommender 
system (continued) 
Field name Data type  Description Example 

tour integer Number assigned to 
each cabinet 
(location, 
locationEdited) to 
create a museum 
tour for the RS users, 
since the cabinets do 
not follow a strict 
order in the physical 
museum 

17 

featured boolean Indicates whether 
the specimen should 
be included into the 
RS form to identify 
user’s object 
preferences 

1 

Added after the pilot usability study sessions 
onDisplay boolean Indicates whether 

visitors can find the 
specimen in the 
physical museum, 
because objects can 
also be removed for 
conservation 

1 

imgInconsistency boolean If an additional image 
does not fully 
correspond to the 
specimen in the 
museum, the RS 
shows a warning that 
‘This image may not 
match the specimen’ 

0 
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Table 3.2. User data dictionary created for the Grant Museum recommender system 
Field name Data type 

(size) / data 
structure 

Description Example 

id int Unique ID number 
of each user 

8cda1e68-8a81-37a2-ac14-
36e53a683d1a 

interestList Array<string> List of the objects 
that the user 
selected to indicate 
their preferences 

[“X1226”,”X795”,”X840”] 

recommended Array<string> List of the objects 
that were 
recommended 
based on indicated 
user preferences 

[“Z2574”, “Z2581”, “Z1688”, 
“W488”, “Y4”, “Y1712”, 
“Z2171”, “V165”, “V159”, 
“V185”] 

favourite Array<string> List of the objects 
that the user 
marked as 
favourite 

[“L404”, “L45”, “L49”] 

found Array<string> List of the objects 
that the user 
marked as found 
on their tour 

[“L3309”, “Z2624d”, “Z2746”] 

ratings Object List of object 
ratings set by the 
user 

{“Y1713”: 4, “L404”: 5} 

duration Object Session time that 
indicates how 
much time the 
visitor spent 
interacting with 
the Grant Museum 
RS. Start_time and 
end_time are 
logged when 
visitor accepts 
cookies and clicks 
on the  “Finish my 
tour” button. 

{ 
“start_time”:1560351668874, 
“end_time”:1560355936219 
} 
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Figure 3.1. Home page with the cookies popup (Grant Museum RS version 1.0) 
 

 



 

 379 

   

Figure 3.2. Tips popup (Grant Museum RS version 
1.0) 

Figure 3.3. Map popup with and without recommendations (Grant Museum RS version 
1.0) 
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Figure 3.4. Tour page (Grant Museum RS version 1.0) 
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Figure 3.5. Single object page (Grant Museum RS version 1.0) 
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Figure 3.6. Post-visit summary report page (Grant Museum RS version 1.0) 
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Figure 3.7. Object list page by location (Grant Museum RS version 1.0) 
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Figure 3.8. Pilot usability study questionnaire 
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Figure 3.8. Pilot usability study questionnaire (continued) 
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Figure 3.9. Home page with the cookies popup (Grant Museum RS version 2.0) 
Figure notes: to improve the page loading speed, all images and Angular files were optimised to make the RS run faster; “C1” – added a 
cookie policy; “H1” – added a “Start a tour” button; “H2” – changed the home page banner; “H3” – added a feature to specify the tour length; 
“H4” – randomised the list of featured objects; “H5” – reduced the default list of featured objects from eight to four. 
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Figure notes: “P1” – added a note to explain why an interaction with the RS could be useful; “M1” – rotated the map to display the entrance 
at the top left corner (because on some screens the bottom of the map was cut off); “M2” – changed the “Map” label to “Hide Map” when 
the map is expanded; “M3” – highlighted where the tour starts on the map with a green dot; “M4” – added a legend to indicate why some 
cabinets are highlighted. 

   
Figure 3.10. Tips popup (Grant Museum RS 
version 2.0) 

Figure 3.11. Map popup with and without recommendations (Grant Museum RS version 
2.0) 
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Figure 3.12. Tour page (Grant Museum RS version 2.0) 
Figure notes: tested the page to ensure it is automatically scrolled down to the last browsed object; “T1” – added a Tips button on a tour 
page; “T2” – added a note about the number of recommended objects; “T3” – added a button on the tour page next to the shelf number 
that triggers a popup (see Figure 3.13) with information where the shelf count starts; “T4” – added a button that triggers a popup (see 
Figure 3.14) with an explanation why an object was recommended; “T5” – rephrased “Match to interests” to “Relevance to my interests”; 
“T6” – included several random specimens to diversify the visit; “T7” – added two badges “My selection” (displayed next to the objects 
that were selected on the home page) and “Manually added to the visit” (displayed next to the objects that were added manually by the 
user to their tour); “T8” – rephrased the “Show more” button to “Continue my tour”. 
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Figure 3.13. Shelf popup on a tour page 
(Grant Museum RS version 2.0) 

Figure 3.14. A popup with an explanation why an object was recommended on a tour page 
(Grant Museum RS version 2.0) 
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Figure 3.15. Object list page by location 
(Grant Museum RS version 2.0) 

Figure 3.16. Single object page (Grant Museum RS version 2.0) 

Figure notes: “L1” and “O1” – added a button that would lead to the shelf popups (see Figure 3.13) similar to the object and tour pages; 
“L2” – added a slider to rate objects even if they are not recommended to collect more user ratings; “O2” – added a general object category 
below the object label for a clearer presentation; “O3” – added a note to warn the user that an image does not correspond to the museum 
specimen; “O4” – added a specimen class to the displayed taxonomic rank.  
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Figure 3.17. Post-visit summary report page (Grant Museum RS version 2.0) 
Figure notes: “S1” – added a summary about the number of objects found that were not recommended; “S2” – added a summary about 
favourite object types. 
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Figure 3.18. About page (Grant Museum RS version 2.0) 
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Appendix 4. Formative evaluation of the visitor 
experience scales: materials 

 
Figure 4.1. Visitor experience questionnaire to measure cognitive, introspective, and 
restorative visitor experience categories 
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Figure 4.1. Visitor experience questionnaire to measure cognitive, introspective, and 
restorative visitor experience categories (continued) 
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Figure 4.2. Visitor experience questionnaire to measure affective visitor experience 
category 
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Figure 4.2. Visitor experience questionnaire to measure affective visitor experience 
category (continued) 
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Figure 4.3. Reliability analysis with the items from the cognitive experience factor 
in the pilot VX study 1 
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Figure 4.4. Reliability analysis with the items from the introspective experience 
factor in the pilot VX study 1 
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Figure 4.5. Reliability analysis with the items from the restorative experience factor 
in the pilot VX study 1 
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Figure 4.6. Factor loadings, communalities, and reliability coefficients for the 
retained items in the pilot visitor experience study 1 
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Figure 4.6. Factor loadings, communalities, and reliability coefficients for the 
retained items in the pilot visitor experience study 1 (continued) 
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Figure 4.6. Factor loadings, communalities, and reliability coefficients for the 
retained items in the pilot visitor experience study 1 (continued) 
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Figure 4.6. Factor loadings, communalities and reliability coefficients for the 
retained items in the pilot visitor experience study 1 (continued) 
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Figure 4.7. Reliability analysis with the items from “Unease”, a subcategory of 
affective experience in the pilot VX study 2 
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Figure 4.8. Reliability analysis with the items from “Joy”, a subcategory of affective 
experience in the pilot VX study 2
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Figure 4.9. Factor loadings, communalities, and reliability coefficients for the 
retained items in the pilot visitor experience study 2 
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Figure 4.9. Factor loadings, communalities, and reliability coefficients for the 
retained items in the pilot visitor experience study 2 (continued) 
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Figure 4.9. Factor loadings, communalities, and reliability coefficients for the 
retained items in the pilot visitor experience study 2 (continued) 
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Appendix 5. Summative evaluation of the visitor 
experience transformations: materials 

 
Figure 5.1. Visitor experience questionnaire to measure cognitive, introspective, and 
restorative visitor experience categories with the UX-related questions for the With 
visitor group 
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Figure 5.1. Visitor experience questionnaire to measure cognitive, introspective, and 
restorative visitor experience categories with the UX-related questions for the With 
visitor group (continued) 
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Figure 5.2. Visitor experience questionnaire to measure affective visitor experience 
category with the UX-related questions for the With visitor group 
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Figure 5.2. Visitor experience questionnaire to measure affective visitor experience 
category with the UX-related questions for the With visitor group (continued) 
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Figure 5.3. Kruskal-Wallis H test with the Dunn-Bonferroni post-hoc method results for the cognitive VX scale 
Figure notes: Group codes: 0 – PilotVX_Without, 1 – MainVX_Without, 2 – MainVX_WithPartial, 3 – MainVX_WithFull 
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Figure 5.4. Kruskal-Wallis H test with the Dunn-Bonferroni post-hoc method results for the introspective VX scale 
Figure notes: Group codes: 0 – PilotVX_Without, 1 – MainVX_Without, 2 – MainVX_WithPartial, 3 – MainVX_WithFull 



 

 415 

   
Figure 5.5. Kruskal-Wallis with the Dunn-Bonferroni post-hoc method results for the restorative VX scale 
Figure notes: Group codes: 0 – PilotVX_Without, 1 – MainVX_Without, 2 – MainVX_WithPartial, 3 – MainVX_WithFull
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Table 5.1. Results of statistical tests in the main visitor experience studies 1 and 2 
Item Statistical test results 

Cognitive visitor experience  

Overall Kruskal-Wallis H test:  
H(3, N = 529) = 9.882, p = 0.020 
Mean ranks: 
PilotVX_Without – 249.99; MainVX_Without – 
259.45; MainVX_WithPartial – 273.12; 
MainVX_WithFull – 310.75; 
Dunn-Bonferroni post hoc test: 
PilotVX_Without and MainVX_WithFull 
groups, p = 0.013; 
(MainVX_Without and MainVX_WithFull, p = 
0.071). 

The visit was educational Kruskal-Wallis H test:  
H(3, N = 529) = 5.568, p = 0.135 

The visit was thought-provoking Kruskal-Wallis H test:  
H(3, N = 529) = 3.560, p = 0.313 

The visit enriched my knowledge 
about many exhibits 

Kruskal-Wallis H test:  
H(3, N = 529) = 11.693, p = 0.009 
Mean ranks:  
PilotVX_Without – 249.42; MainVX_Without – 
261.64; MainVX_WithPartial – 266.63; 
MainVX_WithFull – 312.84; 
Dunn-Bonferroni post hoc test: 
PilotVX_Without and MainVX_WithFull 
groups, p = 0.004; 
MainVX_Without and MainVX_WithFull 
groups, p = 0.046. 

Introspective visitor experience 

Overall Kruskal-Wallis H test:  
H(3, N = 529) = 15.046, p = 0.002 
Mean ranks:  
PilotVX_Without – 254.49; MainVX_Without – 
249.18; MainVX_WithPartial – 268.82; 
MainVX_WithFull – 324.70; 
Dunn-Bonferroni post hoc test: 
PilotVX_Without and MainVX_WithFull 
groups, p = 0.003; 
MainVX_Without and MainVX_WithFull 
groups, p = 0.002. 
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Table 5.1. Results of statistical tests in the main visitor experience studies 1 and 2 
(continued) 

Item Statistical test results 

The visit changed the way I feel or 
think about myself 

Kruskal-Wallis H test:  
H(3, N = 529) = 12.996, p = 0.005  
Mean ranks:  
PilotVX_Without – 260.65; MainVX_Without – 
248.72; MainVX_WithPartial – 259.48; 
MainVX_WithFull – 316.89; 
Dunn-Bonferroni post hoc test: 
PilotVX_Without and MainVX_WithFull 
groups, p = 0.017; 
MainVX_Without and MainVX_WithFull 
groups, p = 0.003. 

The visit made me think about my 
role in this world 

Kruskal-Wallis H test:  
H(3, N = 529) = 10.127, p = 0.018 
Mean ranks:  
PilotVX_Without – 259.66; MainVX_Without – 
253.55; MainVX_WithPartial – 254.62; 
MainVX_WithFull – 312.94; 
Dunn-Bonferroni post hoc test: 
PilotVX_Without and MainVX_WithFull 
groups, p = 0.035; 
MainVX_Without and MainVX_WithFull 
groups, p = 0.017. 

I learned new things about myself Kruskal-Wallis H test:  
H(3, N = 529) = 7.308, p = 0.063 

The visit changed some of my firmly 
held ideas 

Kruskal-Wallis H test:  
H(3, N = 529) = 13.062, p = 0.005 
Mean ranks:  
PilotVX_Without – 251.10; MainVX_Without – 
253.30; MainVX_WithPartial – 282.09; 
MainVX_WithFull – 313.85; 
Dunn-Bonferroni post hoc test: 
PilotVX_Without and MainVX_WithFull 
groups, p = 0.006; 
MainVX_Without and MainVX_WithFull 
groups, p = 0.012. 
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Table 5.1. Results of statistical tests in the main visitor experience studies 1 and 2 
(continued) 

Item Statistical test results 

The visit helped me understand my 
own learning process better 

Kruskal-Wallis H test:  
H(3, N = 529) = 11.925, p = 0.008 
Mean ranks:  
PilotVX_Without – 253.56; MainVX_Without – 
252.90; MainVX_WithPartial – 274.35; 
MainVX_WithFull – 314.49; 
Dunn-Bonferroni post hoc test: 
PilotVX_Without and MainVX_WithFull 
groups, p = 0.009; 
MainVX_Without and MainVX_WithFull 
groups, p = 0.011. 

What I learned forced me to rethink 
how I view the world 

Kruskal-Wallis H test:  
H(3, N = 529) = 8.014, p = 0.046 
Mean ranks:  
PilotVX_Without – 259.72; MainVX_Without – 
248.03; MainVX_WithPartial – 289.98; 
MainVX_WithFull – 295.77; 
Dunn-Bonferroni post hoc test: 
the pairwise comparisons test did not reveal 
where the effect occurred, the closest to 
statistical significance was the difference 
between MainVX_Without and 
MainVX_WithFull groups, p = 0.097. 

Restorative visitor experience 

Overall Kruskal-Wallis H test:  
H(3, N = 529) = 7.938, p = 0.047 
Mean ranks 
PilotVX_Without – 255.71; MainVX_Without – 
253.65; MainVX_WithPartial – 275.62; 
MainVX_WithFull – 306.04; 
Dunn-Bonferroni post hoc test: 
the pairwise comparisons test did not reveal 
where the effect occurred, the closest to 
statistical significance was the difference 
between PilotVX_Without and 
MainVX_WithFull groups, p = 0.069, and 
MainVX_Without and MainVX_WithFull 
groups, p = 0.064. 

The visit helped me get away from 
daily routine 

Kruskal-Wallis H test:  
H(3, N = 529) = 4.379, p = 0.223 
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Table 5.1. Results of statistical tests in the main visitor experience studies 1 and 2 
(continued) 

Item Statistical test results 

The visit helped me restore my 
energy 

Kruskal-Wallis H test:  
H(3, N = 529) = 8.739, p = 0.033 
Mean ranks:  
PilotVX_Without – 259.91; MainVX_Without – 
247.07; MainVX_WithPartial – 289.34; 
MainVX_WithFull – 297.90; 
Dunn-Bonferroni post hoc test: 
the pairwise comparisons test did not reveal 
where the effect occurred, the closest to 
statistical significance was the difference 
between MainVX_Without and 
MainVX_WithFull groups, p = 0.061. 

I managed to get away from 
everyday thoughts and concerns 

Kruskal-Wallis H test:  
H(3, N = 529) = 6.674, p = 0.083 

Affective visitor experience – “Unease”  

Overall Kruskal-Wallis H test:  
H(3, N = 451) = 3.650, p = 0.302 

Angry Kruskal-Wallis H test:  
H(3, N = 451) = 3.663, p = 0.300 

Uncomfortable Kruskal-Wallis H test:  
H(3, N = 451) = 3.826, p = 0.281 

Emotionally exhausted Kruskal-Wallis H test:  
H(3, N = 451) = 5.136,  p = 0.162 

Stressed Kruskal-Wallis H test:  
H(3, N = 451) = 3.485,  p = 0.323 

Sad Kruskal-Wallis H test:  
H(3, N = 451) = 3.523,  p = 0.318 

Affective visitor experience – “Joy” 

Overall Kruskal-Wallis H test:  
H(3, N = 451) = 13.754, p = 0.003 
Mean ranks:  
PilotAX_Without – 208.38; MainAX_Without – 
217.59; MainAX_WithPartial – 222.12; 
MainAX_WithFull – 271.09; 
Dunn-Bonferroni post hoc test: 
PilotAX_Without and MainAX_WithFull 
groups, p = 0.003; 
MainAX_Without and MainAX_WithFull 
groups, p = 0.009. 
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Table 5.1. Results of statistical tests in the main visitor experience studies 1 and 2 
(continued) 

Item Statistical test results 

Happy Kruskal-Wallis H test:  
H(3, N = 451) = 16.294,  p = 0.001 
Mean ranks:  
PilotAX_Without – 203.43; MainAX_Without – 
222.99; MainAX_WithPartial – 216.05; 
MainAX_WithFull – 270.63; 
Dunn-Bonferroni post hoc test: 
PilotAX_Without and MainAX_WithFull 
groups, p = 0.001; 
MainAX_Without and MainAX_WithFull 
groups, p = 0.016. 
MainAX_WithPartial and MainAX_WithFull 
groups, p = 0.050. 

Inspired Kruskal-Wallis H test:  
H(3, N = 451) = 4.560,  p = 0.207 

Excited Kruskal-Wallis H test:  
H(3, N = 451) = 11.971,  p = 0.007 
Mean ranks:  
PilotAX_Without – 217.00; MainAX_Without – 
214.91; MainAX_WithPartial – 219.40; 
MainAX_WithFull – 266.49; 
Dunn-Bonferroni post hoc test: 
PilotAX_Without and MainAX_WithFull 
groups, p = 0.023; 
MainAX_Without and MainAX_WithFull 
groups, p = 0.007. 

“The visit exceeded my expectations” tested in the visitor experience studies 1 
and 2 
The visit exceeded my expectations 
(main VX study 1) 

Kruskal-Wallis H test:  
H(3, N = 529) = 8.276, p = 0.041 
Mean ranks:  
PilotVX_Without – 257.21; MainVX_Without – 
260.63; MainVX_WithPartial – 251.92; 
MainVX_WithFull – 306.25; 
Dunn-Bonferroni post hoc test: 
PilotVX_Without and MainVX_WithFull 
groups, p = 0.047. 
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Table 5.1. Results of statistical tests in the main visitor experience studies 1 and 2 
(continued) 

Item Statistical test results 

The visit exceeded my expectations 
(main VX study 2) 

Kruskal-Wallis H test:  
H(3, N = 451) = 16.455, p = 0.001 
Mean ranks:  
PilotAX_Without – 211.38; MainAX_Without – 
222.65; MainAX_WithPartial – 201.28; 
MainAX_WithFull – 270.07; 
Dunn-Bonferroni post hoc test: 
PilotAX_Without and MainAX_WithFull 
groups, p = 0.003; 
MainAX_Without and MainAX_WithFull 
groups, p = 0.013; 
MainAX_WithPartial and MainAX_WithFull 
groups, p = 0.004. 

Other tested visitor experience items in the main visitor experience study 1 

The information about exhibits was 
presented in an interesting way 

Kruskal-Wallis H test:  
H(3, N = 529) = 11.326, p = 0.010 
Mean ranks:  
PilotVX_Without – 245.54; MainVX_Without – 
264.45; MainVX_WithPartial – 277.65; 
MainVX_WithFull – 308.03; 
Dunn-Bonferroni post hoc test: 
PilotVX_Without and MainVX_WithFull 
groups, p = 0.006. 

The information about exhibits was 
easy to understand 

Kruskal-Wallis H test:  
H(3, N = 529) = 11.231, p = 0.011 
Mean ranks:  
PilotVX_Without – 243.78; MainVX_Without – 
271.88; MainVX_WithPartial – 267.98; 
MainVX_WithFull – 304.41; 
Dunn-Bonferroni post hoc test: 
PilotVX_Without and MainVX_WithFull 
groups, p = 0.007. 

I could make sense of most of the 
objects I saw today 

Kruskal-Wallis H test:  
H(3, N = 529) = 3.278, p = 0.351 

The visit stimulated my interest in 
natural history 

Kruskal-Wallis H test:  
H(3, N = 529) = 5.589, p = 0.133 

I contemplated on the nature and 
meaning of things 

Kruskal-Wallis H test:  
H(3, N = 529) = 5.176, p = 0.159 
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Table 5.1. Results of statistical tests in the main visitor experience studies 1 and 2 
(continued) 

Item Statistical test results 

The exhibition enabled me to 
reminisce about my past 

Kruskal-Wallis H test:  
H(3, N = 529) = 9.559, p = 0.023 
Mean ranks:  
PilotVX_Without – 248.75; MainVX_Without – 
262.17; MainVX_WithPartial – 272.69; 
MainVX_WithFull – 308.47; 
Dunn-Bonferroni post hoc test: 
PilotVX_Without and MainVX_WithFull 
groups, p = 0.014. 

The visit felt relaxed and informal Kruskal-Wallis H test:  
H(3, N = 529) = 5.333, p = 0.149 

There is a great deal of distraction Kruskal-Wallis H test:  
H(3, N = 529) = 9.730, p = 0.021 
Mean ranks:  
PilotVX_Without – 284.30; MainVX_Without – 
243.61; MainVX_WithPartial – 280.52; 
MainVX_WithFull – 247.30; 
Dunn-Bonferroni post hoc test: 
PilotVX_Without and MainVX_Without 
groups, p = 0.033. 

There is much to explore and 
discover here 

Kruskal-Wallis H test:  
H(3, N = 529) = 11.423, p = 0.010 
Mean ranks:  
PilotVX_Without – 273.44; MainVX_Without – 
248.47; MainVX_WithPartial – 236.62; 
MainVX_WithFull – 301.91; 
Dunn-Bonferroni post hoc test: 
MainVX_Without and MainVX_WithFull 
groups, p = 0.029; 
MainVX_WithPartial and MainVX_WithFull 
groups, p = 0.031. 

It is a confusing place Kruskal-Wallis H test:  
H(3, N = 529) = 4.941, p = 0.176 

My attention was drawn to many 
interesting things 

Kruskal-Wallis H test:  
H(3, N = 529) = 2.792, p = 0.425 

I have a sense of unity with this 
setting 

Kruskal-Wallis H test:  
H(3, N = 529) = 0.070, p = 0.995 

Other tested emotions in the visitor experience study 2 

Curious Kruskal-Wallis H test:  
H(3, N = 451) = 3.818, p = 0.282 
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Table 5.1. Results of statistical tests in the main visitor experience studies 1 and 2 
(continued) 

Item Statistical test results 

Surprised Kruskal-Wallis H test:  
H(3, N = 451) = 10.726, p = 0.013 
Mean ranks:  
PilotAX_Without – 200.54; MainAX_Without – 
229.18; MainAX_WithPartial – 227.00; 
MainAX_WithFull – 254.30; 
Dunn-Bonferroni post hoc test: 
PilotAX_Without and MainAX_WithFull 
groups, p = 0.007. 

Energised Kruskal-Wallis H test:  
H(3, N = 451) = 7.456, p = 0.059 

Mentally engaged Kruskal-Wallis H test:  
H(3, N = 451) = 7.456, p = 0.009 
Mean ranks:  
PilotAX_Without – 235.08; MainAX_Without – 
209.57; MainAX_WithPartial – 210.44; 
MainAX_WithFull – 258.39; 
Dunn-Bonferroni post hoc test: 
MainAX_Without and MainAX_WithFull 
groups, p = 0.010. 

Impressed Kruskal-Wallis H test:  
H(3, N = 451) = 2.099, p = 0.552 

Nostalgic Kruskal-Wallis H test:  
H(3, N = 451) = 1.490, p = 0.685 

Confused Kruskal-Wallis H test:  
H(3, N = 451) = 2.634, p = 0.451 

Fascinated Kruskal-Wallis H test:  
H(3, N = 451) = 4.861, p = 0.182 

Disoriented Kruskal-Wallis H test:  
H(3, N = 451) = 3.285, p = 0.350 

Indifferent Kruskal-Wallis H test:  
H(3, N = 451) = 0.492, p = 0.921 

Calm Kruskal-Wallis H test:  
H(3, N = 451) = 4.245, p = 0.236 

 
 
 
 
 
 
 
 



 

 424 

Table 5.1. Results of statistical tests in the main visitor experience studies 1 and 2 
(continued) 

Item Statistical test results 

Bored Kruskal-Wallis H test:  
H(3, N = 451) = 7.827, p = 0.050 
Mean ranks:  
PilotAX_Without – 224.16; MainAX_Without – 
233.06; MainAX_WithPartial – 244.31; 
MainAX_WithFull – 201.44; 
Dunn-Bonferroni post hoc test: 
the pairwise comparisons test did not reveal 
where the effect occurred, the closest to 
statistical significance was the difference 
between MainAX_WithPartial and 
MainAX_WithFull groups, p = 0.079. 

Sentimental Kruskal-Wallis H test:  
H(3, N = 451) = 3.165, p = 0.367 

User experience  

Overall, I am satisfied with the 
application 

Kruskal-Wallis H test:  
H(3, N = 289) = 53.367, p < 0.001 
Mean ranks:  
MainVX_WithPartial – 113.83; 
MainAX_WithPartial – 100.72; 
MainVX_WithFull – 174.29; MainAX_WithFull 
– 171.21; 
Dunn-Bonferroni post hoc test: 
MainVX_WithPartial and MainVX_WithFull 
groups, p < 0.001; 
MainVX_WithPartial and MainAX_WithFull 
groups, p < 0.001; 
MainAX_WithPartial and MainVX_WithFull 
groups, p < 0.001; 
MainAX_WithPartial and MainAX_WithFull 
groups, p < 0.001. 

 
 
 
 
 
 
 
 
 
 
 
 
 



 

 425 

Table 5.1. Results of statistical tests in the main visitor experience studies 1 and 2 
(continued) 

Item Statistical test results 

The application was easy to use Kruskal-Wallis H test:  
H(3, N = 289) = 27.606, p < 0.001 
Mean ranks:  
MainVX_WithPartial – 120.97; 
MainAX_WithPartial – 114.98; 
MainVX_WithFull – 162.84; MainAX_WithFull 
– 166.77; 
Dunn-Bonferroni post hoc test: 
MainVX_WithPartial and MainVX_WithFull 
groups, p = 0.005; 
MainVX_WithPartial and MainAX_WithFull 
groups, p = 0.001; 
MainAX_WithPartial and MainVX_WithFull 
groups, p = 0.001; 
MainAX_WithPartial and MainAX_WithFull 
groups, p < 0.001. 

The application gave me good 
suggestions 

Kruskal-Wallis H test:  
H(3, N = 289) = 39.993, p < 0.001 
Mean ranks:  
MainVX_WithPartial – 113.94; 
MainAX_WithPartial – 109.68; 
MainVX_WithFull – 170.17; MainAX_WithFull 
– 169.12; 
Dunn-Bonferroni post hoc test: 
MainVX_WithPartial and MainVX_WithFull 
groups, p < 0.001; 
MainVX_WithPartial and MainAX_WithFull 
groups, p < 0.001; 
MainAX_WithPartial and MainVX_WithFull 
groups, p < 0.001; 
MainAX_WithPartial and MainAX_WithFull 
groups, p < 0.001. 
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Table 5.1. Results of statistical tests in the main visitor experience studies 1 and 2 
(continued) 

Item Statistical test results 

I would use this application again Kruskal-Wallis H test:  
H(3, N = 289) = 63.344, p < 0.001 
Mean ranks:  
MainVX_WithPartial – 108.36; 
MainAX_WithPartial – 98.28; 
MainVX_WithFull – 168.55; MainAX_WithFull 
– 182.14; 
Dunn-Bonferroni post hoc test: 
MainVX_WithPartial and MainVX_WithFull 
groups, p < 0.001; 
MainVX_WithPartial and MainAX_WithFull 
groups, p < 0.001; 
MainAX_WithPartial and MainVX_WithFull 
groups, p < 0.001; 
MainAX_WithPartial and MainAX_WithFull 
groups, p < 0.001. 
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Figure 5.7. All items tested in the main visitor experience study 1 
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Figure 5.7. All items tested in the main visitor experience study 1 (continued) 
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Figure 5.7. All items tested in the main visitor experience study 1 (continued) 
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Figure 5.7. All items tested in the main visitor experience study 1 (continued) 
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Figure 5.7. All items tested in the main visitor experience study 1 (continued) 
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Figure 5.7. All items tested in the main visitor experience study 1 (continued) 



 

 433 

 

                
 Figure 5.7. All items tested in the main visitor experience study 1 (continued) 
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Figure 5.7. All items tested in the main visitor experience study 1 (continued) 
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Figure 5.7. All items tested in the main visitor experience study 1 (continued) 
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Figure 5.8. All items tested in the main visitor experience study 2  
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Figure 5.8. All items tested in the main visitor experience study 2 (continued) 
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Figure 5.8. All items tested in the main visitor experience study 2 (continued) 
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Figure 5.8. All items tested in the main visitor experience study 2 (continued) 
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Figure 5.8. All items tested in the main visitor experience study 2 (continued) 
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Figure 5.8. All items tested in the main visitor experience study 2 (continued) 



 

 442 

 

                
Figure 5.8. All items tested in the main visitor experience study 2 (continued) 
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Figure 5.8. All items tested in the main visitor experience study 2 (continued) 
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Figure 5.9. All user experience items in the main visitor experience studies 1 and 2 
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Figure 5.9. All user experience items in the main visitor experience studies 1 and 2 (continued) 
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Table 5.2. Spearman’s rho correlation coefficients between the visitor experience-related items and user experience-related items in the main 
visitor experience studies 1 and 2 

 

MainVX_WithPartial, n = 65 MainVX_WithFull, n = 79 

UX1 UX2 UX3 UX4 UX1 UX2 UX3 UX4 

Cognitive visitor experience 

Overall 0.162 0.033 0.116 0.212 0.247* 0.355** 0.350** 0.278* 

The visit was educational 0.174 -0.004 0.072 0.214 0.323** 0.374** 0.401** 0.338** 

The visit was thought-provoking -0.001 0.019 0.078 0.085 0.156 0.282* 0.276* 0.154 

The visit enriched my knowledge about many exhibits 0.172 0.020 0.114 0.180 0.115 0.205 0.161 0.167 

Introspective visitor experience 

Overall 0.094 0.039 0.244 0.100 0.324** 0.283* 0.381** 0.295** 

The visit changed the way I feel or think about myself 0.087 0.070 0.239 0.075 0.076 0.127 0.223* 0.161 

The visit made me think about my role in this world -0.082 -0.106 0.071 -0.077 0.168 0.161 0.157 0.123 

I learned new things about myself 0.047 0.090 0.197 0.102 0.291** 0.159 0.246* 0.151 

The visit changed some of my firmly held ideas 0.173 0.182 0.313* 0.220 0.374** 0.362** 0.504** 0.351** 

The visit helped me understand my own learning process better 0.191 -0.048 0.271* 0.105 0.352** 0.295** 0.309** 0.369** 

What I learned forced me to rethink how I view the world 0.170 0.017 0.257* 0.208 0.341** 0.320** 0.356** 0.247* 
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Table 5.2. Spearman’s rho correlation coefficients between the visitor experience-related items and user experience-related items in the main 
visitor experience studies 1 and 2 (continued) 

 

MainVX_WithPartial, n = 65 MainVX_WithFull, n = 79 

UX1 UX2 UX3 UX4 UX1 UX2 UX3 UX4 

Restorative visitor experience 

Overall -0.021 -0.040 0.055 0.160 0.218 0.354** 0.494** 0.443** 

The visit helped me get away from daily routine 0.083 0.080 0.073 0.242 0.282* 0.374** 0.419** 0.371** 

The visit helped me restore my energy -0.005 -0.036 0.171 0.184 0.078 0.178 0.385** 0.345** 

I managed to get away from everyday thoughts and concerns -0.095 -0.103 -0.149 -0.067 0.233* 0.353** 0.426** 0.378** 

Affective visitor experience – “Unease” 

Overall -0.012 -0.255 -0.096 0.003 -0.103 -0.184 -0.084 0.026 

Angry 0.061 -0.039 -0.175 0.074 -0.161 -0.262* -0.147 -0.106 

Uncomfortable 0.050 -0.102 0.127 0.138 -0.045 -0.032 0.075 0.040 

Emotionally exhausted 0.016 -0.230 -0.124 -0.081 -0.072 -0.293** -0.073 0.024 

Stressed -0.066 -0.262* -0.313* -0.051 -0.145 -0.292** -0.116 -0.020 

Sad 0.074 -0.081 -0.068 0.043 -0.164 -0.049 -0.103 0.029 
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Table 5.2. Spearman’s rho correlation coefficients between the visitor experience-related items and user experience-related items in the main 
visitor experience studies 1 and 2 (continued) 

 

MainVX_WithPartial, n = 65 MainVX_WithFull, n = 79 

UX1 UX2 UX3 UX4 UX1 UX2 UX3 UX4 

Affective visitor experience – “Joy” 

Overall 0.043 0.003 0.230 0.217 0.284** 0.176 0.332** 0.189 

Happy 0.116 0.197 0.364** 0.296* 0.185 0.124 0.267* 0.056 

Inspired 0.018 -0.072 0.148 0.220 0.214* 0.100 0.263* 0.234* 

Excited -0.104 -0.120 0.082 0.011 0.358** 0.245* 0.332** 0.211* 

“The visit exceeded my expectations” tested in the main visitor experience studies 1 and 2 

The visit exceeded my expectations (main VX study 1) 0.326** 0.259* 0.278* 0.338** 0.263* 0.271* 0.354** 0.223* 

The visit exceeded my expectations (main VX study 2) 0.216 0.328* 0.156 0.310* 0.305** 0.217* 0.276** 0.172 
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Table 5.2. Spearman’s rho correlation coefficients between the visitor experience-related items and user experience-related items in the main 
visitor experience studies 1 and 2 (continued) 

 

MainVX_WithPartial, n = 65 MainVX_WithFull, n = 79 

UX1 UX2 UX3 UX4 UX1 UX2 UX3 UX4 

Other tested visitor experience items in the main visitor experience study 1 

The information about exhibits was presented in an interesting 
way 0.366** 0.276* 0.450** 0.533** 0.214 0.269* 0.327** 0.350** 

The information about exhibits was easy to understand 0.218 0.343** 0.318** 0.393** 0.456** 0.527** 0.623** 0.511** 

I could make sense of most of the objects I saw today 0.232 0.131 0.221 0.290* 0.454** 0.443** 0.334** 0.298** 

The visit stimulated my interest in natural history 0.198 0.008 0.112 0.195 0.409** 0.372** 0.389** 0.314** 

I contemplated on the nature and meaning of things -0.075 -0.131 -0.022 -0.044 0.299** 0.191 0.171 0.088 

The exhibition enabled me to reminisce about my past 0.209 0.017 0.232 0.264* 0.351** 0.285* 0.419** 0.252* 

The visit felt relaxed and informal 0.137 0.149 -0.010 0.121 0.278* 0.343** 0.491** 0.462** 

There is a great deal of distraction 0.033 0.061 0.197 0.043 -0.101 -0.192 -0.312** -0.141 

There is much to explore and discover here 0.305* 0.144 0.372** 0.306* 0.208 0.177 0.200 0.230* 

It is a confusing place -0.034 -0.105 -0.028 -0.082 -0.385** -0.368** -0.436** -0.293** 

My attention was drawn to many interesting things 0.149 -0.053 0.083 0.048 0.043 0.145 0.242* 0.192 

I have a sense of unity with this setting -0.029 -0.087 0.072 0.057 0.228* 0.211 0.276* 0.297** 
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Table 5.2. Spearman’s rho correlation coefficients between the visitor experience-related items and user experience-related items in the main 
visitor experience studies 1 and 2 (continued) 

 

MainVX_WithPartial, n = 65 MainVX_WithFull, n = 79 

UX1 UX2 UX3 UX4 UX1 UX2 UX3 UX4 

Other tested visitor experience items in the main visitor experience study 2 

Curious 0.098 0.046 0.206 0.245 0.045 0.177 0.199 0.201 

Surprised 0.373** 0.187 0.318* 0.598** 0.162 0.168 0.207 0.119 

Energised -0.028 -0.039 0.139 0.056 0.262* 0.138 0.325** 0.303** 

Mentally engaged -0.053 -0.022 0.157 0.065 0.230* 0.071 0.320** 0.165 

Impressed 0.049 -0.019 0.207 0.171 0.203 0.230* 0.264* 0.288** 

Nostalgic -0.125 -0.256 0.247 0.146 -0.071 -0.116 -0.010 0.051 

Confused 0.104 -0.086 -0.050 0.105 -0.094 -0.195 -0.189 -0.097 

Fascinated 0.015 -0.011 0.114 0.092 0.368** 0.352** 0.548** 0.401** 

Disoriented -0.007 -0.216 -0.242 -0.043 -0.254* -0.267* -0.229* -0.030 

Indifferent -0.015 -0.042 -0.034 -0.168 -0.160 -0.215* -0.329** -0.174 

Calm -0.108 0.158 0.126 -0.115 0.210 0.278** 0.157 0.087 

Bored -0.142 -0.155 -0.290* -0.169 -0.292** -0.328** -0.307** -0.233* 

Sentimental 0.105 -0.100 0.202 0.124 -0.067 -0.022 0.064 0.081 

Table notes: all significant correlations are highlighted in bold; * Correlation is significant at the 0.05 level (2-tailed); ** Correlation is 
significant at the 0.01 level (2-tailed); UX1: Overall, I am satisfied with the application, UX2: The application was easy to use, UX3: The 
application gave me good suggestions, UX4: I would use this application again. 
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