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Abstract 9 

Augmented reality (AR) is an emergent technology in tourism. However, research concerning 10 

the AR user experience is relatively scarce and seldom addresses the intentions of designers. 11 

Accordingly, we sought to: (a) explore the design intentions underlying a multi-user, 12 

purpose-built AR experience; (b) assess the extent to which users’ realized experience 13 

aligned with the designers’ intended experience; and (c) examine the relationships between 14 

users’ internal states and their associated behavior, in alignment with a Stimulus-Organism-15 

Response framework. In Study 1, designers (n = 5) took part in a focus group and completed 16 

a design intentions survey. In Study 2, users (n = 48) tested the AR experience, and a range of 17 

subjective (e.g., affective responses) and objective (i.e., visual attention) data were recorded. 18 

Findings indicated designer–user disparities primarily at the organism and response levels. 19 

Additionally, users’ affective responses to the AR experience were strongly associated with 20 

visitor engagement.  21 
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Introduction 26 

Innovative experiences broaden the visitor appeal and enhance economic performance 27 

(Barron & Leask, 2017). This is particularly important in light of the COVID–19 pandemic 28 

(Itani & Hollebeek, 2021), given that the travel and tourism industry has suffered losses of 29 

almost $4.5 trillion (WTTC, 2021). Technological advancements, such as augmented reality 30 

(AR), provide opportunities to enhance the visitor experience by overlaying digital content 31 

onto users’ immediate surroundings (Loureiro et al., 2020). While discussions concerning the 32 

application of AR in tourism span the past two decades (Fritz et al., 2005; Jingen Liang & 33 

Elliot, 2021), only recent innovations in hardware and software have enabled AR technology 34 

to break out of the laboratory environment into everyday experience. 35 

One sector that has been particularly active in the employment of AR technology is 36 

museums (Serravalle et al., 2019). The National Museum of Singapore, for example, provides 37 

a Story of the Forest smartphone installation depicting the dense tropical rainforests of 38 

Southeast Asia and native fauna. The uptake of AR is rapidly accelerating, with the market 39 

estimated to be worth $340 billion by the year 2028 (Grand View Research, 2021). 40 

Facebook’s rebrand to Meta, and the envisioned metaverse, emphasizes the importance of 41 

immersive technology that seamlessly integrates physical, digital, and social components. 42 

However, it is unlikely that AR’s potential will be reached unless there is congruence 43 

between designers’ intentions and users’ actual experiences, and hence there is a need to 44 

more fully understand this relationship. 45 

Several research clusters can be identified in the AR tourism literature (He et al., 46 

2018; Jingen Liang & Elliot, 2021). For example, scholars have focused on the challenges 47 

and possibilities associated with AR technology (Kounavis et al., 2012), as well as user 48 

acceptance (Chung et al., 2015). Conversely, research pertaining to the AR user experience is 49 

relatively scarce and seldom addresses the intent of designers who develop such experiences 50 
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(Jingen Liang & Elliot, 2021). This is problematic for two reasons. First, little is known about 51 

what designers are hoping to achieve by employing AR technology in tourism, with respect 52 

to both the type of experience and how it affects users. Second, the extent to which designers’ 53 

intentions are realized by users of AR technology is presently unknown. A joint approach, 54 

which incorporates the perspectives of designers and users, is warranted to comprehensively 55 

assess AR experiences in tourism. Identifying the relative points of convergence and 56 

divergence between both populations can help inform future theoretical advancements in 57 

visitor experience design (Bonfanti et al., 2021).  58 

Preliminary AR user experience research is almost entirely oriented toward the effects 59 

of smartphone-based applications that entail a single user engaging with a pre-existing 60 

artefact or exhibit (tom Dieck et al., 2018). Importantly, such applications do not encourage 61 

interactions with companions (Ponsignon & Derbaix, 2020). The recent development of 62 

head-mounted displays, such as the Magic Leap and Microsoft HoloLens, allow multiple 63 

users to interact with purpose-built AR experiences in an engaging manner. It is crucial to 64 

examine this medium given that social factors are theorized to play a fundamental role in 65 

tourism-related experiences (Chen et al., 2020). 66 

This multi-study investigation was conducted within a pragmatic research paradigm 67 

(Feilzer, 2010), wherein multiple methods of data collection were employed to address three 68 

aims. The aim of Study 1 was to explore the design intentions underlying an AR experience 69 

developed for use in a museum context. Study 1 involved the collection of qualitative focus 70 

group data and quantitative survey data, in alignment with the suggestion that mixed methods 71 

should be prioritized in AR-related tourism research (Jingen Liang & Elliot, 2021). Study 2 72 

involved the collection of quantitative data in relation to user experience testing and this 73 

work was guided by the following aims. The primary aim was to assess the extent to which 74 

users’ realized experience aligned with the designers’ intended experience. A secondary aim 75 
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was to examine the relationships between users’ internal states and their associated behavior 76 

in relation to the AR experience. 77 

To provide a theoretical foundation for the work, constructs of interest were organized 78 

within a Stimulus-Organism-Response (SOR) framework (Suh & Prophet, 2018). SOR 79 

models have been applied to the study of virtual reality (VR) technology and thus the present 80 

study provides a logical extension to this line of inquiry (Kim et al., 2020). The SOR model 81 

employed in the present investigation provided equal coverage of cognitive (e.g., presence) 82 

and affective (e.g., remembered pleasure) constructs. This is noteworthy given that many 83 

conceptual frameworks in the tourism domain do not dedicate sufficient attention toward 84 

affective phenomena (McCabe et al., 2016; Tucker & Shelton, 2018). 85 

From a practical perspective, the involvement of a creative team afforded an 86 

opportunity to identify and establish design intentions, against which user experience testing 87 

could subsequently be compared (Smit et al., 2021). We collected user data pre-, during, and 88 

post-experience to examine how visitor responses unfolded over time (Stienmetz et al., 89 

2021). Eye-tracking data was captured to explore users’ attentional processes. Such data is 90 

less susceptible to bias when compared to subjective data (Scott et al., 2019) and this is one 91 

of the first attempts in tourism to incorporate eye-tracking in AR. Finally, the application 92 

under investigation is a purpose-built, multi-user experience that requires an AR head-93 

mounted display. 94 

The following sections contain a review of literature and an overview of the 95 

developed hypotheses. Study 1 presents an exploration of the design intentions underlying the 96 

AR experience, while Study 2 entails user experience testing. Thereafter, a general discussion 97 

is offered, which includes theoretical and managerial implications, as well as limitations and 98 

directions for future research. 99 

 100 
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Literature Review 101 

Intended and Realized Experience 102 

Providing memorable experiences is fundamental for the longevity of tourism 103 

providers (Barron & Leask, 2017). Accordingly, there is growing interest toward the role of 104 

design in tourism (Smit et al., 2021). There is substantial variation in the conceptualization of 105 

tourism experience design (Tussyadiah, 2014). Herein, we conceptualize experience design 106 

as the practice of designing a product or service with an emphasis on the quality of user 107 

experiences. Hence, this process is predicated on the creation and staging of prerequisites that 108 

enable consumers to have desired experiences (Smit et al., 2021).  109 

A distinction can be made between intended and realized experiences (Voss et al., 110 

2008). Intended experiences are planned by tourism providers and offered to visitors. 111 

Alternatively, realized experiences refer to the actual lived experiences of visitors. 112 

Concentrating on the perspectives of visitors alone does not provide sufficient intellectual 113 

insight to inform experience design. Consequently, researchers have advocated a joint 114 

approach that considers the views of designers and visitors in combination to better inform 115 

tourism-related experience design (Dube et al., 2015). 116 

There are many advantages associated with the inclusion of designers in the research 117 

process. For example, designers can identify constructs that were important to them during 118 

development and hence their views can serve as a foundation upon which to compare users’ 119 

experiences (Ponsignon et al., 2017). Additionally, the findings from user testing can be 120 

communicated back to designers so that they can refine the experience in accordance with an 121 

iterative design process (Tussyadiah, 2014). This would afford an opportunity to minimize 122 

any designer–user disparities, thereby enhancing the visitor experience and maximizing the 123 

site’s economic performance. 124 

 125 
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Few attempts have been made to assess the congruence between intended and realized 126 

experience and this is a focus of the present investigation. A notable exception concerns a 127 

qualitative study by Ponsignon et al. (2017). The researchers conducted a series of interviews 128 

with visitors and staff at a cultural center and identified four areas that can be managed by the 129 

service provider (i.e., individual touchpoints, customer journey, social environment, and 130 

physical environment). Nonetheless, there is significant scope to employ quantitative 131 

approaches to the study of intended and realized experience. This was emphasized by 132 

Ponsignon et al. (2017), who recommended that visitor behavior data be captured in real-133 

time. Head-mounted AR devices collect real-time behavioral data through a series of 134 

integrated sensors. Hence, there appears to be a strong rationale for the study of head-135 

mounted AR in tourism.  136 

Stimulus-Organism-Response Models 137 

SOR models assert that external or environmental cues prompt cognitive and affective 138 

states, which subsequently drives behavioral responses (Jacoby, 2002; Mehrabian & Russell, 139 

1974). Tourism researchers have employed SOR models to help explain consumer behavior 140 

in relation to destinations shown in 360-degree images (Yeh et al., 2017) and VR (Kim et al., 141 

2020). The present investigation extends this line of scientific inquiry to incorporate AR 142 

technology. A SOR model is used as a guiding framework to explore the relationships 143 

between the AR experience (stimulus), users’ internal states (organism), and their associated 144 

behavior (response), and is also used to assess the extent to which users’ realized experience 145 

aligns with designers’ intended experience. Fundamental constructs related to each phase of 146 

the SOR model are depicted in Figure 1 and described herein. 147 

***Insert Figure 1 about here*** 148 

Stimulus. The stimulus refers to the trigger that facilitates users’ cognitive and affective 149 

reactions. Suh and Prophet (2018) made the distinction between technological stimuli and 150 
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content stimuli. The technological stimulus under investigation is head-mounted AR, which 151 

overlays digital assets onto users’ real environments. An important feature of AR in tourism 152 

is the ability for users to access engaging digital content while concurrently preserving 153 

interactions with other users, thereby adding a social element to the stimulus. This is 154 

beneficial because social interaction is a vital component of experience that has been 155 

associated with a range of desirable outcomes (e.g., positive affective responses; Chen et al., 156 

2020). In contrast, VR, despite being fully immersive, can be considered to prompt rather 157 

solitary experiences (Ingram et al., 2019). It is perhaps for this reason, that AR has been 158 

described as one of the most promising technologies in tourism (Loureiro et al., 2020). 159 

It is also important to consider the type of content or experience that is delivered via 160 

AR technology, as different applications will prompt diverse affective and cognitive states 161 

(Suh & Prophet, 2018). Experience typologies are useful for tourism managers, as they afford 162 

the distinction between different market offerings. A plethora of visitor experience typologies 163 

have been proposed (Packer & Ballantyne, 2016), with Pine and Gilmore’s (1998) 164 

Experience Economy serving as a predominant framework in tourism (Jung et al., 2016).  165 

Pine and Gilmore (1998) emphasized the importance of staged experiences and 166 

proposed four realms according to two dimensions: involvement (ranging from passive to 167 

active participation) and desire (ranging from absorption to immersion). Active participation 168 

permits the visitor to directly affect the event or performance (e.g., attending an interactive 169 

cooking class), however, such interaction is not possible during passive participation (e.g., 170 

watching a film at a cinema; Pine & Gilmore, 1998). Absorption occurs when an experience 171 

occupies an individual’s attention whereas immersion refers to instances where an individual 172 

feels part of the experience itself (Pine & Gilmore, 1998). Subsequently, the researchers 173 

proposed four realms of experience (i.e., entertainment, education, aesthetics, and escapism) 174 

and suggested that the richest experiences comprise elements from all four realms. A strength 175 
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of the experience economy framework is its flexibility in identifying a range of experience 176 

types. Nonetheless, there is also a need to consider distinct psychological constructs at the 177 

organism level when studying tourism experiences (Scott & Le, 2017).  178 

Organism: Cognitive. Organism refers to users’ internal evaluations of the stimulus. It is 179 

possible to identify a range of cognitive reactions to immersive technology use (Suh & 180 

Prophet, 2018). In the context of AR technology, presence is a sense of feeling surrounded by 181 

a realistic physical/virtual environment (Georgiou & Kyza, 2017). Presence in AR has been 182 

associated with a range of positive outcomes such as greater intentions to use smartphone-183 

based shopping applications (Smink et al., 2020), but has rarely been the subject of empirical 184 

investigation in tourism (Jung et al., 2016). A notable exception concerns a study by He et al. 185 

(2018), who reported that greater perceptions of presence were associated with increased 186 

willingness to pay for an art museum experience. However, the researchers’ intervention was 187 

pre-recorded, and participants were instructed to imagine that they were on-site using an AR 188 

device. Therefore, there is ample opportunity to examine presence in AR with greater 189 

consideration toward ecological validity. 190 

Another cognitive process of interest concerns visual attention (Scott et al., 2019), 191 

which allows individuals to selectively prioritize or suppress information in their 192 

environments. Understanding visitors’ visual attention is important to site managers, as this 193 

information can be used to help redesign staged experiences in an engaging manner (Le et al., 194 

2020). Our eyes are constantly in motion of two main types. Fixations refer to instances in 195 

which the eyes remain still and can last anywhere from tens of milliseconds to several 196 

seconds. Alternatively, rapid movements of the eyes from one fixation to another are termed 197 

saccades and can take 30–80 ms to complete (Holmqvist & Andersson, 2017). Fixations 198 

reveal the stimuli that visitors are dwelling on whereas saccades are indicative of a shift in 199 

focus. 200 
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Eye-tracking technology has become a powerful tool to help researchers examine the 201 

perception of visual stimuli in tourism (Rainoldi & Jooss, 2020). For example, screen- and 202 

mobile-based eye-tracking devices have been used to examine tourists’ attentional processes 203 

in relation to marketing materials (Scott et al., 2019). However, there is a dearth of eye-204 

tracking research in relation to immersive virtual environments, despite researchers 205 

emphasizing the usefulness of such an approach (Rainoldi & Jooss, 2020). This paucity of 206 

research is surprising given that many head-mounted displays used to access immersive 207 

stimuli have the capacity to record users’ gaze behavior (Harris, Bird, et al., 2020). 208 

Organism: Affective. Conceptual frameworks in tourism often support the notion that visitors 209 

are rational decision makers (McCabe et al., 2016). Visitors are typically theorized to engage 210 

complex cognitive processes when collecting, rationally evaluating, and acting upon 211 

information that serves to promote their greatest satisfaction (Pearce & Packer, 2013; Walls 212 

et al., 2011). However, visitors do not always make fully rational decisions and their motives 213 

are often driven by the powerful influence of affective phenomena (Walls et al., 2011; 214 

Wattanacharoensil & La-ornual, 2019). Affective responses are increasingly being cited as 215 

key determinants of memorable experiences and hence their measurement is important (Chen 216 

et al., 2020; Godovykh & Tasci, 2020a). 217 

Despite the appeal of measuring affective responses in tourism, the terms affect, 218 

emotion, and mood are often used interchangeably reducing conceptual clarity (Skavronskaya 219 

et al., 2017). Accordingly, there is a need to define constructs of interest if this line of 220 

scientific inquiry is to flourish (Skavronskaya et al., 2017). Affect can be defined as “a 221 

neurophysiological state consciously accessible as a simple primitive nonreflective feeling 222 

most evident in mood and emotion but always available to consciousness” (Russell & 223 

Feldman Barrett, 2009, p. 104). 224 



INTENDED AND REALIZED EXPERIENCE OF AUGMENTED REALITY 10 

Herein, affect is conceptualized as a dimensional domain, containing two orthogonal 225 

and bipolar dimensions, affective valence (ranging from pleasure to displeasure) and arousal 226 

(ranging from sleepiness to high arousal). Researchers have advocated the measurement of 227 

affective valence, albeit adopting the behavioral economics term utility (Kahneman et al., 228 

1997), as an appropriate successor to satisfaction (Godovykh & Tasci, 2020b). This is 229 

because affective valence is a bipolar dimension and has greater coverage of outcomes when 230 

compared to satisfaction, which is typically assessed with unipolar measures. 231 

In addition to measuring affective responses during a specific encounter, Godovykh 232 

and Tasci (2020b) recommended the measurement of affective responses in relation to two 233 

additional timepoints. Remembered pleasure/utility concerns how pleasant or unpleasant an 234 

experience is later remembered. Moreover, forecasted pleasure/utility concerns how pleasant 235 

or unpleasant future experiences are predicted to be. Researchers have theorized that both 236 

remembered and forecasted pleasure can help predict whether behavior will be repeated (Karl 237 

et al., 2021; Zenko et al., 2016). Hence, such constructs could yield considerable value when 238 

evaluating the extent to which AR experiences can help retain visitors. 239 

Few investigators have sought to assess affective responses to AR experiences in the 240 

tourism domain. Kourouthanassis et al. (2015) conducted a field study with visitors using a 241 

smartphone-based travel guide. Participants were required to use the application for the 242 

duration of their visit and the researchers reported that affective valence and arousal were 243 

both statistically significant predictors of usage behavior. However, little is known about the 244 

effects of AR experiences on remembered/forecasted pleasure. Hence, there is a distinct need 245 

to consider this element of the user experience and how it relates to visitor behavior. 246 

Organism: Individual differences. There is evidence to suggest that individual differences can 247 

influence responses to immersive technology use (Suh & Prophet, 2018). For example, Park 248 

and Stangl (2020) reported that high-sensation seekers reported the most positive AR 249 
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experiences when compared to their lower sensation-seeking counterparts. Another factor 250 

that might influence responses to immersive technology use concerns the social environment 251 

(Bolton et al., 2018; Ponsignon & Derbaix, 2020). Preliminary findings from computer 252 

science indicates that shared AR experiences can prompt greater user interest when compared 253 

to individual applications (Park et al., 2020). However, future research is required to examine 254 

the extent to which this applies in tourism. 255 

Responses. Responses refer to the outcomes of immersive technology use (e.g., learning 256 

effectiveness; Suh & Prophet, 2018). Perhaps the most important response to museums is 257 

visitor engagement (Barron & Leask, 2017). This can be conceptualized as involvement with, 258 

and commitment to, a consumption experience (Taheri et al., 2014). Researchers have shown 259 

that AR applications can prompt visitor engagement in relation to science festivals (tom 260 

Dieck et al., 2018), but further research is required to assess this in a museum context. 261 

It is important to consider positive and negative responses to immersive technology 262 

use (Suh & Prophet, 2018). A negative response is cognitive overload, given that tourism 263 

experiences typically entail an element of visitor learning. In accordance with Cognitive Load 264 

Theory (Sweller, 1999), cognitive workload can be considered as the quantity of 265 

informational units that must be held in working memory during a task. It is plausible that 266 

there is an optimal level of cognitive workload for tourism-related AR experiences, and it is 267 

the responsibility of designers to optimize this. Previous research is heavily weighted toward 268 

positive user responses (Kim et al., 2020; tom Dieck et al., 2018). Hence, examining negative 269 

responses to AR experiences, such as cognitive workload, represents a more harmonious 270 

approach when compared to the extant literature (Jingen Liang & Elliot, 2021).  271 

Hypothesis Development 272 

Intended and Realized Experience 273 

AR design and user experience studies have been described as promising lines of 274 
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inquiry (Jingen Liang & Elliot, 2021). However, no research to date has addressed the extent 275 

to which designers’ intentions are realized by users of AR technology in tourism. Study 1 276 

comprised an exploration of the design intentions underlying an AR experience developed for 277 

a museum context. A mixed methods approach was adopted and included the collection of 278 

qualitative focus group data and quantitative survey data. Study 1 was exploratory (no a 279 

priori hypotheses) and generated predictions that were assessed in Study 2, which entailed the 280 

collection of quantitative data in relation to user experience testing. Accordingly, specific 281 

research hypotheses pertaining to intended and realized experience are presented in Study 1, 282 

following data collection with designers. 283 

User Responses 284 

An aim of Study 2 was to examine the relationships between users’ internal states and 285 

their associated behavior in relation to the AR experience. Constructs of interest were 286 

organized in accordance with a SOR framework (see Figure 1). Cognitive and affective 287 

reactions to immersive stimuli are theorized to prompt user responses (Suh & Prophet, 2018). 288 

Hence, we hypothesized positive relationships between presence–visitor engagement and 289 

between visual attention–visitor engagement (H1). Likewise, we predicted positive 290 

relationships between remembered pleasure–visitor engagement, and between forecasted 291 

pleasure–visitor engagement (H2). Kim et al. (2020) sought to examine tourists’ intentions to 292 

visit destinations previously experienced in VR. The researchers employed a SOR framework 293 

and reported that cognitive factors had a stronger influence on positive outcomes when 294 

compared to affective responses. Accordingly, we predicted stronger relationships between 295 

cognitive variables–visitor engagement when compared to the relationships between affective 296 

variables–visitor engagement (H3). 297 

The majority of AR research in tourism concerns smartphone-based applications that 298 

are designed for a solitary user (tom Dieck et al., 2018; Trunfio & Campana, 2020). 299 
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Consequently, little is known about the effects of engaging with purpose-built, head-mounted 300 

AR experiences among groups of visitors. Initial findings indicate more positive responses to 301 

shared experiences when compared to individual experiences (Park et al., 2020). Hence, we 302 

hypothesized greater visitor engagement for those who take part in a shared experience when 303 

compared to individual users (H4). At the organism level, we predicted that shared 304 

experiences would prompt more positive remembered and forecasted pleasure when 305 

compared to individual users (H5). Conversely, we hypothesized that shared experiences 306 

would be associated with lower presence and visual attention toward digital assets, when 307 

compared to individual users (H6). This is because cognition is likely to gravitate toward 308 

other users during shared experiences. 309 

Study 1 310 

Methods 311 

Pragmatism. The present investigation was conducted in alignment with a pragmatic research 312 

paradigm (Feilzer, 2010). A detailed description of this approach can be found in 313 

Supplementary Material 1.  314 

Participants. The study was approved by the University of Exeter Research Ethics 315 

Committee. A purposive sample of five adult designers was recruited through email 316 

correspondence with a production studio in the UK (Mage = 44.8 years, SDage = 3.2 years; one 317 

woman, three men, and one who preferred not to say; four British and one who preferred not 318 

to say; Mexperience = 20.6 years; SDexperience = 2.7 years). Inclusion criteria stipulated that 319 

volunteers were involved in the creation of the AR application. Each studio department (e.g., 320 

design, quality assurance) were represented. It was anticipated that the sample size was small 321 

enough for each participant to contribute, yet sufficiently large to share diverse opinions 322 

across the whole group (Freeman, 2006).  323 
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Procedure. Data collection took place in May, 2021. A convergent mixed methods design 324 

was employed, which entailed a concurrent collection and analysis of qualitative and 325 

quantitative data (Creswell, 2022). This research design was appropriate given that it allowed 326 

for the perspectives of designers to emerge via qualitative methods, but also allowed us to 327 

quantify designers’ intended experience, enabling subsequent analyses against users’ realized 328 

experience in Study 2. Participants provided informed consent and completed a demographic 329 

questionnaire. A review of literature was conducted to facilitate the development of focus 330 

group materials (He et al., 2018; Suh & Prophet, 2018), which were subsequently refined 331 

among the research team. The purpose of the focus group was to explore the design 332 

intentions underlying the AR experience. The focus group was conducted via web-based 333 

videoconferencing software (Zoom; San Jose, CA, USA) and all participants joined using 334 

video and audio. It is important to create a comfortable environment when conducting focus 335 

groups (Krueger & Casey, 2014). Zoom was deemed appropriate given that (a) participants 336 

could join the discussion from a familiar setting, (b) participants could easily see and hear 337 

other participants, and (c) it could limit in-person interaction during the COVID–19 338 

pandemic. 339 

Three members of the research team were present during the focus group. The lead 340 

researcher served to moderate the discussion while the remaining two researchers provided 341 

additional assistance (e.g., monitoring the chat function on Zoom; Krueger & Casey, 2014). 342 

The focus group commenced with a brief introduction from the moderator, who reiterated the 343 

purpose of the study and informed participants that the discussions would serve to guide the 344 

next phase of the research. 345 

The opening question concerned each participant’s role in the development of the AR 346 

experience. This opening question was intended to be easy to answer to encourage 347 

participants to divulge information and feel comfortable in the group setting (Krueger & 348 
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Casey, 2014). The second question related to the origins of the project and participants were 349 

encouraged to contribute until no more views were offered. The main topics of discussion 350 

were design challenges, target user demographics, as well as user responses during and post-351 

experience. The questions were open-ended and intended to encourage universal participation 352 

within the group. The moderator used the screen share function on Zoom to display a series 353 

of documents (e.g., internal storyboards) to facilitate a critical discussion of the AR 354 

experience on a scene-by-scene basis. 355 

The moderator employed follow-up questions and provided opportunities to clarify 356 

responses to explore the subject at a deeper level. The focus group lasted 61 min, was 357 

digitally recorded, transcribed verbatim, and yielded 17 pages of single-spaced text. Each 358 

participant was required to complete a design intentions survey via web-based software 359 

(Qualtrics; Provo, UT, USA) upon the cessation of the focus group. The survey was 360 

completed by each member of the design team individually. It was anticipated that this would 361 

eliminate any bias occurring through group dynamics, which is a concern when sampling pre-362 

existing groups of individuals who work closely together (Freeman, 2006). The data derived 363 

from the survey served as a foundation upon which users’ realized experiences could be 364 

compared against in Study 2.  365 

Measures. The design intentions survey consisted of multiple inventories designed to capture 366 

user responses to AR technology. In all cases, the stem of each item was minimally adjusted 367 

to capture design intentions. For example, “The setting of the AR experience was very 368 

attractive” was adjusted to “We intended the setting of the AR experience to be very 369 

attractive” (tom Dieck et al., 2018). 370 

An inventory developed by tom Dieck et al. (2018) was adapted and employed to 371 

assess the stimulus content in relation to the four realms of experience (i.e., entertainment, 372 

education, aesthetics, escapism) advocated by Pine and Gilmore (1998), as well as user 373 
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engagement. This inventory included 17 items (e.g., “We intended for users to learn 374 

something new during the AR experience”) attached to a 5-point bipolar scale (1 = Strongly 375 

Disagree, 5 = Strongly Agree). 376 

Presence was measured using 4-items (e.g., “We intended for users to be so involved, 377 

that they feel their actions could affect the activity”) adapted from the Augmented Reality 378 

Immersion questionnaire (Georgiou & Kyza, 2017). Items were attached to a 7-point bipolar 379 

scale (1 = Totally Disagree, 7 = Totally Agree). 380 

On the basis that we conceptualize affect as a dimensional domain, intended affective 381 

responses were firstly assessed using the Affect Grid (Russell et al., 1989). This is a 9 by 9 382 

grid, with the horizontal dimension representing affective valence (from unpleasantness to 383 

pleasantness) and the vertical dimension representing arousal (from sleepiness to high 384 

arousal). Anchors are placed at the extremes of the two orthogonal dimensions (e.g., 385 

“pleasant feelings”), as well as the four corners (e.g., “excitement” [pleasant, high-arousal]) 386 

to facilitate understanding (Ekkekakis, 2013). The moderator shared the Affect Grid during 387 

the focus group and participants were required to collectively select one of the 81 squares that 388 

corresponded with their intended experience on a scene-by-scene basis. 389 

To minimize common method variance, remembered pleasure was measured using a 390 

scale with a different format to the Affect Grid (Russell et al., 1989). A Visual Analogue 391 

Scale was employed in relation to the question “Overall, how did you intend to make users 392 

feel during the AR experience?” The scale ranged from -100 (very unpleasant) to 100 (very 393 

pleasant) in intervals of 1. The slider was initially positioned at the origin (0). The descriptors 394 

and slider were visible to participants but the numbers were not (Zenko et al., 2016).  395 

Forecasted pleasure was measured using the Empirical Valence Scale (Lishner et al., 396 

2008). Participants were required to respond to the question “If users repeated the AR 397 

experience, how do you think they would feel?” Fifteen empirically spaced verbal descriptors 398 
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were depicted underneath the scale, ranging from -100 (most unpleasant imaginable) to 100 399 

(most pleasant imaginable). The values were hidden from participants who were instructed to 400 

select one descriptor only. 401 

Cognitive workload was measured using an adapted Simulation Task Load Index 402 

(SIM-TLX; Harris, Wilson, et al., 2020). This inventory comprised nine items (e.g., “How 403 

mentally fatiguing did you intend the task to be?”) attached to a 21-point bipolar scale (0 = 404 

Very Low, 20 = Very High).  405 

Data analysis. Separate analyses were conducted with respect to the qualitative and 406 

quantitative data, in alignment with a convergent mixed methods design (Creswell & Plano 407 

Clark, 2017). The transcription data were organized using NVivo (QSR; Melbourne, 408 

Australia) and analyzed by means of theoretical thematic analysis (Braun & Clarke, 2006). 409 

Initially, the lead author engaged in a process of familiarization to gain a sense of the overall 410 

context of the data and the wording employed by participants. The transcript was read 411 

multiple times and initial ideas were recorded. Thereafter, initial codes were generated 412 

theoretically in relation to Suh and Prophet’s (2018) SOR model of immersive technology 413 

use. Codes were then collated into larger themes and a reviewal process enabled the 414 

development of a thematic map (Terry et al., 2017). Finally, the themes were defined and 415 

named, which helped to tell the overall story of the analysis (Maguire & Delahunt, 2017). 416 

Responses to the design intention survey were collated and descriptive statistics were 417 

calculated. Integration was achieved by merging the results from the qualitative and 418 

quantitative data, which enabled a more complete understanding of the designers’ intended 419 

experience when compared to that provided by either the qualitative or quantitative results 420 

alone (Creswell & Plano Clark, 2017). 421 

 422 

 423 
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Results and Discussion 424 

Stimulus. Participants described several properties pertaining to the AR experience. The 425 

decision to employ AR technology from Magic Leap appeared to be predicated on a desire to 426 

develop for “one of the boundary pushers in terms of entertainment” (Quality Assurance 427 

Lead). The AR experience depicted “ghost dinosaurs … and you’ve got to try and spot them, 428 

and you’ve got to try and help save them and return them to their dimension” (Creative 429 

Director). Hand gestures, which were tracked by the AR technology, appeared to be of 430 

central importance: “You would hold out your hand, a stream would go out to a ghost 431 

dinosaur, it would encapsulate it and then it would float up and through a portal and back to 432 

ghost land” (Lead Designer; See Figure 2).  433 

***Insert Figure 2 about here*** 434 

The AR experience was developed by a consortium which included two museums. 435 

Accordingly, the authenticity of the simulated content was vital: “Even though they were 436 

ghosts, they were all scientifically accurate ghost dinosaurs and then we talked about what 437 

their species were and what time period they were from” (Lead Designer). This “known 438 

facts” (Bec et al., 2019, p. 118) approach draws upon validated information to present an 439 

accurate account of history, which is fundamental for visitor education (Mura et al., 2017). 440 

The extent to which the required hand gestures aligned with the core values of the corporate 441 

partner were also considered: 442 

We weren’t Ghost Busters; we weren’t destroying them [dinosaurs]. It was 443 

really important to the museum … their ethos of saving species… we didn’t 444 

want it to be a zapping game… we want to feel like we’re saving them 445 

[dinosaurs], we’re not attacking them. (Creative Director) 446 

Participants revealed that they wanted the physical set to represent “a slightly 447 

unnerving retro café that would look like it had been attacked by something” (Creative 448 
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Director). Unfortunately, “the full café did not get designed” as this stripped back physical 449 

set was scheduled to be showcased overseas at a large film festival. The qualitative insights 450 

were largely corroborated by the findings from the design intentions survey. Using Pine and 451 

Gilmore’s (1998) experience typology as a guiding framework, the AR experience was 452 

intended to provide entertainment (Mdn = 4.66) and education (Mdn = 3.50) to a greater 453 

extent than aesthetics (Mdn = 3.00) and escapism (Mdn = 2.25). Accordingly, we predict 454 

statistical equivalence between designers’ intentions and users’ realized experience for each 455 

realm of experience (H7). 456 

Organism: Cognitive. The Lead Designer explained that the AR experience commenced with 457 

a small dinosaur that “just appears on the surface in front of you.” As the experience 458 

progresses, multiple dinosaurs appear and “they are moving around and interacting with the 459 

surfaces, they’re standing on the worktop, they’re standing on the boxes… every bit of 460 

physical set has a digital twin.” Presence (i.e., a sense of feeling surrounded by a realistic 461 

physical/virtual environment; Georgiou & Kyza, 2017) was clearly of significance to the 462 

design team “…if people didn’t get the feeling that they [dinosaurs] were actually interacting 463 

with the physical assets then that would not be completely hitting our target” (Lead 464 

Designer). This qualitative finding was substantiated by the design survey, which indicated 465 

that the experience was intended to prompt high perceptions of presence (Mdn = 6.00) and 466 

we hypothesize statistically equivalent scores among users (H8). 467 

The analysis revealed that the peak of the experience came toward the end when a 468 

Tyrannosaurus Rex “peeks through a hole in the wall” (Art Lead). There was a high degree of 469 

expectancy that this part of the experience should comprehensively capture the visual 470 

attention of users, with a Programmer stating that “we would have failed if people were not 471 

aware or looking at the T-Rex”. Given these qualitative insights, we predict statistical 472 
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equivalence between designers’ intentions and users’ realized experience in relation to visual 473 

attention toward the digital Tyrannosaurus Rex (H9). 474 

Organism: Affective. Designers revealed that the process of equipping an AR head-mounted 475 

display in a social environment could raise users’ arousal: “there’s the potential that one 476 

headset doesn’t do what it’s supposed to do, so there’s a feeling of ‘Oh, I’m holding the 477 

group back’, there is a peer pressure almost implied” (Quality Assurance Lead). Participants 478 

explained that the early phase of the experience was designed to elicit affective responses in 479 

the pleasant, high-arousal quadrant of the Affect Grid (Russell et al., 1989): “It would be 480 

quite exciting wouldn’t it? There’s nothing to be scared of, it’s quite a cute dinosaur for the 481 

first one, isn’t it? And it should feel quite exciting and pleasant” (Creative Director). The 482 

Lead Designer added: 483 

The only time that we would go toward unpleasant feelings is probably 484 

emotions like fear and shock, which does feature in this [experience], 485 

particularly the T-Rex… there’s verbal ‘OMGs’ and stepping back and it’s a 486 

punchy moment when it sticks it’s head through the wall and the audio that goes 487 

with it is really strong. 488 

Participants explained that although not a design intention, the cessation of the 489 

experience often results in pleasant affective responses: “it is not intentionally an exciting or 490 

enjoyable moment of handing something [AR head-mounted display] back to somebody, but 491 

in practice that is what it tends to end up being” (Lead Designer). The affective journey 492 

associated with the AR experience is depicted in Figure 3. We predict an increase in users’ 493 

affective valence and a decrease in users’ arousal from pre- to post-experience, in alignment 494 

with designers’ intentions (H10). 495 

***Insert Figure 3 about here*** 496 
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High scores were observed for the remembered pleasure item of the design 497 

intentions survey (Mdn = 86.00). However, the forecasted pleasure item yielded lower 498 

scores (Mdn = 70.00). Hence, it is plausible that the AR experience was designed for 499 

single, as opposed to repeated, consumption. We predict statistical equivalence 500 

between designers’ intentions and users’ realized experience for remembered pleasure 501 

and forecasted pleasure (H11). 502 

Organism: Individual differences. Participants described the difficulties associated with 503 

developing an AR experience for a broad demographic. Devising the gameplay in accordance 504 

with the theorized demographics’ familiarity with AR appeared to help in this regard: 505 

We had to make sure that it was extremely accessible for people who had no 506 

prior use of video games, the fact that people were wearing a Magic Leap for 507 

the first time and could easily spend the first 30 seconds just going ‘Woah, what 508 

am I looking at?’ (Lead Designer) 509 

The AR experience catered for small groups of simultaneous users and there 510 

was evidence to suggest that shared experiences would influence visual attention: 511 

As you go through the dinosaur experience, people work out really quickly that 512 

they can steal dinosaur evidence from other people and so you start to see, and 513 

I’ve experienced it myself, you look over and see what other people are doing 514 

and sort of going ‘Oh right, I’m going to grab that’, the competitive nature takes 515 

over. (Quality Assurance Lead) 516 

Responses. The design survey revealed that a high level of visitor engagement (e.g., 517 

interacting with other dinosaur related materials) was intended following the cessation of the 518 

AR experience (Mdn = 4.00) and we hypothesize statistically equivalent scores to be reported 519 

by users (H12). The designers also explained that they tried to minimize negative responses 520 

for users: “Any cognitive load for them [users] beyond really simple interfaces and a really 521 
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clear objective and they were going to spend the whole 5 min just staring around and going 522 

‘Look at that!’” (Lead Designer). Examination of the SIM-TLX scores confirmed that 523 

designers intended the AR experience to prompt low levels of cognitive workload (Mdn = 524 

3.00). Temporal demands yielded the highest designer scores (Mdn = 8.00), and this was 525 

perhaps due to the relatively short duration of the experience: 526 

Not including the on-boarding and off-boarding on either side, we aimed for 5 527 

mins, so there was some light narrative touch but also when it came to the 528 

gameplay, we needed to be able to teach gameplay that people could get really 529 

quickly. (Lead Designer) 530 

Bearing these findings into consideration, we hypothesize statistically equivalent 531 

cognitive workload scores from users, with temporal demands prompting the highest 532 

scores (H13). 533 

Study 2 534 

Methods 535 

Participants. Ethical approval was granted by the University of Exeter Research Ethics 536 

Committee. Sample size was determined by a resource constraints approach (i.e., access to 537 

the physical set being restricted to a one week period; Lakens, 2022). A purposive sample of 538 

48 adults was recruited (Mage = 28.69 years, SDage = 10.64 years; 27 women, 21 men). 539 

Recruitment was conducted through word-of-mouth and facilitated by means of social media 540 

posts. Inclusion criteria stipulated that participants were 18 years of age or older without 541 

visual or auditory impairment that was not corrected for (e.g., with contact lenses). 542 

Volunteers were required to provide evidence of a negative COVID–19 lateral flow test prior 543 

to participation. Furthermore, volunteers were informed that their participation would enable 544 

entry into a raffle, which comprised five £50 gift vouchers. A sensitivity analysis was 545 

conducted in R Studio (2022.07.1) to determine the smallest effect size of interest (SESOI) in 546 
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relation to a one-sample equivalence test (Lakens, 2022). Given N = 48, SD = 1, and α = .05, 547 

80% power was achieved with equivalence bounds ± .42 expressed in raw scores. 548 

Apparatus. The physical set associated with the AR experience was assembled prior to data 549 

collection (see Figure 4). This included a semi-circular desk positioned perpendicular to a 550 

large grey wall. Several boxes were positioned on the desk that served as props for the digital 551 

content to interact with. The AR experience could accommodate up to six simultaneous users 552 

(depicted by the colored squares; see Figure 4). However, the research team restricted the 553 

number of concurrent users to a maximum of three, to maintain adequate social distancing 554 

during the COVID–19 pandemic.  555 

***Insert Figure 4 about here*** 556 

AR head-mounted displays (Magic Leap 1; Plantation, FL, USA) were used to deliver 557 

the digital experience and to record participants’ gaze behavior. The AR device consisted of a 558 

lightweight headset tethered to a small battery pack. Additionally, handheld controllers were 559 

used to navigate through menus. Cleanbox technology (CX1; Carlsbad, CA, USA) and 560 

disinfectant wipes were employed to ensure that each AR head-mounted display and 561 

controller were thoroughly cleaned between uses. 562 

Procedure. Data collection took place in May, 2021. A cross-sectional study design was 563 

employed. Participants visited the site on one occasion to take part in the AR experience. 564 

Following COVID–19 checks, volunteers read an information sheet and provided informed 565 

consent. Thereafter, they completed a demographic questionnaire. Members of the research 566 

team demonstrated how to correctly fit and adjust the AR head-mounted display. Handheld 567 

controllers were also provided, and their functions described. Each participant was asked to 568 

stand in position around the semi-circular desk. Subsequently, volunteers completed a visual 569 

calibration of the AR head-mounted display. This process required participants to fixate on a 570 

total of 14 targets presented at a range of locations/depths and served to enhance the validity 571 
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of the eye-tracking data. Upon successful calibration, volunteers took part in the AR 572 

experience which lasted approximately 5 mins. Participants were required to “release” and 573 

“collect” evidence from the digital dinosaurs depicted via the AR head-mounted display. 574 

Following completion of the experience, participants were instructed to complete a post-575 

experience survey. 576 

Measures. Core affect was assessed pre- and post-experience using the Affect Grid (Russell 577 

et al., 1989). All measures contained in the post-experience survey echoed those of the design 578 

intention survey, but without adjustment to the stem of each item. The stimulus content was 579 

measured using items developed by tom Dieck et al. (2018) in relation to Pine and Gilmore’s 580 

(1998) four realms of experience. Presence was assessed by the Augmented Reality 581 

Immersion questionnaire (Georgiou & Kyza, 2017). Remembered pleasure and forecasted 582 

pleasure were measured using visual analogue scales (Lishner et al., 2008; Zenko et al., 583 

2016). User engagement was assessed using items derived from tom Dieck et al. (2018). 584 

Furthermore, cognitive workload was measured using the SIM-TLX (Harris, Wilson, et al., 585 

2020). Additional details (e.g., anchors) are presented in Study 1 and all items are contained 586 

in Supplementary Material 2. 587 

Data analysis. Supplementary Material 3 describes the data screening associated with the 588 

objective eye-tracking data. The survey data were screened for univariate outliers in R Studio 589 

(2022.07.1) using standardized z-scores (z > ± 3.29; Tabachnick & Fidell, 2019). Tests 590 

revealed six outliers and in all instances, the score was adjusted by assigning the outlying 591 

cases a raw score that was one unit smaller or larger than the next most extreme score in the 592 

distribution until z < ± 3.29 (Tabachnick & Fidell, 2019). The distributional properties of the 593 

data were examined visually by means of normal Q–Q plots and histograms (Coolican, 594 

2018). 595 
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Tests of the distributional properties of the data revealed violations of normality in 15 596 

of the 23 cells of the analysis (three at p < .05, four at p < .01, and eight at p < .001). Scholars 597 

have raised concerns about the transformation of subjective data derived from Likert scales 598 

(Nevill & Lane, 2007). Hence, these data were not transformed. Subsequently, non-599 

parametric analyses were employed. Such analyses were deemed appropriate given that 600 

skewness values frequently exceeded twice the standard error of the dependent variables 601 

(Coolican, 2018; see Supplementary Material 4). User responses were assessed by means of 602 

Spearman’s rho correlations and Wilcoxon rank sum tests. Holm-Bonferroni corrections were 603 

applied to help control family-wise error and significance was accepted at p < .05. 604 

One-sample Wilcoxon signed rank tests were used to examine statistical equivalence 605 

between designers’ intentions and users’ realized experience. This procedure involved 606 

conducting two one-sided tests (TOSTs) to determine whether the location shift was 607 

sufficiently close to zero to reject the presence of a meaningful difference. The SESOI was 608 

used to set symmetrical equivalence bounds around designers’ intended experience in raw 609 

scores (e.g., ± .42 on a 5-point scale, ± .59 on a 7-point scale). Statistical equivalence was 610 

established when the larger of the two p values was smaller than alpha (.05; Lakens et al., 611 

2018). All analyses were conducted in R Studio (2022.07.1) and the associated markdown 612 

files are available online (https://osf.io/BT3UV/). 613 

Results and Discussion 614 

All research hypotheses associated with the present investigation are reiterated in 615 

Supplementary Material 5. 616 

User responses. Spearman’s rho correlations were used to examine the relationships between 617 

visitor engagement and presence, visual attention, remembered pleasure, and forecasted 618 

pleasure. A moderate positive relationship was observed between presence and visitor 619 

engagement (rs =.38, n = 48, p < .01; see Figure 5a), providing partial support for H1. 620 
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However, visual attention toward digital assets was not associated with visitor engagement (p 621 

> .05; see Figure 5b). This was a rather unexpected finding that opposes the predictions of 622 

SOR models (e.g., Suh & Prophet, 2018). Large positive relationships were observed 623 

between remembered pleasure–visitor engagement (rs = .52, n = 48, p < .001; see Figure 5c) 624 

and between forecasted pleasure–visitor engagement (rs = .49, n = 48, p < .001; see Figure 625 

5d), leading to the acceptance of H2. 626 

H3 was not accepted given that the relationships between affective variables–visitor 627 

engagement were stronger than those between cognitive variables–visitor engagement. These 628 

findings oppose recent VR-related research (Kim et al., 2020). Nonetheless, the results 629 

contribute toward a growing corpus of work that emphasizes the importance of affective 630 

phenomena in tourism (Godovykh & Tasci, 2020a). 631 

Wilcoxon rank sum tests were employed to examine the effects of experience type 632 

(i.e., individual vs. shared) on presence, visual attention, remembered pleasure, forecasted 633 

pleasure, and visitor engagement. The analyses indicated that the differences were negligible 634 

and statistically non-significant (ps > .05; see Supplementary Material 6). Researchers have 635 

frequently suggested that social interaction is integral for desirable outcomes in tourism 636 

(Chen et al., 2020; Wei et al., 2019). Hence, the present findings were somewhat unexpected 637 

and prohibited the acceptance of H4-6. It is possible that the AR experience was not of 638 

sufficient length (i.e., 5 min) to induce the hypothesized differences between individual and 639 

shared AR experiences.  640 

***Insert Figure 5 about here*** 641 

Intended and realized experience. 642 

Stimulus. The TOST procedure (SESOI = .42) indicated statistical equivalence between 643 

designers’ intended experience and users’ realized experience for entertainment (p = .004) 644 

and education (p = .001). However, users’ aesthetics and escapism scores were not equivalent 645 
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to designers’ intentions (ps > .05; see Figure 6), which prevented the full acceptance of H7. It 646 

is noteworthy that such discrepancies are not inherently negative, as users’ scores for 647 

aesthetics and escapism surpassed those of the designers (see Figure 6). This is particularly 648 

encouraging given that rich experiences are theorized to comprise elements from all four 649 

realms (Pine & Gilmore, 1998). 650 

***Insert Figure 6 about here*** 651 

Organism: Cognitive. Statistical equivalence was not established in relation to presence 652 

scores (SESOI = .59; p > .05; see Figure 7a), which precluded the acceptance of H8. Presence 653 

in AR was conceptualized as a sense of feeling surrounded by a realistic physical/virtual 654 

environment (Georgiou & Kyza, 2017). However, a component of VR presence concerns 655 

plausibility, which refers to the illusion that the depicted events are really happening (Slater 656 

& Sanchez-Vives, 2016). It is possible that users’ presence scores were impaired by the 657 

implausibility of experiencing dinosaurs, an extinct species, in their immediate environment. 658 

An alternative explanation is that the incomplete physical set (see Figure 4) compromised 659 

users’ perception of presence. 660 

This investigation entails one of the first attempts in tourism to employ eye-tracking 661 

in AR. The digital Tyrannosaurus Rex appeared to have captured users’ visual attention 662 

effectively (Mdnfixations = 75%), albeit that statistical equivalence was not established with the 663 

designers’ high expectations (SESOI = 8.40; p > .05, see Figure 7b), leading to the non-664 

acceptance of H9. Notwithstanding, this is a promising finding given that immersive 665 

technology allows users to navigate a scene in 360-degrees, in stark contrast to traditional 666 

modes of display (e.g., television screens; Discombe et al., 2022). Moreover, the 667 

Tyrannosaurus Rex was depicted toward the end of the AR experience, at a time when 668 

visitors are more likely to encounter satiation (i.e., reduced attention owing to repeated 669 

exposure; Rainoldi et al., 2020).  670 



INTENDED AND REALIZED EXPERIENCE OF AUGMENTED REALITY 28 

***Insert Figure 7 about here*** 671 

Organism: Affective. Affective valence increased from pre- to post-experience, p < .001, r = 672 

.66, in accordance with designers’ intentions. This is encouraging given the high affective 673 

valence scores reported prior to the AR experience (Mdn = 7.00). Arousal scores increased 674 

from pre- to post-experience, contrary to designers’ intentions, which prevented the full 675 

acceptance of H10. Nonetheless, these findings indicate that AR experiences can elicit 676 

responses from the pleasant, high-arousal quadrant of the Affect Grid (Russell et al., 1989). 677 

This supports related research concerning AR travel guides (Kourouthanassis et al., 2015). 678 

There was no evidence of statistical equivalence following the TOST procedure for 679 

either remembered pleasure or forecasted pleasure (SESOI = 16.80; ps > .05), leading to the 680 

non-acceptance of H11 (see Figure 8a and Figure 8b). Nevertheless, a promising finding to 681 

emerge from the present investigation concerns the high scores reported for remembered 682 

pleasure (Mdn = 62), with 95.84% of users appraising the experience positively (i.e., scores > 683 

0; see Figure 8a). Researchers have recently emphasized the importance of measuring 684 

remembered pleasure (Godovykh & Tasci, 2020b). This is because decisions about future 685 

intentions are often predicated on memories. Hence, the present investigation provides some 686 

initial support that purpose-built AR experiences can be viable in the tourism domain. 687 

***Insert Figure 8 about here*** 688 

Responses. Equivalence tests were non-significant for engagement scores (SESOI = .42; p > 689 

.05), precluding the acceptance of H12. Nonetheless, the user engagement scores were 690 

moderate (Mdn = 3.66) and analogous to those obtained in other AR-related investigations in 691 

tourism (tom Dieck et al., 2018). These findings indicate that users were likely to engage 692 

with the subject matter following the completion of the AR experience. Visitor engagement is 693 

frequently cited as an important outcome of museums and so these findings attest to the 694 
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potential of AR to bring the museum experience to life in an engaging manner (Serravalle et 695 

al., 2019). 696 

Regarding negative responses, the TOST procedure (SESOI = 1.76) indicated 697 

statistical equivalence for physical demands (p = .022) and task complexity (p = .012) 698 

components of cognitive workload (see Figure 9). The remaining seven components did not 699 

reach statistical equivalence (ps > .05). With the exception of the distractions component, 700 

user scores were higher than those intended by the design team (see Figure 9). Many of the 701 

participants in the present investigation were unfamiliar with head-mounted AR devices and 702 

this could help explain the high scores observed in the task control component, which refers 703 

to the ease at which the task can be navigated (Harris, Wilson, et al., 2020).  704 

***Insert Figure 9 about here*** 705 

General Discussion 706 

AR design and user experience are often described as separate streams of research in 707 

tourism (Jingen Liang & Elliot, 2021) and yet focusing on either perspective in isolation only 708 

provides a partial view of the visitor experience (Dube et al., 2015; Ponsignon et al., 2017). 709 

Accordingly, this multi-study investigation makes an important methodological contribution 710 

to the extant literature by assessing the extent to which users’ realized experience aligned 711 

with the designers’ intended experience. An important theoretical contribution of the work 712 

concerns the development of a tourism-specific SOR model (see Figure 1) that depicts the 713 

relationships between an AR experience, users’ internal states, and their associated behavior. 714 

The aim of Study 1 was to explore the design intentions underlying a multi-user AR 715 

experience developed for a museum context. A mixed methods approach was adopted and the 716 

findings integrated to facilitate a comprehensive understanding of the subject matter. For 717 

example, the design intention survey revealed that the designers envisioned the AR 718 

experience to be entertaining and educational. Researchers have emphasized the importance 719 
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of these constructs, often referred to as edutainment, in enabling successful visitor 720 

experiences in cultural contexts (Ponsignon et al., 2017). Hence, these findings provide some 721 

initial support for the applicability of AR in tourism. 722 

The primary aim of Study 2 was to assess the extent to which users’ realized 723 

experience aligned with the designers’ intended experience. When considering this across the 724 

entirety of the SOR model, it appears that the greatest congruence was found in relation to the 725 

stimulus (see Figure 10). The designers’ most pertinent realms of experience (i.e., 726 

entertainment and education) prompted statistically equivalent responses from users. 727 

Encouragingly, users also reported high scores for aesthetics and escapism, which alludes to 728 

the quality of the AR experience (Pine & Gilmore, 1998). 729 

Further inspection of the findings reveals that intended and realized experience began 730 

to significantly diverge at the organism and response levels. Collectively, the findings 731 

support the notion that the design team were adept at creating an AR experience and had a 732 

sound knowledge of how users would categorize such content. However, it appears that there 733 

is an opportunity for designers to refine their expectations of how AR experiences impact 734 

users at the cognitive, affective, and behavioral level. Some disparities between designers’ 735 

intended and users’ realized experience are to be expected, given the recency of AR head-736 

mounted displays (Jingen Liang & Elliot, 2021). Nonetheless, the volume of discrepancies 737 

speaks to the value of examining intended and realized experience concurrently, while 738 

placing particular emphasis on how experiences affect individuals at the organism and 739 

response levels (Scott & Le, 2017). Designers might consider the use of A/B testing to reduce 740 

any major disparities between intended and realized experience (King et al., 2017). 741 

***Insert Figure 10 about here*** 742 

 743 

 744 
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Theoretical Implications 745 

AR is increasingly being implemented in tourism contexts (Loureiro et al., 2020). 746 

However, there is a paucity of research examining the factors that impact visitor behavior in 747 

relation to immersive technology use (Kim et al., 2020). Accordingly, a secondary aim of 748 

Study 2 was to examine the relationships between users’ internal states and their associated 749 

behavior in relation to the AR experience. The findings provide scholars with several 750 

theoretical insights. For example, we found positive relationships between visitor 751 

engagement and presence, remembered pleasure, and forecasted pleasure (see Figure 5). 752 

These findings support the theoretical predictions of SOR models (Jacoby, 2002; Suh & 753 

Prophet, 2018), which hold that cognitive and affective states are associated with behavioral 754 

responses. 755 

An interesting theoretical insight to emerge from the present investigation is that 756 

affective variables (i.e., remembered pleasure, forecasted pleasure) were more strongly 757 

associated with positive responses (i.e., visitor engagement) when compared to cognitive 758 

variables (i.e., presence, visual attention). However, it is noteworthy that the cross-sectional 759 

design employed herein precludes any claim of causality. Therefore, an alternative 760 

explanation for the present findings is that greater visitor engagement leads individuals to 761 

derive more positive affective responses from AR experiences.  762 

Suh and Prophet (2018) explained that a range of individual differences can moderate 763 

the effects of immersive technology use at the organism and response levels. We sought to 764 

examine the effects of shared experiences against individual experiences given the prominent 765 

role that social interaction is theorized to play in tourism (Chen et al., 2020; Wei et al., 2019). 766 

The differences were negligible and statistically non-significant, but it is noteworthy that 767 

shared experiences constituted groups of two or three individuals. Hence, it is plausible that 768 

the small group sizes were insufficient to produce the hypothesized differences when 769 



INTENDED AND REALIZED EXPERIENCE OF AUGMENTED REALITY 32 

compared to individual users. AR experiences are likely to cater for larger groups of 770 

simultaneous users as this form of technology becomes increasingly accessible. 771 

Managerial Implications 772 

The present investigation yields several implications for tourism managers. 773 

Researchers have previously demonstrated how AR can enhance the visitor experience by 774 

providing additional information about existing artefacts (Jung et al., 2016). The AR content 775 

in such work is typically presented to the visitor via smartphone technology which, despite 776 

being highly accessible, can be a rather solitary experience. The current findings advance this 777 

nascent line of inquiry by providing support for the efficacy of purpose-built, multi-user AR 778 

experiences that are presented through head-mounted displays. Support is evidenced by a 779 

wealth of positive user ratings across the employed SOR model (see Figure 10). 780 

The findings revealed high user scores across each of Pine and Gilmore’s (1998) four 781 

realms of experience. Objective eye-tracking data derived from the AR head-mounted display 782 

provides some initial encouragement that digital assets can be used to good effect in 783 

sustaining visitors’ visual attention. Affective responses were also positive, which increases 784 

the likelihood of users sharing their experiences on social networks (Serravalle et al., 2019). 785 

Finally, users reported high scores for engagement, which is vital for the sustainability of 786 

tourism sites such as museums (Barron & Leask, 2017).  787 

Findings from the focus group in Study 1 shine a light on how tourism managers can 788 

work in collaboration with AR designers to produce authentic experiences. The designers 789 

capitalized on validated information provided by a museum to present a scientifically 790 

accurate representation of dinosaurs in AR. This is important, as researchers have suggested 791 

that a “known facts” approach is essential for visitor education (Bec et al., 2019; Mura et al., 792 

2017). The qualitative findings also speak to some of the challenges that designers are likely 793 

to encounter when developing similar experiences for tourism contexts. Foremost amongst 794 
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these, are catering for visitors with varied levels of technical expertise and allowing sufficient 795 

time for on/offboarding. 796 

We have also shown that purpose-built AR experiences can be effective with very 797 

little in the way of a physical set (see Figure 4). Pragmatically, this means that tourism 798 

managers can host engaging experiences without the need for visitors to gather around 799 

delicate artefacts, thereby reducing overcrowding, which has been associated with several 800 

negative outcomes (e.g., safety concerns; Yu & Egger, 2021). 801 

Tourism managers are routinely encouraged to be receptive to new approaches 802 

pertaining to the design and analysis of visitor experiences. For example, Stienmetz et al. 803 

(2021) suggested that summary evaluations alone (e.g., SERVQUAL; Parasuraman et al., 804 

1988) are insufficient when managing and designing tourism experiences. Consequently, 805 

there is a need to complement such measures with those that capture the sequence of events 806 

as they unfold over time (Stienmetz et al., 2021). Accordingly, it is hoped that tourism 807 

managers might employ a similar approach to that conducted in Study 2, which entailed user 808 

response data pre- (e.g., affective responses), during (i.e., visual attention), and post-809 

experience (e.g., visitor engagement). 810 

Limitations and Future Directions 811 

The sample of users who took part in the present investigation was smaller than those 812 

samples employed in other immersive technology-related studies (e.g., Kim et al., 2020). 813 

Nonetheless, the sample of users (n = 48) sits comfortably toward the higher end of studies 814 

that have incorporated eye-tracking in tourism (i.e., N = 12–63; Rainoldi & Jooss, 2020). The 815 

AR head-mounted display identified when users’ gaze intersected with digital assets. A 816 

logical extension to the present investigation would entail an exploration of users’ gaze 817 

behavior in relation to the digital, physical, and social elements of an AR experience (Bolton 818 

et al., 2018). The intended experience could be measured from the perspectives of the service 819 
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provider (e.g., visitor experience officers) in addition to those responsible for AR 820 

development. Equivalence tests were employed to determine whether users’ realized 821 

experience aligned with designers’ intended experience. However, researchers might explore 822 

whether users’ experience exceeds designers’ intentions through superiority tests. 823 

We captured designers’ intended affective journey on a scene-by-scene basis (see 824 

Figure 3). However, we refrained from collecting users’ affective responses during the AR 825 

experience, as completing even single-item subjective measures would have impaired the 826 

associated eye-tracking data. Researchers might seek to employ objective measures of 827 

affective phenomena, such as skin conductance or electromyography. Combining such 828 

measures with eye-tracking would allow researchers to objectively assess the cognitive and 829 

affective states of users while they seamlessly engage with AR technology. 830 

A cross-sectional research design was used in relation to the user testing and therefore 831 

the findings should be viewed within the frame of association. Researchers are encouraged to 832 

employ experimental designs to further the study of AR in tourism, as this would permit 833 

claims of causality. For example, assessing the visitor experience with and without such 834 

immersive technology would offer a useful addition to this line of research. The observed 835 

remembered/forecasted pleasure scores provided some initial support that users are likely to 836 

re-engage with AR technology (Karl et al., 2021). Nonetheless, longitudinal research is 837 

required to comprehensively assess the sustainability of AR technology. This research might 838 

take place beyond a museum context to scrutinize the generalizability of the present findings. 839 

Finally, we arranged constructs of interest in alignment with a SOR model (Figure 1). Such 840 

frameworks hold value to site managers and researchers alike. However, future work might 841 

expand the framework employed herein and consider the development of valid and reliable 842 

inventories that can help assess purpose-built AR experiences in tourism. 843 

 844 
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Conclusion 845 

The present investigation contributes toward an emerging corpus of AR-related 846 

research in tourism (Loureiro et al., 2020). AR design and user experience research are often 847 

conducted separately (Jingen Liang & Elliot, 2021), despite there being considerable value in 848 

identifying the gaps between designers’ intentions and users’ realized experiences 849 

(Ponsignon et al., 2017). Accordingly, data were collected from designers using mixed 850 

methods, which allowed them an opportunity to convey their intent for the AR experience. 851 

Subsequently, this data served as a foundation upon which to compare users’ experiences 852 

against (Smit et al., 2021). This represents a more nuanced approach to visitor experience 853 

evaluation, which typically entails comparisons between visitors’ expectations and their 854 

associated experiences (Ponsignon et al., 2017). Disparities were observed between 855 

designers’ intended and users’ realized experience, particularly at the organism and response 856 

levels. Nonetheless, the present findings are encouraging given the infancy of AR head-857 

mounted displays and provide a vista for tourism offerings in the envisioned metaverse.   858 
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 1105 

Figure 1. The Stimulus-Organism-Response model employed in the present investigation.  1106 

 1107 

 1108 

 1109 

Figure 2. Spotting a ghost dinosaur (a) and returning it to their dimension (b).   1110 

a b 
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 1111 

 1112 

Figure 3. The affective journey associated with the augmented reality experience.  1113 

Note. On = Onboarding or pre-experience, Off = Offboarding or post-experience. 1114 

 1115 

 1116 

 1117 

Figure 4. The physical set associated with the augmented reality experience.  1118 

Note. Users were required to stand behind one of the six colored squares placed along the 1119 

perimeter of the desk.   1120 
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 1121 

 1122 

Figure 5. Correlation plots between visitor engagement and presence (a), visual attention (b), 1123 

remembered pleasure (c), and forecasted pleasure (d). Note. **p < .01. ***p < .001.   1124 
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 1125 

 1126 

Figure 6. Raincloud plot depicting designer and user scores for each realm of experience 1127 

proposed by Pine and Gilmore (1998). Note. Each density plot displays the median and 1128 

interquartile range. Ex. = experience. **p < .01.   1129 
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 1130 

 1131 

Figure 7. Raincloud plots depicting designer and user scores for presence (a) and visual 1132 

attention (b). Note. Each density plot displays the median and interquartile range. Ex. = 1133 

experience; ARI = Augmented Reality Immersion.   1134 
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 1135 

Figure 8. Raincloud plots depicting user and designer scores for remembered pleasure (a) 1136 

and forecasted pleasure (b). Note. Each density plot displays the median and interquartile 1137 

range. Ex. = experience; VAS = Visual Analogue Scale; EVS = Empirical Valence Scale.  1138 
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 1139 

Figure 9. Raincloud plots depicting designer and user scores for cognitive workload. Note. 1140 

Each density plot displays the median and interquartile range. Ex. = experience; SIM-TLX = 1141 

Simulation Task Load Index. *p < .05.   1142 
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 1143 

 1144 

Figure 10. Dumbbell plot depicting designer and user median scores for each construct 1145 

across the Stimulus-Organism-Response model. Note. Ex. = experience. *p < .05. **p < .01. 1146 



Supplementary Material 1 

Pragmatism 

The present investigation was conducted in alignment with a pragmatic research 

paradigm (Feilzer, 2010). This position directs scholars’ attention toward research questions 

and methodologies that can make the greatest applied impact to the individuals and groups 

that they examine (Morgan, 2014). Pragmatism does not prioritize metaphysical concerns 

such as the nature of reality and the possibility of an objective truth (Morgan, 2014). 

However, the pragmatist position discards the assumptions of an objective reality, and that 

one interpretation can more accurately represent the truth than another. Mixed methods 

complements pragmatism (Mitchell, 2018). This is because mixed methods allow the unique 

perspectives of participants to emerge via qualitative methods, while also allowing an 

examination of the relationships between measurable variables via quantitative methods 

(Feilzer, 2010).  
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Supplementary Material 2 

Table 1 

User Experience Survey Items 

SOR Construct Item Source 

Stimulus   

   Content Stimuli Entertainment 1: The AR experience was amusing. tom Dieck et al. 

(2018)  Entertainment 2: The AR experience was entertaining. 

 Entertainment 3: The AR experience was fun. 

 Education 1: I learned something new during the AR experience. 

 Education 2: The experience made me more knowledgeable. 

 Education 3: It stimulated my curiosity to learn new things. 

 Education 4: It was a real learning experience. 

 Aesthetics 1: The setting of the AR experience was very attractive. 

 Aesthetics 2: The AR experience was very pleasant. 

 Aesthetics 3: I felt a real sense of harmony. 

 Escapism 1: I felt I played a different character when using the AR application. 

 Escapism 2: I felt like I was living in a different time or place. 

 Escapism 3: The AR experience let me imagine being someone else. 

 Escapism 4: I completely escaped from reality. 

Organism   

   Cognitive Presence 1: The activity felt so authentic that it made me think that the virtual characters/objects 

existed for real. 

Georgiou and Kyza 

(2017) 

 Presence 2: I felt that what I was experiencing was something real, instead of a fictional activity. 

 Presence 3: I was so involved in the activity, that in some cases I wanted to interact with the 

virtual characters/objects directly. 

 Presence 4: I so was involved, that I felt that my actions could affect the activity. 

Continued 
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Table 1 Continued 

SOR Construct Item Source 

   Affective Remembered Pleasure: How did the experience make you feel? Lishner et al. (2008); 

Zenko et al. (2016)  Forecasted Pleasure: If you repeated the experience again, how do you think it would make you 

feel? 

Response   

   Positive Visitor Engagement 1: This experience has motivated me to find out more about the history of 

dinosaurs. 

tom Dieck et al. 

(2018) 

 Visitor Engagement 2: This experience has motivated me to find out more about dinosaur 

research. 

 Visitor Engagement 3: This experience has motivated me to participate in additional AR 

activities. 

   Negative Mental Demands: How mentally fatiguing was the task? Harris et al. (2020) 

 Physical Demands: How physically fatiguing was the task? 

 Temporal Demands: How hurried or rushed did you feel during the task? 

 Frustration: How insecure, discouraged, irritated, stressed or annoyed were you? 

 Task Complexity: How complex was the task? 

 Situational Stress: How stressed did you feel while performing the task? 

 Distractions: How distracting was the task environment? 

 Perceptual Strain: How uncomfortable/irritating were the visual and auditory aspects of the task? 

 Task Control: How difficult was the task to control/navigate? 

Note. The Affect Grid (Russell et al., 1989) was also administered pre- and post-experience. SOR = Stimulus-Organism-Response;  

AR = augmented reality.  
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Data Analysis 

Objective eye-tracking data was analyzed using MATLAB R2018a (MathsWorks; 

Natick, MA, USA). The augmented reality (AR) head-mounted displays provided ‘gaze-in-

world’ coordinates in three dimensions (i.e., x, y, z), which indicated the point where gaze 

converged on either a physical or digital asset. The data file was imported into MATLAB and 

the gaze location coordinates were initially passed through a three-frame median filter and 

de-noised using a second-order, zero-lag Butterworth filter with a 15 Hz cut-off (Cesqui et 

al., 2015; Fooken & Spering, 2020).  

Fixations were identified using a spatial dispersion algorithm, which was adapted 

from the EyeMMV toolbox for MATLAB (Krassanakis et al., 2014). The spatial dispersion 

algorithm identifies periods of stable visual fixations by grouping successive gaze points into 

clusters, based on their spatial similarity. A minimum duration criterion of 100 ms and a 

maximum spatial dispersion of 3° of visual angle was allocated (Salvucci & Goldberg, 2000). 

Coordinate positions were converted to visual angle based on the distance from the fixation 

location to the user. Fixations that did not pass a confidence threshold of 70% were 

discarded. The AR device also identified when users’ gaze intersected with digital assets. 

Accordingly, we were able to determine the primary object of each fixation. All MATLAB 

scripts are available online (https://osf.io/BT3UV/). 
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Table 1 

User Experience Survey Results 
SOR Construct Item n M SD Skewness Kurtosis 

     Statistic Std. Error Statistic Std. Error 

Stimulus         

   Content Stimuli 

 

Entertainment 1 48 4.67 0.60 -1.64 0.34 1.71 0.67 

Entertainment 2 48 4.38 0.82 -1.05 0.34 0.15 0.67 

Entertainment 3 48 4.33 0.72 -0.96 0.34 0.91 0.67 

Education 1 48 3.08 1.03 -0.30 0.34 -0.76 0.67 

Education 2 48 3.69 1.15 -0.74 0.34 -0.04 0.67 

Education 3 48 3.35 1.02 -0.15 0.34 -0.18 0.67 

Education 4 48 3.83 1.00 -0.73 0.34 0.20 0.67 

Aesthetics 1 48 4.10 0.86 -0.63 0.34 -0.32 0.67 

Aesthetics 2 48 4.29 0.77 -0.85 0.34 0.22 0.67 

Aesthetics 3 48 3.35 1.00 0.15 0.34 -0.42 0.67 

Escapism 1 48 3.33 1.23 -0.39 0.34 -0.90 0.67 

Escapism 2 48 3.10 1.26 -0.07 0.34 -0.88 0.67 

Escapism 3 48 3.21 1.30 -0.04 0.34 -1.26 0.67 

Escapism 4 48 3.19 1.28 -0.30 0.34 -0.84 0.67 

Organism         

   Cognitive Presence 1 48 3.88 1.62 0.02 0.34 -0.44 0.67 

 Presence 2 48 3.83 1.52 0.10 0.34 -0.51 0.67 

 Presence 3 48 4.73 1.63 -0.37 0.34 -0.33 0.67 

 Presence 4 48 5.25 1.39 -0.57 0.34 -0.36 0.67 

   Affective Pre-Ex. Valence 48 6.54 1.75 -0.74 0.34 -0.10 0.67 

 Pre-Ex. Arousal 48 6.04 1.88 -0.65 0.34 -0.05 0.67 

 Post-Ex. Valence 48 7.81 1.20 -1.02 0.34 0.99 0.67 

 Post-Ex. Arousal 48 6.88 1.79 -0.89 0.34 -0.26 0.67 

 Remembered Pleasure 48 60.17 31.65 -0.71 0.34 0.37 0.67 

 Forecasted Pleasure 48 45.90 26.80 -0.41 0.34 0.88 0.67 

        Continued 
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Table 1 Continued 
SOR Construct Item n M SD Skewness Kurtosis 

     Statistic Std. Error Statistic Std. Error 

Response         

   Positive Engagement 1 48 3.38 1.06 -0.04 0.34 -0.83 0.67 

 Engagement 2 48 3.13 1.08 0.06 0.34 -0.87 0.67 

 Engagement 3 48 4.19 0.98 -1.38 0.34 1.73 0.67 

   Negative Mental Demands 48 6.13 4.70 1.09 0.34 0.93 0.67 

 Physical Demands 48 5.23 4.79 1.44 0.34 1.58 0.67 

 Temporal Demands 48 9.21 5.94 -0.07 0.34 -1.35 0.67 

 Frustration 48 3.58 3.92 1.41 0.34 2.03 0.67 

 Task Complexity 48 3.98 2.92 0.88 0.34 0.71 0.67 

 Situational Stress 48 4.63 4.39 0.92 0.34 -0.24 0.67 

 Distractions 48 4.81 5.28 1.24 0.34 0.66 0.67 

 Perceptual Strain 48 4.04 4.67 1.86 0.34 3.36 0.67 

 Task Control 48 5.02 4.14 1.19 0.34 0.68 0.67 

Note. SOR = Stimulus-Organism-Response; Ex. = experience. 
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Table 1 

Hypotheses Tested in the Present Investigation 

 Hypothesis Description 

User 

Responses 

H1 Positive relationships between presence–visitor engagement and between visual attention–visitor engagement. 

H2 Positive relationships between remembered pleasure–visitor engagement and between forecasted pleasure–

visitor engagement. 

H3 Stronger relationships between cognitive variables–visitor engagement when compared to the relationships 

between affective variables–visitor engagement. 

H4 Greater visitor engagement for those who take part in a shared experience when compared to individual users. 

H5 More positive remembered/forecasted pleasure for those who take part in a shared experience when compared 

to individual users. 

H6 Lower presence and visual attention towards digital assets for those who take part in a shared experience 

when compared to individual users. 

Intended and 

Realized 

Experience 

H7 Statistical equivalence between designers’ intentions and users’ realized experience for each realm of 

experience (i.e., entertainment, education, aesthetics, escapism). 

H8 Statistical equivalence between designers’ intentions and users’ realized experience for perceptions of 

presence. 

H9 Statistical equivalence between designers’ intentions and users’ realized experience in relation to visual 

attention toward the digital Tyrannosaurus Rex. 

H10 Users’ affective valence will increase, and arousal will decrease from pre- to post-experience, in alignment 

with designers’ intentions. 

H11 Statistical equivalence between designers’ intentions and users’ realized experience for remembered pleasure 

and forecasted pleasure. 

H12 Statistical equivalence between designers’ intentions and users’ realized experience for visitor engagement. 

H13 Statistical equivalence between designers’ intentions and users’ realized experience for cognitive workload, 

with temporal demands prompting the highest user scores. 

Note. H1–6 were derived from the extant literature. H7–13 were developed following mixed methods data collection with the design team. 
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Table 1 

Results of Wilcoxon Rank Sum Tests Between Individual and Shared Experience 

Variable Individual Ex. Shared Ex. W p r 

 n Mdn IQR n Mdn IQR    

Presence 18 5.50 1.62 30 4.12 1.31 386.5 .066 .36 

Visual Attention 18 88.10 36.40 30 99.60 23.80 201.0 .585 .19 

Remembered Pleasure 18 68.00 54.00 30 62.00 39.20 298.5 1.000 .09 

Forecasted Pleasure 18 38.00 42.50 30 38.00 32.00 262.5 1.000 .02 

Visitor Engagement 18 3.67 1.25 30 3.50 1.58 358.0 .239 .27 

Note. Holm-Bonferroni corrections were applied to p values help control family-wise error. Ex. = experience; Mdn = median;  

IQR = interquartile range. 

 


